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This invention relates to the rolling of sheet
metal and particularly to the rolling of metal
sheets to provide them with varying cross-sec-
tional configurations and has particular relation
to the rolling of metal sheets which taper in
thickness over a
thereof.

Objects of the invention include the provision
of a method of operating upon a metal sheet to
vary its transverse cross-sectional conflguration
at different points in the length thereof; the pro-
vision of a method of rolling metal sheets to vary
the thickness thereof at gifferent points in the

length of the sheet; the provision of a method of .

rolling metal sheets to tapered or other confor-
mation comprising passing a sheet between g pair
of cylindrical rolls having a constant center dis-
tance and in contact with a mandrel varying in
cross-sectional configuration in a manner com-
plementary to the variations desired in the final
sheet; the provision of a method of rolling metal
sheets as above described in which the advanced
edge of the sheet passing through the roll is
Placed under a pull or tension tending to advance
the sheet at a faster rate of travel than the pe-
ripheral speed of the rolls; the Dbrovision of a
method of rolling metal sheets as above described
in which both the mandrel and the sheet are
placed under a pull or tension tending to advance

them through the rolls; the provision of a meth- &

od as above described in which the pulling force
applied to the mandrel is different from the pull-
ing force applied to the sheet; and the provision
of a method as above described in which a pulling
force is applied to the sheet and mandrel being
passed through the rolls and a retarding foree is
applied to the sheet and mandrel on the enfrance
side of the rolls. ’

Other objects of the invention include the pro-
vision of apparatus for rolling metal sheets to
varying cross-sectional configurations; the pro-
vision of means for rolling metal sheets to vary-
Ing cross-sectional configurations including s
palr of cylindrical rolls arranged in spaced rela-
tion and with their axes held at g constant dis-
tance with respect to each other, a mandrel
adapted to be passed through the rollsand having
& cross-sectional configuration varying in com-
plementary relation with respect to the desirec!
varying cross-sectional configuration of the de-~
sired final product, together with means for ap-
blying a pull on the forward end of g sheet ass0-
ciated with the mandrel and being passed
through the rolls therewith, tending to advance
the forward end of the sheet at a faster rate of

portion or all of the length
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movement than the peripheral rate of movement
of the rolls; the provision of apparatus as above
described in which means are also provided for
exerting a pull on the mandrel in its passage
through the rolls; the provision of ‘apparatus as

above described in which the means provided for - -

exerting a pull on the sheet is movable with the
means provided for exerting a pull on the man-
drel; the provision of apparatus as above de-
scribed in which the means for exerting a pull
on the sheets includes releasable jaw means for
gripping the forward end of the sheet being
passed through the rolls; the provision of appa-
ratus as above deseribed in which the means for
exerting a pull on the mandrel comprises a re-
versibly movable belt-like element; the provision
of apparatus of the type above described In which
the means for exerting a pull on the forward edge
of the sheet comprises fluig operated means oper-
atively connected to the belt and bodily movable
therewith; and the provision of apparatus as
above described in which means are provided on
the entrance side of the rolls for gripping the
sheet and the mandrel to apply a retarding effect
thereto during the passage of the sheet and the
mandrel through the rolls,

The above being among the objects of the pres-
ent invention the same consists in certain novel
features of construction, combinations of parts,
and step or steps of operation to be hereinafter
described with reference to the accompanying
drawings, and then claimed, having the above
and other objects in view.

In the accompanying drawings which illustrate
a sultable embodiment of apparatus constructed
in accordance with the present invention and
which is suitable for use in carrying out the
method of the present invention, and in which
like numerals refer to like parts throughout the
several different views, .

Fig. 1 is a more or less diagrammatie, partially
broken, side elevational view of rolling apparatus
constructed in accordance with the present in-
vention; : 7

Fig. 2 is a transverse
the line 2—2 of Fig. i:

‘Fig. 3 Is an enlarged, fragmentary, vertical sec-
tional view taken longitudinally through the roll-
ing apparatus shown in the previous views and
illustrating the construction of the same in
ereater detail and showing the Positions which
the various parts assume as g rolling operation is
about to be initiated;

Fig, 4 is an enlarged, fragmentary, horizontal
sectional view taken through the rolling appa-

Sectional view taken on -
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ratus shown in the previous views in a plane
passing between the rolls and above the mandrel
thereof;

Fig. 5 is a fragmentary view of a portion of the
apparatus shown in Fig. 3, in the same plane as
Fig, 3, but on & larger scale and illustrating the
relation of certain parts thereof after the sheet
has passed a further distance through the rolls;

Fig. 6 is an enlarged, fragmentary, plan view
showing a rolled sheet supported on the mandrel
employed in the apparatus shown in the previous
views; e

Fig. 7 is a vertical sectional view taken on the
line T—T of Fig. 6;

Fig. 8 is a vertical sectional view taken trans-
versely of the mandrel and sheet shown in Figs.
6 and 7 and taken as on the line 8—8 of Fig. 7;

Pig. 9 is & view similar to Fig. 6 but jllustrating
a modifled form of mandrel and resulting sheet;

Pig. 10 is a vertical sectional view taken trans-
versely of the mandrel and sheet shown in Fig.
9 as on the line 10—1{0 thereof; .

PFig. 11 is a view similar to Figs. 6 and 9 but
showing a still modified form of mandrel and
sheet; )

Fig. 12 is an enlarged fragmentary, vertical
sectional view taken longitudinally of the mandrel
and sheet shown in Fig. 11 as on the line 12—I12
thereof; and,

Fig. 13 is a vertical sectional view taken trans-
versely of the mandrel and sheet shown in Fig.
11 and taken as on the line 13—i3 thereof.

The desirability of producing sheets of metal
of tapering thickness over the whole or parf of
the length thereof, or otherwise having varying
cross-sectional configurations, has long been rec-
oghized and although many attempts have been
made to produce such sheets none of them have
been commercially practical. - The use of sheets
of tapered conformation has a possibility of wide
application either in the form of sheets or fab-
ricated into structural members for various uses.
One of the principal possible fields at the pres-
ent time is in connection with the fabrication of
aireraft where sheets of tapered conformation
may themselves be employed as the covering for
the wings and fuselage and such sheets may be
fabricated into structural members such as spars
or the like for the wings or fuselage to auto-
matically obtain the desired variation in required
strength over the length thereof coupled with
minimum weight and without the necessity of
riveting together separate elements each of a
" different and constant thickness.

The present invention may be used for form-
ing tapered or other sheets having a varying
cross-sectional configuration from any desired
metal. Where such sheets are to be employed
in airplane construction they will, of eourse, or-
dinarily be formed of light metal such as alumi-
num or magnesium and in such event the roll-
ing operation may be performed while the metal
is in a cold state. Where such sheets are to be

formed from steel, for instance, they may if de--

sired or necessary be heated for the purpose of
the rolling operation. ‘The apparatus shown in
the accompanying drawings has been designed
primarily for rolling light metal sheets and, ac-
cordingly, no means for maintaining them in
heated condition is illustrated since it is not nec-
essary, but those skilled in the art will readily
understand how this may be accomplished where
necessary or desired.

In accordance with the practices of the pres-
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sheets are made from conventional rolled sheets
of constant thickness throughout and these stock
sheets may be operated upon in a rolling mill of
conventional construction and employing conven-
tional rolls. Preferably the rolling mill is of a
type in which the rolls can be securely locked
in a predetermined spaced relationship with re-
spect to each other and in a manner which will
prevent springing of the rolls away.from each
other under the stress of the rolling operation.
The rolls employed are conventional cylindrical
rolls. For the purpose of ease and clarity of
description it will hereinafter be assumed, unless
otherwise specified, that the sheet to be produced
is to have a uniform taper from one end thereof
to the opposite end thereof, in other words one
end of the sheet will be thicker than the oppo-
site end of the sheet and the thickness will vary
uniformly from one end thereof to the opposite
end thereof.

In following out the practices of the present
invention to form such a tapered sheet from a
stock sheet of uniform thickness and by means
of a rolling mill having cylindrical rolls, a mem-
ber is formed preferably having a length greater
than and a width equal to or greater than the
width of the piece of stock to be worked upon.
This member functions in some respects as a die,
and in some respects as a platen but for the
want of a better term is referred to herein, both
in the specification and claims, as & “mandrel.”
This mandrel may be made from a suitable thick-
ness of hardenable steel plate one or both sides
of which are machined or otherwise worked
upon to taper its thickness over ifs length in
exact accordance with the variation of thickness
desired in the length of the finished sheet to be
produced. The mandrel is preferably hardened
after machining and its surface preferably pol-
ished or ground to bring it to a suitable degree
of finish. The rolls of the rolling mill are ad-
justed in parallel relation with respect to each
other and so that the space between them is
equal to the thickness of the mandrel plus the
desired thickness of the sheet to be produced at
any point in the length of the mandrel and sheet.
The sheet selected as the piece of stock is of
equal thickness throughout and equal in thick-
ness to and preferably a few thousandths thick-
er than the thick end of the desired tapered sheet
to be rolled and this stock sheet is placed over
or under, and preferably over, the mandrel, and
the mandrel and the superposed sheet is posi-
tioned for entrance between the rolls of the mill
with the thin end of the mandrel positioned to
be introduced into the mill. The initial assem-
bly of the mandrel and work sheet will, of course,
vary in thickness according to the variation in
thickness of the mandrel itself. Assuming the
mill to be operating, the assembly comprising the
mandrel and its superposed sheet is then inserted
between the rolls and such assembly is then fed
through the roils, As will be appreciated, inas-
much as the rolls are positioned with a fixed
center distance during the rolling operation the
thickness of the assembly of the mandrel and
the sheet as it emerges from the rolls will be
uniform from one end thereof to the opposite
end thereof. Inasmuch as the mandrel is of a
hardened nature no reduction in the thickness of
the mandrel can result in passing through the
rolls and consequently such reduction in thick-
ness must occur in the work sheet itself, the
‘result being that the thickness of the work sheet
is caused to be varied from one end thereof to
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the other in. 8 complementary manner to the in ca.rrylnk out the method of the present inven-
variation in thickness of the mandrel, thus pro- tion and in the explanation of which the method
viding the destred final product. of the present invention will be more clearly

It may be found necessary in some cases, he-
cause of the nature of the metal being rolled
or because of the amount of reduction desired in
thickness between one end of the final sheet and
the other, that the tapering of the sheet be ac-
complished in two or more stages. In other
words it may be necessary to first follow out
the above described operations on a sheet of
stock to thus taper it from one end to the other
but with a less amount of taper than is desired
In the final product, and then take this partially
tapered sheet and pass it through one or more

similar operations in each of which the degree’

of taper is increased. In such case,
a separate mandrel will be required for each pass
through the mill and each mandrel will have a
successively greater taper than its bredecessor,
Sheets of light metal tapered to an extent re-
quiring reduction of thickness equal to 70% at
one end thereof have been produced in one op-
eration by the practices of the present inven-
tion and, accordingly, where light metal is being
worked on it will be appreciated that seldom
if ever will more than one pass through the rolis
be required. : :
The steps of operation above described in ihe
formation of a tapered sheet are, however, not
sufficient in and of themselves, to be relied upon
in the commercial manufacture of such sheets.
This is for the reason that if & flat sheet of stock
is simply placed on & mandrel and fed through
the rolls as described, the thinner trailing end
portion of the resulting tapered Sheet will in-
variably be bent laterally in one direction or the
other, an effect commonly known in the art as
fishtailing, instead of having substantially
straight sides throughout its length. Such fish-
tailing will either render the sheet unfit for use
or else require such a large amount of trimming
as to involve a scrap cost disproportionate to the
advantages gained. I have found that in rolling
a sheet over a mandrel as above described the
material of the stock sheet is discharged from
the rolls at a faster rate than the mandrel pro-
gresses through the roll. This effect is probably
produced by an extruding effect on the metal of
the stock sheet, I have found that in order to
brevent the fishtailing of the sheet being rolled
1t is necessary to exert a continuous and substan-
tial pull on the sheet as it emerges between the
- rolls and that where such substantial pull is ap-
plied to the sheet the fishtailing effect is elim-
Inated and a commercial usable and satisfactoty
product results. The application of a drag to the
sheet and the mandrel assembly as it passes
into the rolls appears also to aid in the final
product of a commercially usable product.
It also appears to be of material aid in produc-

of course,

ing a commercially satisfactory sheet in the man- -

_ner described to also apply a pulling force on the

mandrel but to & lesser extent than the puil on the

sheet itself. The pull on the sheet and the pull
on the mandrel may be. entirely independent of
one another or it may be accomplished by appa-
ratus in which the puil on one is partially offset,
dependent upon or otherwise affected by the pull
on the other. In the broader aspects of the in-
vention such pull may be relied upon in whole
or in part to also turn the rolls instead of inde-
pendently driving them. The apparatus shown
in the accompanying drawings is illustrative of

brought out. The apparatus itself, however, in-
volves certain novel features which in and of
themselves form further features of the invention.

Referring now to the accompanying drawings a

- conventional strip mill is indicated generally at

10

A and as including a frame 20 between the oppo-
site sides of which & pair of cylindrical rolls 22
are rotatably supported in a conventional man-

" ner. The mill may, of course, be provided with

15

20

‘the usual screw downs (not shown) for control-

ling the spacing of the rolis 22 but in any event
it is important that whatever means are employed
for locating the spacing of the rolls it be such as
to enable the rolls to be firmly locked in the de-
sired spaced relation in such g manner as.to be
substantially unyielding during. the passage of a
plece of work between them. The rolls 22 are
geared or otherwise connected together for equal

- rotational movement by means of gearing or the
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.tegral vertically turned flange 44

like (not shown) contained within a housing 24
and may be driven by means of a conventional
electric motor 25.

As best illustrated in Fig. 3 a fixed table 26 is

-associated with the mill A on the entrance side

of the rolls 22 and a fixed table 28 is associated
with the mill on the discharge side thereof, the
table 26 extending into relatively close proximity
to the rolls 22 while the table 28 is outwardly
spaced therefrom, The tables 26 and 28 are pro-
vided with side rails 30 which project thereabove
at each side thereof and are transversely spaced
from one another by a distance slightly greater
than the width of the mandrel which passes be-
tween them and which will hereinafter be more
fully described. These side rails 30 are for the
purpose of guiding the mandrel straight into the
rolls and to aid in maintaining its straight rels-
tion in its passage therethrough. The table 26
as best illustrated in Fig. 3 is preferably but not
necessarily provided with a covering 32 of suitable
fabric or other material which may serve to exert .
friction' tending to resist movement of the man-
drel thereover during the rolling operation. A
conventional supporting roll 34 is mounted be-
tween the opposite sides of the frame 20 between
the rolls 22 and the table 28 for the purpose of
supporting the work as it emerges from between
the rolls. -
The table 28 is provided with depending side
members 36 between which at opposite ends of the
table 28 are rotatably supported s pair of rolls or
the like 38 encircling which is a belt 40. The belt
40 may be of any suitable or desirable construc- -
tion as, for instance, link chain, fabric, rubberized
fabric, or a combination of such elements, but as a
matter of illustration only it is shown in the ac-
companying drawings as being of a fabric or rub-
berized fabric construction. The rolls 38 are so -
positioned that the top edges e in parallel and
substantially flush relationship with respect to
the top surface of the table 28 and the belt 40
basses over the top of such table., The top of the
belt 28 and the top of the covering 32 for the table
26 lie in the same horizontal plane as the upper
edge of the lower roll 22 as indicated in Fig, 3. .
Supported on the upper surface of the belt 40
and at certain positions of itg movement also by
the roller 34 is a slide member 42 having an in-
at its righthand
end as viewed in Fig. 3. PFixed to the flange 44
for equal movement with the slide 42 is a cylinder
unit 46 which also rests on the upper surface of
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the belt 40 and in the particular construction
shown includes a pair of cylinders 48 arranged
with their axes parallel to the path of movement
of the slide 42 and the upper surface of the belt 40.
In the particular construction shown the belt 40

is fixed for equal movement to the slide 42 and -

the cylinder unit 46 by bringing the free ends of
the belt upwardly between the flange 44 and the
opposed end of the cylinder unit 46 where they
are firmly clamped between these parts by means
of bolts 50. The belt 40 is caused to move on the
roils 38 by driving one of the rolls, the righthand
roll 38 as viewed in Figs. 1 and 3 being the driven
roll in the particular construction shown. In
order to drive it, its shaft §2, which is non-rotat-
ably connected to it, is connected into & gear re-
duction unit 54, shown in Fig. 1, which in turn
is driven by an electric motor §6. The electric
motor 56 is preferably either an induction motor
_ or & direct current motor in order that it may
exert a material amount of torque while turning
considerably under its rated speed, this being for a
purpose which will hereinafter be more fully de-
scribed.

Fach cylinder 48 has a piston 68 therein which
is mounted upon a piston rod 62 projecting out
of the righthand end of the cylinder as viewed
in Figs. 3, 4 and 5 and such end of each cylinder
is provided with a suitable packing gland 64 to
prevent leakage of fluld therefrom around the
shaft 62. Connections 66 and 68 lead into the
opposite ends of .each cylinder 48 for the purpose
of introducing fluid and preferably a liquid un-
der pressure into either end of the cylinder and
exhausting it from the opposite end thereof.

The projecting ends of the piston rods 62 are
connected to a cross-bar 718 as best illustrated in
Figs. 3, 4 and 5 and at its opposite ends the cross-
bar 10 is pivotally connected to a pair of links
12 which extend to the left as viewed in the
fizures mentioned on opposite sides of the cylin-
der unit #6. The extreme outer ends of the

ross-bar 190 are received in grooves T4 formed
in the inner faces of the side rails 30 adjacent the
table 28, such grooves thus forming means for
guiding the ends of the bar 10 during movement
thereof longitudinally of the table 28. As also
best brought out in Figs. 3, 4 and 5 the forward
ends of the link 12 are pivotally connected to a
cylindrical bar or shaft 16 the opposite ends of
which are also guided in the grooves T4 and
which bar is also received in transversely spaced
bosses 18 formed at the rear edge of a slide 80
which rests upon the upper surface of the slide
member 42. Adjacent. to but slightly spaced
from the lefthand end of the slide 80, the slide
80 is provided with a plurality of transversely
spaced bosses 82 extending through which is a
second cylindrical rod or shaft 84. The ends of
the shaft 84 are also received in the grooves 14
for guiding movement therein.

Overlying the slide 80 is a clamping plate 86
which is preferably of the same width as the
sheet to be rolled. The forward or lefthand end
of the clamping plate 86 is aligned with the left-
hand end of the slide 80, and in line with the
various bosses 82 it is provided with complemen-
tary bosses fitting therebetween and rotatably
surrounding the shaft 84 so that the clamping
plate 86 as a whole is pivotal about the aXis of
the shaft 84. The clamping plate 86 is normally
disposed at an angle with respect to the plane
of the slide 80 but its forwardly projecting or
lefthand end as viewed in the drawings is pro-
vided with & serrated or knurled lower face which
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when 8 work sheet is interposed between it and
the opposed face of the slide 80 lies in substan-
tially parallel relationship with respect to the
upper face of the slide 80. That portion of the
upper face of the slide 80 opposed to the serrated
or knurled lower face of the clamping plate 86 is
likewise serrated or knurled.

The rear or right end edge of the clamping
plate 86 is notched out, as at 88, at transversely
spaced points, shown as two in the particular
embodiment of the apparatus shown, and re-
ceived in these notches 88 and pivoted to the
clamping plate 86 therein by means of a trans-
versely extending shaft 80 is the upper end of a
cylinder member 92. A piston member 94 re-
ciprocably received in each cylinder 92 is ar-
ranged with its lower end pivotally mounted on
the shaft 16 which also serves to connect the
links T2 to the slide 80 as previously described.
Fach cylinder 92 is provided with a connection
86 leading into it above its piston 94 and such
connection is connected by & flexible tube 98 to
a suitable source (not shown) of fluid, and pref-
erably liquid, under pressure. As will be appre-
clated, when fluid under pressure is introduced
through the tube 98 and connection 86 into the
interior of the cylinders 92 it will tend to project
the pistons 94 from their corresponding cylinders
92 and cause the clamping plate 86 to pivot in a
counterclockwise direction of rotation as viewed
in Figs. 3 and 5, bringing the forward or clamp-
ing edge of the clamping plate 86 downwardly
with respect to the forward edge of the slide 80.
One or more springs 99 are tensioned between
the clamping plate 86 and the slide 80 and con-
stantly urge the clamping plate 86 toward a
clockwise direction of rotation as viewed in Figs.
3 and 5, thereby tending to draw the forward
clamping end of the clamping plate 86 away
from the opposed surface of the slide 80.

As previously mentioned it is assumed, for the
purpose of illustration in the particular embodi-
ment of the apparatus shown, that it is desired
to form a sheet of light metal such as aluminum
of uniformly tapered character from one end
thereof to the other and to accomplish this a
mandrel 100 is employed. As perhaps best
brought out in Figs. 6, 7 and 8 the mandrel (00
is preferably wider than the sheet which is to be
operated on and where employed with apparatus
of the specific character shown and described is
preferably of such width as to be relatively close-
ly but readily slidable between the side bars 30.
While the average thickness of a mandrel to be
used may vary considerably in different jobs, the
mandrel should be sufficiently thick to enable it
to be handled and passed through the mill with-
out bending or distortion. This mandrel (00
shown tapers in thickness from one end toward
the other end thereof by an amount exactly equal
to the taper desired in the finished tapered sheet.
In other words, if for example the finish tapered
sheet is to taper uniformly in thickness an
amount equal to five thousandths of an inch per
foot of length, then the main body portion of the
mandrel is correspondingly tapered. The man-
drel is, of course, preferably made from & hard-
enable steel suitably hardened and with that sur-
face thereof which is to receive the sheet suit-
ably ground and polished to insure an equivalent

- finish on the sheet to be produced. The mandrel

(]

may, of course, be and preferably is of greater
length than the finished sheet,

Any suitable means may be provided for con-
necting the forward or advanced end of the man-
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drel, shown as the righthand end in Figs. 3, 4
- and 5, for instance, to the slide 42 but prefer-
ably the connection is such as to enable the man-
drel 100 and the slide 42 to be readily discon-
nected. The particular method shown in the
drawings and as best brought out in Fig. 4 con-
sists of forming dovetailed notches 110 in the
forward edge of the mandrel and forming inter-
fitting projections (12 on the forward edge of the
slide 42. In this connection it will be observed
from an inspection of Figs. 3 and 5 in particular

that the advanced end of the mandrel 100 which’

is thus notched is reduced in thickness to ap-

10

proximately the same thickness as the slide 42, .

this being for the purpose of permitting the slide
80 to move to the left when moving to loading po-
sition as illustrated in Fig. 3 to bring its forward
- or lefthand end as viewed in Fig. 3 over the
notched out portion of the mandrel. It will be
appreciated that the mandrel 100 and slide mem-
ber 42 may be disconnected from one another
when the mandrel 100 is passed completely
through the rolls 22 by simply lifting it upward-
Iy and then away from the slide member 42.

Additionally, and as best brought out in Fig. 3,
the forward or righthand end of the mandrel
100 is preferably reduced in thickness over s
length such as indicated at 116 so that such for-
ward end of the mandrel 100 and the sheet 118
superposed thereon may be introduced between
the rolls 22 and the sheet clamped to the slide 80
befare the rolls 22 will grip the mandrel and gheet
between them. It will be understood that the
end of the mandrel which is notched out at 110
and reduced in thickness over the length 16 is
the thin end of the mandrel for reasons which
will hereinafter be apparent.

On the entrance side of the rolls 22 or to the
left thereof as viewed in Fig. 3 & bar 120 is ex-
tended between the opposite sides of the frame
20 and pivotally connected to the bar by means
of pivot pins 122 are a plurality, shown as two,
cylinders 124. Each. cylinder 124 reciprocably
receives therein a piston 126. The pistons 126
are in turn pivotally connected by means of pins
128 to0 a presser bar 130 which is preferably pro-
vided with a fabric or other frictional covering
132 fixed thereto and extending over the lower
face thereof. The presser bar 130 is adapted to
- press downwardly upon the upper surface of the
sheet 118 and act therethrough to force the man-
drel 100 down into contact with the frictional
surface 32 of the table 26, thereby to set up a fric-
tional drag tending to resist movement of the
mandrel (00 and sheet 118 through the rolls 22.
Fluid and preferably liquid under pressure is in-
troduced into the cylinders 124 through a suit-
able line 134 connected to a suitable source of
pressure and preferably one or more springs 136
(see Fig. 2) cooperating between the presser foot
130 and the bar 120 constantly tend to raise the
presser foot 130. Thus when pressure in the cyl-
inders 124 is relieved the springs 136 will raise
the presser foot 130, and when pressure is applied
to the cylinders 124 such pressure acting on the
pistons 126 will force the presser foot 130 down-
wardly against the force of such springs and into
operative engagement with the surface of a sheet,
118 passing therebelow.

In the operation of the apparatus thus de-
scribed it is, of course, assumed that the mandrel
108 has been connected to the slide 42 by inter-
engagement of the dovetailed edges thereof and
that the motor 56 has been reversed so as to move
the slide 42 to its extreme position of movement
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to the left and as viewed'in Fig. 3. Fluld under
Dressure has been introduced into the cylinders
48 through the connections 58 ‘and the fluid at
the opposite ends of the cylinders has been &l-
lowed to escape through the connection 66 S0 as
to move the pistons 60 and consequently the slide
80 to its extreme position of movement to the left
as shown in Fig. 3. Pressure in the cylinders 92
and 124 has been relieved so that the cooperating
springs 100 and 136, respectively, have lifted the
forward or lefthand end of the clamping plate
86 and hasg lifted the presser foot 130. A sheet
118 of the desired material to be worked upon and
of the required width and length is then placed
upon the mandrel 100 and its forward or right-
hand end as viewed in Figs. 3, 4 and 5 is passed

_under the presser foot 130 and under the upper

roll 22 until its forward or righthand edge passes
under the clamping end of the clamping plate 86
and abuts against the hinge bosses thereof. As
.previously mentioned the sheet 118 is of a width
preferably slightly wider than that desired in the
final tapered sheet and of. g length which experi-
ence has shown will provide g final sheet of the
desired length, plus an additional amount which
overlies the reduced portion 116 of the mandrel
100. This last portion is, of course, provided as
an expedient in securing the sheet 118 to the
slide 80, is not affected by the rolling operation
and will be removed in trimming the rolled sheet
to its final dimension. The sheet 118 is also pref-
erably slightly greater in thickness than the max-
imum thickness desireq in the fina] tapered sheet.
If the rolls 22 are rotating at this time no clamp-
ing action on the sheet and mandrel between the
rolls or movement of the sheet and mandre] will
result because of the cut-away portion 11§ of the
mandrel 108 provided for preventing such clamp-
ing action. :

The above operations having been accom-
Dblished, fluld under pressure is then Introduced
into the cylinders 92 and 124 with the result
that the clamping plate 86 is caused to pivot
in a counter-clockwise direction and to clamp
the forward edge of the sheet {8 between it
and the lefthand end of the slide 80, and also
causing the presser foot 130 to press that por-
tion of the sheet 118 thereunder firmly down
into contact with the upper surface of the
mandrel 160 and firmly press the mandrel 10¢
downwardly into contact with the covering 32
for the table 26.

If the rolls 22 are power driven and not al-
ready rotating, they are then put in operation,
and the motor 56 is energized to cause the
righthand roll 38 to turn in a clockwise direc-
tion of rotation as viewed in Figs. 3 and 5. Rota-
tion of the roll 38 in the direction described causes
the upper side of the belt 40 to move to the right
as viewed in Figs. 3 and 5 carrying with it the
slide 42, cylinder unit 46 and all of the parts
interconnected therewith including the man-
drel 100 and the sheet 118. Tnitial movement
of the mandrel 100 and sheet {18 to the right
as viewed In Fig. 3 will bring the mandrel 100
and sheet (18 into gripped relation between the
rolls 22, and as soon as this occurs fluid under

‘pressure is introduced into the lefthand end of

the cylinders 48 and permitted to exhaust from
the righthand end thereof. Once the mandrel
100 and sheet 118 is gripped between the rolls
22 it will, of course, be ‘appreciated that no
ordinary force exerted by either the belt 49 or
the cylinders 48 will be capable of advancing the
mandrel and the sheet through the rolis at g
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rate faster than the rotation of the rolls 22 per-
mits. In other words such forces will not be
able to slide the mandrel 100 and sheet 118
through the rolls faster than the rolls rotate.
On the other hand in order to be effective it
will be appreciated that the pull on the belt 40
must exceed the pull exerted by the pistons 60
in the cylinders 48. Preferably the pull exerted
by the belt 40 is roughly twice the pull capable
of belng exerted by the pistons 60.

Assuming the various operations and con-
ditions above explained to be existing and the
mandrel 100 and sheet 118 having been ad-
vanced into gripping relationship with respect
to the rotating rolls 22, the mandrel 100 and
sheet 118 will be drawn through the rolls 22
as well as being forced therethrough by the
friction thereof with the rolls where the rolls
are driven, overcoming the resistance of the
presser foot 130, and will continue to pass
through the rolls 22 until the sheet ({8 has
been acted upon over its length rearwardly or
to the left of the cut-away portion 116 of the
mandrel 100. Inasmuch as the rolls 22 are ar-
ranged with fixed axes and are of an unyielding
nature the assembly of the mandrel 100 and
sheet 118 in the condition which it finally
emerges from the rolls 22 will be of uniform
thickness from the reduced portion {16 of the
mandrel 100 rearwardly or to the left. The
mandrel 100 being of an unyieldable nature the
material of the sheet 118 is the only element
of the combination that may yield and, accord-
ingly, in passing through the rollers 22 its
thickness is necessarily reduced in an amount
complementary to the taper of the mandrel.
Thus the sheet |18 as it comes from the rolling
process Is tapered in thickness from one end
thereof to the opposite end thereof excepting
only that portion of the sheet which overlies
the portion {16 of the mandrel 100 and which
portion in the final product will ordinarily be
removed as scrap.

During the rolling operation above described
it will be appreciated that not only is the man-
drel 100 being pulled in the direction of its
movement through the rolls 22 but the sheet
118 is also being pulled in the direction of its
movement through the rolls 22 and in a manner
more or less independently of the mandrel and so
that the advanced end of the sheet ({8 may be
moved at s different rate of speed than the
mandrel 100. I have found that this feature
is essential in order to prevent fishtailing of
the sheet being rolled and is necessary for the
following reasons. I have found that in rolling
a sheet such as 1i8 upon a mandrel 100 the
sheet 118 appears to extrude forwardly or in
the direction of movement of the sheet through
the rolls so that the end of the sheet which has
passed through the rolls moves at a greater
speed than the peripheral speed of the rolls.

The amount which the sheet 118 thus advances
with respect to the peripheral speed of the rolls
and the linear speed of the mandrel 100 will, of
course, vary with the amount of reduction to
which the sheet 118 is being subjected and to
the material from which it is formed. As illus-
trative of this movement which occurs it may be
stated that experiments have shown that a sheet
such as (18 formed of aluminum and approxi-
mately six feet in length and tapering in thick-
ness from 0.064’’ at one end to 0.020’* at its oppo-
site end will be projected from the rolls 22 at a
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22 and the linear speed of the mandrel {00 by
an amount equal to 0.056’’ per inch of travel of
the mandrel 100 and/or peripheral movement of
the rolls 22. This discharge of the sheet from
the rolls 22 at a greater speed than the periph-
eral speed of the rolls is probably due to an ex-
truding effect upon the metal of the sheet 118
during its passage through the rolls, but in any

- event I have found that it is necessary in order

to prevent fishtailing of the final product to
keep the sheet 118 on the discharge side of the
roll under a constant and material tension and
at the same time it is preferable to retard the
passage of the sheet and the mandrel into the
rolls as by means of a presser foot such as 30
or other equivalent means. This tension on the
sheet 118 as it passes through the rolls is, of
course, obtained by means of fluid pressure in
the cylinders 48 acting on the pistons 60, the
pistons 60 and parts connecting them to the
advanced edge of the sheet 118 moving to the .
right as viewed in the drawings, with respect to
the belt 40, slide member 42 and mandrel 100,
until near the end of the operation these parts
may have assumed the relative positions indi-
cated in Fig. 5. In connection with the passage
of the sheet 118 through the rolls 22 it may be
stated that experiments indicate that it is pref-
erable, particularly where the amount of reduc-
tion of the sheet 118 is relatively great, that its
passage through the rolls 22 bhe relatively slow,
for instance at a rate of 24 to 48 feet per minute,
so that the metal being displaced in the sheet
{18 by the rolls may have ample time to flow.
Sheets thus rolled at the speeds indicated appear
to be superior to sheets rolled at higher speeds,
although it is to be understood that higher speeds
may unquestionably be utilized particularly
where the amount of reduction of the sheet at its
thin end is less than the particular instance
cited. It will also be appreciated that in the
particular instance cited the thin end of the
completed sheet has heen reduced approximately
70% in thickness as compared to its original
thickness, this large amount of reduction in the
thickness being approximately three times as
great as it is possible to successfully obtain in
the commercial rolling of flat sheets in accord-
ance with present day practices.

The sheet {18 thus having been rolled as above
described and having been passed through the
rolls 22, the feed of fluid under pressure to the
lefthand end of the pistons 60 is stopped and the
motor 56 is de-energized so as to stop the belt 40.
The fluid pressure in the cylinders 92 and 124 is
thereupon relieved permitting the springs (00
and 136 to release the clamping plate 86 from the
sheet 118 and to raise the presser foot 130, and
the sheet 118 is then removed. The motor 56 is
then reversed so as to move the slide 42 and the
mandrel 100 to the left to their initial loading
positions and fluid under pressure is admitted
to the righthand side of the piston 60 and allowed
to escape from the lefthand end of the cylinders
48 so as to permit the slide 80 to return to its
loading position, after which another blank sheet
118 may be inserted into place and the sequence
of operations described and repeated.

One thing may be noted in connection with the
pull exerted by the cylinders 48 and the pistons
60 on the sheet being rolled and that is where a
relatively narrow sheet is being rolled and
brought to relatively thin condition at one end
thereof it may be desirable to reduce the fluid
pressure on the pistons 60 as the thickness of
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the sheet 118 is reduced by the rolls 22 5o as not
to endanger pulling the sheet apart. While this
may be accomplished in any suitable manner,
either automatically or manually, one method of
accomplishing this manually is illustrated in Fig.
3 in which it will be noted that the supply line
66 is provided with a manually operable control
valve 150 and a pressure gauge 52 is interposed
between the valve 150 and the forward end of the
cylinders 48. Particularly where the mandrel
and sheet are fed through the rolls at the slow
rate above indicated as preferable, an operator
may manually operate the valve 150 to gradually
reduce the pressure being applied to the piston
60 as the sheet {18 progresses through the rolls
22. The condition desired, of course, is to main-
taln a substantially constant tensile stress on
the sheet 1{8. ~ :

It should be appreciated by those skilled in
the art that .the mounting of the cylinder assem-
bly 46 on the belt 40 could be dispensed with in

7

- For instance, in Figs, 8 and 10 the sheet 200
there shown may be provided with a thick end
202 and a thin end 204. It is of greater width at
its thick end than at its thin end. Additionally,
1t is provided on its under surface with g plurality,
illustrated as three, generally longitudinally ex-
tending ribs 206 which ribs may converge slightly
toward one another towards the thin end of the

- sheet as illustrated. The ribs themselves may
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practicing the method of the ‘present invention

‘and the cylinder assembly 46 be independentiy
and fixedly mounted and connected ir the man-
ner shown or otherwise with the advanced end
of the sheet 118. Under such circumstances the
belt 40, its driving means and connection to the
mandrel 100 might be dispensed with entirely

where the rolls 22 are driven, the friction be-

tween the lower roll 22 and the mandrel being
relied upon to pass the mandrel through the

rolls - without any pulling force being applied’

thereto. The only disadvantage of such modi-
fied construction would be that the cylinder as-
sembly 46 would be required to be of g length in
excess of the length of the sheet 118 being rolled,
whereas in the particular apparatus illustrated
the length of the cylinder assembly 46 need only
be slightly greater than the amount which the
sheet 118 advances from the rolls in excess of
the peripheral travel of the rolls. Consequently
with the construction shown the cylinder assem-
bly 46 is of minimum length, is relatively inex-
pensive to build or purchase and, having a short
stroke, may be readily and quickly operated par-
ticularly when returning it to its loading posi-
tion. It will also be appreciated by those skilled
in the art that from the standpoint of the broad
method of the present invention the use of the
belts 40 to move the mandrel 100 is merely one
expediency and that movement of the mandrel
180 may be accomplished in 8 suitable or desir-
able manner either independently of or simul-
taneously with the means for applying a tension
on the sheet 118.

From the above it will be appreciated that if
instead of desiring a finished sheet of uniform
taper from one end thereof to the opposite end
thereof a sheet having different degrees of taper,
or only one or different portions of the length
thereof tapered, all that is necessary to do is to

form a mandrel whose thickness tapers or varies

in a complementary manner to that of the desired
final sheet and after superimposing a sheet of

material of uniform thickness over the mandrel .«:

and of a maximum thickness equal to or prefer-
ably slightly greater than the maximum thick-
ness in the desired final sheet, pass the same
through the rolls in the same manner as described
in connection with the sheet 118 to obtain the de-
sired final product. It is also possible to form
ribs either longitudinally or transversely of such
sheet or depressions or pockets in such sheets in

addition to the taper applied thereto by fol--

lowing out the same general practices.
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taper in depth from one end thereof towards the
opposite end thereof. In such case the mandrel
208 which is employed in accordance with the
bresent invention to form the sheet 200 is tapered
over its length in complementary relationship
with respect to the desired taper over the length
of the sheet 200. Additionally its upper surface
is provided with grooves 210 complementary to
the ribs 206 to be formed on the sheet. 'The orig-
inal sheet of stock which is\employed to make the
sheet 200 will, of course, be of substantially less
length than the finished sheet 200 under the cir-.
cumstances assumed, it will he tapered in width
and have a wide end equal to the wide end 202
of the finished sheet 200 or of slightly greater
width and a narrow end of substantially the same
or slightly greater width than the narrow end 204
of the sheet 200. In thickness it will preferably
be equal to the combined thickness of the sheet
200 and the ribs 206 at the thick end of the fin-
ished sheet. :Obviously as such sheets and man-
drel-are passed through the rolls 202 described or
equivalent rolls and otherwise acted upon in the
manner described, it will be transformed into the
desired final sheet 200.

On the other hand a tapered sheet such as the
sheet 220 illustrated in Figs. 11, 12 and 13 having
transversely extending ribs 222 on its lower sur-
face may be desired. In such case the cooperat-
ing mandrel 224 will be tapered in thickness over
its length or a portion of its length in accordance
with the desired taper or variation in thickness
In the desired final sheet and its upper surface
will be provided with transversely extending
grooves 226 complementary to the desired ribs 222
to be formed in the sheet 220. The blank sheet
or work sheet which will be employed in such case
will preferably have a thickness equal to the
maximum thickness of the sheet 220 and ribs 222
at the thick end of the sheet and in passing the
mandrel 224 and blank sheet received thereon
through the rolls it will be formed to the desired
final shape and thickness in the Same general
manner as in the preceding cases as will be ap- -
preciated.

One thing may be noted, however, in the prac-
tices of the present invention and which will be
of aid from a commercial standpoint, and that
is that because of the difficulty liable to be exper-
ienced in connection with the rolling mill em-
ployed in connection with the invention in adjust..
ing the rolls to bring them to the desired spacing
and parallelism, it is preferable in designing dif-
ferent mandrels for use in rolling sheets of vari-
ous sizes, thicknesses, tapers or otherwise on a
single mill to so construct the mandrels that all
of them with their superposed sheets may be
passed through the rolls without, necessitating ad-
justment of the position of the rolls. In other
words when designing mandrels to roll various ta-
pered or other sheets varying in some respects
from one another it will be found to be of great
aid to so design them that the combined final
mandrel and sheet thickness of all of them are
identical, as in such case one mandrel may be sub-
stituted for another one in the mill but without
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requiring adjustment of the rolls of the mill and
subsequent checking and re-adjustment of the
rolls to bring them to the desired spacing and par-
allelism. Under such conditions it will be found
that a number of sheets each having different
characteristics may be relatively rapidly rolled
one after the other or in multiples simply by
changing mandrels in each instance.

From the above it will be appreciated that the
present invention provides a method by means of
which sheets of metal which vary in thickness
from one end thereof to the other end thereof or
over a portion of the length thereof may be
quickly and accurately produced from ordinary
stock sheets of uniform thickness. It will also
be appreciated that apparatus to carry out such
method may be embodied in & number of different
mechanisms of varying types and construction,
the particudar apparatus shown by way of {llus-
tration constituting a preferred apparatus for use
in carrying out the method and itself involving
certain features constituting a more specific part
of the present invention.

Having thus described my invention which I
claim by Letters Patent is:

What I claim is: :

1. In the manufacture of metal sheets differ-
ing in thickness and/or contour at different
points in the length ther=of, the steps of form-
ing a plate-like mandrel of a length and width
at least as great as the length and width of the
desired final product and varying in thickness
and/or cross-sectional conflguration at different
points in the length thereof in a manner com-
plementary to the variation desired in the final
product, placing a sheet of the desired metal and
of uniform thickness throughout in contact with
a surface of said mandrel to form an assembly,
passing said assembly through power driven rolls
maintained at a fixed axial distance with respect
to each other and spaced from each other by a
distance less than the maximum thickness of
said assembly, and constantly maintaining that
portion of said sheet discharged from said rolls
under a sufficient longitudinal tension during
passage of said sheet through said rolls to move
the leading edee of said sheet at a greater speed
than said mandrel.

2. In the manufacture of metallic sheets hav-
ing different thicknesses and/or cross-sectional
configurations at different points in the length
thereof, the steps of forming a plate-like man-
drel of at least the width and length of the
desired final sheet and varying in thickness

and/or cross-sectional configuration at different-

points in the length thereof in & manner com-
plementary to that desired in the final sheet,
applying a sheet of metal of constant thickness
throughout against one surface of said mandrel
to provide an assembly, passing said assembly
through cylindrical power driven rolls having
their axes fixed with respect to each other and
with the rolls spaced from each other by a dis-
tance less than the maximum thickness of said
assembly, continually applying a force to said
mandrel during its passage through the rolls
tending to advance it therethrough, and con-
tinuously applying a pulling force to the ad-
vanced edge of said sheet during its passage
through said rolls tending to advance it at a
greater speed than said mandrel.

3. In the manufacture of metallic sheets hav-
ing different thicknesses and/or cross-sectional
configurations at different points in the length
thereof, the steps of forming a plate-like man-
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drel of at least the width and length of the
desired final sheet and varying in thickness
and/or cross-sectional conflguration at different
points in the length thereof in a manner com-
plementary to that desired in the final sheet,
applying a sheet of metal of constant thickness
throughout against one surface of said mandrel
to provide an assembly, passing said assembly
through cylindrical power driven rolls having
their axes fixed with respect to each other and
with the rolls spaced from each other by & dis-
tance less thah the maximum thickness of said

. assembly, applying a force to said mandrel in
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addition to the force applied thereto by said rolls
tending to advance it through said rolls, and
applying a force to the advanced end of said
sheet, in addition to the force applied to said
sheet by said rolls, tending to pull said sheet
through said rolls in advance of sald mandrel.
4. In the manufacture of a sheet of metal
tapered in thickness in the direction of its length,
the steps of forming a mandrel of a length and
width corresponding to that portion of said sheet
which is to be tapered and tapered in thickness
in a manner complementary to the desired taper
in said sheet, placing a sheet of metal of uniform
thickness throughout against a face of said man-

-drel to form an assembly, and then passing said

assembly between cylindrical rolls fixedly spaced
with respect to each other by a distance less
than the maximum thickness of said assembly,
constantly maintaining. that portion of said
sheet which has passed through said roll under
& material tension during the passage of said
sheet through said rolls whereby to advance it
at a soeater speed than said mandrel, and exert-
ing a pull on said assembly during its passage
through said rolls tending to refard its passage
through said rolis.

5. In the manufacture of a sheet of metal
tapered in thickness in the direction of its length,
the steps of forming a mandrel of a length and
width corresponding to that portion of said sheet
which is to be tapered and tapered in thickness

5 in a manner complementary to the desired taper

in said sheet, placing a sheet of metal of uniform
thickness throughout against a face of said man-
drel to form an assembly, and then passing said
assembly between cylindrical rolls fixedly spaced
with respect to each other by a distance less
than the maximum thickness of said assembly,
applying a force to said mandrel during its pas-
sage through said rolls tending to pull it through
said rolls in advance of said mandrel, separately
applying a force to said sheet during its passage
through said rolls tending to pull said sheet
through said rolls, and exerting a pull on said
assembly during its passage through said rolls
tending to retard its passage through said rolls.

6. Rolling apparatus comprising, in combina-
tion, a rolling mill including a pair of spaced
cylindrical rolls rotatably mounted therein in a .
fixed, spaced relation with respect to each other,
a plate-like mandrel of different thickness at
different points in the length thereof adapted
to receive & sheet of metal thereon and to be
passed with said sheet of metal between said
rolls, and means on the discharge side of said mill
cooperable with a sheet being passed through
said mill with said mandrel for placing that por-
tion of said sheet between its advanced end and
that portion thereof gripped between said rolls
and said mandrel under a material tension.

7. Sheet rolling apparatus comprising, in com-
bination, & pair of cylindrical rolls, means for



2,315,810 °

rotatably supporting said rolls in spaced relation
and with their axes at a fixed distance with re-
spect to each other, a plate-like mandrel adapted
to receive thereon a sheet of metal and adapted
to be passed with said sheet thereon between said
rolls, means for applying & pull to said mandrel
during its passage through said rolls tending to
move it at a greater speed than the peripheral
Speed of said rolls, and means for applying a pull
to said sheet during its passage through said rolls
tending to advance said sheet through said rolls at
& greater speed than the peripheral speed of said
rolls and the linear speed of said mandrel.

8. Rolling apparatus comprising, in combina-
tion, a rolling mill including a pair of rotatable
cylindrical rolls arranged in spaced relation and
at a fixed distance between the axes thereof, a
plate-like mandrel having different thicknesses
at different points in its length adapted to receive
thereon a sheet of metal to be rolled and to be
passed therewith through said rolls, means on the
discharge side of said mill cooperable with said
mandrel during passage thereof between saifl
rolls for applying a pull on said mandrel, and
additional means associated with the last men-
tioned means inter-engageable with the advanced
end of said sheet for applying a pull to said ad-
vanced end of said sheet during the passage of
said sheet through said rolls tending to move said
advanced end at 3 faster rate of speed than said
mandrel,

9. Apparatus for rolling metal sheets compris-
ing, in combination, a rolling mill including a pair
of rotatable cylindrical rolls arranged in spaced
relation, a plate-like mandrel and adapted to be
passed between said rolls and to support a work
sheet against one face thereof during said pas-
sage, means on the discharge side of said mill and
movable in the direction of movement of said
mandrel therethrough connectible to said man-
drel to exert a pull thereon during its passage
between said rolls, and means in addition to the
last mentioned means connectible with said sheet
during its passage beteween said rolls operable to
apply a pull to said sheet during its passage be-
tween said rolls to advance the forward end of
sald sheet at a different rate of speed than said
mandrel.

10. Apparatus for rolling metal sheets compris-
ing, in combination, a rolling mill including a pair
of rotatable cylindrical rolls arranged in spaced
relation and fixed against bodily movement with
respect to each other, a plate-like mandrel adapt-
ed to be passed beteween said rolls and to support
a sheet against one face thereof during said pas-
sage, means on the discharge side of said mill and
movable in the direction of movement of said
mandrel therethrough connectible to said mandrel
to exert & pull thereon during its passage between
said rolls, and means on the entrance side of said
rolls tending to retard the movement of said man-
drel and sheet into said rolls.
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11, Apparatus for rolling metal comprising, in
combination, a pair of cylindrical rolls, means
rotatably supporting said rolls in spaced relation
and at a fixed axial distance with respect to each -
other, a plate-like mandrel adapted to receive a
sheet of metal to be rolled against one face there-
of and to be passed with said sheet of metal be-
tween said rolls, means on the discharge side of
said rolls movable in the direction of movement

‘of said mandrel and sheet therethrough connect-

ible with said mandrel, means for moving the last -
mentioned means, additional means on the dis-
charge side of the roll connectible with the ad-
vanced edge of said sheet during its passage be-
tween said rolls, and additional means for apply-
ing a force to the last mentioned means tending to
move it in the direction of said sheet through said
rolls to maintain the said sheet under tension
during its passage through said rolis.

12, Rolling apparatus comprising, in combina-
tion, means rotatably supporting a pair of cylin-
drical rolls in spaced relation with respect to each
other, a plate-like mandrel of different thickness
at different points in its length adapted for pas-
sage between said rolls and adapted to support a
work sheet thereon during said passage, belt-like
means on the discharge side of said roll arranged
with one surface thereof movable in the direction
of movement of said mandrel and sheet through
said rolls, means for connecting said belt-like
means to -said mandrel, means for driving said
belt-like means whereby to exert a pull on said
mandrel during its passage through said roll, a
pulling device secured to said belt-like means for
equal movement therewith, and means for con-
necting said pulling device to the advanced edge
of said sheet. .

13. Rolling apparatus comprising, in comhina-
tion, means rotatably supporting a pair of cylin.
drical rolls in spaced relation with respect to each
other, a plate-like mandrel of different thickness
at different points in its length adapted for pas-
sage between said rolls and adapted to support a
work sheet thereon during said passage, belt-like
means on the discharge side of said roll arranged
with one surface thereof movable in the direc-
tion of movement of said mandrel and sheet
through said rolis, means for connecting said belt-
like means to said mandrel, means for driving said
belt-like means whereby to exert a pull cn said
mandrel during its passage through said roll, hy-
draulically actuated pulling means secured to said
belt-like means for equal movement therewith
and including a part movable relative thereto in
the direction of movement of said belt-like means,
and means for securing said part to the advanced
end of said sheet whereby to apply a pulling force
to the advanced end of said sheet during the pas-
sage of said sheet between said rolls to advance
said end at a faster rate than said mandrel is
advanced through said rolls.

EMIL @ NELSON,




