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This invention relates to process and apparatus
for imparting longitudinal and transverse com-
pound curvatures to sheets of metal. The curved
metallic sheets have many uses, -such as, for ex-
ample, in the fabrication of airplane wings and
fuselages, boat hulls, and numerous other me-
chanical structures in which thin, rigid cover-
ings for structural elements are required.

Devices for rolling sheet material with com-
pound curvatures are already known. For ex-
ample, my United States Patent No. 1,828,489,
dated October 20, 1931, discloses a metal rolling
device consisting generally of a pair of comple-
mentary concave and convex rolls between which
a sheet of metal may be drawn to impart a trans-
verse curvature to the sheet.
mounted so that the angle at which the sheet
leaves the roll may be varied and a longitudinal
curvature is imparted to the sheet. This device,
while successful in operation, has certain disad-
vantages.

My United States Patent No 1,820, 936 pat-
ented September 1, 1931, discloses another form
of sheet metal rolling device which consists of
a platform for holding a sheet of material and
curved racks along which are adapted to move a
pair of complementary convex and concave roll-
ers disposed on opposite sides of the sheet of
material. This construction is extremely satis-
factory for rolling duplicate sheets of material.
However, since the longitudinal curvature of the
sheet is controlled by the curvature of the racks,
many different types of racks must be provided
in order to produce different curvatures in the
sheets. The racks are expensive to manufacture,
and it is desirabie to avoid their use.

The present invention has as its principal ob-
ject the provision of a process and an apparatus
which is suitable to form sheets with any desired
type of longitudinal and transverse curvature and
which through automatically controlled means
can duplicate the curvature in successive rolling
operations.

The invention may be carried out by means
of a device for imparting to a sheet both trans-
verse and longitudinal curvature by pulling the
sheet through a forming or crowning element
such as a set of curved rolls while passing a
similar forming element in a direction opposed
to the direction of pull and at a changing angle
with relation to the forming elements dependent
upon the longitudinal curvature desired. The
forming element acting generally opposed to the
direction of pull but with a wide range of move-
ment works the sheet causing a flowing, draw-
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ing or upsetting of the metal and forms a sheet
of desired curvature and improved characteris-
tics as to strength. The sheet passes through a
second forming element which acts to preserve
the curve of the sheet by supporting the sheet
during the drawing. Also this element acts to
remove any evidence of the working of the sheet
such as unevenness of surface or wrinkles. The
means for drawing the sheet is so arranged that
in combination with the movement of the op-
posed forming element the drawing effect is ex-
erted along a line tangent to the longitudinal
curvature imparted to the sheet, minimizing the
tendency to straighten or buckle the sheet. The
sheets may be made to a predetermined curvature
by control means whlch adjust the several move-
ments of the forming means and those means
controlling the direction of pull of the sheet.

For better understanding of the invention, ref-
erence may be had to the accompanying draw-
ings in which:

Figure 1 is a plan view of a typical form of
device embodying the invention;

Figure 2 is a side elevation of the device;"

Figure 3 is a view in section of a portion of the
device taken along line 3—3 of Figure 2;

Figure 4 is an enlarged sectlona.l view taken
on line 44 of Figure 2;

Figure 5 is an enlarged sectmnal view partly
broken of a portion of the device taken on line
5-—5 of Figure 2;

Figure 6 is a sectional view of a switch used in
the electrical circuit; '

Figure 7 is a cross-section of a sheet ready
to be processed;

Figure 8 is a cross-section of a sheet after a
crown has been imposed; and

Figure 9 is a wiring diagram of the electrical
control means for the device.

The form of invention 111ustrated in the draw-
ings consists of a heavy pair of standards 10 in
which is journaled a frame 1. The frame (1
is provided with end plates 12 which carry the
The shafts 13 are rotatably
mounted in kearings {4 in the standard (6.

The end plates {2 are bolted to the frames 1.
The frames are joined by transverse bars 15. The
frames {1 are provided with journals 16 which
rotatably receive the shafts which project from
the end of a convex roller 18.

A complementary concave roller 19 is also pro-

‘ vided with end shafts 20-which are journaled in

slide blocks 2{. The blocks 21 are slideably
mounted in rectangular openings 22 in the frames
(1. Suitable hand wheels 23 are threaded through
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the transverse bar 15 to regulate the spacing be-

‘tween rolls 18 and 19,
- The entire crowning roll assembly is therefore
adjustable for varying thicknesses of sheets and
also is rotatable to dispose the roll 18 either above
or below the roll 19.- The roll assembly may be
latched in either position by means of a latch
pin 24 which is slideably mounted in a cross bar
25 connecting the upper ends of the standards
16. The lower end of the latch pin 24 is selec-
tively received in apertures 26 in the cross mem-
bers 15. ) .

The rolls 27 and. 28 are concave and convex
in shape similar to the rolls {8 and 19. They are
positioned adjacent but forward of rolls I8 and
19 and are arranged to be moved with relation
thereto. It is this movement as opposed to the
movement of the sheet through the forming
means such as the sets of rolls that causes the
desired working and forming of the sheet.

The rolls 27 and 28 are supported in a frame
having the sides 29 which have lower extensions
30 acting to form bell crank levers. The sides
29 are fixed to a shaft 31 rotatably mounted in
the standards 10. The angular position of the

sides or bell crank arms 29 relative to the center .

line of the standards 10 is controlled by means

of an electric motor 32 which drives a worm -

meshing with a worm gear 33 splined to the end
of the shaft 31 whereby upon rotation of the
worm .33 the levers 29 and the rolls 271 and 28
-will be moved toward or from the rolls 18 and
19. Any other means such as a threaded shaft,
& worm, and a worm gear drive may be used for
rocking the bell crank levers 29, as desired. The
extension 30 may be provided with a counter
weight 3% for facilitating the change of position
of the rolls and operation of the motor 32.

The shafts 36 and 37 of the rolls 27 and 28 re-
spectively are rotatably mounted in the journal
blocks 38. ' These journal blocks 38 are in turn
supported through pivoted connections 39 by the
slides 40 moving in the slots 41 in the supporting
side frames 28.. The pivot connections 39 permit
‘the position of the rolls 27 and 28 to be reversed
in the same way that the rolls I8 and 19 may be
reversed. . The rolls 21 and 28 may be main-
tained in fthe selected position by means of the
bolts 42 which are fitted to move in holes in the
journal blocks 38.. When the journal blocks 38
are in alignment with the supporting slides 40,
with the concave roll either at the top or bottom
position, the bolts 42 may be moved into recesses
in the adjacent face of the slides 48 and fixed in
locking position by the set screws 43, The slides
40 are moved along the slots 44 by an electric
motor 44 which is provided with a worm 45 for
driving a worm gear 46 fixed to the end of a
threaded shaft 47. The shaft 47 is rotatably
mounted in bearings 48 on the arm 29 and is
connected by means of threads to the slide 46.
The threaded shaft 41 carries at its upper end
a bevel gear 49 which meshes with g similar bevel
gear 50 fixed to a cross shaft 51 for driving
through suitable gears a threaded element 52
similar to shaft 47, When driven by the motor
44 the shafts 47 and 52 act to move the slides 40
and thus the rolls 27 and 28 along the arms or
frames 289. ]

In connection with the working of certain types
of metals, it may be of advantage to operate
under relatively high temperature conditions.
This condition might arise, for example, in work-
ing with certain light metals or alloys such as
magnesium or aluminum. In such case the rolls
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" may be conveniently heated intemaliy by'hot oil
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or steam which may be circulated by means of

flexible conduits attached to suitable connections .

at the ends of hollow shafts supporting the rolls,
as indicated by reference character 53. The rolls
may be provided with hollow ducts or chambers
through which the heating medium may circu-
late.

If additional heating is necessary, the frame 29
or 10 may carry a series of gas jets, fed from a
manifold and to which gas or other combustion
medium may be supplied.  Flexible connections
may be used if necessary and may be carried over-
head to permit movement. The several jets can
be adjusted to heat the sheet uniformly across its

face. Hoods or muffles may be provided to obtain

more effective heating action. Another effective
device is the use of electric resistance coils sim-
ilarly placed across the face of the sheets. The
amount of heating can then be closely controlled.

A sheet of metal is drawn between the crown-

ing rolls 18—{9 and the forming rolls 21—28 by

» means of a suitable draw bench arrangement.

This draw bench may consist of a substantially
U-shaped frame having parallel side members
54 which are pivotally connected to brackets 55

. on the standards 10. The opposite ends of the
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"side members 54 are connected by a cross bar 56

which in turn is pivotally and slidably connected
to a supporting adjustable member §1. This
member 57 is provided with a downwardly pro-
jecting threaded stud 58 adjacent its center and
a plurality of guide studs 59 at opposite ends, as
shown in Figure 2. The threaded stud 58 and
the guide studs 59 are received in suitable verti-
cal bores in an end standard 60 which may be
fixed to the floor. A worm gear 8/ operates on
the threaded stud 58 and is retained in an aper-
ture in the standard 60. The worm gear 61
may be rotated to elevate or lower the stud 58

and through the draw bench frame 54, by means

of a hand wheel 62 which carries a worm. 63
meshing with the worm gear 61.

A drawing carriage 64 which is adapted to grip
and hold the end of the sheet of metal 65 is
mounted on and for movement along the draw
bench. The drawing carriage may consist of a
transversely extending frame 66 having a plu-

- rality of rollers 87 at its opposite ends which roll
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along the side rails 54.  Movement of the car-
riage 66 along the side rails is produced by means

of an electric motor 68 supported on the Cross -

bar §6. - The motor, through & worm gear drive
68, rotates a shaft 70 provided with sprockets Tt
at its opposite ends. A chain 12 is carried by

~each of the sprockets T and by sprockets 78 on

the-shaft T8. 'This shaft 14 ig rotatably mounted
in the brackets 55 on the standards 10. The car-
riage 64 is provided with similar outwardly pro-
jectiqg arms 19 which are fixed to the chains 72
whereby upon operation of motor 68 the carriage

-64 is caused to move along the side rails 54.

In order that the drawing stress may be ap-
plied in such a manner that straightening of the
curved sheet is minimized, I have mounted on the
carriage 6§ an adjustable jaw member 16 which
grips an end of the sheet of metal 65, This jaw
member may be caused to move continuously
through an arcuate path during the drawing
operation. The jaw member 76 may consist of a
transversely curved plate 17 and a complementa-
rily curved plate 78 which may be bolted together
with the end of the sheet of metal 65 therebe-
tween. The jaw member 76 is pivotally con-
nected at each end to slide members 79 which are

Ty
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disposed in slots 80 in depending arms 81 fixed
to the carriage 64. The slides 19 are moved up-
wardly and downwardly by means of a motor 82
mounted on the-carriage 64. The upward or
downward movement of the jaw member 18 may

take place during movement of the carriage 64 to

maintain the proper drawing relationship of the
sheet 65 to the rolls 27—28 and 18—1{9. The motor
82 through suitable worm and worm gearing 83
drives a transverse shaft which is geared to screw
threaded elements 85 rotatably mounted on the
depending arms 8f. The threaded shafts 85 are
threaded through the slides 19 and cause upward
or downward movement of the jaw member 16
upon rotation.

It has been found in practice that in drawing
sheets to impose a material curvature upon them
or in drawing relatively long curved sheets that
there is a tendency for the edges of the sheet to
straighten out, and for the sheet to buckle. This
condition in the drawing of the sheets has been
remedied in many cases by so adjusting the move-
ment of the carriage 64 and the jaws 16 as well
as the track 54 by means of the handwheel 62,
that the pull follows the curvature being imposed
upon the sheet and is applied tangentially to the
curvature. )

The rolls 27 and 28 act in a direction generally
opposed to the direction of the pull of the sheet
and are caused by the movement of the support-
ing arms 29 about the pivoting shaft 31 to move
in the direction of an arc. These rolls also can
be moved simultaneously either upwardly or

downwardly along the line of the arms 29 depend- .

ing upon the desired curvature. The speed of
movement in each direction with relation to the
speed of movement of the sheet also affects the
curvature obtained.

The major portion of the working action upon
the sheet is accomplished by means of these rolls
21 and 28, or their equivalent in a forming ele-
ment such as dies, in working generally against
the direction of pull. This working action causes
a flowing, drawing and upsetting action in form-
ing the compound curvature in the sheets. A
sheet is produced not only of usual form but also
of unusual stiffness, rigidity and strength.

The rolls 18 and {8 or their equivalent act pri-
marily to support the curved sheet during the
drawing action and to relieve the tendency to
straighten the chord of the sheet as a result of
the pulling action. In this connection, they re-
move wrinkles or other unevenness which may be
present in the sheet as a result of the intensive
working imposed by the rolls 27 and 28 and pre-
serve the curvature. The pull upon the curved
sheet in working against the rolls 27 and 28 must
not exceed the strength of the sheet to retain its
form. 'This strain during the drawing action is
imposed particularly upon the edges of the sheetf.
In order to strengthen the edges and facilitate
working a flashing 86 is formed on the sheet edges
prior to its insertion in the rolls as illustrated at
Figure 7. Figure 8 also illustrates a cross-sec-
tional view of the sheet after the transverse cur-
vature has been imposed, and illustrates the posi-
tion which the flashing may assume.

It is for this reason that it is desirable to have
a means for supplementing the pulling action of
the carriage 88. An example of such a device
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which is particularly zdapted to operate on the .

flashing of the sheet at the edges is illustrated in
Figure 5. The edge pulling device preferably
should be operated as close to the nip of the rolls
18 and 19 as is possible in order to minimize the

75

effect of a change in direction of pull of the sheet.
If necessary, of course, the edge pulling device
may be adjusted manually or continuously to com-
pensate for any such change in direction as would
tend to make it ineffective in its action.

The pulling effect is accomplished as illustrated
by means of knurled wheels 81 which are adjusted
to grip between them the flashing 85 of the sheet
65. The gripping effect of these wheels 8T can be
adjusted by means of the set screws 88 which bear
upon each of them. The necessary amount of
the movement of the knurled wheels 81 is avail-
able for such an adjustment as the result of the
use of pivoting bearings 89 supporting the shafts
of each wheel. The shafts are turned by the
small gears 90 which preferably have curved faces
so as to permit a slight amount of movement of
their supporting shafts in and out of line of the
shaft of the driving gear 91. This shaft and gear
91 are driven by a beveled gear 82 which in turn
is driven by a beveled gear 93 on a shaft 96. A
similar pulling mechanism is arranged to operate
on the opposite flashing of the sheet and may be
actuated from the drive shaft 96, Movement is
imparted to the driving shaft 96 for the edge puli-
ing mechanisms by means of sprocket wheels §4
at each side which are connected by driving
chains 95 with shaft 74, which supports the chdins

" driving the carriage 64._, Thus the motor 68 act-

ing to pull the sheet through the rolls by means
of the carriage 64 also acts by means of suitabie
gear arrangement to simultaneously impose a pull
at each edge of the sheet. The shaft 94 as well
as the edge pulling mechanism may be supported
by arms 97 which in turn may be bolted to or pro-
ject from arms 55 carried by frame 10.

Each of the motors 32, 44, 68 and 82 may, if
desired, be provided with mianual controls to
regulate their speed and direction and initiate
and terminate their operation. The motor 68 is
preferably arranged to operate at constant speed,
this speed being determined by the characteris-
tics of the metal sheet which is being formed.
The motor 32 and the motor 44 may be operated
to move the rolis 2T and 28 to predetermined fixed
positions when it is desired to impart a constant
smooth curvature to the sheet of metal being
formed. The motor 82 when used with the rolls
27 and 28 in fixed positions, may be arranged to
operate at substantially constant speed to lower
the jaw member 76 while the sheet is being drawn
to compensate for displacement of the drawn por-
tion of the sheet in an arcuate path.

The outer end of the frame 54 may be adjusted
up or down by the hand wheel §2, usually within
an angle of less than 15° to compensate for other
factors in the drawing of the sheet which tend to

" affect the obtaining of a sheet of certain desired

specifications. In many cases it is desirable to
vary the radius of curvature of the sheet from end
to end and to do this it is necessary to vary the
angle at which the metal passes through the
forming elements 27—28 and 18—19. This may

_be readily done manually when the curvature

need only be approximate. However, it is ex-
tremely difficult to duplicate the curvatures of
sheets by manual control. There is provided
therefore an automatic control system which may
be adjusted to produce and reproduce any desired
sheet curvature or any variations in curvature of
the sheet.

This construction may suitably consist of a
plurality of switches 98 arranged along the side
rail 54 in the determined relationship and ad-
justable relative to each other along the side



rail.. The switches 98 may be actuated by a shoe
99 carried at the end of the carriage 64. The
switches 98, as best shown in Figure 6, may con-
sist of a housing 100, preferably made of insu-
- lating material, which carries a fixed contact
member {01 and a movable contact member 102,
The movable contact member 162 is carried on g
bell crank lever 183 having one arm projecting
outside the casing and provided with a roller 104
which is engaged by the shoe 99. Upon contact
of the shoe 99 with the roller 104, the contact
element 102 is rocked clockwise to engage: the
contact 101, thereby closing a circuit. The con-
tacts 101 and 102 are normally separated by
- means of a spring 105 connected to the bell crank
arm 103 and the casing 100.
‘The switches 98 may act successively to increase

<t
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- and 28, if necessary bending it manually to the -

the speed of the motors 32, 44 and 82 as desired. -

These motors may be connected in separate cir-
cuits of the type best shown in Figure 9, and are
arranged to be selectively connected into this cir-
- cuit or connected to manual controls as desired.

20

If desired, however, a plurality of the motors -

32, 44 and 82 may be connected in a single cir-
cuit and controlled by. one set of switches 98. | As

shown in Figure 9, these motors may be of the.

* three-phase, slip-ring or induction type. Lead in
wires 106 are connected through a reversing
switch 107 to the stator 108 of the motor. The
- rotor 108 of the motor is connected through a
double-throw switch 110 either to a manual con-
trol 111 having a variable resistance therein, or
to an automatically controlled resistance circuit.

The automatically controlled circuit consists
of three grids 112, 113 and (14, formed of a plu-
rality of equal resistances connected in series.
The resistances are - of such value that upon
shunting them successively out of the circuit, the
speed of the motor can be varied gradually' in

~equal steps between a predetermined minimum
‘and a predetermined maximum speed. The
switches 98 are arranged to actuate magnetic
switches 115 to shunt the current around the in-
dividual resistances in each of the grids 12, 143
and 114. As illustrated, I have provided a series
of seven switches 98 and an equal number of
magnetic switches 11§ for successively cutting
out the resistances from left to right as illus-
trated in Figure 9. As illustrated, all' of the
switches 119 are in their open position. At the
beginning of a forming or shaping operation all
of the switches (15 will be closed and will be
successively opened by movement of the carriage
64 until they assume the position shown in Fig-
ure 7. Therefore, as the carriage 64 moves along
the guide rails 54, the switches 98.are successively
closed to actuate the magnetic switches to succes-
sively shunt out the resistances, thereby decreas-
ing the resistance of the grids 112, (13 and (14
and causing the speed of operation of the motor
to increase,

The switches 98 may be arranged in any de-
sired order such as, for example, to cause continu-
ous, even, slow movement throughout the first
half of the drawing operation and thereafter to
rapidly speed up the movement of any or all of
motors 32, 44 and 82. If desired, the reversing
switch, or plurality of reversing switches 107 may
be positioned in the path of the carriage to im-
part sinuous or wavey curvatures to the sheets.
In fact, the switches can be so arranged that sub-
stantially any desired longitudinal curvature can
be imparted to the sheet. It may also be found
désirable to provide control members for increas-
ing the resistance .of the grid, as by example re-
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connecting a resistance in the circuit which has
previously been shunted out of the circuit. This
arrangement allows the speed of the motor or
motors to be decreased. Any suitable switching
arrangement may be used, such as additional
magnetic switches which act in reverse of the op-
eration of switches 115. A main switch is in-
dicated by reference character 6.

The sheet or plate of material which is to. be
worked and formed to a compound curved sheet
is preferably preliminarily treated to turn up the
edges forming flashings as indicated in Figure 7.
Certain materials of the sheet type come in 50-
inch widths and are preferably formed with an
inch and a half flashing on each side.

Yhe sheet or plate 65 is fed through rolls 21

transverse curvature required to conform with
the curvature of the rolls. The rolls 21 and 28
at the beginning of the operation are positioned
adjacent to rolls 18 and 19. ‘The sheet is then
fed through the rolls 18 and 19 and fastened to
the jaw member 16, which has a curvature con-
forming with that of the rolls. The carriage 64
supporting the jaw member is at the beginning of
the operation adjacent the rolls 18 and 18, and
the slides 79 supporting the jaw member 16 are
in 2 raised position usually-on a level with the
nip of the rolls I8 and (9. The rolls 27 and 28 in
the supporting arms 29 are also placed at the up-
permost position at the beginning of the working
operation. -

Both sets of rolls are adjusted by means of
hand screws or otherwise to bear tightly against
the sheet, With ordinary sheet, material, the
rolls may have a setting to give an opening of
thive to four-thousandths of an inch., Theé ad-
justment at the outer end of the frame 54 by
means of the manually. controlled screw 98 can
be made, if necessary, after a test operation, to
give a level of the frame with relation to the
other factors which results in a true curvature
of the desired characteristics.

. When the machine is adjusted and réady for
operation, the motors are started. Motor 68,

1

drawing the carriage 64, usually operates at g

constant speed to pull the sheet forward along
the frame 54. 'Thig motor, as already pointed
out, also drives the edge gripping mechanisms il-
lustrated in Figure 5, which, as illustrated, grip
the flashing as it comes through the nip of rollg
18 and 19 and pulls it forward. This pulling ac-
tion supplements the pull upon the sheet by
means of the moving carriage 64 and the jaw 16
and may impose upon the sheet as high as 509,
or more of the total pulling action. As the sheet
moves fcrward through the forming elements,
the rolls 27 and 28 are caused to move backward

- against the pulling direction cof the sheet. This-
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acts to deform the metal plate or sheet into a
compound curved shape. As the result of the
action of tkiese rolls, the sheet enters the crown-
ing rolls 18 and 19 under a2 tension and the
wrinkles or uneven portions of the sheet resulting
from the intense working gction are removed by
the action of these rolis.

As soon as the curved portion of the sheet
passes through the rolls 18 and 19, it is désirable
to change the position of the pulling jaw 16 to
which the end of the sheet is attacheq to com-
pensate for the resulting curvature, This can
be done by the operation of the motor
acts through a suitable means to lower
19 carrying the jaw 76.

The rolls 27 and 28 may be raised and lowered

the slides

82 which-
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within the arms 27 as aiready described to im-
pose additional controlled curvature upon the
sheet when related to the other movement de-
scribed.

The operations of the motors and the move-
ments of the sheet and rolls may be controlled
manually but they are preferably controlled au-
tomatically by a proper and suitable adjustment
of switches which are actuated by movement of

the carriage 64 as already described. It can be 10

appreciated therefore that the speeds of the var-
ious motors may be increased or decreased or re-
versed and thus the types of curved forms which
. may be made are almost limitless. It should also
be noted, as alreacy described, that the relative
positions of the concave and convex rollers may
be reversed in each set, which again expands the
flexibilities and possibilities of the machine in
making desired compound curved forms.
The movement of the rolls 27 and 28 against
. the direction of the pull and in the direction of
an arc with relation to rolls 18 and 19 acts to
draw and flow the metal in such a manner as to
‘obtain a crystalline rearrangement which re-
sults in sheets of unusual rigidity and strength,

even though they have heen made from rela-_

tively thin material. The movement of the rolls
27 and 28 downwardly along the arms 29 acis to
form a curve of decreasing radius longitudinaily
of the sheet. The effective working- action is
also dependent upon the rate of forward move-
ment of the sheet being pulled by the carriage 64
in relationship to the backward movement and
possible downward movement of the rolls 21 and
28.

In addition to the working action of the rolls
i8 and 19, they also act {o support the sheet and
minimize buckling during the operation, particu-
larly when a considerable longitudinal curvature

has been imposed. The control of the position 40

of the edges 16 with relation to the curvature of
the sheet also tends to minimize injury of the
sheet during the working operation. The work-~
ing action imposed upon the sheet must not be

greater than can be resisted by the sheet, for 43

githough the characteristics of the metal and
the form of the sheet tend to give it unusual
’strength and rigidity, yet it has been found in
practice that too great a pull during the working

operation tends to flatten out the edges and cause 59

wrinkling or buckling., Edge pulling mechanisms
which may be of the type illustrated in Figure 5
have been found very helpful in overcoming the
possibility of edge flattening or buckling. By ap-

plying the edge pull directly at the nip of the 55

second set of rolls {8 and 19, the change in direc-
tion of the sheet as it comes through these rolls
is minimized and a gripping action can be ob-
tained without material adjustment. However,

such an adjustment can easily be made either gp

manuslly or automatically.

It can be appreciated, of course, by those skilled
in the art that various modifications may be
made in this apparatus without departing from

the invention. The rolls may be varied in shape ¢3

and curvature. In fact, it is not essential that
they have a continuous transverse-curvature but
may be formed to impose irregular shapes upon
the sheet being processed. The automatic con-

trol device may be suifably adjusted to roll in 70

duplicate a variety of shapes. Also the arrange-
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trative only and not as llmiting the scope of the
claims.

I claim:

1. In &' device for impartlng transverse and
longitudinal curvatures to sheets of metal, the
combination of a pair of forming elements hav-
ing complementary curved adjacent surfaces,
meang for moving a sheet of metal between said
forming elements, means including a motor for
swinging the forming elements bodily about an .
axls spaced therefrom to vary the angle between
the means for moving the sheet of metal and a
tangent to the sheet at the zone of contact there-
of with the forming elements, and & plurality
of control elements actuated successively in re- -
sponse to movement of said sheet moving means
for controlling the speed and direction of oper-
ation of the means for swinging the forming ele-
ments to impart accurately controlled longitu-
dinal and transverse curvatures to the sheet.

2. A device for imparting transverse and longi-
tudinal curvatures to sheets of metal compris-

' ing & main frame, crowning rolls having comple-
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mentary curved surfaces mounted in the main
frame, a second frame pivotally connected to the
main frame, complementary curved forming -ele-
ments movable axially of the secondary frame,
means for moving a sheet of metal through and
in engagement with said ecrowning rolls and
forming elements and means for shifting the
forming elements axially of the secondary frame
and moving the latter about its pivot.

3. The rolling device set forth in claim 2,
wherein the means for moving the sheet of metal
comprises: a draw bench, means movable along
the draw bench for gripping the sheet metal, and

means for moving the gripping means through - -

_an arcuate path longitudinally of the draw

fent of the various elements of the device may -

be varied considerably without departing from
the invention. Therefore, the form of the in-

bench. i »

4. The rolling device set forth in claim 2,
wherein the means for moving the sheet of metal
comprises driven rollers engaging and gripping
the opposite longitudinal edges of the sheet of
metal.

5. A rolling device comprislng & pair of forming
rolls, a draw bench, a carriage movable along
the draw bench, means on said carriage for
gripping a sheet of metal and drawing it between
the forming rolls, & plurality of switches adjust-
ably mounted on the draw bench, means on said
carriage for operating said switches, an electric
motor for bodily moving the forming rolls
through an arcuate path and an electrical cir-
cuit having variable resistances therein con-
trolled by the switches for varying the speed of
operation of the motor.

6. The device set forth in claim 5, in which
the clectrical circuit includes a plurality of grids,
a plurality of resistances in each grid, and a
plurality of switches for successively shunting out
resistances in each of the grids to increase the
speed of the motor.

7. A metal rolling device comprising a pair of
standards, forming rolls rotatably mounted in-
said standards, a draw bench pivotally connected’
te the standards, a carriage movable along the -
draw bench, a pair of depending arms on said
carriage, means for gripping sheet metal movable
longitudinally of and pivotally connected to said
arms, and means for moving said gripping means
longitudinally of the arms as the carriage moves
along the draw bench.

8. The metal rolling device set forth in claim 7,
comprising an electric motor for, moving the

vention described should be considered as ilius- 75 gripping means and a control circuit for varying
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the speed of operatlon of the motor in: accord-
ance with the variation in curvature of the sheet
of metal.

8. In a device for imparting transverse and
longitudinal curvatures to sheets of metal, the
combination of a pair of complementary concave
and convex crowning elements, & pair of com-
plementary concave and convex forming ele-
ments, means for drawing a sheet of metal be-
tween the forming elements -and the crowning
-elements and means for bodily shifting the form-
ing elements in a direction opposite to the direc-
tion of movement of the sheet and varying the
angle between the tangents to the sheet at the
forming and crowning elements.

10. The process of imparting compound longi-
tudinal and transverse curvatures to s sheet of
metal comprising drawing the sheet' between
curved crowning' elements and. moving' curved
forming elements along and in engagement with
opposite sides of said sheet in a direction op-
posite to the direction of movement of the sheet
while changing the angle between tangents. to
the sheet at the crowning elements and the
forming elements.

11. The process of imparting longitudinal and

o
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transverse curvatures to sheets of metal com-
prising drawing a sheet between curved forming
elements, moving the forming elements angu-
larly and' oppositely to-the direction of move-
ment of the sheet and supporting the sheet be-
tween its leading end and the forming elements
whereby the curvature imparted to the -sheet
is retained.

12. The process set forth in claim 11 compris-
ing the step of applying drawing stresses to the
longitudinal edges of the sheet.

13. A process of preparing sheets of metal hav-[

‘Ing & varying longitudinal curvature and a trans-

verse curvature comprising pulling a sheet of
metal through two forming elements, moving one
of said forming -elements relatively to the other
forming element in a direction opposed to the
directionn of pull, changing the angle at which
the sheet is pulled from said moving forming
element and changing the angle at which saids
sheet is pulled from said other forming element:

" during pulling of said sheet through said form-#

ing elements to cause a varying working and

~.drawing of the metal to form a sheet of the de-
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sired longitudinal and transverse curvatures,.
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