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BENDING APPARATUS AND METHOD OF PRODUCING BENT STRIP MATERIAL.

Application filed January 14, 1924. BSerial No. 685,948,

This invention relates in general to metal
bending, and it has particular relation to
apparatus and methods of special atility in
the production of strip material bent in
edgewise fashion.

In bending strip material, especially ma-
terial of large size, in an edgewise manner,
there is a crowding over or enlargement of
the material adjacent the inner edge of the
bend and a tendency toward stretching or
reduction of the cross section of the material
adjacent the outer edge of the bend. Where
it is necessary or desirable to preserve the
same thickness of the material throughout,
as in the case of wound coils for electro-
magnets of dynamo-electric machines, etc.,
this enlargement of the material at the inner
gide of the bend is a decided disadvantage,
for it vequires a subsequent expensive o0p-
eration to reduce or re-form the enlarged
wedge-shaped section, usually through cut-
ting, grinding or swaging.

The present invention contemplates or in-
cludes the production of articles formed
from distortible strip material, especially of
velatively large size or width, bent edgewise
at one or more points, and wherein excess
thickness of material produced at the inner
edge of bend during the bending operation,
is removed by an operation directly associ-
ated with the bending operation; and, like-
wise, the invention contemplates the per-
formance of the combined operations of
bending and reducing the bent material to
desired final shape at a considerably reduced
cost and in considerably less time than is re-
quired for the several operations of bending
and trimming the material at the bend, as
practiced in the past.

An object of the present invention is to
provide an improved method and apparatus
especially adapted for producing bent strip
material wherein excess thickness formed at
the inner side of the bend is reduced to de-
sired dimensions.

A further object of the present invention
is to provide an improved method and ap-
paratus especially adapted for producing ob-
jects formed from bent strip material, and
in accordance with which the material may
he bent and a portion of the excess thickness
formed at the inner side of the bend may
be reduced during the bending operation or
a continuation thereof.

These and other objects and advantages
are attained by the present invention, vari:
ous novel features of which will be apparent
from the description and drawings herein,
disclosing embodiments and features of the
invention, and will be more particularly
pointed out in the claims. '

In the accompanying drawings:—

Figs. 1 and 2 ave plan views of apparatus
through which advantages of the invention
may be realized, the apparatus being shown
in several positions assumed during the op-
eration of bending a section of strip ma-
terial;

Fig. 8 is a detailed plan view of a section
of material subjected to the bending opera-
tion; T

Fig. 4 is-an enlarged plan view of the ap-
paratus shown in Figs. 1 and 2; ’

Fig. 5 is a front elevation of the device
shown in Fig. 4;

Fig. 6 is an end view of the device shovwn
in Figs. 4 and 5; and

Fig. 7 is a view in elevation of a modifi-
cation, showing an arrrangement for per-
mitting power operation of the bending de-
vice. ‘

As shown in the drawings, 10 indicates
a section of strip material whose width is
considerably greater than its thickness, and
which is to be subjected to an edgewise bend-
ing operation. 12 indicates a form or form-
ing block having its outer wall formed along
an arc of 90 degrees and a radius required
to produce the desired bending arc at the
inner side of the bent strip material. The
form 12 may be shaped to provide a single
90 degree bend or, as shown, a plurality of
such bends, which arrangement would be an
ordinary one for use in the formation of the
turns of a coil. The form 12 is mounted
upon a support or table 13, preferably rota-
table about an axis 14 which, in the case of a
form for producing turns of a coil, is located
at the center of such coil.

15 indicates generally a device or appe-
ratus for effecting the operation of bending
the strip material about the form 12 and,
at the same time, producing the desired uni-
form thickness of the bent strip, this uni-
formity being secured by trimming or shav-
ing the excess material from the inner edge
of the bend. The device 15 includes a body
portion 16, in the form of an upper jaw hav-
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ing at its forward end two spaced extensions
or arms 17,18. A member is disposed at thie
lower side of the body portion 16, being
pivotally carried by the body portion or
member 16 and constituting, in effect, a lower
jaw cooperative with ‘the upper jaw 196,
Bearing or wearing plates 21, 93 of relu.
tively hard metal, are secured in opposed
relation upon the opposed faces of arm 17
of the upper stationary jaw 16 and the lower
jaw 19, respectively. ~As indicated, the up-
per jaw plate 21 is provided with 1 recess
having a right angle shoulder at its inner
side, as indicated at 24. During opera-
tion of the bending device 15 to mmpart the
desired shape to the strip material 10. the
latter is disposed in the recess 24 of the up-
per jaw plate and is held in position therein
through the forcible bearing of the lower
jaw plate 23 against the under side of the
strip material, as indicated generally in Figs.
5 and 6.

Through the arrangement provided for in-
suring pivotal adjustment of the lower jaw
with respect to the upper jaw, it is possible
to handle strip material of different thick-
nesses. - As indicated, a sacldle-shaped block
26 is mounted upon the upper side of the
extension 17 of the upper jaw 16, the de-
pending side arms of the saddle being aper-
tured and carrying a pivot pin 27 on which
the lower jaw 19 is pivotally mounted. The
saddle 26 may be mounted in any one of
several fixed positions upon the upper block,
the adjusting and securing means compris-
ing a wedge 28 which is slidable beneath the
cross arm of the saddle on the upper side of
the extension 17 to permit bodily separation
of the pivot pin 27 and the lower jaw 19
carried thereby from the upper jaw. A bolt
29 has its head 31 bearing upon the upper
side of the saddle 26 and passes through an
elongated slot 32 in the wedge 28, the bolt
being adjustably threaded in an aperture in
the extension 17. The wedge 28 may be
adjusted through a screw 384 carrvied thereby
and threaded through an aperture in an
abutment 35 mounted upon a portion of the
upper jaw" 16. As will be apparent, the
screw 34 may be adjusted through the abut-
ment 35, permitting the wedge to be forced
to and from its position beneath the cross
arm of the saddle, and the saddle and lower
jaw 19 will then assume new positions in
which they may be secured by tightening of
the bolt 29,

The lower jaw 19 may be adjusted on its
pivot 27 to cause the lower jaw plate 23 to
forcibly cooperate with the under side of
the strip material 10, by means of an adjust-

ing screw 87 whose lower end abuts upon an

~end portion of the lower jaw 19 and which

65

1s threaded into the upper jaw 16, an operat-
ing handle 38 being secured to the screw 37
for rotating the latter. Operation of the
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handle 88 causes the plate 23 to forcibly grip
or to release the sirip material 10, An ad-
justable abutment 41 is carried by a rod 42
which in turn is carried by the upper jaw 16,
and is preferably integral with or secured
to the abutment 35, a spring i3 being posi-
tioned Dbetween the abutment i1 and the
under side of the lower jaw 19, this spring
being normally compressed and thus sery.
wherein the lower plate 23 iy retracted from
its operative position against the lower side
of the strip material 10. Wiih {his arrangee-
ment, it will be apparent that when tle up-
erating handle of the adjusting screw 37 is
shifted to draw the lowcer end of {he serow
upward, the spring 43 is effective to eause
the lower jaw plate 23 to be retracted from
the upper jaw plate.

The forward end of the arm 17 of the
upper jaw plate is provided with an exten-
ston 45 having an aperture 46, the extension
45 being of such (hickness as to be reidily
insertible within an undercut recess or slot
47 in the outer wall of the form 12, As b
dicated, the arrangement is such that {his
extension 45 is preferably integral with the
upper jaw plate 21, thus imsuring that for
handling strip material of different widths
or different arcs of curvature, all that
necessary is the substitution of
plate -of the required shape as (o thickness
and radius of bend. An mdicated, with the
device in operative position (o hend a soction
of strip material, the axis of (he aperture <6
coincides with the axis of curvatire of the
90 degrec arc alomg which the form s
shaped, a pin being inscerted through the
aperture in the form 12 and the aperture 46
to secure the bending device in operating
relation.

A bending or forcing knee or plate {9 is
adjustably positioned on the wnder side of
the extension 18 of the apper jaw 16, heing
held in operative position by means of a holt
or screw 51 adjustable through an elongated
aperture in the extension 18. The outer side
of the bent knee or plate 49 is preferably
formed as a straight edge, as indicated,
which is in line with the inner wal of the
recess 24 in the upper jaw plate 21, thus
Insuring that the oufer edee of the strip
material to be bent is in full contact with the
bending knee and the inner wall of the recess
24 in the upper jaw plate during the hending
operation.

The lower bearing surface of the upper
jaw plate 21 is plain or shaped to fully en-
gage throughout with the upper side of the
strip material to be bent; while the Opposed
upper face of the lower jaw plafe 23 s
formed at its leading edge with 2 more or
less rounded bead 53 extending seross {he
face of the plate and which bears foreibly
against the under side of the strip material
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Tn the operation of the bending device, this
bead serves to straighten or draw out o
any irregularities in the strip
material as it enters the active portion of
the bending device. The upper face of the
lower jaw plate 23 is also provided with a
cutting ool or edge which 1s located at the
vear side of the center line of the bending
device, retreating from such line. As indi-
cated in Tigs. 1, 2, 4 and 6, the radially
outer point of the cutting edge, considered
with respect to the axis of rotation of the
bending device about the form, may prac-
tically coincide with the axis of the bending
device which passes through the axis of rota-
tion of the device. The cutting edge 54
projects upwardly to substantially the same
extént as, or preferably to a slightly greater
extent than, the bead 53.

Assuming that the lower jaw plate 23 1s
not-provided with the cutting edge 53, as
described hereinabove, the device 15 may be
used for the purpose of merely effecting the
desired bending of the strip material.

With the strip material 10 lying with its
inner edge along the near side of the form
19, Figs. 1 and 2, the extension 45 of the de-
vice 15 is inserted to and pinned in opera-
tive position, the lower jaw 19 being re-
iracted at this time, the tool being thus per-
mitted to rotate about an axis through the
center of the 90 degree arc through which
the strip material is fo be bent. At this time,
the bending device occuples 2 position
wherein the center line A—A thereof occu-
pies the position A* in Fig. 1. By applying
the required pressure to the operating handle
55 of the device, the latter 1s swung In an
anti-clockwise direction about the center of
the bending are, during which operation the
bending knee or plate 49 exerts the required
pressure on the outer edge of the strip ma-
terial to canse the latter to be bent along the
outer surface of the form. When the tool
5 has reached the position wherein the cen-
ter line A—A thereot occupies the position
‘A2 the desired 90 degree curvature has been

However,

7
imparted to the strip material.
assuming for the moment that the cutting
tool 54 is not present, the thickness of the
strip material has been increased at the inner
edge of the bend, so that the material is now
of a more or less wedge-shape which is
thicker at the inner edge, the extent of the
enlarged portion being as indicated at 56
within the dotted line area, ¥Fig. 3.

With a lower jaw plate 23 having a cut-

ing tool 54, as described hereinabove and

chown in the drawings, and with the plate
93 drawn up to operative position wherein
it is in forcible engagement with the lower
side of the strip material to be bent, the de-
vice 15 mnay readily be operated irom the po-
sition AY, to the position A% during which
operation the excess thickness of the material

produced during the rotation of the device
is formed just in front of the center line
A—A of-the device, that is, substantially in
the space between the drawing or smoothing
head 53 and the cutting edge 54. Hence,
during the progress of the tool 15, the bead
53 draws or straightens the bending strip
and. holds it firmly against the upper jaw
plate, and immediately behind this bead an
enlargement is formed &s the actual bending
of the strip occurs along the center line
A—A. However, as fast as this excess ma-
terial is produced, the cutting tool 54, which
is fixed in position in so far as its approach
and retraction from the upper jaw plate 21
is concerned, cuts or shaves this excess ma-
terial from the under side of the strip mate-
rial; and because the strip material 1s forei-
bly held against the plain surface of the
upper jaw plate 21, all the increase in thick-
ness appears at the lower side of the strip.
The result is o strip bent to the desired shape
with excess material, normally formed at the
inner edge theveof, removed g0 as to leave the
strip of substantially uniform- thickness
throughout the bent portion.

However, in certain cases, as in the pres-
ent case, it 1s desirable that the bent strip be
in the form of a plurality of straight sections
connected by a curved section, the desived
movement of the cutting tool in an anti-
clockwise direction may not be sufficient to
insure the removal of the final portion of the
entire excess material, indicated at 57, Fig.
3, the latter portion being that beyond the
line corresponding to the position A*. A~
cordingly, when the bend is completed, that
is, when the tocl has reached the position
shown in Fig. 2, it may then be returned in
a clockwise direction so as to release the cut-
ting tool from the chip, corresponding to the
excess thickmess being removed from  the
strip material. The remaining portion 57
of excess thickness may then be removed in
any suitable manner, as by means of a.hand
or power-operated chipping ov milling tool.

As an additional feature of the present
invention, the device 15 may be provided
with improved means for removing not only
the main portion of the excess material 50
formed during the bending operation, but
also the additional portion 57 of such excess
material. As indicated, the lower jaw plate
93, with its straightening or drawing bead
53 and its cutting tool 54, are carried by a
traveling element or block 60 which is shift-
able upon thie lower jaw plate transversely
of the center Hne A—A of the tool, a guiding
arrangement, indicated at 61, being provided
to insure straight line movement of the
block 60 as the latter is forced to travel
along the lower jaw plate, by means of an
operating screw 62 threaded through the
traveling block, and votatably mounted in
end plates 63 secured to'the lower jaw plate,
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A’ gear drive 64 is provided for the oper-
ating screw 62, the spindle 65 of this gear
drive being arranged for operation by means
of a crank handle or, as shown, through a
sprocket 67, chain 68 and pinion 69 on the
shaft of a motor 71 carried by the upper
jaw plate 16.

In the operation of the apparatus last de-
scribed, the traveling block 60 is adjusted
to the position wherein the radially outer
portion of the cutting edge of the tool 4
lies approximately in the center line A—A
of the device, as previously described. The
device may then be rotated in an anti-clock-
wise direction, with the lower jaw plate
drawn up to bring the straightening bead
53 and the cutting edge 54 into operative
position relative to the strip material, until
the device is brought to the position shown
in Fig. 2, wherein the 90 degree bend has
been imparted to the strip material and the
cutting tool 54 has removed the major por-
tion of the excess material 56, the portion
57 of such excess material, however, remain-
ing to be trimmed by a subsequent operation.
With the device 15 in this position, the
traveling block 60, with its straightening
bead 53 and cutting tool 54, are reciprocated
in such direction as to remove the exvess
material 57, power being applied to re-
ciprocate the tool, by means of the motor 71.
When the traveling block 60 has been recip-
rocated to a sufficient extent to enable the
cutting tool 54 to remove all of the excess
material 57, the traveling block with its
tools are again withdrawn to normal posi-
tion wherein the forward edge of the cutting
tool is in line with the center line A— A of
the device.

With the bending and shaving operation
thus completed, the device may be removed
from the strip material by retracting the
lower jaw, and removing the pin which
connects the extension 45 to the former
block. The bent strip material may then
be removed; or, in case it is desired that

- such strip be provided with a plurality of

50

such 90 degree bends as in the case of form-
ing a coil, a tool is removed to the adjacent
former block about which the strip material
is to be bent, and the operation described
repeated. It will be apparent that by rotat-
ing the support 13 for the form 12 about its
axis 14, any number of arc-shaped forms
may be brought into operative position with
respect to the bending device.

Where the labor of the combined bending
and shaving operation is relatively great,
this operation may be accomplished by
means of a motor drive. As shown in Fig.
7, a support 81 may be mounted in fixed po-
sition relative to the form 12 or its support-
ing table 13, this support 81 carrying a
motor 82 whose pinion 83 drives a gear 84
mounted upon a vartical reciprocating shaft

1,856,003

85. The lower end of the shaft 85 is pro-
vided with an extension 86 of such size as
to fit within the alined aperture 46 of the
extension 45 of the bending tool 15 and the
corresponding aperture in the form 12, under
which conditions the tool 15 is held in opera-
tive position, with an operating arm or
crank 87 on the shaft 83 having a driving
pin 89 engaged in a recess in the upper side
of the extension 17 of the upper jaw plate,
With the parts in the position shown, it will
be apparent that when powerissupplied to the
motor 82, the crank arn 87, through its driv-
ing pin 89, supplies the power required to
shift the device 15 to the extent required to
produce the desired 90 degree hend with an
accompanying shaving operation on the strip
material.  When the operation is completed,
the shaft 85 and its crank arm &7 may be re-
moved from operative position with respect
to the form 12 and the bending tool 15, by
means of the lever 90. The table 13 may
then be rotated to bring an adjacent form
into position wherein its axis is alined with
that of the shaft 85 and the parts arranged
to effect the next bending operation. 1t (e-
sired, the table 13 may be stationary and
the support 81 for the motor drive may be
shiftable to bring the shaft 85 in line with
any desired forn.

Instead of the use of an additional motor
82 for producing the power operation of
the bending tool, the latter may be operated
to effect the bending and. the sha ving opera-
tions, from the motor 71 whicl has been de-
seribed as the source of power for produc-
ing the final shaving of ‘the portion 57 of
the excess material at the bend, To effect
this operation through the motor 7 1, a train
of gears connected to the motor pinion may
be mounted upon the upper jaw plate 16,
the final gear of the tram, preferably pro:
vided with means for releasably clutehing it
to its shaft, being in such position as (o
mesh with a circular gear of gear section
formed on and having its axis coinciding
with the form 12. With the gears meshed
and the drive operatively clutched to (he
motor pinion, it will be appavent that the
tool will be driven by the motor 71 from the
position A* to the position A?, indicated in
Fig, 9, after the effect of planetary ocar
drive, When the bending operation is com-
pleted the drive connection between the gear
train and the fixed gear segment on the form
12 may be released, and power may be sup-
plied by hand or from the same motor 71
to drive the reciprocating cutting tool i
to complete the removal of the excess mate-
rial 57 on the under side of (he bent strip
material,

While a 90 degree are has been described
as the extent of a single bend accomplished
with the apparatus herein described, obvi-
ously any less or greater bend may he
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formed; and the bends may constitute parts
of one or more complete turns of a coil. It
will be obvicus that by the improved proc-
ess and apparatus herein described, bent
strip material may be produced by a rela-
tively simple operation and at a greatly re-
duced cost in the matters of apparatus, time
and labor.

Tt showld be understood that the invention

10 clagimed herein is not limited to the details

of construction and operation shown and de-
scribed, for obvious modifications will be
apparent to persons skilled in the art.

Tt is elaimed and desived to secure by Let-
ters Patenti—

1. In apparatus for bending material about
a form, a device adapted to move relatively
to the form and operative during said rela-
tive movement to bend said material and to
remove therefrom excess thickness therveof
produced during the bending operation.

9. In apparatus for bending strip material,
the combination of means for determining
the shape to which said material is to be
bent, and instrumentalities for bending said

material to said desired shape while permit-

ting imevease in thickness of said material ab
the inner edge of the bent portions and for
veducing the thickness of bent portions of
snid material at the inner edge thereof simul-
taneously with the bending of adjacent por-
fions of said material. ‘

3. In apparatus for bending strip mate-
rial, the combination of a form and a com-
bined bending and thickness-reducing de-
vice, said device and form heing relatively

movable and operative to produce the de-

sired bending of said material and to re-

duce excess thickness produced on a portion
of said material bent during said relative
movement. ‘

4. Tn apparatus for bending strip mate-
rial, the combination of a form, and means
for accomplishing 2 combined bending and

thickness-reducing operation on said mate-.

rial, said means and said form being rela-
tively movable and said means being opera-
tive to form the desived bend and to reduce
a portion of the excess thickness of said

material during the bending thereof and to

remove another portion of the excess thick-
ness subsequently to the completion of the
bending operation. ‘ ‘

5. In apparatus for bending strip mate-
vial, the combination of a movable bending
device, said bending device being cooperative
with the material fo cause said material to
be bent to desired shape, and means operative
with said bending device and cooperative
with bent portions of said material for re-
ducing excess thickness of said material pro-
duced during the bending thereof.

6. In apparatus for bending strip mate-
rial, the combination of a form, and instru-
mentalities movable relative to said form and

having a bending device and a cutting tool,
said bending device and said cutting tool
being adapted during said relative movement
to bend said material and to reduce excess
thickness thereot produced during the bend-
ing operation. ‘

7. In apparvatus for bending strip mate-
vial, the combination of ‘& form, and a mov-
able element carrying a bending device and
ting tool, said bending device and said
entting tool being movable about said form
and adapted to cooperate with and bend said
material against said form and to reduce ex-
cess thickness of said material produced dur-
ing the bending operation.

8. In apparatus for bending strip mate-
rial, the combination of a form, and means
movahle about said form and comprising in-
strumentalities operative to bend the strip
material about said form and to simultane-
ously shave from said material excess thick-
ness at the inner side of the bent pertion.

9. Tn apparatus for bending strip mate-
rial, the combination of a form, an element
provided with a bending device and a cut-
ting tool, said form and said element being
relatively movable, said bending device be-
ing adapted during said relative movement
to bend said material about said form, and
said cutting tool being adapted to remove a
portion of the excess thickness formed st the
inner side of the portion of said material
bent during said relative movement, and said
cutting tool being movable relatively to said
bending device and adapted during said lat-
ter movement to remove from said material
a further portion of excess thickness thereof.

10. In apparatus for bending strip mate-
vial, the combination of a form of curved
outline, en element movable about said form,
and provided with bending and cutting de-
vices adapted to bend strip material about
said form and to remove a portion of the
excess thickness formed at the inner side of
the bent portion of said material, and means
for imparting to said cutting tool a further
movement in a substantially straight line to
cause said tool to remove a further portion
of said éxcess thickness.

11. In apparatus for bending strip mate-
rial, the combination of a form, a carrier
movable about said form, bending and cut-
ting tools mounted on said carrier, said hend-
ing tool being cooperative with said form
and adapted to bend strip material about
said form, said cutting tool being movable
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12. In apparatus for bending strip mate-
rial, the combination of g form, an element
movable about said form and adapted to
bend a section of the strip material about
said form, said element comprising relative-
ly movable members, an abutment on one
member, a cutting tool en another member,
and means for holding the strip material
against said abutment and said cutting tool
in proximity to the opposite side of said
strip material whereby said cutting teol is
adapted to remove exeess thickness of said
material during the movement of said ele.
ment. )

13. In apparatus for bending strip mate-
rial, the combination of a form, an element
movable about said form and adapted to
bend a section of said strip material about
said form and to remove excess thickness
produeed at the inner edge of the bent por-
tion of the material, an abutment on one
member, & cutting teol on the other member,
& smoothing element on said latter member
in advance of said cutting tool, and adjust-
able means for holding said strip matevial
against said abutment and said cutting tool
in operative proximity to the oppeosite side
of said strip material. '

14. In apparatus fer bending strip mate-
rial, the combination of a form, an element
movable about said form and adapted to re-
move excess thickness produced at the inner
edge of a bent section of the material during
the bending thereof, said element compris-
ing relatively movable members, one of said
members being pivotally mounted with re-
spect to the other member, means for adjust-
ing the position of the pivotal axis of said
pivoted member, a cutting tool on said piv-
oted member, and means for holding said

cutting tool in operative position relative to.

said strip material,

15. In apparatus for bending strip mate-
rial, the combination of a form, an element
movable about said form and adapted to
bend a section of said strip material about
said form, a cutting tool carried by said
element, means. for holding said cutting tool
in cutting proximity to said. strip material,
means for operating said cutting tool rela-
tively to its carrying element whereby said
cutting tool is caused to remove excess thick-
ness from said strip.

16. In apparatus for bending strip mate-
rial, the combination of g form, an element
movable about said form and adapted to
bend a section of said strip material about
said form, said element comprising relative-
ly movable members, an abutment on ane
member, a cutting tool carried by the other
member, and means for holding the strip
material against said abutment and said cut-
ting tool in cutting proximity to the oppo-
site side of said strip material whereby said

cutting tool is -effective to remove excess
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thickness from a bent section of the material
during the movement of said element, and
means for shifting said cutting tool with re-
spect to its carrying member to cause ro.
moval of a further portion of excess materia]
from said strip.

17. In apparatus for bending strip mate-
rial, the combination of a form, an element
movable about said form and adapted to
bend a section of strip material about said
form, said element comprising relatively
movable members, an abutment on one men-
ber, a cutting tool carried by the other mem-
ber, and means tor holding said strip mate-
rial against said abutment and said cutting
tool in cutting proximity to the opposite side
of said strip material whereby said cutting
tool removes a portion of the excess thick-
ness of said material during movement. of
sald element ahout said form. and means for
shifting said cutting tool relatively to ity
carrying member to cause sajd tool to remove
a further portion of excoss material from
said strip subsequent to the formation of 4
bent section of the material.

In apparatus for bending strip -
terial, the combination of a form, an element
movable about said form and adapted to
bend a section of strip material ahont said
form, a eutting tool carvied by said element
and operative dwring movement of said ele-
ment about said form to remove from said
material a portion of the excess thicknesg
at the inner edge thereof, and means for
causing operation of said cutting tool with
respect to its carrying element to cause Tre-
moval of a further portion of excess thick-
ness of said strip subsequent to the forma.
tion of said bent section, said means com.-
prising a motor carried by said element and
drivingly connectible to said tool.

19. In apparatus
, the combination of g form, an element
having bending and cutting devices, snid ele-
ment being movable into and out of opera-
tive relation with respect to said form and
the strip material thereof and being further
movable with respect to said form and said
strip material when said element is in opera-
tive relation therewith, and power-applying
means detachably connectible in driving re-
lation to said form and said element and
adapted to effect the relative rotation thereof
when said element ig moved into operative
relation to said form and cause said mate-
rial to be bent about said form and the re.
moval of excess thickness thereof at the bent
section.

20. In apparatus for bending strip ma-
terial, the combination of a plurality of
forms, an element adapted for operative
association with and movement about each
of said forms and adapted to bend the strip
material about said formg and to remove
excess thickness produced at the inner edge
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of the bent sections, a driving motor, and
means connectible in driving relation with
said element and the several forms inter-
changeably and adapted to move said ele-
ment about each of said forms to cause bend-
ing of said material and removal of excess
thickness thereof at the bent portions.

1. An jmprovement in the ait of produc-
hent material subject to increase in thick-
ness during the bending operation, which
comprises bending said maferial to desived
shape while permitting increase in thick-
ness thereof at the inner edge of the bent
portion and removing during said bending
operation a portion of the excess thickness
of said bent portion produced during said
hending operation.

99. An improvement in the art of produc-
ing bent strip material subject to Increase
in thickness during the bending operation,
which comprises removing during the opera-
tion of bending said material a portion of
the excess thickness formed at the bend, and
removing another portion of the excess
thickness subsequent to the completion of
the bend.

93. An improvement in the art of produc-
ing bent strip material subject to increase
in thickness during the bending operation,
which comprises bending said strip mate-
rial while one face thereot is held against
o rvelatively fixed abutment, and removing a
portion of the excess thickness of the ma-
terial from the opposite face of said strip

7

material during the operation of bending
the same.

24. An improvement in the art of produc-
ing bent strip material subject to increase
in thickness during the bending operation,
which comprises bending said material while
one face thereof is forcibly held against a
relatively fixed abutment, removing a por-
tion of the cxcess thickness of the material
from the opposite face thereof during the
operation of bending the same, and remov-
ing the remaining portion of said excess
material by an operation subsequent to the
completion of the bend.

25. In apparatus for bending strip ma-
terial, the combination of means for bending
said material to desired shape, and means
operatively associated with said bending
means and operative upon portions of said
material subsequent to bending thereof for
rveducing the thickness of said bent portions
at the inner edge thereof.

26. In apparatus for bending strip ma-
terial, the combination of means for bend-
ing said material to desired shape while
permitting natural enlargement thereof at

“the inner edge of the bent portion, and a

device operative during the bending of said
material for removing excess thickness of
enlarged portions thereof formed during
bending.
In testimony whereof, the signature of
the inventor is affixed hereto.
GEORGE F. JOHNSTON.
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ent No. 1,656,003, w""ﬂwi Jamuary 10, 1928, te

GREORGE F. JOHNSTON.

Tt is hereby certified that ervor appears in the printed specification of the
above numbered pateat requiring correction as follows: Page 5, line 185, claim
18, for the misspelled word "en" read "an ol
the word "portion" imsert a comma; 2nd that the said Letters Pateat should be
read with these corrections therein that the same may conform fo the
the case in the Patent Office.

the record of
Signed and sealed this i4th day of February, A. D. 1978,
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age 7, live 14, claim 21, after
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Seal, Aeting Commissicner of Patents,



