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(54) Title: AN AUTOMATIC CHANNEL LETTER BENDING MACHINE

(57) Abstract

In a machine for automatically bend-
ing a material into the outside skin of a
channel letter, a desired configuration of
the channel letter is input into a control
computer. The computer controls the feed
of the material along a material feed path
of the machine. A notching station (30)
notches the edge of the material where
necessary for purposes of forming flanges
in the material and bending the material.
A subsequent flange forming station (40}
forms the flanges on the edge of the ma-
terial, when desired. A bending assembly
(60) bends the strip of material into the
desired form. The material is cut at a cut-
ting station (50) immediately preceding the
bending assembly (60).




AL
AM
AT
AU
AZ
BA
BB
BE
BF

BG
BJ

BR
BY
CA

CcG
CH
C1
CM
CN
Cu
Cz
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES

IL
IS
IT
JP
KE
KG
KP

KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LY
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
™
TG
TJ
™
TR
T
UA
UG
us
Uz
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 98/06516 PCT/US97/15364

TITLE OF THE INVENTION

An Automatic Channel Letter Bending Machine

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a machine for bending
metal to form the outside skins of channel letters. More
particularly, the present invention relates to a machine that
can automatically bend metal material into the form of outside

skins of channel letters for signs, primarily exterior signs.

State of the Prior Art

At most shopping strip malls, restaurants and other
stores, the main electrically illuminated sign which is out
front, typically displaying the name of the business, will be
made of channel letters. Each channel letter is composed of a
front face that is usually made of plastic, and can be any of
various colors. The front face forms the letter seen by the
public in viewing the sign. Each channel letter also has a
back, which is commonly made of aluminum. The front face and
back can be cut manually or by using computer controlled
routers. Between the front and the back, however, there is an
outside skin, usually made of metal, connecting the front face
and the back.

The outside skin is usually made of metal. The outside
skin has to be formed into the shape of the letter matches the
same shape of the cut out front face and back. To date, all
of the metal outside skins of channel letters are manually

bent. This is a very labor intensive job, and for this reason
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channel letters make up the highest dollar segment of the
multi-billion dollar sign industry.

Various apparatus are known in the prior art for bending
sheet or sheet-like material. U.S. patent 5,461,893 discloses
a method and apparatus for bending steel rule in which a coil
of steel rule material is unwound and fed to a notcher/cutter
that cuts notches in the rule at selected locations prior to
bending. The rule is then bent by a clamping device holding
the rule and a bending tool rotating to bend the rule. The
bending tool can be positioned on either side of the rule for
making bends in opposite directions. U.S. patents 4,773,284
and 3,823,749 provide bending devices that are similar in
operation.

U.S. patents 5,463,890, 5,507,168 and 5,495,741 each
disclose a bending mechanism that operates slightly
differently from that above. 1In each of these patents, a
strip of material is passed through a clamping or holding
portion, and a bending portion can be relatively rotated in
either rotary direction to cause the bend of the material to
occur.

U.S. patents 3,879,979, 3,986,470, 3,038,252, 3,270,541
and 3,581,535 disclose various methods of bending metal
materials also including in some instances the formation of
notches in the material.

However, none of the above-disclosed apparatus and
methods for bending metal materials are suitable for forming
the outside skins of channel letters. 1In particular, none of

these devices can automatically form a channel letter.
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SUMMARY OF THE INVENTION

In view of the above-described deficiencies of the prior
art recognized by the present inventors, it is a primary
object of the present invention to provide a channel bending
machine that is capable of automatically forming the outside
skins of channel letters. It is a corresponding object of the
invention to provide a machine and a method of operating such
a machine that avoids the necessity of intensive manual labor
for bending the outside skins of channel letters so as to save
labor costs in the manufacture of signs.

According to the invention, there is provided a channel
bending machine that has a supply of material to be bent. A
number of material feeding mechanisms are disposed along the
path of travel of the material to be bent so as to feed the
material along the path of travel. A notching station is
disposed along the path of travel so as to notch the material
supplied from the supply. A flange forming assembly is
disposed along the path of travel for forming a flange between
notches formed at the notching station along one edge of the
material. A cutting station is disposed downstream of the
flange forming assembly for cutting the material. A bending
station bends the material into the appropriate letter shape
for the outside skin.

The supply of material comprises a roll of metal material
which is positioned on a table adjacent to one of the
plurality of material feeding mechanisms. All of the material
feeding mechanisms has a driven roller that is positioned on
one side of the path of travel, with the driven roller being

connected to a motor for rotation thereof. A press roller is
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disposed on the other side of the path of travel, the press
roller being mounted for pressing movement toward the driven
roller so as to be able to hold the material against the
driven roller such that the driven roller can feed the
material. Preferably, the press roller is movably mounted on
linear bearings for linear movement toward and away from the
driven roller. Fluid cylinders or motors having rods thereof
connected with the press roller move the press roller toward
or away from the driven roller.

The notching station preferably comprises a punch located
on one side of the path of travel and a die located on the
other side of the path of travel. The notching station
further comprises a fluid cylinder that is connected with the
punch for driving the punch toward the die. The punch and die
extend over a predetermined angular range, and are rotatably
mounted for synchronous rotation. The notching station has a
motor with an output shaft connected with the die and the

punch by pulleys rotatably connected to the die and the punch.

The flange forming station preferably comprises material
support members that are located on opposite sides of the path
of travel of the material. A pressing member is movably
mounted adjacent to the supports members, with the pressing
member having a pressing surface for pressing the material and
bending a flange thereon. A fluid cylinder or motor is
connected with the pressing member for moving the pressing
member into engagement with the material. Preferably the
pressing member is mounted on a linear bearing for linear

movement toward one end of the support member. The motor is
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preferably a fluid motor that has a rod connected with the
pressing member. The support nembers have a lower surface,
and the pressing member is mounted below the lower surface for
movement toward the lower surface for bending the flange on
the material against the lower surface.

The cutting station comprises a knife that is movably
mounted for movement across the path of travel of the
material. A pair of support members are located on opposite
sides of the path of travel of the material and have a slit
therebetween for receiving the material therethrough. The
knife is mounted on one side of the support members adjacent
to the slit. The fluid cylinder or motor is connected to the
knife for linear movement of the knife across the slit for
cutting the material.

The bending station includes a fixed support that is
positioned adjacent to the path of travel of the strip of
material, a clamping support that can move perpendicular to
the material and a movable bending arm that is movable across
the path of travel of the material so as to bend the material
against either the fixed support or the clamping support.

The movable bending arm is mounted on two rotatable bases
for movement across the path of travel ofl551Xbhhéerial. A
lower oe of the rotatable bases s rotatably mounted on a
platform below the material to be bent. The platform is
movable in a direction of the axis of the rotation of the
rotatable base. The bending arm can rotate from one side of
the material at the bending station to the other side of the
material. The bending arm is fixed at one end thereof to the

lower rotatable base, and is removably engaged at an opposite
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end thereof with a rotatable upper support. The rotatable
upper support, or upper rotatable base, is rotatably mounted
on a fixed platform located above the material to be bent.
The rotatable upper support is preferably synchronously
rotated with the lower rotatable base. A first engagement
mechanism on the rotatable upper support engages the opposite
(upper) end of the bending arm, and the opposite (upper) end
of the bending arm comprises a second engagement mechanism for
engaging the first engagement mechanism. One of these first
and second engagement mechanisms is a pair of pins, while the
other comprises pin receiving holes.

At least one fluid cylinder or motor is connected with
the platform for movement thereof.

Furthermore, a movable support is preferably positioned
on a side of the path of travel opposite toc the side of the
path of travel at which the fixable support is located. At
least one fluid cylinder or motor is connected with the
movable support for movement of the movable support toward and
away from the fixable support.

The bending mechanism preferably includes a frame for
mounting the various components thereof. Guide mechanisms are
mounted on the frame for guiding the material to be bent along
the material feed path at the bending station. The movable
platform is preferably movable between a first position in
which the bending arm is adjacent to the material feed path
and a second position in which the bending arm is remote from
the material feed path. The bending arm can thus be moved
between the one and the other position thereof of the movable

base when the movable platform is in the second position



10

15

20

25

WO 98/06516 PCT/US97/15364
-7 =

without interfering with any material that is being bent at
the bending station.

The bending arm, fixed to one movable or rotatable base,
and connectable with another movable or rotatable base, is
rotatably driven by respective first and second motors
connected with these respective bases when in position for
bending. These motors are synchronously rotated at all times.

With the above-described apparatus, a metal material can
automatically be bent into an outside skin of a channel
letter. The desired configuration of an outside skin of a
channel letter is input into a control computer. This may
comprise one or more pieces that total the whole letter. The
computer controls the feed of a strip of the metal material
from the supply of the metal material to the notching station.
The strip of material is fed from the notching station to the
flange forming station, subsequently, and then is further fed
from the flange forming station to the cutting station. The
strip of material is cut at fhe cutting station when
appropriate, i.e. when the last section of material necessary
for the outside skin of the letter being formed has been fed
to the cutting station. The strip of material is bent at the
bending station into the desired configuration for the outside
skin, with the bending station being controlled by the control
computer.

The notching station notches the strip of material where
appropriate. More specifically, when a flange is formed on
the material, it will be necessary to notch the material at
positions where the material is to be bent (flanged) so as to

be able to properly bend the material.
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The step of notching comprises forming the notch along an
edge of the strip of material with the computer controlling
the punch and die of the notching station to punch the notch
along the edge of the material. The wedge shaped punch is
driven by the fluid cylinder or motor toward the female
matched wedge shaped die with the strip of metal material
therebeween. Thus a wedge-shaped notch is formed*plsthiatige
of the material.

When notching the material at bending locations where the
wedge-shaped notch is to have a final notch angle greater than
the angle of the wedge-shaped die, the steps of notching
include rotating the punch and die to an angular position
equal to (desired notch angle minus the angle of wedge shaped
die) divided by two, driving the punch toward the die and
retracting, rotating the die and punch in the opposite
direction egual to the desired notch angle, and driving the
punch toward the die a second time.

The step of forming the flange on the strip of material
at the flange forming station includes supporting the strip of
material and pressing an edge of the strip of material such
that it bends to form a 90° angle with the remainder of the
strip of material. Flanges are formed between respective
notches notched into the edge of the material. Furthermore,
in the step of bending, the material is bent at each notch
that is formed by the notch forming station.

By repeating the above steps, the outside skin of a
channel letter can be automatically formed to whatever desired
letter or character configuration by simply notching and

flanging the material where appropriate and bending to the
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appropriate degree at each point where the material needs to
be bent to form the selected character. This process can be
entirely controlled by the control computer. Accordingly, the
present invention avoids the necessity of manual bending of a

strip of material.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features and advantages of the present
invention will become apparent from the following detailed
description of a preferred embodiment thereof taken with
reference to the accompanying drawings, in which:

Fig. 1 is a perspective view of an automatic channel
letter bending machine according to the present invention;

Fig. 2 is a schematic perspective view of a feed assembly
of the machine of Fig. 1;

Fig. 3 illustrates the feed assembly of Fig. 2 in an
operative position;

Fig. 4 is a schematic and perspective view of a notching
assembly of the machine of Fig. 1;

Fig. 5 is a schematic perspective view of salient parts
of the notching assembly of Fig. 4;

Fig. 6 is an illustration of an angled die of the
notching assembly of Fig. 4;

Fig. 7 is a schematic perspective view of a flange
forming assembly of the machine of Fig. 1;

Fig. 8 is a side view of the flange assembly of Fig. 7 in

a first position prior to forming a flange;
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Fig. 9 is a view similar to Fig. 8, but showing the
flange forming assembly immediately after having formed a
flange;

Fig. 10 is a schematic perspective view of a cutting
assembly of the machine of Fig. 1;

Fig. 11 is a schematic view, with some parts removed, of
a bending assembly of the machine of Fig. 1;

Fig. 12 is an exploded perspective view of the bending
assembly of Fig. 11;

Fig. 13 is a view similar to Fig. 11, but with all parts
of the bending assembly in place and a movable platform in an
upper position;

Figs. 14A - 14G are perspective views of the bending
assembly of Fig. 11 at different stages during a bending
operation;

Fig. 15 is a schematic diagram of the components of the
machine of Fig. 1 as they interrelate with a computer control
system; and

Fig. 16 is a flow chart of the operation of the machine

of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

As discussed in the background of the invention, in the

sign industry it is required to form the outside skins of so-
called channel letters. The strips of material that are

provided for the channel letters are usually 5.2 inches high
and 0.050 inches wide. The bending machine as initially

illustrated in Fig. 1, according to the present invention, can
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bend this strip of material into the desired input shape to
form the outside skin of a channel letter.

In some cases of forming the channel letter, the bottom
one-half inch of the material will need to be bent in order to
form a flange to which the aluminum back of the channel letter
will be attached. When a flange is required on a channel
letter, the flange must be notched wherever it is to be bent.
If at a certain point the material needs to be bent 60°, for
example, the notch at this point would need to be cut to 60°.
The machine according to the present invention can take a
supply of material, typically aluminum strip material, notch
it appropriately, bend a flange if required, cut the material
to the appropriate size and bend the material into the
appropriate shape for the channel letter.

The overall machine can be seen in Fig. 1. 1In this
figure, a roll of material 10 is rotatably mounted on the
machine for supplying strips of material to be bent.

Typically the material comes in a roll, but it can also be
supplied to the machine in strips of material.

Oordinarily the roll of material will be placed on the
machine on a rotating table. The rotating table is turned by
a suitable motor that is synchronized with the feed motors
pulling the material through the machine. A strip of material
10a travels through the machine along a material feed path 11
that is defined by the various material handling stations on
the machine.

The material must be loaded into the machine by pushing
the material past a first set of rollers at the feed assembly

20 when initially loading the material. Referring to Fig. 2,
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the feed assembly includes a driven roller 21 operated by a
suitable motor and a press roller 22. The press roller 22 is
mounted on a press roller housing 24 for movement toward and
away from the driven roller 21. When material is to be
advanced by the feed assembly 20, the press roller housing 24
is driven by fluid cylinders, or motors 26, which are engaged
with the press roller housing 24, toward the driven roller 21
such that the press roller 22 and driven roller 21 sandwich
the material therebetween. The press roller 22 thus forces
the material against the driven roller 21, and by operating
the driven roller 21 with the motor the material is advanced.

The driven roller 21 is mounted in a suitable driven
roller housing 23. Linear bearings 25 are provided for
supporting the press roller housing 24 in linear movement
toward and away from the driven roller 21.

The driven roller 21 is driven by a suitable
stepper/servo motor. Thus by knowing the circumference of the
roller, an exact linear distance of the material can be fed
through the machine by suitable control of the motor.

Two additional feed assemblies 20a and 20b are provided
along the material feed path 11 of the machine, as illustrated
in Fig. 1. These feed assemblies are preferably the same as
the feed assembly 20, and thus no further description of their
components is necessary or provided.

The material is fed along the machine until it triggers a
switch in front of a notching assembly 30, illustrated
schematically in Fig. 1. After the switch has been triggered,
the strip of material 10a is fed in an exact amount to a

precise starting point for the part to be formed, and a linear
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counter is zeroed. A computer control program then takes over
control of the machine.

Referring to Fig. 4, the strip of material 10a is fed by
the first feed assembly 20 to the notching assembly 30 along
the material feed path 11 so as to align a portion of the
material 10a for notching. Referring to Figs. 4-6, the
notching assembly includes a punch 31 and a die 32. These are
mounted on respective pulleys 33 so as to be capable of
rotatable movement. A motor 37 is mounted on a support 39
which is in turn mounted on or supported by a frame or base of
the machine as a whole. The motor 37 has a shaft 38 that
drives a suitable belt 34 for each pulley 33. Thus, as can be
seen from Fig. 5 in particular, when the motor is driven, both
the punch 31 and the die 32 are synchronously rotated.

The die 32 has a die sector 32a thereon, as can be seen
from Fig. 6. A corresponding punch sector is formed on the
punch 31. Preferably, this sector extends over an angle of
20°. Thus, due to the synchronous rotation of the punch 31
and the die 32, the punch sector and the die sector 32a will
always be maintained across from each other. Thus, the punch
and die can be rotated to different angular positions for
punching a notch in the strip of material at different
locations.

To punch the material, a fluid cylinder, or motor, 35
drives its shaft 36 in the direction of the die 32. The punch
31 and its pulley 33 are fixed with respect to the shaft 36,
and thus are moved in the direction of the die 32 to punch the
notch in the strip of material 10a. As the range of movement

of the punch 31 is relatively small, it is not necessary for
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the shaft 38 of the motor 37 to similarly move in the
direction toward the die 32, because there is sufficient play
with the belt 34 to allow for the punching movement. However,
different arrangements for this portion of the notching
assembly 30 can obviously be considered. For example, the
pulley 33 could be axially fixed with respect to the shaft 36,
with a slidable gear or spline connection between the die 31
and an interior circumferential portion of the pulley 33.

It is noted that reference No. 39 in Figs. 4-6 refers to
various different support members for supporting the
components of the notching assembly 30. Reference No. 39a
refers to support shafts, which can also form linear bearings
for movement of appropriate support members thereon during
punching. See in particular Fig. 4.

As discussed above, a notch is formed along the edge of
the material at places corresponding to a position of bending
when the strip of material 10a is to have a flange. The notch
thus allows the material to be bent, even with a 90° flange
thereon, without buckling. When the control program calls for
a notch to be placed in the material, if the angle to be bent
at this point is less than or equal to 20°, the program
commands the fluid cylinder or motor attached to the notch
assembly to fire and retract once. This causes a pie-shaped
slice to be cut from the material to form the notch. If the
angle which is to be bent is greater than 20°, then the punch
and die will rotate positively an amount equal to one-half of
(the bending angle minus 20°), and then cause the hydraulic
cylinder attached to the notch assembly to fire and retract.

The punch and die then both rotate to a negative position that
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is equal to one-half of (the bending angle minus 20°). The
fluid cylinder or motor then proceeds to further fire and

retract. Thus, a correctly angled pie-shaped slice is cut

from the material. After the material has been notched at the

notching assembly 30, the feed assembly 20a is operated, as
necessary in conjunction with the other feed assemblies, to
forward the material to the flange forming assembly 40. The
flange forming assembly 40 can be seen in Figs. 7-9.

As discussed above, the material 10a being fed through
the machine may need to have a flange formed along one edge.
The flange forming assembly 40 forms this flange along the
lower edge of the strip of material 10a moving through the
machine of the present invention.

Referring to Figs. 7-9, the flange forming assembly 40
has material guides and supports 41 for guiding the strip of
material 10a along the material feed path 11 and holding a
strip of material 10a during formation of a flange at 10b of
the strip of material 10a. The material guides and supports
41 are supported by support members 42 on a base or frame of
the machine. A sliding bend arm having an engaging surface
43a is slidably mounted on the linear bearing rod 44. The
linear bearing rods 44 (only one of which is seen in Fig. 7)
allow for linear support and movement of the sliding bend arm
during formation of the flange. The linear bearing rods 44
are supported by linear bearing rod support members 45, which
are in turn supported by the support members 42.

A fluid cylinder or motor 46 is supported by a first
support member 48a, and the first support member 48a is in

turn supported by second support members 48b for the fluid
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cylinder or motor. A rod 47 of the fluid cylinder or motor
46 is connected with the sliding bend arm 43.

When the strip of material is to be flanged, the program
controls the strip of material to be flanged every twelve
inches. Thus, the notches will also be formed every twelve
inches in order to allow for the formation of the flange every
twelve inches. When the strip of material 10a reaches the
flange assembly, the computer commands the fluid cylinder or
motor 46 to fire and retract. This causes the cylinder rod 47
to extend, thus moving the sliding bend arm along the linear
bearing rods 44 and causing the engaging surface 43a to engage
the lower one-half inch 10b of the strip of material 10a to
bend the material. As can be seen from Fig. 9, at its full
extension position, the hydraulic rod 47 has moved the
engaging surface 43a into a position in which the flange area
10b of the material is pressed against the lower surface of
the right hand material guide and support 41 (as seen in Fig.
9). After formation of this flange, the strip of material
will then be forwarded a further twelve inches to form the
next section of flange.

Referring again to Fig. 1, the feed assembly 20b is
positioned between the flange forming assembly 40 and a
cutting assembly 50. The cutting assembly 50 has the purpose
of cutting the material at the end of the program for the
formation of a particular letter or character or whatever
shape is being bent, to cut the material at the end of the
program so that the final formed part can be removed from the

machine.
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Referring to Fig. 10, the material feed path 11 extends
through a slit 55 of the cutting assembly 50. On the
downstream side of the slit 55 is located a cutting knife 51
for cutting the material. A fluid cylinder or motor 52 is
mounted on a housing 53 and has a rod 52a connected with the
cutting knife 51 for movement of the cutting knife 51 in a
direction perpendicular to the direction of material advance
along the material feed path 11. Material supports 54 define
the slit 55 therebetween and provide a support for the
material 10a during cutting. Linear bearing rods 56 (only one
of which is shown in the drawing figure) provide linear
guiding and support for the cutting knife 51 during the
cutting operation.

When the material 10a has been fed to the correct
position to be cut, the computer commands the fluid cylinder
or motor 52 to fire and retract, causing the strip of material
10a to be parted at that point.

A bending assembly 60 is located immediately after the
cutting assembly 50. This bending assembly can initially be
referenced from Figs. 11-13. Operation of the bending
assembly 60 can be seen from Figs. 14A-14G.

The bending assembly 60 has a frame or base 61, connected
with the overall machine, for supporting the various
components thereof. A bottom motor drive assembly 62 is
supported at a lower part of the base 61, and a top motor
assembly 67 is supported on top of the base 61. These two
assemblies combine to drive a bending arm 63 for bending the
strip of maﬁerial 10a fed along the material feed path. Guide

rollers 65 guide the material into the bending assembly 60 so
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as to properly position the strip of material between clamps
66.

Clamps 66 sandwich the strip of material 10a
therebetween. The first clamp 66a is movable. Fluid
cylinders or motors 66c are provided for moving the clamp 66a
toward and away from a corresponding fixed clamp 66b. 1In
operation, these two clamps support the strip of material 10a
during bending with the bending arm 63.

The bending arm 63 can bend from either side of the strip
of material 10a. The bending arm 63 moves from one side of
the strip of material 63 through the motion of the bottom
motor drive assembly 62.

The bottom motor drive assembly 62 has a movable platform
62a that is guided by guide rods 62b for movement up toward
and down away from the material feed path 11. The guide rods
62b are supported on a bottom plate 62c. Fluid cylinders or
motors 62d drive bottom motor drive assembly 62 in upward and
downward movement.

Mounted to the movable platform 62a is a motor 62f having
an output shaft engaging with a transmission 62g. The
transmission 62g rotates a rotatable base 62h to which the
bending arm 63 is fixed. Thus, by rotation and reverse
rotation of the motor 62f, the bending arm 63 can be moved
from one side of the material feed path 11 to the other. By
the action of the fluid cylinders or motors 62d, the bending
arm can be moved upward into position for bending the strip of
material 10a, or downward for movement to the other side of

the strip of material 10a.
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An upper end of the bending arm 63 is provided with a
connection for connecting to a rotatable base 67e of the top
motor assembly 67. The rotatable base 67e has a pin connector
67f thereon, and the end of the bending arm 63 has pin
receiving holes 64 therein. It should be noted, however, that
the pin receiving holes and the pins could be reversed, or a
different type of connecting arrangement could be provided.

The rotatable base 67e is driven by a transmission 674,
generally similar to the transmission 62g. The transmission
67d is connected with the motor 67c mounted on a platform 67a
of the top motor assembly 67. The platform 67a is supported
on the base 61 by suitable support members 67b.

Bottom plate support members 68 are provided between the
base 61 and the bottom plate 62c.

Fig. 14A looks at the bending assembly 60 from a
perspective direction opposite to that of Fig. 11. 1In this
figure, the strip of material 10a has been advanced to a
position at which a first bend will be made in the material.
The bending arm 63 at this point is connected to both the
upper and lower rotatable bases 67e and 62h. Turning to Fig.
14B, the bending arm 63 is driven in rotation by both motors
62f and 67c through the rotatable bases 67e and 62h to form a
bend in the strip of material 10a. These motors are
synchronously driven so that both rotatable bases will turn
the same amount. This ensures an even distribution of bending
force across the width of the strip of material 10a and a
correctly angled bend to be formed in the strip of material.

Supporting the bending arm 63 at both ends further prevents
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deflection of the bending arm 63 from its proper bending
position.

To form a bend on the other side of the strip of material
10a, the bending arm 63 is lowered with the movable platform
62a and the fluid cylinders or motors 62d. The pin receiving
holes 64 are simply disconnected from the pin connector 67f to
allow the bending arm 63 to move downward. Upon the movable
platform 62a being sufficiently lowered for the bending arm 63
to clear the bottom edge of the strip of material 10a, the
bending arm 63 can be moved to the other side of the material
feed path 11. Note Fig. 14D. At the same point, the strip of
material 10a is also advanced to the next bending position.

Fig. 14E illustrates the rotation of the bending arm 63
into position for movement upward. Further note Fig. 14F, at
which point the bending arm 63 has moved all the way up so
that the pin receiving holes 64 engage with the pin connector
67f on the rotatable base 67e. At this point, the next bend
can be carried out.

In Fig. 14G, a bend in the opposite direction is
illustrated. Thus it can be seen that the strip of material
10a can be bent in any desired direction by simply
appropriately moving the bending arm 63 to the appropriate
side of the strip of material 10a after the material is
advanced so that the bending position is positioned between
the end surfaces of the clamps 66. By continuing in this
fashion, any desired shape can be formed.

It should be noted that when the bending arm is moved
from one side to the other, both of the rotatable bases are

still moved synchronously, even though they are not connected
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to each other through the bending arm 63. This ensures that
the pin receiving holes 64 will be properly aligned with the
pin connectors 67f.

Obviously, if two subsequent bends are to be made from
the same side of the material, it will be unnecessary to move
the bending arm 63 to the other side, and will only be
necessary to advance the strip of material 10a to the
appropriate bending position.

The clamps 66 clamp the strip of material 10a
therebetween during bending. During feed of the strip of
material 10a, the clamp 66a is withdrawn from the strip of
material 10a to allow for movement of the strip of material
10a.

The strip of material 10a, as it moves through the
machine, can be appropriately supported vertically by rollers
or other suitable supports to maintain the strip of material
10a in the appropriate position along the feed path 11. Such
rollers are suitably located at the feed assemblies 20, 20a
and 20b. Guides can alsoc be placed along the material feed
path 11 for guiding the strip of material 10a. Such guides
might, for example, be of the form of the supports 41 employed
with the flange forming assembly 40.

Operation of the present invention is performed under the
control of the computer. The computer is appropriately
programmed to receive data information concerning the type of
shape to be cut, whether that shape corresponds to some
character, a specific letter or any other shape which is

programmed to be formed. In particular, numerical data is
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converted by the computer into suitable commands for forming
the appropriate shape.

For the machine according to the present embodiment, the
end product or channel letter that is being formed will
normally have been laid out and represented graphically by
using an existing off the shelf software package. Many
software packages can be used to layout graphically what a
final formed product will look like. These packages can be
design software packages like AutoCad, or graphical software
like Corel. These packages are capable of exporting (saving)
a file in a format that can then be converted by the software
controlling the machine according to the present invention.
The format for exported files that are preferred with the
present embodiment is DXF, a format developed by AutoCad, but
which format is available on many different software packages.
However, it may be contemplated that many different conversion
formats can be used, like HPGL or G-Code.

An overall system layout is illustrated in Fig. 15.
According to this layout, the computer, under the control of
its software, and a controller board, operates the various
electric motors employed with the systems, and through relays,
operates the various pneumatic and hydraulic cylinders.

The software operated by the computer controlling the
machine of the present invention reads in the exported file.
The software then reads in and stores all detailed information
for the lines and arcs describing the product or channel
letter. For lines, the information would be: start X and

start Y coordinates, and ending X and ending Y coordinates.
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For arcs, the information would be: center X coordinate,
center Y coordinate, radius, start angle, and ending angle.

once the information is read in and stored, numerous
calculations, manipulations and comparisons are performed in
order to yield the final information that the machine’s
control program will utilize. The controller board processes
this information in order to control the motors, hydraulic
cylinders and pneumatic cylinders of the machine in order to
yield the correctly formed end product. The controller
compares all of the final information and determines the
proper sequencing for controlling the feed rates and linear
feed of the material into and throughout the machine. Thus
the control software must determine where, what magnitude and
in what sequence the machine must perform either a notching
operation (for bending or for flanging), a flanging operation
(bending of the final one-half inch of the material, if
required), the bending operation (what direction of bend, and
what angle) and the final cut operation.

Oonce the final product has been successfully formed, the
controller feeds the material backwards through the machine,
and reestablishes a starting "home" position for the material.
At this point, the machine is then ready for the next part to
be formed.

Referring to Fig. 16, the basic flow of operation through
the computer is illustrated. First, a data file is read in,
and that file is converted to the appropriate information for
the formation of the shape, i.e. a number of data lines are
prepared. A step 100, each data line is read. According to

the data read from that line, material is fed. An inquiry is
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then made whether the material should be bent. According to
the data line, if the answer is no, the next inquiry is
whether the material is flanged. If the answer to this is no,
the next inquiry is whether the material should be notched for
a flange. If the answer is yes, the material is proceeded to
be notched, and the various position variables are updated.
The program then returns to line 100. If the answer is no, an
inquiry proceeds to ask whether the material should be notched
for a bend. If the answer is yes, the material is proceeded
to be notched as illustrated. After notching is complete, the
program returns to line 100. In this way, the program can
proceed through the various necessary steps of notching for a
flange or for a bend, forming a flange on the material when
necessary, and bending the material when appropriate.

Returning to the portion of Fig. 16 inquiring whether or
not to bend the material, if the inquiry is answered yes,
there is a further inquiry as to whether the direction of the
bend is the same as the previous bend. If the answer is yes,
the bend is simply made and the program returns to line 100.
However, if the answer is no, then the bending arm is moved to
the other side for bending.

From the process described with respect to Fig. 16, it
can be seen that when the computer program takes over control
of the machine, depending upon whether or not the operation
calls for the machine to notch the material either once, or
twice for an angle larger than 20°, or whether it calls for a
flange to be bent at the last bottom one-half inch of the
material, or to bend the material to a desired angle, these

steps can be carried out within a proper sequential order by
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the computer program controlling the feed assemblies to
linearly move the material to the correct desired location and
the notching assembly, the flange forming assembly, the
cutting assembly and the bending assembly.

As described above, there are three feed assemblies
positioned in the machine. Of course, there can be only one
or more than one feed assembly as required. As the material
passes through the second feed assembly in the above-described
embodiment, it is noted, the material trips a switch, and
fires the press rollers on the second feed assembly. The
motorized roller in the second feed assembly is synchronized
with the first feed assembly so that the material is fed at
the same speed at both motors. The same process occurs with
respect to the third feed assembly 20b.

The present invention has been described above with
respect to the preferred features thereof. However, it should
be recognized that various changes and modificétions to the
above-described embodiment can be made without departing from
the scope and spirit of the present invention as defined in
the appended claims.

For example, the preferred embodiment of a flange forming
assembly has been described above. However, for purposes of
the method as well as the overall machine, other types of
flange forming assemblies might be considered. For example, a
roll forming assembly could be used to form the flange on the
strip of material 10a. Also, a preferred form of a notching
assembly has been described above. However, other types of
devices might be considered appropriate for the formation of

the notch in the overall machine or in the method according to
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the present invention. For example, a slicing mechanism might
be adapted which, instead of employing a punch and die, made

separate cuts in the strip of material 10a to form notches.
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I Claim:

1. A method of automatically bending a metal material,
comprising the steps of:

inputting a desired configuration for a shape to be
formed into a control computer;

feeding a strip of metal material from a supply of the
metal material to a notching station;

feeding the strip of material from the notching station
to a flange forming station;

feeding the strip of material from the flange forming
station to a cutting station; and

bending the strip of material at a bending station into
the desired configuration for a shape to be formed with the
bending station under the control of the control computer; and

cutting the strip of material from the supply of the

metal material.

2. The method of claim 1, and further comprising a step

of:

notching the strip of material at the notching station.

3. The method of claim 2, wherein said step of notching
comprises forming a notch along an edge of the strip of
material by the computer controlling a punch and die set of
the notching station to punch the notch along the edge of the

material.
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4. The method of claim 3, wherein said step of notching
comprises the punch being driven by a fluid cylinder or motor

toward the die with the strip of metal material therebetween.

5. The method of claim 3, wherein said step of notching

comprises forming a wedge-shaped notch.

6. The method of claim 5, wherein the wedge-shaped
notch has a notch angle greater than a wedge angle of the
punch, and wherein said step of notching comprises driving the
punch toward the die a second time after the punch and die are

rotated relative to the strip of material.

7. The method of claim 1, and further comprising a step
of forming a flange on the strip of material at the flange

forming station.

8. The method of claim 7, wherein said step of forming
a flange comprises supporting the strip of material and
pressing an edge of the strip of material such that it bends
to form a ninety degree angle with the remainder of the strip

of material.

9. The method of claim 8, and further comprising
forming at least two notches on the edge of the strip of
material at said notch forming station, and wherein said step
of forming a flange further comprises bending the edge of the
strip of material between the notches formed at the notch

forming station.
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10. The method of claim 9, wherein said step of bending
comprises bending the material at the bending station at each

notch formed by the notching station in said step of notching.

11. A channel bending machine, comprising:

a supply of material to be bent;

a plurality of material feeding mechanisms disposed along
a path of travel of the material to be bent;

a notching station disposed along the path of travel for
notching the material supplied from said supply and fed by said
feeding mechanisms along the path of travel;

a flange forming assembly disposed along the path of travel
for forming a flange between notches formed at said notching
station along one edge of the material;

a cutting station disposed downstream of said flange
forming assembly and along the path of travel of the material
for cutting the material; and

a bending station for bending the material.

12. The channel bending machine of claim 11, wherein said
supply of material comprises a roll of metal material positioned
on a table adjacent to said one of said plurality of material

feeding mechanisms.

13. The channel bending mechanism of claim 11, wherein at
least one of said plurality of material feeding mechanisms
comprises a driven roller positioned on one side of the path of
travel, said driven roller being connected to a motor for

rotation thereof, and a press roller disposed on the other side
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of the path of travel, said press roller being mounted for
pressing movement toward said driven roller so as to be able to
hold the material against said driven roller such that the

driven roller can feed the material.

14. The channel bending mechanism of claim 13, wherein
said press roller is movably mounted on 1linear bearings for
linear movement toward and away from said driven roller, and
fluid cylinders or motors have rods thereof connected with said
press roller for moving said press roller toward said driven

roller.

15. The channel bending mechanism of claim 11, wherein
said bending station comprises:

a fixable support positioned adjacent to the path of travel
of the strip of material; and

a movable bending arm that is movable across the path of
travel of the material to bend the material against the fixable

support.

16. The channel bending mechanism of claim 15, wherein
said movable bending arm is mounted on a rotatable base for
movement across the path of travel of the material, said
rotatable base being rotatably mounted on a platform that is
movable in a direction of the axis of rotation of said rotatable
base, whereby said bending arm can move from one side of the
material at said bending station to the other side of the

material.
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17. The channel bending machine of claim 16, wherein said
bending arm is fixed at one end thereof to said rotatable base
and is removably engaged at an opposite end thereof with a

rotatable upper support.

18. A notch forming assembly, comprising:

a punch located on side of a path of travel of material to
be notched and a die located on the other side of the path of
travel; and

a fluid cylinder or motor connected with said punch for
driving said punch toward said die;

wherein said punch and die extend over a predetermined
angular range and are rotatably mounted for synchronous

rotation.

19. The notch forming assembly of claim 18, wherein said
notching station comprises a motor having an output shaft
connected with said die and said punch by pulleys rotatably

connected to sad die and said punch.

20. A flange forming assembly comprising:

material support members located on opposite sides of a
path of travel of material that is to have a flange formed
thereon;

a pressing member movably mounted adjacent to said support
members, said pressing member having a pressing surface for
pressing the material and bending a flange thereon; and

a motor connected with said pressing member for moving said

pressing member into engagement with the material.
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21. The flange forming assembly of claim 20, wherein said
pressing member is mounted on a linear bearing for linear
movement toward one end of said support members, and said motor
is a fluid cylinder or motor having a rod connected with said

pressing member.

22. The flange forming assembly of claim 20, wherein said
support members have a lower surface and said pressing member is
mounted below said lower surface for movement toward said lower
surface for bending a flange on the material against said lower

surface.

23. A bending mechanism, comprising:

a frame;

guide rollers mounted on said frame for guiding a material
to be bent along a material feed path;

a pair of material holding clamps mounted on said frame and
disposed on opposite sides of the material feed path;

a bending arm mounted on a movable base for movement
between one position on one side of the material feed path and
another position on the opposite side of the material feed path
such that said bending arm can bend the material in either
direction with respect to the material feed path; and

a movable platform having said movable base mounted
thereon, said movable platform being movable between a first
position in which said bending arm is adjacent to the material
feed path and a second position in which said bending arm is
remote from the material feed path, whereby said bending arm

can be moved between the one and the other position thereof on
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said movable base when said movable platform is in said second

position.
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