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(57) ABSTRACT 

The present invention provides a bending machine for strip, 
Webbing, or rod material comprising: an electronic control 
means; tWo cylinders, each acting selectively as a forming 
mandrel or a forming tool; an angular displacement means, 
controlling the orbit of the forming mandrel; and a feeding 
means, controlling the rate of material advancement; 
Wherein a curvilinear pro?le of varying radii is formed in at 
least a portion of a material by varying the feed rate and the 
angular displacement, individually or in conjunction. 
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CENTER SHIFTED ROLL FORMING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of application Ser. 
No. 10/896,257, ?led Jul. 21, 2004, noW abandoned. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to an improved roll 
forming mechanism. And, more particularly, this invention 
relates to the forming of malleable materials, such as tubes, 
strips, sheets, Webbing, and similar materials into a curvi 
linear pro?le, using a roll form machine knoWn to industry, 
Wherein tWo parallel cylinders selectively act as both a 
forming mandrel and a forming tool. 

[0003] As designs in numerous industries become more 
organic and irregular, having non-repeating patterns and 
complex shapes (designed to increase strength, increase 
beauty, maximize performance, or provide clearance), 
devices are required to form these complex shapes and 
underlying frameworks. Industries employing these com 
plex design pro?les include the aerospace, construction, 
process industries, and many others. 

[0004] Current roll form devices, utiliZing parallel cylin 
ders, tend to focus on forming repeating or regular patterns 
in the material, Wherein the forming mandrel diameter 
determines primarily the diameter of the corrugation pattern 
and the bend angle being primarily determined by the 
angular displacement of the forming tool around the forming 
mandrel. These devices are limited in the shapes that can be 
produced. More complex shapes required in modern indus 
try are not possible With current roll forming means 

[0005] For instance, in the aerospace industry, it is com 
mon to utiliZe I-beam like structural members having a 
curvilinear Web extending normally betWeen a top and 
bottom ?ange. The generally curvilinear pro?le of the Web 
provides increased strength to Weight performance, 
improved stiffness, and decreased volume. Additionally, in 
order to accommodate the aircraft Wiring harness, hydraulic 
and fuel lines, as Well as immediate strength and volume 
requirements, the geometry of the Web may greatly vary in 
pro?le from one point to another doWn the beam, creating a 
potentially non-repeating, complex Web corrugation pattern. 

[0006] Currently, structural members are generally con 
structed from metal or composite materials. With either 
choice of material, the construction of a structural member 
With a curvilinear Web is a challenge, in maintaining quality, 
tolerances, and minimiZing costs. With the high cost of 
manufacturing composite structural members, due to the 
labor intensive techniques utiliZed, it is often more economi 
cal and practical to use metals, such as titanium and alumi 
num, to construct curvilinear structural members, When the 
design alloWs for it. 

[0007] What is needed is a device that can quickly and 
economically produce complex curvilinear patterns in mal 
leable materials, especially in metals. What is further needed 
is a device that can produce a bending radius that is 
approximately equal to or greater than the forming mandrel. 
What is additionally needed is a device that can be pro 
grammed to bend a complex series of radii or planar sections 
along a material. 
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SUMMARY OF THE INVENTION 

[0008] In accordance of the present invention, a roll form 
ing machine capable of quickly and economically producing 
complex curvilinear patterns in malleable materials is pro 
vided. The present invention further provides a device that 
can produce a bending radius that is approximately equal to 
or greater than the forming mandrel. The present invention 
again further provides a device that can be programmed to 
bend a complex series of radii or planar sections along a 
material. 

[0009] The present invention provides a bending machine 
for strip, Webbing, or rod material comprising: 

[0010] an electronic control means, the electronic con 
trol means storing and executing a set of instructions, 
the set of instructions directing a material feed rate, the 
set of instructions also directing an angular displace 
ment; 

[0011] a ?rst cylinder; and a second cylinder, the second 
cylinder positioned parallel to the ?rst cylinder, the ?rst 
cylinder and the second cylinder each acting selectively 
as a forming mandrel or a forming tool, the forming 
mandrel being held stationary, the forming tool revolv 
ing about the forming mandrel With the angular dis 
placement; 

[0012] an angular displacement means, the angular dis 
placement means being coupled With the forming tool 
and the forming mandrel, the angular displacement 
means variably affecting the angular displacement of 
the selected forming tool continuously, the angular 
displacement means being responsive to the electronic 
control means; 

[0013] a feeding means, the feeding means variably 
controlling the feed rate of the material continuously, 
the feeding means being responsive to the electronic 
control means; 

[0014] Wherein a curvilinear pro?le of a varying radii is 
formed in at least a portion of the material by varying 
the feed rate and the angular displacement, from Zero to 
a maximum, each formed radius of the curvilinear 
pro?le being equal to or greater than a forming mandrel 
radius. 

[0015] The present invention can form complex curvilin 
ear pro?les in materials by adjusting the feed rate of the 
material and the angular displacement of the forming tool. 
For example, if a formed radius that is larger than the 
forming mandrel is required, the angular displacement can 
be held constant While the material is advanced. Or, if a 
complex curve (second, third, or nth order equation) is 
required, the feed rate and the angular displacement can be 
adjusted simultaneously. For a small radius With a sharp 
bend angle, it may be necessary to sloW the feed rate While 
increasing the angular displacement. Along the length of the 
material, the radius and bend angle can be varied, the present 
invention transitioning easily from one portion of a complex 
curve to another. Many complex shapes are possible With the 
present invention, through controlled variations in material 
feed rate and angular displacement. 

[0016] Numerous common designs for the roll form 
machine utiliZing the selectively alternating cylinders are 
Well knoWn in industry and need not be described further in 
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detail, the particular mechanism being shown in the pro 
ceeding description being for illustrative purposes only. The 
unique combination and usage of the components of the 
present invention provide the unexpected and unique result 
of a complex curvilinear pro?le in a formed material, With 
varying radii and bending angles. 
[0017] The angular displacement means can be any num 
ber of mechanisms that serve to selectively hold the forming 
mandrel stationary While rotating the forming tool in an orbit 
around the forming mandrel. For instance, the angular 
displacement means can be a mechanical device such as a 

geared mechanism, a pneumatic device, an actuated device, 
or a similar mechanism. The exact mechanism to affect the 
degree of orbit of the selected forming tool is not central to 
the present invention, and is compatible With any such 
mechanism that can receive a command from the electronic 
control means of the present invention and adjust the angular 
displacement accordingly. The angular displacement, sector 
of the orbit over Which the forming tool is rotated, can be 
held at any degree betWeen Zero and the maximum degree of 
orbit. Additionally, the angular displacement can be con 
tinuously adjusted throughout the forming process, to create 
varying bend angles and radii. 
[0018] The electronic control means can be any device 
(such as a computing means or similar) that can store a set 
of instructions, then communicate a signal, correlating to 
those instructions, to the angular displacement means and 
the feeding means, the set of instructions determining the 
feed rate of the material and the angular displacement of the 
forming tool. The set of instructions are developed to create 
a series of radii in a material. This set of instructions can be 
entered into the computing means manually by an operator; 
or the set of instructions can be imported from a CAD/CAM 
system, Wherein a solid model or other compatible technol 
ogy is translated into the afore mentioned set of instructions. 

[0019] The feeding means can be any number of devices 
knoWn to industry and designed to advance a material into 
the bending machine, such as a roller mechanism. The 
present invention is compatible With any feeding mechanism 
that can receive a command from the electronic control 
means of the present invention and adjust the feed rate 
accordingly. 
[0020] The present invention can operate in several 
modes, depending on the shape being formed, the properties 
of the material be formed, or other design demands. The 
angular displacement and the feed rate can be varied simul 
taneously; the angular displacement can be held constant 
and the feed rate varied; and the angular displacement can be 
varied and the feed rate held constant. Through a combina 
tion of these modes, complex formed shapes can be 
achieved. 

[0021] Additionally, the roll form machine of the present 
invention can be used in conjunction With an inspection 
means. Upon completion of the roll form process, the 
formed section of the material can be inspected With knoWn 
inspection techniques. If the curvilinear shape is found to be 
out of compliance or approaching this limit, adjustments can 
be made to the forming process, either manually or auto 
matically (through proportional control or similar), to cor 
rect the error. 

[0022] A method for the manufacture of curvilinear pro?le 
strip, Webbing, or rod material using a bending machine of 
the present invention is provided comprising the steps of: 
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[0023] a) receiving a set of instructions from an elec 
tronic control means, the electronic control means 
storing and executing the set of instructions, the set of 
instructions commanding an angular displacement for 
each instant and a feed rate for each instant of the 
bending process; 

[0024] b) inserting the material betWeen a ?rst cylinder 
and a second cylinder being in parallel orientation, the 
?rst cylinder and the second cylinder each acting 
selectively as a forming mandrel or a forming tool, the 
forming mandrel being held stationary, the forming tool 
be capable of revolving about the forming mandrel at 
the angular displacement; and 

[0025] c) advancing the material at the feed rate and 
revolving the forming mandrel at the angular displace 
ment. 

[0026] In the case of the manufacture of a titanium Web 
bing for application in aerospace, the design of the Webbing 
is created, taking into account the strength requirements of 
the structural member and interferences With nearby struc 
tures and components. The ?nal Webbing design, in this 
exempli?ed case, is a complex series of curves of varying 
radii and planar sections, forming a curvilinear pro?le. This 
complex curvilinear pro?le can be created accurately by the 
roll form device of the present invention. 

[0027] For each radius de?ned in the design, there is a 
corresponding material feed rate and angular displacement 
of the forming tool. The angular displacement of the forming 
tool can vary from Zero to a maximum; and the feed rate can 
vary continuously from a reverse maximum to a forWard 
maximum. This feed rate and angular displacement data can 
be entered into the electronic control means as a set of 

instructions, such as a computer, CNC device, or the like. 
The set of instructions consists of an instantaneous feed rate 
(the feed rate required at each point along the length of the 
Webbing) and an instantaneous angular displacement (the 
angular displacement required at each point along the length 
of the Webbing) correlating to each said radius of the 
curvilinear pro?le. The electronic control means produces a 
signal or series of signals correlating to the set of instruc 
tions, received in turn by the feeding means and angular 
displacement means, the feeding means altering feed rate 
according to instructions and the angular displacement 
means altering the angular displacement according to 
instructions. 

[0028] A sheet of titanium material is fed into the roll form 
machine, being advanced by the feeding means and inserted 
betWeen the forming mandrel and the forming tool. Several 
options are available to create a complex Webbing pro?le, 
depending on the instant radius, the instant bend angle, and 
hoW the instant bend transitions to and from contiguous 
bends, the instant bend being de?ned as the bend presently 
being formed. 

[0029] The ?rst option is to maintain a constant feed rate 
While varying the angle. In other Words, the forming tool is 
transitioning from one angular position to another, in rota 
tion about the forming mandrel, While the material is being 
advanced forWard at a constant feed rate. One resultant 
shape of this method could be a curvilinear pro?le Whose 
curvature varies along the material. 

[0030] A second option is to vary the feed rate and vary the 
angle simultaneously. Again, in other Words, the forming 



US 2007/0125143 A1 

tool is transitioning from one angular position to another, in 
rotation about the forming mandrel, While the material is 
being advanced forWard at a varying feed rate. This might be 
required if a sharp bend angle is speci?ed in the design, the 
feed rate possible sloWing or coming to a stop While the 
forming tool rotates about the forming mandrel, to produce 
the sharp bend angle in the material. Of course, the present 
invention is capable of combining the preceding options to 
create a complex series of bends along the Webbing 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a top vieW of the present invention. 

[0032] FIG. 2c-c is a top vieW of a material formed by the 
present invention and forming tool positions required to 
create the formed pro?le. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] The detailed description set forth beloW in connec 
tion With the appended draWings is intended as a description 
of presently-preferred embodiments of the invention and is 
not intended to represent the only forms in Which the present 
invention may be constructed and/or utiliZed. The descrip 
tion sets forth the functions and the sequence of steps for 
constructing and operating the invention in connection With 
the illustrated embodiments. HoWever, it is to be understood 
that the same or equivalent functions and sequences may be 
accomplished by different embodiments that are also 
intended to be encompassed Within the spirit and scope of 
the invention. 

[0034] Looking at FIG. 1, the mechanical setup of a roll 
form machine (20) that is compatible With the preferred 
embodiment of the present invention is shoWn. The ?rst 
cylinder (22) and the second cylinder (24) are in a home 
position, Where neither are selected as the forming tool, and 
both are in the hoe position With Zero angular displacement. 
The angular displacement means (28), shoWn in phantom, is 
mechanically coupled With the ?rst cylinder (22) and the 
second cylinder (24), having the capability of selectively 
orbiting one cylinder about the other, one cylinder being the 
stationary forming mandrel and the other cylinder being the 
orbiting forming tool. The angular displacement means (28) 
is in data communications With the electronic control means 
(26) through data line (40). A signal correlating to a set of 
instructions can be transmitted, digital, analog, or similar, 
through data line (40), instructing the angular displacement 
means (28) to hold the selected forming mandrel stationary, 
While orbiting the forming tool through an angular displace 
ment at an angular velocity. Both the angular displacement 
and angular velocity can be varied continuously from a 
minimum to a maximum, the angular displacement gener 
ally ranging, but not limited to, betWeen Zero and a maxi 
mum, the angular velocity having both clockWise and coun 
terclockWise capabilities. 

[0035] The feeding means (30) controls the rate at Which 
the material (3 6) is fed into the roll form machine (20), the 
feeding rollers (34) gripping the material (36) from both 
sides and advancing the material (36) toWards the material 
inlet (32). The feeding means (30) is in data communications 
With the electronic control means (26) through data line (38). 
A signal correlating to a set of instructions can be transmit 
ted, digital, analog, or similar, through data line (38), 
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instructing the feeding means (30) to advance or retract the 
material (36) at a feed rate. The feeding means (30) can 
additionally be any number of devices that are capable of 
advancing and retracting the material (36) at a feed rate. 

[0036] Looking more particularly at FIG. 2a, the pro?le of 
a formed sheet (44) With a curvilinear pro?le can be seen. 
This shoWn pro?le is just one of number that can be formed 
by the roll form machine (20) of the present invention. The 
pro?le is irregular and non-repeating in the formed sheet 
(44) With varying radii and bend angles. For example bend 
(46) has a large radius and a relatively small bend angle, 
While bend (52) has a small radius and a relatively large bend 
angle. In order to manufacture the formed sheet (44) a 
machine must have the capabilities of forming Widely dif 
fering radii and bend angles Without unduly sloWing or 
stopping the material or changing the forming mandrel. The 
present invention can create all of the bends shoWn (46-56) 
Without the need to change either the bending mandrel or the 
bending tool, While creating a smooth transition from one 
curve to another. 

[0037] As can be seen in FIG. 2b-c, a large radius bend is 
being formed, exemplary of bends (46), (48), (50), (54), and 
(56). A bend With a large radius, starting With bend (46), is 
achieved by rotating the forming tool, the second cylinder 
(24) in this case, over an angular displacement A01, and 
holding that angular displacement While advancing the 
material (36) at a given feed rate, forming a curve to the left. 
Subsequent curve (48) can be formed by deselecting the 
second cylinder (24) as the forming tool and, in turn, 
selecting the ?rst cylinder (22) as the neW forming tool, 
While advancing the material (3 6) at a given feed rate, being 
either constant or varying in speed, to form a curve to the 
right. Moving on to the forming of bend (50), again the 
second cylinder (24) is selected as the forming tool and the 
?rst cylinder (22) is selected as the forming mandrel, While 
advancing the material (36) at a given feed rate, being either 
constant or varying in speed, to form a curve to the left. 

[0038] When forming bend (52) thereafter, it is likely 
necessary to sloW the feed rate in order to form the small 
radius and large bend angle. The con?guration of the roll 
form machine (20) to achieve bend (52) can be seen in FIG. 
20. The angular displacement A02 is larger than With previ 
ously described bending operations. After bend (52) has 
been formed, bend (54) can be formed. While transitioning 
from bend (52) to bend (54) is might be necessary to adjust 
both the feed rate and the angular displacement simulta 
neously to create a smooth transition betWeen the bends. 

[0039] Many complex bending pro?les With varying radii, 
bend angles, and bend directions are easily formed by the 
present invention, through careful control by computer of 
the angular displacement means (28) and the feeding means 
(30), With a preprogrammed schedule of bends being com 
manded from the set of instructions stored on the computer. 

[0040] While the present invention has been described 
With regards to particular embodiments, it is recogniZed that 
additional variations of the present invention may be devised 
Without departing from the inventive concept. 

Having thus described the invention, it is noW claimed: 
1) A bending machine for strip, Webbing, or rod material 

comprising: 
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an electronic control means, said electronic control means 
storing and executing a set of instructions, said set of 
instructions directing a material feed rate, said set of 
instructions directing an angular displacement; 

a ?rst cylinder; 

a second cylinder, said second cylinder positioned parallel 
to said ?rst cylinder, said ?rst cylinder and said second 
cylinder each acting selectively as a forming mandrel 
or a forming tool, said forming mandrel being held 
stationary, said forming tool revolving about said form 
ing mandrel With said angular displacement; 

an angular displacement means, said angular displace 
ment means being coupled With said forming tool and 
said forming mandrel, said angular displacement means 
variably affecting said angular displacement of said 
forming tool continuously, said angular displacement 
means being responsive to said electronic control 
means; 

a feeding means, said feeding means variably affecting 
said feed rate of said material continuously, said feed 
ing means being responsive to said electronic control 
means; 

Wherein a curvilinear pro?le of a varying radii is formed 
in at least a portion of said material by varying said feed 
rate and said angular displacement, each said radius of 
said curvilinear pro?le being equal to or greater than 
said forming mandrel radius. 

2) The bending machine of claim 1 Wherein said elec 
tronic control means is a computer, said set of instructions 
being entered and stored on said computer, said set of 
instructions consisting of an instantaneous feed rate and an 
instantaneous angular displacement correlating to each said 
radius of said curvilinear pro?le. 

3) The bending machine of claim 1 Wherein said angular 
displacement and said feed rate are varied simultaneously. 

4) The bending machine of claim 1 Wherein said angular 
displacement is held constant and said feed rate is varied. 

5) The bending machine of claim 1 Wherein said angular 
displacement is varied and said feed rate is held constant. 
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6) A method for the manufacture of curvilinear pro?le 
strip, Webbing, or rod material using a bending machine of 
the present invention comprising the steps of: 

a) receiving a set of instructions from an electronic 
control means, said electronic control means storing 
and executing said set of instructions, said set of 
instructions commanding an angular displacement and 
a feed rate; 

b) inserting said material betWeen a ?rst cylinder and a 
second cylinder being in parallel orientation, said ?rst 
cylinder and said second cylinder each acting selec 
tively as a forming mandrel or a forming tool, said 
forming mandrel being held stationary, said forming 
tool revolving about said forming mandrel at said 
angular displacement; 

c) advancing said material at said feed rate and, simulta 
neously, revolving said forming mandrel at said angular 
displacement. 

7) A method for the manufacture of curvilinear strip, 
Webbing, or rod material using a bending machine of the 
present invention comprising the steps of: 

b) feeding a material into said bending machine at a feed 
rate, said material being inserted betWeen a ?rst cylin 
der and a second cylinder being in parallel orientation, 
said ?rst cylinder and said second cylinder each acting 
selectively as a forming mandrel or a forming tool, said 
forming mandrel being held stationary, said forming 
tool revolving about said forming mandrel at an angular 
displacement; 

c) revolving said forming mandrel to a speci?ed angular 
displacement, said angular displacement determining a 
radius of a curve; 

d) holding the forming mandrel at said angular displace 
ment; 

e) advancing said material at said feed rate. 


