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BEPECIFICATION
IITLE
“FLAT CABLE AND METHOD OF MAKING"

BACKGROUND OF THE INVENTION

The present invention pertains to flat cable and a
method of making flat cable and, in particular, flat
electrical cable with exposed conductors without adhesive

residue.

Flat electrical cables are well known in the art
having conductors sandwiched between two insulating
layers. Flat conductor cable is known in the art having
an upper insulator layer having an adhesive adhered to a
first side of the upper layer and a lower layer of
insulating material having an adhesive adhered to a first
side of the lower layer. A conductor or strands of
conductors are placed between the upper and lower
insulator 1layers and all three layers are secured
together by the adhesive. However, use of adhesive to
bond the layers is disadvantageous in that upon heating
of the adhesive, the conductors may float in the free
flowing adhesive causing the spacing between the
conductors to be inconsistent ang non-parallel. Upon
drying and attempted attachment of the flat cable to a
component, the improperly placed conductor may not align
with the conductive leads of the component. The cable is
to be attached to and the flat cable is unusable and must
be discarded. Further, when the cable is stripped to
expose the conductors for connection of the cable to a
component, the conductors have an adhesive residue
thereon which inhibits the conductive properties of the
conductor. Also, if any scrap material of the insulator
layers is produced, the SCrap may not be recycled due to
the presence of the adhesive on the insulator layer.



10

15

20

25

30

WO 97/37360 PCT/US97/05103

Other bonding techniques are known in the art for
bonding multiple layers such as ultrasonic welding.
Generally ultrasonic welding has been used for spot
welding with thermoplastic materials using a plunge mode.
Ultrasonic welding using a continuous weld or a shear
mode has only been known for welding metals. Therefore,
the known methods of welding thermoplastic materials
using ultrasonics did not provide for a continuous welded
seam and the seam, therefore, does not have great pull
strength. In the area of electrical cables, seams of
great pull strength are required and the previously known
welding techniques are not sufficient. Therefore, it is
an object of the present invention to provide a flat
electrical cable which is bonded without use of adhesives
and provides for a continuous seam.

It is another object of the invention to provide a
method of assembling a flat cable by bonding without
using adhesives and to provide a continuous seam.

It is a further object of the present invention to
provide a flat cable having exposed conductors without an
adhesive residue.

It is another object of the present invention to
provide a flat cable which has a pattern on one side of
the cable in order to reduce friction of that one side
against other surfaces.

It is a further object of the present invention to
provide a method of assembling a flat cable which allows
for the recycling of waste materials and provides for a
quick and inexpensive method of manufacturing the flat
cable.

It is a further object of the present invention to
provide a method of manufacturing flat cable which may be
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tested by a vision system in order to ensure that a
proper bond has been formed between the insulator layers.
It is another object of the present invention to
provide a flat cable which allows for the exposure of the
conductors without the use of grinding equipment.
SUMMARY OF THE INVENTION

A principal object of this invention is to provide
a flat electrical cable comprising an upper insulator
layer, a lower insulator layer connected to the upper
layer, a lower insulator layer connected to the upper
layer along continuous parallel spaced-apart seams and an
intermediate layer comprised of individual strands of
conductors which lie adjacent and parallel to the seams
and the conductors do not have an adhesive residue
thereon. The upper layer may include a plurality of
raised surfaces running parallel to each other along the
length of the flat cable. The lower layer may be
substantially planar and include a pattern formed on the
majority of the surface of the lower layer. The upper
and lower insulator layers may be polyester. The
conductors may be copper. The seams may Dbe
ultrasonically welded. The conductors may be exposed at
an end portion of the flat cable beyond the upper and
lower insulator layers. The cable may include a
continuous seam except for a nonbonded area where the
upper and lower insulator layers are not connected. The
cable may include a continuous seam except for a
nonbonded area where the upper and lower insulator layers
include windows that expose the conductors.

In another embodiment of the invention, a flat
electrical cable is provided comprising an upper layer of
polyester having a ribbed surface, a lower layer of
polyester connected to the upper layer along continuous
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parallel spaced-apart ultrasonically bonded seams and
individual strands of copper conductors lying
substantially parallel and adjacent to the seams between
the upper and lower layers. The lower layer may have a
pattern along the majority of its exposed surface.

In another embodiment of the invention, a
clockspring is provided for electrically connecting an
airbag in a steering wheel of a vehicle through a
steering column to crash sensors, the clockspring
comprising a housing having an inner chamber and a flat
electrical cable including an upper insulator layer, a
lower insulator layer connected to the upper layer along
continuous parallel spaced-apart seams and an
intermediate layer comprised of individual strands of
conductors which lie adjacent and parallel to the seams
and the conductors do not have an adhesive residue
thereon, the flat electrical cable being mounted in the
chamber of the clockspring.

A method of assembling a flat electrical cable is
provided comprising the steps of feeding an upper and
lower layer of insulator material and an intermediate
layer of conductors simultaneously between a rotary horn
and a rotary anvil, wherein the rotary horn operates via
a shear mode and ultrasonically bonding the upper and
lower layers together along a seam substantially parallel
and adjacent the conductors. The rotary horn may be a
full horn. The rotary anvil may include a series of
grooves and protrusions corresponding to the arrangement
of the conductors oriented between the insulator layers
wherein the insulator layers are compressed between the
protruding portion and a weld surface of the rotary horn
in order to form the seams. The insulator layers may be
a polyester material and the conductors copper. The
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rotary horn may include a weld surface having a pattern.
The rotary anvil may be formed in order that the
insulator material is not ultrasonically welded to the
conductors. The method may include the additional steps
of periodically stopping the ultrasonic welding operation
to provide for nonbonded portions of the flat electrical
cable. The method may further include the steps of
cutting the flat cable into individual lengths and
stripping the ends of the cable. The stripping of the
end of the cable may be accomplished by inserting the end
into a rotary grinding machine to remove the upper and
lower insulator layers to expose a width of the
conductors and removing the excess end portion of the
cable to leave the conductors protruding beyond the
insulator layers. The stripping of the end of the cable
may occur by removing the upper and lower insulator
layers to leave the conductors exposed and protruding
beyond the end of the flat cable. The method of
assembling the flat electrical cable may include the step
of testing the assembled cable for the presence of bonded
seans. A further method of assembling a flat
electrical cable includes the steps of pulling strands of
conductors off of reels, wiping the individual strands of
conductors, separating the strands of conductors,
straightening the strands of conductors, guiding the
conductors to the bonding area, pulling an upper and
lower layer of insulator material to the bonding area,
simultaneously inserting the upper and lower insulator
layers and intermediate thereto the strands of conductors
between a rotary horn and a rotary anvil, ultrasonically
bonding the upper and lower layers and forming seams
substantially parallel and adjacent the conductors,
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slitting the lengths of the flat cable, and taking up the
completed flat electrical cable assembly onto reels.

These and other features of the invention are set
forth below in the following detailed description of the
presently preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the flat cable of
the present invention;

FIG. 2 is a side-elevation view of the preferred
apparatus for bonding of the flat cable;

FIG. 3 is an enlarged view of the bonding area of
FIG. 2; and

FIG. 4 is a side-elevation view of the assembly

machinery and process of the present invention.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED

EMBODIMENTS

The apparatus of the present invention 1is best
understood with reference to FIG. 1 which shows a
finished flat conductor cable 10 of a preferred
embodiment of the present invention. The flat cable 10
has an upper layer 20 and a lower layer 30 formed of an
insulating material. In a preferred embodiment,
polyester insulator is used, such as that having a
thickness of .001 inches. However, thicker insulator
materials may be used to provide stronger bonds, such as
where the seams are narrow. Intermediate the upper and
lower layers 20,30 are conductors 40. The conductors 40
are made of individual strands of metallic material which
lie substantially parallel to one and another along the
length of the cable 10. In a preferred embodiment, the
conductors are formed of annealed copper having a dead
soft hardness rating. However, any other conductor may
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be used such as copper clad steel. The conductors 40 are
separated by seams 50. The seams 50 are formed by the
continuous bonding between the upper layer 20 and the
lower insulator 1layer 30. A plurality of parallel
spaced-apart seams 50 run continuously along the length
of the cable 10.

In a preferred embodiment, the spacing between the
plurality of conductors 40 comprises the seams 50. In
other words, the width of each seam 50 approximately
equals the space between the adjacent conductors 40. 1In
such a construction, the conductors 40 are trapped in a
pocket or encapsulated between the seams 50 and the upper
and lower insulator layers 20,30 to avoid any shorting
between the parallel strands of conductors 40.

In a preferred embodiment, the seams 50 are
ultrasonically bonded, which will be discussed further
below.

The cable 10 includes a raised surface 25 or ribs
above the conductors 40 on the upper layer 20 of the
insulator. The raised surface 25 provides for a ribbed
texture along the upper surface 20 of the cable 10 and
reduces the surface area of the upper layer 20 so that
less friction is created when the upper layer 20 rubs
against another surface. 1In an embodiment where the flat
cable 10 is wound in a spool, the noise of the surface of
the upper layer 20 of the flat cable 10 rubbing against
the lower layer 30 will be reduced due to the ribs 25.
In addition, in a preferred embodiment, the lower
layer 30 of the flat cable 10 has a pattern 35 adhered
thereto. Also to reduce the surface area of the most
extraneous portions of the lower layer 30 in order to
further reduce friction and noise of the lower layer 30
rubbing against another surface.
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In the preferred method of assembling the flat cable
20, the bonding of the upper and lower layers 20,30
occurs only at the plurality of seams 50 and no bonding
of the upper layer 20 or lower layer 30 occurs to the
conductors 40. In such an arrangement, the conductors 40
are bounded on each side by the seams 50 but are loose in
the compartment formed by the wupper and lower
layers 20,30 which are not bonded in the area along the
length of the conductor 40. This arrangement provides an
advantage in that when the end of the cable 10 is
stripped and the conductors 40 are exposed, the exposure
operation is simplified in that there is no bonding
between the conductors 40 and the upper or lower
layers 20,30. Therefore, there is no residue on the
conductors 40 and cleaning of the conductors is not
regquired in order to provide the desired 1level of
conductivity. An edge 15 of the flat cable 20 is also
bonded and has a continuous seam such as provided by an
ultrasonic weld. This edge 15 may be provided by cutting
the flat cable 10 via slitting station 89 shown in
FIG. 4.

In the preferred embodiment, the seam 50 is
continuous and runs along the entire length of the
cable 10. The preferred use of the flat electrical
cable 10 of the present invention is in an automobile
clockspring which provides for the electrical connection
of the airbag of an automobile steering wheel through the
steering column to crash sensors in the automobile. In
such clocksprings, the flat ribbon cable is wound around
an inner chamber of the clockspring housing and generally
has a length of approximately two feet. 1In the process
described below, the flat cable is formed continuously in
spools of uver one-thousand feet. The spool of cable is
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later cut to two feet lengths and the ends of the
two feet lengths are stripped. In the preferred
embodiment of the invention, the overall length of the
seams will be equal to the length of the entire spool of
cable, as the seams 50 are continuous. In an alternate
embodiment, the sean may be noncontinuous at the
separation areas of the cable 10. Thus, the majority of
the length of the cable 10 has a2 continuous seam 50
except at the end of that portion of the cable having a
desired length to be used and attached to a component.
For example, at two feet intervals along the length of
the cable 10 a narrow nonbonded separation area may be
formed. The nonbonded areas are located at the point
along the cable where it is intended that the flat cable
will be cut or separated. A nonbonded area will be
formed every two feet of the cable so that the end
portions of the two foot lengths of the flat cable 10
will have small areas, for example, one inch lengths,
which are nonbonded. 1In this way, the ends of the cable
may be easily processed in order to expose the
conductors 50. Having the nonbonded areas allows for the
top and bottom layers to easily be clipped or cut to
expose the conductors 40. 1In the previously mentioned
embodiment having completely continuous seams, the
desired lengths of the flat cable must be inserted in a
grinding machine in order to remove the layers of
insulation and expose the conductors or cut the insulator
layers from between the conductors. The method of
forming the nonbonded areas at specific intervals along
cable will be discussed further below.

An alternate embodiment of the present invention may
be provided having multiple layers of insulating material
and conductors therebetween. Additional layers may
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include ground wires or a ground plane or a drain wire or
additional layers to limit cross talk.

The method of assembling the flat cable of the
present invention is best understood with reference to
FIGS. 2-4. The specific bonding process of the preferred
embodiment of the present invention will be discussed
with reference to FIGS. 2 and 3 and the overall process
with reference to FIG. 4. Turning to FIG. 2, a rotary
horn 60 is shown having weld surface 65. Adjacent the
rotary horn 60 is rotary anvil 70. The rotary anvil 70
rotates about axis 71 and rotary horn 60 rotates about
axis 61. The rotary horn 60 provides for the ultrasonic
bonding of the flat cable which is inserted between the
rotary horn 60 and the rotary anvil 70. In a preferred
embodiment, a full wave rotating horn of titanium is used
in order to provide for a weld surface 65 of greater than
one inch. 1In a preferred embodiment, the weld surface 65
is three inches wide. The three inch wide weld
surface 65 is preferred so that the maximum footage of
flat cable 10 may be produced. Although in the preferred
embodiment of the end use of the cable 10 widths are
approximat.ely one-half inch, the three inches wide weld
surface 65 allows for the simultaneous assembly of six
cables side-by-side, to be separated 1later. The
three inch weld surface 65 provides for the maximum width
without sacrificing a uniform amplitude 1level of the
rotary horn 60 so that the ultrasonic bond strength is
maintained. In a preferred embodiment, the full wave
horn 60 provides for ultrasonic bonding via a shear mode
or in the horizontal direction of arrow 67. The use of
the full wave horn having a shear mode provides for
continuous welding to form a continuous seam 50 of the
flat cable 10. As is known in the ultrasonic bonding



10

15

20

25

30

WO 97/37360 PCT/US97/05103

- 11 -

art, the rotary horn 60 is attached to a converter and a
booster which generates a voltage which creates a wave
which passes through the rotary horn 60 and causes the
rotary horn 60 to oscillate or vibrate in the direction
of arrow 67. 1In a preferred embodiment, the horn will
vibrate at approximately 20 kHz.

Turning to FIG. 3, an enlarged view of the FIG. 2
shows the bonding area between the weld surface 65 of the
rotary horn 60 and the rotary anvil 70. The rotary
anvil 70 includes a plurality of copper locating
grooves 72 and interspersed between the grooves 72 are
protrusions 74. The flat cable is fed between the weld
surface 65 of the rotary horn and the rotary anvil 70 at
gap 68 so that the upper insulator layer 20 is adjacent
the rotary anvil 70 and the lower layer 30 is adjacent
the rotary horn 60. The grooves 72 and protrusions 74 of
the rotary anvil 70 are designed and oriented according
to the specific arrangement and spacing of conductors
desired in the flat cable. In the embodiment shown in
FIG. 3, the rotary anvil 70 has been designed to form a
flat cable having six conductors as can be seen by the
group of six grooves 72. The rotary horn 70 is designed
so that a batch of flat cables are formed simultaneously
side-by-side which may be separated later during the
assembly process. The broad protrusion 75 provides for
a broad space in order to allow for the separation of
individual flat cables. 1In a preferred embodiment, the
anvil and weld surface 65 of the rotary horn are designed
to make six individual cables simultaneously
side-by-side, each having six conductors. In the
preferred embodiment, the entire bonding surface between
the weld surface 65 of the rotary horn and the rotary
anvil 70 is three inches wide. Each individual flat
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cable is approximately half of an inch wide and

therefore, six individual <cables <can be formed
simultaneously and later split in order to form the
individual flat cables. Therefore, in the preferred

embodiment, the rotary anvil 70 will have five wide
protrusion areas 75 in order to form six separate areas
having six grooves 72 to form each individual flat cable
having six conductors therein. The grooves 72 have a
width Jjust slightly 1larger than the width of the
conductors being bonded within the flat cable. In the
preferred embodiment, the width of the grooves 72 is
.045 inches. The spacing of the conductors is determined
by the width of the protrusion 74. In the preferred
embodiment, the protrusions 74 all have the same width of
approximately .0338 inches. However, all these
dimensions may vary dependent on the overall design and
reguirements of cable desired. In a preferred
embodiment, the rotary anvil 70 may be interchangeable
with other rotary anvils having different spacing of the
grooves 72 and protrusions 74 to assemble a flat cable
having differently spaced conductors.

The upper and lower insulator layers having
conductors arranged in between and spaced corresponding
to the spacing of the protrusions 74 of the rotary
anvil 70 are fed between the rotary anvil 70 and the
rotary horn 60 where bonding of the assembly will occur.
The height of the gap 68 between the protrusions 74 and
the weld surface 65 is slightly less than the combined
height of the two layers of the insulator. Therefore,
upon insertion of the upper and lower insulator layers
between the weld surface 65 of the rotary horn and the
rotary anvil 70, the insulator layers are compressed
between the protrusions 74 and the weld surface 65. The
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conductors 40 of the flat cable are spaced
correspondingly to the grooves 72. The conductors 40
fill the space in each groove 72 above the weld
surface 65. The grooves 72 have a predetermined depth in
order to avoid the welding of the conductors to the upper
and lower insulator layers 20,30. As the depth of the
grooves 72 increases, the amount of tension placed on the
lower layer 30 of the flat cable against the weld
surface 65 is reduced so that welding does not occur
between the conductor and the insulator layers 20,30. In
a preferred embodiment, the grooves 72 have a depth of
.004 inches.

In a preferred embodiment, the insulator
layers 20,30 and conductors 40 are fed through the gap 68
at a speed of approximately 4 inches per second. The
vibrating rotary horn 60 creates a frictional heat at the
weld surface 65. Bonding occurs at the points where the
protrusions 74 compress the insulator layers against the
active weld surface 65. The compressive force between
the protrusion 74 and the weld surface 65 cause the
bonding between the upper and lower insulator layers to
occur only at this interface. The protrusions 74 also
provide for the shape of upper insulation layer 20 of the
flat cable 10. The grooves 72 form the raised area 25 of
the flat cable and the protrusions 74 form the depressed
seams 50. Further the weld surface 65 of the rotary horn
includes a pattern which is burned into the lower
layer 30 of the insulator. 1In a preferred embodiment,
the pattern on the weld surface 65 is 90° knural.

It can thus be understood that there is no bond
between the upper and lower insulators at the groove
area 72 in which the conductor is located. Therefore,
upon the process of exposing the conductors in order to
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provide fcr attachment of the flat cable to a component,
the conductors may be easily exposed because there is no
insulator material adhered to the conductors. Further,
it can be understood that the present invention overcomes
the prior art in that there is no adhesive bonded to the
conductors in that the bonding of the present invention
only occurs at the predetermined areas where the
protrusions 74 are located.

Turning to FIG. 4, the overall method of assembly of
the flat cable may be understood. The operation starts
on the right side where multiple conductor reels 81 are
mounted. In a preferred embodiment, copper is used as
conductors and these copper reels are purchased from
Torpedo Wire Company (Pittsfield, Pa). The conductors
are pulled off of the conductor reels 81 and fed through
the wiping area 82 in order to bring the conductors to
the same plane and to clean the metallic conductors and
remove any residue which might reduce conductivity. The
conductors are then fed through the wire separation
module 83. The conductor wires are then fed through
the conductor straightening module 84 which is a series
of grooved rollers that align the conductors. The
conductors are then aligned in their final orientation by
the conductor guide 85. The conductor guide 85 includes
grooves which are spaced corresponding to the grooves 72
of the rotary anvil 70. Because the present method does
not use adhesives and such liquid adhesives are not
present on the insulator layers, the conductors remain
positioned on the insulator layers according to the
conductor guide 85. Further, the grooves 72 on the
rotary anvil 70 also act to maintain the spacing of the
conductors 40. The upper insulator reel 86 and lower
insulator reel 87 include tension control means and are
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fed along with the conductor wires between the rotary
horn 60 and the rotary anvil 70. The rotary anvil 70
includes gquides along its edges in order to align the
upper and lower insulator materials and the array of
conductor wires. 1In a preferred embodiment, the upper
and lower insulator materials are a clear polyester
purchased from Plastic Suppliers, Inc. (Chicago Heights,
IL).

The rotary horn 60 is controlled by the sonic
controller and power supply 88. In a preferred
embodiment, the power supply is an Amtech 920 MA advanced
high frequency constant amplitude power supply providing
a 20 KHz at 2,000 watts (Amtech, Inc., Milford, Conn.).
In a preferred embodiment, the controller includes a
speed control in order to increase and decrease the speed
of the assembly process. The power supply would also
include an encoder in order to reduce the power when the
process is slowed. When the various reels feeding the
process need to be exchanged, it is desirable to slow
down the process so that the reels may be changed more
easily. The encoder and speed control features are
coordinated in order to allow for this process. In an
alternate embodiment, the controller will include a
continuous mode adjustment which allows for the bonding
to occur in a continuous mode or a noncontinuous mode and
set the intervals at which the bonding will occur. As
discussed above, it may be desirable to provide for
nonbonded areas at the ends of the desired lengths of the
flat cable where it will be separated. The continuous
mode featufe will provide for the "off" function of the
ultrasonic welding for a preprogrammed amount of time so
that a specific distance of the flat cable may have a
nonbonded area and the automatic switching of the
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ultrasonic bonding back to an "on" position in which the
continuous bonding is resumed. The controller in a
preferred embodiment also includes an amplitude
adjustment in order to vary the amplitude in order to
control the bonding quality of the rotary horn. 1In a
further alternative method of forming flat cable,
insulator layers having windows at predetermined
intervals may provide prestripped areas in which the
conductors are exposed even during bonding.

Adjacent the rotary horn 60 is a cooling mechanism
in order to cool the weld surface 65 of the horn 60.
Also adjacent the bonding area may be a means of testing
the presence and quality of the bond at the seams 50. 1In
a preferred embodiment, a vision system may be used to
test the seams 50. As the polyester used as insulators
in the preferred embodiment is clear and the rotary horn
includes a pattern, the bonded seams are not clear.
Thus, a vision system may be programmed to test the
clarity of the patterned bonded seams 50 of the
successfully welded flat cable 10. If the cable is not
bonded, the seams will remain clear and light will pass
through the seam 50 without distortion and the bond
testing means may be programmed to shut down the assembly
process. Such a system may also be programmed to test
and record the bonded and nonbonded areas as discussed
above in an alternate embodiment.

The bonded flat cable is the pulled through cable
splitter 89 in order to split the full widths of the
cable into the desired widths of the subgroups of usable
flat cable. As discussed above, in a preferred
embodiment, the flat ribbon cable is bonded in three inch
wide segments and then separated into six, half inch wide
cables having six conductors each. The individually
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spliced flat cables then move through puller rollers 90.
The puller rollers 90 pull the insulator layers and the
conductor wires through the entire assembly process.
Finally, the individual flat cables are received by
take-up reels 91. The reels with the flat ribbon cable
may then be transported to the specific areas where the
flat ribbon cable is to be used and the flat ribbon cable
would be cut to the desired lengths and have the ends
processed in order to expose the conductors for
attachment to a component such as a clockspring. 1In an
alternate embodiment, the assembly process may have
incorporated into it the cutting of the flat cable to the
desired 1length and the process for exposing the
conductors.

The stripping process may include the insertion of
the end of the flat cable between a rotary grinding
machine in order grind off the upper and lower insulator
layers to leave the conductors exposed. The excess area
beyond the exposed conductors may then be trimmed so that
bare exposed conductors protrude from the end of the flat
cable so that they may be mounted to a component such as
an electrical connector and soldered thereto. In an
alternate method of stripping the cable ends, a plurality
of spaced, adjacent knife blades may penetrate the
insulator 1layers and pull the insulator layer from
between and off of the conductors. The present invention
provides for the flat cable having the conductors mounted
between the insulator layers but not bonded to the
insulator layers which provides for an easier stripping
process. Because the conductors are not bonded to the
insulator 1layers, the layers of insulation may more
easily be stripped and removed from the surface of the
conductors. Therefore, after the stripping process, the
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flat cable is left having protruding conductors without
any adhesive residue. Further, in a preferred
embodiment, the stripped conductors do not have any
insulator residue either. Thus, it can be understood
that the present invention provides for a flat cable
having exposed conductors which do not have any residue
which may inhibit the conductivity of the conductors and
provide for a clean surface for the attachment of the
conductors to a metallic surface and to allow for a
successful soldering process where desired.

FIG. 5 is an alternate embodiment of the present
invention showing the flat electrical cable 10 after the
end portion has ©been stripped to expose the
conductors 40. The flat cable 10 shown in FIG. 1
discloses the cable 10 in its condition after the bonding
procedure discussed above. The cable 10 after the
bonding procedure has the conductors enclosed within the
upper and lower insulator layers 20,30. In order to use
the flat cable 10 and enable it to be attached to a
component, the conductors 40 must be exposed. As
discussed above, the conductors may be exposed Dby
stripping the cable to remove the upper and 1lower
insulator layers at an end portion of the cable. As
discussed above, procedures such as grinding or cutting
the insulator layers with a knife may be used, in
addition to the above procedure providing for nonbonded
areas. FIG. 5 shows the flat cable 10 after a stripping
procedure has been applied to the cable having the array
of conductors 40 exposed at the end portion. The
conductors 40 protrude from between the upper and lower
layers 20,30 of the insulator and are surrounded on the
upper side of the conductor 40 by the rib 25 of the upper
layer 20 and having seams 50 on each side of the
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conductor 40. According to the advantages disclosed in
the above invention, the conductors 40 do not have any
adhesive residue thereon. After stripping of the end of
the cable 10, no further procedure such as a cleaning of
the conductors is necessary. Due to the bonding method
discussed above, without use of adhesives, the conductors
are clean and do not have residue which inhibits the
conductivity of the metallic material. Following the
stripping procedure and the exposure of the conductors 40
as shown in FIG. 5, the flat cable may then be attached
to a component by soldering the array of conductors to a
connector or inserting the conductors into an electrical
connector. Thus, it may be understood according to the
above description that the present invention provides for
a cable 10 which may be manufactured quickly and easily
and provice for a cost savings as well as providing for
a finished cable which may be more easily stripped and
attached to a component.

It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the
art. Such changes and modifications may be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant
advantages. It is, therefore, intended that such changes
and modifications be covered by the appended claims.
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I _CLAIM:

1. A flat electrical cable comprising:

an upper insulator layer;

a lower insulator layer connected to the upper
layer along continuous parallel spaced apart seams;
and

an intermediate layer comprised of individual
strands of conductors which 1lie adjacent and
parallel to the seams, and the conductors do not
have an adhesive residue thereon.

2. The flat electrical cable of Claim 1 wherein
the upper layer includes a plurality of raised surfaces
running parallel to each other along the length of the
flat cable.

3. The flat electrical cable of Claim 1 wherein
the lower layer is substantially planar and includes a
pattern formed on the majority of the surface of the
lower layer.

4. The flat electrical cable of Claim 1 wherein
the upper and lower insulator layers are polyester.

5. The flat electrical cable of Claim 1 wherein
the conductors are copper.

6. The flat electrical cable of Claim 1 wherein
the seams are ultrasonically welded.

7. The flat electrical cable of Claim 1 wherein
the conductors are exposed at an end portion of the flat
cable beyond the upper and lower insulator layers.

8. The flat electrical cable of Claim 1 wherein
the cable includes a continuous seam except for a
nonbonded area where the upper and lower insulator layers
are not connected.

9. The flat electrical cable of Claim 1 wherein
the cable includes a continuous seam except for a
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nonbonded area where the upper and lower insulator layers
include windows that expose the conductors.

10. A flat electrical cable comprising:

an upper layer of polyester having a ribbed
surface;

a lower layer of polyester connected to the
upper layer along continuous parallel spaced apart
ultrasonically bonded seams; and

individual strands of copper conductors lying
substantially parallel and adjacent to the seams
between the upper and lower layers.

11. The flat conductor cable of Claim 10 wherein
the lower layer includes a pattern along the majority of
its exposcd surface.

12. A clockspring for electrically connecting an
airbag in a steering wheel of a vehicle through a
steering column to crash sensors, the clockspring
comprising:

a housing having an inner chamber; and

a flat electrical cable including an upper
insulator layer: a lower insulator layer connected
to the wupper 1layer along continuous .parallel
spaced-apart seams; and an intermediate layer
comprised of individual strands of conductors which
lie adjacent and parallel to the seams and the
conductors do not have an adhesive residue thereon,
the flat electrical cable being mounted in the
chamber of the clockspring.

13. A method of assembling a flat electrical cable
comprising the steps of:

simultaneously feeding an upper and lower
layer of insulator material and an intermediate
layer of conductors between a rotary horn and a
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rotafy anvil wherein the rotary horn operates via a
shear mode; and

ultrasonically bonding the upper and lower
layers together along a seam substantially parallel
and adjacent the conductors.

14. The method of Claim 13 wherein the rotary horn
is a full wave horn.

15. The method of Claim 13 wherein the rotary anvil
includes a series of grooves and protrusions
corresponding to the arrangement of the conductors
oriented between the insulator 1layers wherein the
insulator layers are compressed between the protruding
portion and a weld surface of the rotary horn in order to
form the seams.

16. The method of Claim 13 wherein the insulator
layers are a polyester material and the conductors are
copper.

17. The method of Claim 13 wherein the rotary horn
includes a weld surface having a pattern.

18. The method of Claim 13 wherein the rotary anvil
is formed in order that the insulator material is not
ultrasonically welded to the conductors.

19. The method of Claim 13 including the additional
steps of periodically stopping the ultrasonic welding
operation to provide for nonbonded portions of the flat
electrical cable.

20. The method of Claim 13 further including the
steps of cutting the flat cable into individual lengths
and stripping the ends of the cable.

21. The method of Claim 20 wherein the stripping of
the end of the cable occurs by removing the upper and
lower insulator layers to leave the conductors exposed
and protruding beyond the end of the flat cable.
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22. The method of Claim 20 wherein the end of the
cable is stripped by inserting the end into a rotary
grinding machine to remove the upper and lower insulator
layers to expose a width of the conductors;

and removing the excess end portion of the
cable to leave the protruding conductors.

23. The method of Claim 13 including the step of
testing the assembled cable for the presence of bonded
seams.

24. A method of assembling a flat electrical cable
including the step of:

pulling strands of conductors off of reels:
wiping the individual strands of conductors;
separating the strands of conductors:
straightening the strands of conductors;
guiding the conductors to the bonding area:
pulling an upper and lower layer of insulator
material to the bonding area;
simultaneously inserting the upper and lower
insulator layers and intermediate thereto the

strands of conductors, between a rotary horn and a

rotary anvil;

ultrasonically bonding the upper and lower
layers and forming seams substantially parallel and
adjacent the conductors;

slitting the lengths of the flat cable; and

taking up the completed flat electrical cable
assembly onto reels.
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