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This invention relates to a line guiding assembly (11) comprising a line guiding trough (36) and a line assembly guided
therein which includes a plurality of ribbon cables (32) held within an encapsulant (30) and reinforcement channels (34). The line
assembly (11) forms a loop (16) with a lower length (14) and an upper length (18). A ribbon material (22) either in a drum (20) or
coil (24) is provided that fits inside the loop (16) wherein the coil of ribbon material (22) is between the upper (18) and lower (14)
lengths of the line reinforced assembly and extends and retracts in the same direction as the movement of the loop (16) and
lengths of the assembly. The ribbon material (22) is different from the material of the line assembly and is preferably stainless
steel. An embodiment is also provided for a double ended system wherein two line assemblies operate in a single trough as well as

an embodiment providing a dual line guiding assembly.
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TITLE OF THE INVENTION

IMPROVED LINE GUIDING ASSEMBLY

FIELD OF THE INVENTION

This invention relates to a 1ine guiding assembly comprising a
trough assembly and a line assembly guided therein. The Tine
assembly includes a plurality of cables held within an encapsulant
which is further contained within reinforcement channels. The line
assembly forms a loop within the trough thereby creating a lower
Jength of the reinforced assembly and an upper length of the
reinforced assembly. A ribbon material provided either on a roll
drum or coil is provided and fits inside the Toop wherein the
ribbon material provides a contact area intermediate and between
the upper and lower lengths of reinforced assembly. The
intermediate ribbon material is capable of moving with the upper
length of reinforced assembly as it travels or remains fixed and
stationary with the lower length. The ribbon material is made from
a material that is different from that of the line assembly and is
preferably stainless steel.

Another embodiment is provided for a double ended system
wherein two line assemblies operate in a single trough.

BACKGROUND OF THE INVENTION

It is often required to provide a connection between a piece
of equipment which is in Tinear motion, such as a robot and a
stationary piece of equipment, such as a control panel wherein the
connection does not hinder the motion of the moving piece of
equipment and wherein the reliability of the connection is adequate
and sufficiently durable to sustain the system through a large
number of motions.

A line guiding assembly which accomplishes these objectives
includes USSN 07/807,018. Although the connection of this Tine
guiding assembly is sufficiently durable, when this assembly is
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used for long intervals, debris is generated by the abrasion at the
surfaces of the upper and lower lengths as they travel against each
other. This debris may collect in the area surrounding the line
guiding assembly and may be cosmetically undesirable and/or the
debris may serve as an airborne carrier of static charge which may
be unacceptable in certain applications.

The 1ine guiding assembly of USSN 07/807,018 also requires a
large driving force to overcome the static friction that exists
between the upper and lower lengths and put the mobile piece of
equipment into motion.

There is a need to improve the line guiding assembly to
eliminate the creation of debris and provide a system where a
lesser driving force to move the mobile piece of equipment is

provided.

SUMMARY OF THE INVENTION

_—

A line guiding assembly is provided with a ribbon material
that is dissimilar from the material comprising the Tine assembly
of an encapsulant holding a plurality of cables or the
reinforcement channels holding the encapsulant. This ribbon
material may extend and retract in the same direction and in an
amount relative to the movement of the line assembly or may remain
stationary so long as it provides a contact area between upper and
Tower lengths of the 1ine assembly.

The line assembly comprises a plurality of cables in which the
longitudinal axis of each cable is coplanar with the longitudinal
axes of the other cables and wherein all of the cables are
contained within an extruded encapsulant. The encapsulant material
containing the cables is held within reinforcement channels. The
line assembly (cables, encapsulant and reinforcement channels) is
positioned within a trough assembly.

One end of the line assembly is fastened to a stationary piece
of equipment. The other end is fastened to a piece of equipment
which is designed so as to move back and forth with respect to the
stationary equipment in a linear manner. Between these two ends,
the line assembly extends in the trough along its Tongitudinal axis
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and forms a loop on itself so that the two ends of the assembly
actually lay upon each other thereby causing an upper length and a
lower length of the reinforced line assembly. The loop moves
linearly in the direction of motion of the moving piece of
equipment. The reinforcement channel is preferably made of a
polymeric material such as a polyamide or a composite of polyamide
and a fluoropolymer.

Within the loop created between the two ends of the line
assembly lies the coil or drum of a ribbon material which is flat
and is made of a material different from that of the polymeric
material of the 1ine assembly. A preferable material is a hard
material such as stainless steel. The roll of hard material should
be capable of movement, moves relative to the movement of the upper
and Tower lengths and serves as a buffer between them so that the
lengths do not touch each other. Thus as the upper and lower
Tengths move to carry out the movement of the mobile equipment, the
Tengths slide against the hard ribbon material instead of each
other.

Alternatively, a hoop or drum surrounded by a ribbon of hard
material may be used rather than the coil. In this embodiment the
extended ribbon also maintains its position between the upper and
lower lengths. The ribbon may be wound around the hoop or drum as
the moving length retracts; likewise the ribbon may extend as the
moving length extends away from the loop. The hard material may be
stainless steel as described in the first embodiment.

A double ended system also provided wherein two line
assemblies operate in a single trough. Also a dual line guiding
assembly, both operating in the same direction is also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a side view of an existing line guiding
assembly.

Figure 2 shows a side view of a first embodiment of the Tine
guiding assembly provided with a drum and ribbon_on which the
ribbon rolls around the drum.

Figure 2a shows a side view of the first embodiment with the
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ribbon end attached to the upper length of the assembly.

Figure 3 shows a side view of a second embodiment of the line
guiding assembly provided with a coil of ribbon in which the ribbon
wraps or rolls about itself.

Figure 4 shows a side view of an alternate embodiment of the
Tine guiding assembly provided with a drum and coil of flat ribbon
material. ‘

Figure 5 shows a cross-sectional view of the Tine guiding
assembly with the ribbon Tocated between the upper and lower
lengths of the assembly cable all of which is positioned with a
trough or channel in which the line guiding assembly is operating.

Figure 5a shows a cross-sectional view of a dual Tine guiding
assembly with two ribbons located between one assembly of two sets
of upper and lower lengths.

Figure 6 shows a side view of a double ended system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An improved line guiding assembly is provided comprising a
line guiding trough and a line assembly guided therein. The line
assembly includes a plurality of cables contained within an
extruded encapsulant. The encapsulant and cables are further
contained within reinforcement channels. The term "cables"
encompasses both electrical and nonelectrical applications and
includes utilization of electrical cables, tubes, and fiber optic
cables. The Tine assembly is located within the trough. The
encapsulant, cables, and reinforcement channels are laid back onto
themselves thereby forming a loop and an upper and lower length of
the reinforced assembly. The Toop moves linearly within the trough
in the direction of the moving piece of equipment but at
approximately one-half the speed of the moving piece of equipment.
Figure 1 shows a side view of the existing line guiding assembly
without the additional features described in the present
application. As shown in Figure 1, a schematic side view of an
existing line guiding assembly is provided having a moving piece of
equipment 2 attached to a plurality of cables contained within the
encapsulant and reinforcement channels 4. The figure also shows

SUBSTITUTE SHEET
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Toop 6 and upper reinforced assembly 8 and lower reinforced
assembly 10. In this assembly, as the moving object 2 moves in the
direction of the arrow towards the loop, the upper length 8 moves
in a similar direction and rubs against the lower length 10 thereby
causing a substantial amount of abrasion. The lower length 10 is
attached to a stationary piece of equipment 1.

The present invention is shown in Figure 2 which is a
schematic side view of the line guiding asstmbly 11 provided with a
drum 20 of ribbon material 22 positioned within the loop 16. As
can be seen in Figure 2, a line guiding assembly 11 similar in
shape to that shown in Figure 1 is provided in which a moving piece
of equipment 12 is attached to a plurality of cables contained
within an reinforcement channel. A stationary piece of equipment
13 is attached to the opposite end of the cables.

The line assembly (cables, encapsulant and reinforcement
channels) is positioned in a manner so that an upper length 18
attached to the moving object 12, a Toop 16 and a lower length 14
attached to a stationary piece of equipment are created. Disposed
within the loop 16 is a drum that has the ribbon material 22
attached thereto. The ribbon is attached to the drum by suitable
means such as an adhesive bond, screws, a welded bond, or rivets.
The exposed end of the ribbon material 22 is attached to the trough
bottom at a length of the line assembly 14. Alternatively, the
exposed end of the ribbon material may be attached directly to the
lower Tength 14 of the reinforced assembly. The ribbon 22 is
approximately the width of the upper 18 and Tower 14 lengths, is
sufficiently thin to maintain flexibility and durability and is
positioned intermediate between the upper and lower lengths and to
such a degree that the ribbon 22 extends the entire area that the
upper 18 and lower 14 lengths would be in contact. Thus any
contact of the upper and lower lengths is with the ribbon 22 rather
than the lengths themselves.

"~ In this embodiment, as the loop 16 moves linearly in the
direction of the moving piece of equipment 12, the drum 20 rotates
and moves in a similar fashion. As the drum 20 rotates in the
direction of the arrow, thereby increasing the lower length 14 of
reinforced cable, the length of intermediate ribbon 22 also
increases in length to cover the entire contact area between the
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upper length 18 and Tower Tength 14. Conversely, as the moving
object 12 moves in the opposite direction and the loop 16 moves in
the direction of the moving object and thus shortens the length of
the lower length 14, the drum similarly rotates in the opposite
direction and the length of material rolls around the drum 20 so as
to shorten in length. Here the ribbon material is coiled as shown
in Figure 2a so that the exposed end of the ribbon material may be
attached to the upper length 18 of the reinforced assembly carrying
the moving object 12. Similar to the movement in the first
direction however, the entire contact area between upper and Tower
lengths is buffered by the intermediate ribbon 22.

Figure 3 shows another embodiment of the improved cable
assembly. In this embodiment, a coil or roll 24 of ribbon material
22’ is used in place of the drum with ribbon material 22. The
movement of the coil 24 is similar to that of the drum such that as
the Toop and coil move laterally in the direction of the moving
object (and arrow), the coil unwinds, the flattened ribbon material
22’ extends between the upper and lower lengths.

Conversely, as the loop 16 moves in the opposite direction
toward the moving object, the coil of flattened material similarly
moves in the same direction (opposite to the direction shown in the
figure) so that the flattened material winds up and shortens in
length as the lower length of the reinforced cable 14 becomes
shorter. Here again, and similar to that shown in Figure 2a, the
exposed end of the ribbon material may be attached to the upper
length of the reinforced assembly carrying the moving object 12.

Yet another embodiment, as shown in the schematic side view of
Figure 4 involves both a rolling drum 28 with affixed coil 26 of
ribbon material 22" disposed within the loop 16" such that the
motion of the drum and coil are synchronized by a pulley 30
operating between them. Similar to the other embodiments, as the
moving object moves in the direction of the arrow shown in Figure
4, the Toop 16" also moves in the same direction. The drum 28
rotates counterclockwise causing the coil 26 of flattened material
to also roll counterclockwise thus unwinding the flattened ribbon
22" so that it is intermediately between upper 18-and lower 14
Tengths of reinforced cable.

Figure 5 shows a cross-sectional end view of the line guiding
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assembly with ribbon material 22 at a position along the assembly

where the upper 18 and lower 14 lengths are in close contact but
are separated by the ribbon material. This view is applicable to
any of the embodiments described above.

In this figure, the line guiding assembly is shown having
upper reinforced assembly 18 and lower 14 reinforced assembly. The
assemblies comprise a plurality of cables 32 held within an
extruded encapsulant to form an encapsulated line 30. This
encapsulated line is further disposed between reinforcement
channels 34 thereby forming a reinforced assembly. Positioned
intermediate the two upper and Tower reinforced assemblies is the
ribbon material 22 which is of a different material composition
from the reinforced 1ine assemblies. The reinforced line assembly
(reinforced channels 34, encapsulant 30 and cables 32) operates
within a trough 36 which enables smooth motion along its linear
path.

The encapsulant 30 surrounding the plurality of cables is
typically comprised of a polyurethane. The reinforcement channels
34 containing the encapsulated cables 30 are typically made of a
composite of polyaramide and a fluoropolymer, such as
polytetrafluoroethylene (PTFE), fluorinated ethylene propylene
(FEP) and perfluoroalkoxy resin (PFA). The 1ine reinforcement
channels 34 with encapsulated cable comprise the upper and lTower
lengths and loop which linearly move back and forth in the trough
36 as described above. The trough 36 is made of metal and is lined
with an ultra-high molecular weight polyethylene, stainless steel
or other suitabie material.

Located intermediate the upper 18 and lower 14 lengths is the
flat ribbon material 22. This ribbon must be comprised of a
material different from the polymeric material of the channels.

The ribbon is comprised of a material substantially harder than the
polymeric material of the channel and is preferably a smooth metal
such as stainless steel. ~Other suitable materials for the ribbon
include beryllium copper, stiff hard polymers such as polyimides,
cold rolled steel, and hard chrome plated steel. Regardless of the
ribbon material chosen, it must be hard enough to minimize abrasion
and have sufficient stiffness to maintain a round shape when rolled
up and be flat when unrolled. It must also be of sufficient width
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so as to prevent the upper length from contacting the lower length.

Figure 5a shows a cross-sectional view of a dual line guiding
assembly with a wide ribbon 22 located between the upper 18 and
Tower 14 lengths of the reinforced assemblies. Also shown is a
clamp 50 located between the upper lengths 18 that offers strain
relief to the system that is provided in combination with the upper
reinforcement channels. Such a clamp may be steel or aluminum and
is positioned on a strain relief mount 52. Also shown is the drive
arm 54 and linear drive 56.

Figure 6 shows a schematic side view of a double system where
two line guiding assemblies face each other and operate in a
synchronized fashion.

While the invention has been disclosed herein in connection
with certain embodiments and detailed descriptions, it will be
clear to one skilled in the art that modifications or variations of
such details can be made without deviating from the gist of this
invention, and such modifications or variations are considered to
be within the scope of the claims hereinbelow.
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I CLAIM:
1. A line guiding assembly comprising:
(a) a plurality of cables held together within an encapsulant
and further held within reinforcement channels to form a
5 reinforced line assembly;

(b) a trough holding said line assembly wherein said line
assembly is positioned within the trough and looped back
onto itself thereby forming a lower length, an upper
length and a loop of reinforced assembly, and wherein one

10 of said lengths has an end which is affixed to a
stationary piece of equipment and the other said length
has an end which is affixed to a moving piece of
equipment which is capable of moving in a longitudinal
direction relative to the assembly; and

15 (c) a ribbon material located between and intermediate said
upper and lower length of reinforced assembly, said '
ribbon material capable of extending and retracting as
said upper and lower move so that the ribbon material
prevents said upper and lower length from touching, and

20 wherein the material comprising the ribbon material is
different from the encapsulant and reinforcement channel
of the line assembly.

2. A line guiding assembly of Claim 1 wherein said ribbon
material is in a coil located within said loop of the line

25 assembly wherein said ribbon material is capable of unrolling

and rolling up as the upper and lower lengths move within the
channel.

3. A line guiding assembly of Claim 1 wherein said ribbon
material is affixed to a drum located within said loop of the

30 line assembly wherein said drum rotates so as to roll up and

unroll said ribbon material as the upper and lower lengths
move within the channel.

4. A line guiding assembly of Claim 1 wherein said ribbon
material is in a coil affixed to a drum by a connecting means

35 wherein the coil, drum and connecting means are disposed

within said loop of the line assembly, wherein said drum and
coil rotate so as to roll up and unroll said ribbon material
as the upper and lower lengths move within the channel.
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A line guiding assembly of Claim 4 wherein said connecting
means between the coil and drum is a pulley.
A line guiding assembly of Claim 1 wherein said encapsulant of
the cable assembly is polyurethane.
A line guiding assembly of Claim 1 wherein said reinforcement
channels of the cable assembly is a polymeric material
selected from the group including polyamides, and composites
of polyamides and fluoropolymers.
A line guiding assembly of Claim 7 wherein said fluoropolymers
include polyethylene, fluorinated ethylene propylene, and
perfluoroalkoxy resin.
A Tine guiding assembly of Claim 1 wherein said trough is made
of metal and is lined with an ultra-high molecular weight
polyethylene.
A line guiding assembly of Claim 1 wherein said ribbon
material is made of a thin ribbon of stainless steel.
A line guiding assembly of Claim 1 wherein said ribbon
material is selected from the group consisting of beryllium
copper, polyimides, cold rolled steel, and chrome-plated
steel.
A double ended line guiding system comprising two line guiding
assemblies as described in Claim 1 facing each other.
A dual line guiding assembly comprising two line guiding
assemblies of Claim 1 held together within a single trough and
wherein a strain relief clamp holds said upper lengths of the
line assembly.
A line guiding assembly of Claim 1 wherein said cables are
selected from the group consisting of electrical cables,
tubes, and fiber optics.
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