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(54) Title: FLEXIBLE POWER AND CONTROL CABLE FOR HIGH NOISE ENVIRONMENTS

(87) Abstract

A flexible power cable includes
a plurality of power conductors each
having insulation thereon and being ar-
ranged to form interstices between ad-
jacent ones of the power conductors.
Each of the power conductors includes
a plurality of conductor strands. An
insulated grounding conductor is pro-
vided in each interstice and together
with the power conductors define a con-
ductor bundle. An inner jacket sur-
rounds the conductor bundle. A fiex-
ible, braided sheath member surrounds
the inner jacket and is constructed and
arranged to limit transmission and sus-
ceptibility to electromagnetic and ra-
dio frequency interference. An outer
polymeric jacket surrounds the braided
sheath member. The insulation of the
power conductors and of the ground-
ing conductors is lubricated so that the
power conductors and the grounding
conductors may move relative to each
other and with respect to the inner jacket
upon flexing of the cable.
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FLEXIBLE POWER AND CONTROL CABLE FOR
HIGH NOISE ENVIRONMENTS

- BACKGROUND OF THE INVENTION

This invention relates to a power cable and more
particularly, to a flexible power cable for use between
motor control devices and the motors they control, which
minimizes electromagnetic noise and radio frequency
interference.

DESCRIPTION OF RELATED ART

Electromagnetic noise and radio frequency interference
(EMI/RFI) can create problems in the control of electronic
circuits. More recently, EMI/RFI have been a problem in
variable frequency drive applications. Power cables for
variable frequency drive devices have caused EMI/RFI
crosstalk on adjacent controls and instrumentation cables.

In the past, equipment manufacturers had only to worry
about interference caused by normal AC current flowing in a
power supply circuit. With the recent advances 1in
transistor and semiconductor thyristor technology, and
their application in variable frequency drives, the type of
signals utilized to provide power to the motor from their
controllers has changed the source of the EMI/RFI that must
be protected against.

Conventionally, power, controls and instrumentation
cables were placed in segregated cable support systems such
as cable trays, conduits, duct banks or direct burial
trenches which were separated by minimum distances as
required by particular standards in order to minimize the
effects of the electromagnetic interference. For fixed

cable applications, the power cable could be manufactured
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with an overall armor consisting of lead, corrugated
aluminum, copper or bronze or with an overall sheath
consisting of wires and tapes made of copper, aluminum,
bronze or steel. This reduces the EMI/RFI transmission by
the power cable.

Conventional power cables have been manufactured with
standardized levels of insulation thicknesses which were
not calculated to handle the additional voltage and current
spike levels produced by the new generation of controls.
Thus, voltage and current spikes may damage the
conventional cables and result in motor controller, cable
and motor fallures.

On equipment with moving sections such as cranes,
machine tools, and robots, the power, control and
instrumentation cable types are typically placed in close
proximity on mechanical cable handling equipment such as
festoons, reels, cable tracks and tenders. On this type of
equipment, there is limited amounts of separation, 1if any,
and the cables cannot have a solid armor or taped sheath
which are not designed to flex. Equipment manufactures
have, in the past, utilized standard unarmored or
unshielded four conductor flexible motor feed cables 1in
these types of applications. The use of four conductor
power cable configurations limits the ability of the cable
manufacturer to take advantage of the optimum cancellation
effects of trefoil conductor assembly.

Adding an overall armor or tape sheath in order to
minimize the effects of the EMI that was produced by the
normal AC currents flowing in the power circuilt 1is
generally limited to the fixed applications. The cable with
an overall armor or tape sheath cannot be applied to a |
flexible cable application because the extra armor or
sheath layer is not designed to be flexible. An armored
cable will not flex and a tape sheath will generally only
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flex to a limited amount during which the tapes will
separate and destroy the sheath and cable.

In the published prior art, DE-A-3151234 discloses a
flexible power cable comprising conductors which are
arranged around a central dummy conductor. An inner jacket
and an outer jacket are provided. Between the actual
conductors a so-called separation layer is provided which
is made of wax or talc or mica. However, the inner jacket
does not surround a conductor bundle but fills the spaces
between the conductors. No grounding conductors are
mentioned. | |

Furthermore, DE-A-3 326 986 shows a cable construction
where conductors are surrounded by an insulation and
further conductors as well as protection conductors and
rubber enforcements are provided within a conductor coating
which lies underneath an outer jacket. Interstices are
filled with an oil graphite.

Accordingly, there is a need to provide a flexible
power cable for use between motor control devices and the
motors that they control, which minimizes electromagnetic
noise and radio frequency interference and is capable of
withstanding voltage or currents spikes produced by the

devices.
SUMMARY OF THE INVENTION

Therefore, the object of the present invention 1is to
provide a cable which minimizes electromagnetic noise and
radio frequency interference and is capable of withstanding
voltage or current spikes while being-at‘the same time a}so
highly flexible.
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In accordance with one aspect of the present invention
there is provided a flexible power cable comprising: a

plurality of power conductors, each having insulation thereon

and being arranged to form interstices between adjacent ones

”

of said power conductors, each of said power conductors

comprising a plurality of conductor strands, a plurality of
grounding conductors each having insulation thereon and each
being disposed 1in an interstice, said grounding conductors
and said power conductors defining a conductor bundle, an
inner jacket surrounding saild conductor bundle, a flexible,
braided sheath member surrounding sald inner jacket and being
constructed and arranged to limit transmission and
susceptibility to electromagnetic and radio frequency
interference, and an outer jacket surrounding said braided
sheath member, wherein the insulation of said power
conductors and the insulation of said grounding conductors
are lubricated so that said power conductors and said
grounding conductors may move relative to each other and with

respect to said inner jacket upon flexing of said cable.

Preferably, the power conductors arranged 1in the trefoil

configuration each have a polyethylene insulation thereon.

Furthermore, the trefoil formation of insulated power
conductors may comprise three power conductors having
thermoplastic or elastomeric insulation thereon and the
flexible braided sheet member is formed of a flexible tinned
copper braided sheet member disposed around said lnner

jacket.



CA 02321545 2000-08-28

©29-03-2000 EP 009901240

A : : Q:.. C.. .... .... ... e

Preferably, each of said power and/or grounding
conductors can include a plurality of conductor strands.

Preferably, said outer jacket is a polymeric jacket.

Other objects, features and characteristic of the
present invention, as well as the methods of operation and
the functions of the related elements of the structure, the
combination of parts and economics of manufacture will

10 become more apparent upon consideration of the following
detailed description and appended claims with reference to

the accompanying drawing, all of which form a part of this
specification.

15 BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is an enlarged end view of a flexible power

cable provided in accordance with the principles of the
present invention.
20

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EXEMPLARY EMBODIMENTS

A flexible cable provided in accordance with the

25 principles of the present invention is shown, generally
indicated at 10, in FIG. 1. The cable 10 includes three
power conductors 12, each including gﬂg&prality of current
conducting tinned copper wire strand§‘14:.Although FIG. 1
shows only a portion of the wire strands 14 for ease of

30 1illustration, it can be appreciated that each power
conductor 12 comprises wire strands 14. Each of the wire
strands 14 of a single power conductor 12 has a common
diameter in the range of approximately 0.15 mm to 0.30 mm.
For example, for an 18 AWG power conductor 12, there are 51

35 wire strands, each 0.15 mm diameter (35 AWG) for a 12 AWG
power conductor, there are 199 wire strands, each of 0.15

mm diameter (35 AWG). For a 6 AWG power conductor, there

AMENDED SHEET
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are 451 wire strands, each of 0.20 mm diameter (AWG 32),
and for a #2/0 AWG power conductor, there are 1002 strands,
each of 0.30 mm diameter (AWG 29). Many other sizes of the

power conductors 12 may be provided between a range of, for
example, 18 AWG and #2/0 AWG.

The use of fine wire strands 14 to comprise the power
conductors 12 increases the flexibility of the power
conductors 12. The number of wire strands 14 used for the
power conductors 12 of the invention is greater than that
used for conventional power conductors of the same gage,
and the diameter of the wire strands 14 is less than the
diameter of strands of conventional power conductors of the
same gage. Furthermore, the lay of the wire strands 14 is
shorter than that of strands of conventional power
conductors of the same gage.

Each of the power conductors 12 has an insulation over
the overall strand of a predetermined material 16 having a
predetermined thickness. For example, each of the power
conductors 12 may have a color-coded insulation over the
overall strand of, for example, crossed-linked polyethylene
material 16 having a thickness which may depend upon the
size of the power conductor 12.

Furthermore, as another example, each of the power
conductors 12 can have insulation over the overall strand
of either thermoplastic or elastomeric material. The
insulation material for the cable can also be selected
based on its application. As aforementioned, one example
can be polyethylene, which can be utilized for extremely
flexing applications. Another example is ethylene propylene
rubber (EPR) which can be utilized for hard usage
applications, especially outdoors. The insulation thickness

can depend upon the size of the power conductor 12 and the
material utilized.
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For example, the insulation thickness for power
conductor 12 sized between 30 AWG and 9 AWG is about 0.8
mm, the insulation thickness is about 1.2 mm for a power
conductor size of 8 AWG and the insulation thickness is

5 about 1.6 mm{for power conductor sizes between 7 AWG and
#2/0 AWG. The thickness of the insulation material 16 1is

designed to provide the dielectric strength to meet peak
voltage requirements.

10 The voltage rating of the cable 10 is approximately
600-1000 volts with a maximum continuous AC voltage of 700-
1200 volts and a maximum peak voltage of about 1700 volts.
This maximum peak voltage may be produced when the cable 10
is used with variable frequency drives. A cable 10 of the

15 invention has been tested to over 3000 volts.

Polyethylene can be selected as the insulation
material 16 of the power conductors 12 since, for the same
thickness as the conventionally employed PVC insulation

20 material, the electrical strength of the polyethylene
material 16 is about twice as great as that of the PVC
material.

For example, preferably, cross-linked polyethylene 1s

25 selected as the insulation material 16 of the power
conductors 12 in extremely flexible applications since, for
the same thickness as the conventionally employed PVC
insulation material, the electrical strength also of the
cross-linked polyethylene material 16 is about twice as

30 great as that of the PVC material. In heavy duty
applications, preferably EPR insulation can be utilized due
to its outstanding ability to withstand the environmental
factors present in its application, such as chemicals,
olls, etc.

35
In the preferred embodiment, three insulated power

conductors 12 are disposed in a trefoil arrangement

B s o Tr———.
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defining interstices 18 and a central opening 20. However,
other numbers of insulated power conductors 12 may be
combined to form interstices and a central opening with
different sizes by comparison to the trefoil arrangement.

In the illustrated embodiment, a central strain or
support messenger 22 comprised of flexible plastic or
rubber material 1s disposed in the central opening 20 and
provides support and guidance of the power conductors
during force guided flexing applications. The support
messenger 22 is generally only employed in large power
cable 10 configurations and separates the power conductors
12 preventing them from collapsing on each other, which in
turn assures that the power cables 12 are free to move
within with respect to other cable components, as will be
explained more fully below.

A grounding conductor 24 is disposed in each
interstice 18 and together with the power conductors 12
define a conductor bundle, generally indicated at 25. Each
grounding conductor 24 comprises a plurality of tinned
cooper wire strands 26, wlith the overall conductor belng
insulated with crossed linked polyethylene material 28. As
a further examplé, the overall conductor can be generally
insulated with the same material as the power conductor.
Although FIG. 1 shows only a portion of the wire strands 26
for ease of illustration, 1t can be appreciated that the
entire grounding conductor 24 comprises wire strands 26. In
the illustrated embodiment, three grounding conductors 24
are disposed in a trefoil arrangement. Each grounding
conductor 24 has an insulation thickness of about 0.4 mm to
enable the components of the cable 10 to move freely
without being destroyed by abrasion which may occur when
the grounding conductors are bare or uninsulated.
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In the 1llustrated embodiment, each of the power
conductors 12 is 12 AWG and each of the grounding
conductors 24 1is 18 AWG.

With reference to FIG 1, an inner jacket 30 of PVC
material surrounds the conductor bundle 25 to protect power
conductors 12 and the grounding conductors 24, and to
provide an isolated shield. In the hard usage design,
preferably, the inner jacket material can be ethylene
propylene rubber (EPR}. The wall thickness of the inner
jacket 30 1s represented by 0.02 X d + 0.06 mm, where d 1is
the diameter under the inner jacket 30.

To ensure that the power conductor 12 and grounding
conductors 24 may move relative to each other and to the
inner jacket 30 as needed with induced tension and
torsional forces in flexing applications, a lubricant 1is
provided. In the illustrated embodiment, the insulation of
each power conductor 12 and the insulation of each
grounding conductor 24 1s coated with talc or other

'lubricating powder. Other lubricants such as wet lubricants

or soaps may be used. In certain applications, such as for
use in powering devices in food processing, it 1s not
preferable to have talc within the cable 12 since the talc
may escape from the cable ends and contaminate food beilng
processed. Thus, it is within the contemplation of the
invention to provide a dry lubricant directly in the
insulation material of each power conductor 12 and each
grounding conductor 24 to ensure movement of the conductors

relative to the inner Jjacket 30.

A flexible, tinned copper braided sheath 32 comprising
tinned copper wires arranged 1n the conventional crossed-
hatch arrangement surrounds the inner jacket 30 to provide
flexibility to the cable 10, to increase the strength
thereof, and to minimize EMI/RFI in the cable 10. The
tinned copper wires can be arranged in a high percentage
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coverage crossed-hatch arrangement which is optimized to
preferably minimize EMI/RFI over the 0 to 100 MHz frequency
range. In the illustrated embodiment, the braided sheath 32
includes a thin polyester foil 34 disposed adjacent to the
inner jacket 30 and an outer plastic coating 36 on the
sheath copper wires disposed adjacent an outer jacket 38.

The outer jacket 38 surrounds the braided sheath 32.
In the illustrated embodiment, the outer jacket 38 is a
transparent PVC material which is resistant to
petrochemicals. In the hard usage design, the outer jacket
can be black chloropene rubber (PCP) which is resistant to
UV (ultraviolett light) and petrochemicals. The outer
plastic coating 36 of the braided sheath is adjacent to
outer jacket 38 to prevent the copper wires of the braided
sheath 32 from cutting the outer jacket 38 during flexing
of the cable 10. The wall thickness of the outer jacket 38
is represented by 0.08 X d + 0.40 mm, where d is the
diameter under the outer jacket.

The cable 10 of the invention is particularly useful
as power cables between motor control devices, such as
variable frequency drives and the motors they control. The
insulation material over the power conductors 12 1is
selected to handle voltage and current spikes which may
occur in such applications. Further, the trefoil or "3+3"
arrangement of the power conductors and the grounding
conductors together with the braided sheath reduces EMI/RFI
interference. The entire cable 10 is constructed and
arranged to be strong, yet flexible and may be used 1in
robotics and festooning applications. It can be used 1n
flexing and forced guided applications.

The above explanations include the provisions for the
hard usage version of the cable which is called Rondoflex
EMV and which is the same cable except the materials are
changed to handle the environmental stresses of being
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outdoors. EPR is the insulation and EPR/Neoprene are the
Jacket materials. The concept of a low EMI/RFI motor cable

1s the same. The 3+3 design with an overall braided shield
1s utilized. The materials have been selected to

5 specifically handle the voltage stresses associated with
variable frequency drives.
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We claim:
1. A flexible power cable CQ.mP,'fi,,Singi '

a plurality of power conductors each havmg insulation thereon and being arranged to
form interstices between adjacent ones of said power conductors, each of said power
conductors comprising a plurality of conductor strands,

a plurality of grounding conductors each having insulation thereon and each being
disposed in an interstice, said grounding conductors and said power conductors
defining a conductor bundie,

an inner jacket surrounding said-conductor bundle,

a flexible, braided sheath member surrounding said inner jacket and being constructed
and arranged to limit fransmission and susceptibility to electromagnetic and radio
frequency interference, and

an outer jacket surrounding said braided sheath member,

wherein the insulation of said power conductors and the insulation of said grounding
conductors are lubricated so that said power conductors and said grounding conductors
may move relative to each other and with respect to said inner jacket upon flexing of
said cable.

2. The flexible power cable accofding-to claim 1, wherein said insulation on each of said
power conductors and each of said grounding conductors is cross-linked polyethylene.

3. The flexible power cable. accordmg to claim 2, wherein said insulation of said power
conductors and of said grounding conductors has alubricant coated thereon.

4. The flexible power cable according to claim 3, wherein said lubricant is talc.

5. The flexible power cable according to claim 1, wherein said insulation on each of said
power conductors and each of said grounding conductors is cross-linked polyethylene,
and said cross-linked polyethylene including a lubricant therein thereby defining said
lubricated power conductors and grounding conductors.

6. The flexible power cable according to claim 1, wherein said plurality of insulated
power conductors is three and said three power conductors are disposed in a trefoil
arrangement.

7. The flexible power cable accordmg to claim 6, wherein said plurality of grounding
conductors is three and said three groundmg conductors are disposed in a trefoil
arrangement.
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8. The flexible power cable according to claim 6, further comprising a support
messenger disposed in a central opening defined between said three adjacent insulated
power conductors, said support messenger being-constructed and arranged to prevent
said three power conductors from collapsing on each other.

9. The flexible power cable according to claim 1, wherein said insulation of each of said
power conductors has a thickness sufficient to withstand stresses occurring from
voltage and current spikes through said power conductors.

10. The flexible power cable according to claim 1, wherein said braided sheath member
comprises braided tinned copper wires.

11. The flexible power cable according to claim 10, wherein said braided sheath further
comprises a foil layer adjacent said inner jacket, and a plastic coating on said braided
tinned copper wires adjacent said outer jacket.

12, The flexible power cable according to claim 1, wherein each of said inner and said
outer jackets is a polyvinyl chloride jacket

13. The flexible power cable accarding to'claim 1, Qonstru.ofed and arranged to have a
voltage rating generally between 600 and 1000 volts.

14. The flexible power cable according to clalm 1, wherein said insulation on each of
said power conductors and each of said grounding conductors comprises a
thermoplastic or elastomeric material.

15. The flexible power cable accordlng to claim 1 wherein said insulation on each of
said power conductors and each of said grounding conductors comprises a
thermoplastic or elastomeric material and said insulation including a lubricant therein
thereby defining said lubricated: power conductors-and grounding conductors.

16. The flexible power cable according to claim 14 or 15, wherein said thermoplastic
material is cross-linked polyethylene. -

17. The flexible power cable accordmg to claim 14 or 15 wherein said elastomeric
material is ethylene propylene rubber (EPR). '

18. The flexible power cable- accordlng to. claim 1, wherein in the hard usage design
said inner jacket is ethylene propylene rubber (EPR) and said outer jacket is
chloroprene rubber (PCP).
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