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[57] ABSTRACT

An improved tether having a central strength member
comprised of layers of synthetic fibers surrounded by a
thin weatherproof plastic barrier. A current carrying
metallic braid surrounds the weatherproof barrier and
in a portion of the tether is of a higher strength and
denser weave copper than in other areas. An outer
protective jacket surrounds the metallic braid and one
or more windows are formed by removing a short lon-
gitudinal section of the outer jacket above an area of the
tether which has the high density metallic braid. The
weatherproof barrier, at least in the area where win-
dows are formed, is heat sealed to form a seamless bar-
rier. A relatively soft copper wire is wound around the
metallic braid in the window area so as to transfer light-
ning induced currents in the metallic braid of the tether
to a grounding system. The tether may be used in con-
junction with an aerostat with the mooring system for
the aerostat including a flying sheave which contacts
one or more of the windows formed in the tether to
complete the discharge path to a ground rod electri-
cally connected to the mooring system.

19 Claims, 5 Drawing Sheets
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LIGHTNING HARDENED TETHER CABLE AND
AN AEROSTAT TETHERED TO A MOORING
SYSTEM THEREWITH

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention in general relates to an improved light-
ning hardened cable, and more particularly to a cable
which may be used as a tether in an aerostat system.

2. Background Information

The use of lighter than air vehicles as high altitude
platforms for electronic eugipment has been known for
many years. By suspending electronic payloads from a
stabilized platform beneath an aerodynamically shaped
balloon, called an aerostat, communication and/or sur-
veillance over a wide area may be accommodated.

Depending upon the mission, the aerostat may be
positioned at an altitude of many thousands of meters
and securely connected to a ground based mooring
system by means of a high strength lightweight tether.

A typical lightweight tether includes a non-metallic
central strength member such as may be constituted by
a plurality of layers of aromatic amide organic fibers
surrounded by metallic braiding over which is formed a
relatively flexible outer protective jacket. If the elec-
tronic payload is provided with power from a ground
station, the tether may also include a central core of
electrical conductors as well as signal conducting opti-
cal fibers.

The aerostat may be used in areas subject to lightning
strikes and, accordingly, the aerostat is provided with a
lightning shield which is electrically tied to the tether
braid which forms a path for lightning induced current.

Such arrangement has not been entirely satisfactory
since significant damage occurs to the tether when the
lightning current transfers to the grounded mooring
system. Basically, the surge current arcs through the
outer jacket to the metallic portion of the mooring sys-
tem and causes damage to the tether jacket and braid. In
addition, for those tethers which have central power
conductors, induced voltage in these conductors may
exceed the dielectric strength of the non-metallic cen-
tral strength member thereby causing a penetration and
consequent damage.

Tether damage always requires the removal of the
damaged portions from service. This represents a costly
process since the tether cannot be spliced in any manner
to lengthen it after its original manufacture, and accord-
ingly, the removal of the damaged portion necessitates
not only the removal of the damaged portion itself but
the removal of several hundred to several thousand feet
of tether from the damaged portion to the end of the
tether. A tether therefore can take only so many light-
ning strikes before it has to be completely replaced.
Additionally, the extensive downtime required for this
process is undesirable since it reduces the operational
availability of the system.

The present invention provides for a tether which is
lighting hardened and does not require the costly sec-
tion removal procedure employed with present day
tethers.

SUMMARY OF THE INVENTION

The improved tether cable for connection to a struc-
tured used in an environment subject to lightning strikes
includes a non-metallic central strength member which
is surrounded by metallic braiding. An outer jacket
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surrounds the metallic braiding and is constructed and
arranged such that a relatively small longitudinal por-
tion thereof is interrupted defining a window which
exposes the underlying metallic braiding. Means are
provided for electrically connecting the exposed metal-
lic braiding in the interrupted portion to an electrical
ground system. In the preferred embodiment, the struc-
ture is a lightning shielded tethered aerostat carrying an
electronic payload. In order to eliminate the require-
ment for on-board electrical power generators, the
cable may include a central core of electrical conduc-
tors so that power may be sent up the tether from a
power supply at the mooring system.

The mooring system preferably is one which includes
a winch arrangement around which the tether is wound,
with the tether passing around a grooved wheel, or
sheave, which is connected to an electrical ground ar-
rangement. A group of windows or interrupted portions
may be provided in the cable jacket and spaced such
that the exposed metallic braiding and at least one of the
windows makes electrical contact with the sheave
member during relatively small changes in altitude of
the aerostat.

A sacrificial relatively soft wire may be wrapped
around the exposed braid in the window to make elec-
trical contact with the sheave member so that over
prolonged use, the sacrificial wire winding may be eas-
ily replaced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a view of an aerostat in a deployed condi-
tion connected to a typical ground mooring system.

FIG. 2 is a somewhat more detailed view of the
mooring system;

FIG. 3 is a cutaway view of a typical tether in current
use;

FIG. 4 is a longitudinal sectional view of one embodi-
ment of the present invention;

FIG. 5 is a longitudinal sectional view of another
embodiment of the present invention; and

FIG. 6 illustrates a tether divided into a plurality of
sections.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Although the invention is applicable for use with all
types of struciures, it will be described by way of exam-
ple with respect to a tethered aerostat, a view of which,
in a deployed condition, is illustrated in FIG. 1.

Aerostat 10 carries an electronic payload protected
from the elements by an aerodynamically shaped wind-
screen 12 pressurized to maintain its aerodynamic
shape. Typically, the aerostat may carry electronic
equipment which may be utilized for such operations as
coastal, air and ground surveillance, communications,
over the horizon relays, rural telephone and emergency
broadcast applications.

Aerostat 10 maintains its position above the lauch
point by means of a single cable 14, called a tether,
which anchors the aerostat in flight and which may
provide electrical power to the airborne electronics
through embedded conductors and which may also
serve to conduct signals from the electronic equipment
back down to a ground station.

In order to provide protection from lightning strikes,
the aerostat includes a lightning protection system com-
prised of a plurality of guard wires 16 held at a distance
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from the aerostat skin by a series of standoffs 17 and
connected to the metallic braid of the tether 14 by
means of a low impedance slip ring at confluence point
18.

The mooring system 20 includes an elongated boom
22 which is rotatable about a base structure 23 and
which carries a main winch 24 upon which the tether 14
is wound. Tether 14 passes from the winch 24 through
the boom 22 and around a pulley 26, generally known as
a flying sheave, located at the end of the boom and
rotatable about the boom axis so that the sheave 26 and
tether 14 are always in the same plane. When on the
ground, the aerostat 10 is attached to the mooring sys-
tem through mooring lines and a nose cone 27 on the
aerostat mates with a nose latch assembly 28 at the top
of tower 29, also carried by boom 22.

The mooring system 20, shown in somewhat more
detail in FIG. 2, is connected to a grounding rod 32 and
accordingly forms part of an electrical ground system.
Although deployed operation in thunderstorms is gen-
erally avoided, operational situations exist wherein the
aerostat is flown at its design altitude or at a predeter-
mined fraction of its operating altitude during a thun-
derstorm. If lightning does strike the aerostat protection
system, currents in the order of tens of thousands of
amperes will be generated and will flow down the me-
tallic braid of the tether and in many instances will seek
a path to ground by way of the flying sheave 26. In so
doing, the lightning induced current in the metallic
braid traverses the outer protective jacket completely
vaporizing and destroying it, as well as a portion of the
braid. The design of the tether is such that it cannot be
spliced and accordingly the damaged section cannot be
repaired but instead requires the removal of perhaps
hundreds to thousands of feet of cable from the dam-
aged section to an end thereof.

A typical tether design in current use is illustrated in
FIG. 3. For those applications wherein power is sup-
plied from a ground station, tether 14 would include a
- central core 40 having a plurality of electrical power
conductors 41 and, for some designs, a plurality of sig-
nal conductors such as optical fibers 42. The central
conducting core is surrounded by a non-metallic central
strength member 44 which may be made up of a plural-
ity of layers of synthetic fibers such as aromatic amide
organic fibers, one example of which is known as “Kev-
lar” produced by the DuPont Company of Wilmington,
Delaware. A weather barrier in the form of a plastic
wrap 46 surrounds the strength member 44 and is itself
surrounded by a woven metallic braid 48 which con-
ducts the lightning induced current. A relatively flexi-
ble outer protective jacket 50 of a constant diameter for
the entire length of the tether completes the tether con-
struction. The outer protective jacket 50 is generally
made with embedded electrical conducting particles
such that the jacket is semiconductive in order to handle
relatively small current flow into the metallic braid due
to atmospherically induced currents. The tether is fabri-
cated as a unitary unspliced cable which extends along
a central longitudinal axis A—A.

The tether design of the present invention eliminates
the catastrophic destruction of the tether due to light-
ning induced currents discharging to ground through
the tether jacket. One embodiment of the present inven-
tion is illustrated in the longitudinal sectional view of
FIG. 4.
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The tether 50 includes a central electrical core 52
surrounded by a non-metallic central strength member
54, as in the prior art type of construction.

A weatherproof barrier 56 surrounds the strength
member 54 with the barrier in turn being surrounded by
metallic braid 58. An outer protective jacket 60 is pro-
vided over the metallic braid 58, the jacket 60 being
constructed and arranged such that a relatively small
longitudinal portion is interrupted forming, in essence, a
window which exposes the underlying metallic braiding
58. In FIG. 4, this interrupted portion of window ex-
tends in a longitudinal direction for a distance W.

As previously mentioned, the metallic braid conducts
the lightning induced current and means are provided
for connecting the metallic braid to an electrical ground
system. In a preferred embodiment, electrical connec-
tion is made with the assistance of wire 62 which is
wrapped over the underlying braid 58 and in electrical
contact therewith. The wire 62 is exposed in the win-
dow formed by the interrupted portion of the outer
jacket and may be held in place, by way of example, by
means of tails 64 and 65 formed by the ends of the
wrapped wire 62 being flattened and bent in the longitu-
dinal direction of the tether and thereafter maintained in
position by means of lashing 66 and 67.

In fabricating the exposed window and wrapped wire
62, a portion of the outer jacket 60 would normally be
removed in excess of the width W in order to accommo-
date a tail portion 64 and 65. After securing the tail
portions in place, a new section of jacketing material 60
may be melted in place while still maintaining the inter-
rupted portion of length W. If desired, prior to the
wrapping of wire 62, a conducting grease may be ap-
plied to the underlying braid 58 to aid in the prevention
of braid contamination.

In view of the close match maintained between the
outer diameter of the tether and the sheave or sheaves
of the mooring system, any portion of the tether with an
increased diameter would necessarily create a wear and
stress point which would adversely affect the proper
functioning of the tether. Accordingly, the diameter of
the wire 62 which makes electrical contact with the
underlying current carrying metallic braid 58 should be
selected such that the resultant diameter in the window
portion (of longitudinal length W) is no greater than the
diameter of the outer jacket 60.

In a preferred embodiment of the invention, metallic
braid 58 is of a high strength metal such as nickel plated
high strength copper and the wrapped wire 62 is a tin
plated soft copper. The nickel plated high strength
copper braid has high strength and abrasion resistance
and in addition has high current carrying ability and can
withstand relatively high temperatures. The wrapped
wire 62 configuration ensures that the contact area to
electrical ground is flexible so as to move over the vari-
ous sheaves in the mooring system. During such move-
ment, the electrical contact area will rub against the
sheave as the tether moves slightly due to the motions
of the aerostat. In view of the soft copper nature of wire
62, the wire will act as a sacrificial element which when
worn down a predetermined distance may be easily
replaced in the field.

During normal operation, the aerostat will move
relative to the mooring system due to wind shifts and
the actual flexing of the tether under resulting variations
in tether load. In order that electrical contact be main-
tained between the current carrying metallic braid of
the tether and the grounded flying sheave during this
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limited aerostat movement, an arrangement such as
illustrated in FIG. 5 may be provided.

The tether of FIG. 5 includes a plurality of window
areas in jacket 60 each including a wrapped wire 62 (not
to scale) as in the FIG. 4 construction with each area of 5
longitudinal length W being spaced from an adjacent
area by the distance S. The illustrated distances will of
course depend upon the tether diameter as well as the
flying sheave diameter. By way of example, for a tether
diameter of } inch (1.27 cm) and a sheave diameter of 25
inches (63.5 cm) the distance W may be 1 inch (2.54 cm)
and the distance S may be 6 inches (15.24 cm). Where
the aerostat is to fly at different predetermined altitudes,
additonal sets of wire wrapped windows may be pro-

—

vided at appropriate locations along the tether. By way 15

of example, with additional reference to FIG. 6, a typi-
cal tether 50 of total length L is illustrated as being
divided into a plurality of sections A, B, C and D. For
reference purposes, the top of the tether is at confluence
point 18.

It will be appreciated that aerostats and tethers are
designed for many different missions and are flown at
various different altitudes. By way of one example, the
aerostat and tether may be designed for a mission alti-

tude of 2000 feet (609.6 meters) and for such mission a 25

tether with a length L equal to 3000 feet (914.4 meters)
may be fabricated. Sections A and B are each of 1000
foot lengths (304.8 meters) and Sections C and D are
each of 500 foot lengths (152.4 meters). In a typical

tether fabrication, Section C may be designed to have 30

the interrupted portions to form one or more sets of
wire wrapped windows as illustrated in FIG. §. In such
instance the metallic braiding in Section C will be of the
nickel plated relatively densely woven high strength

copper while the remaining sections may be of less 35

densely woven soft annealed copper wire. This con-
struction is preferred since the application of high den-
sity braid over the entire length of the tether is costly
and creates an undesirable weight addition. The high
density braid is required only where the windows are to
be formed. The low density braid (and accordingly the
high density braid) is designed to shield the central
electrical conductors from induced currents, caused by
a lightning strike, which would exceed the dielectric

constant of the non-metallic strength member. 45

During the manufacturing process, the high density
metallic braid 68 is gradually woven in and out to re-
place the lower density metallic braid 70 in a transition
zone T illustrated in FIG. S. This type of construction
ensures that no stress concentration points or disconti-
nuities in electrical contacts occur.

Sections A, B and D of the cable include a water-
proof barrier 72 which may be of wrapped overlapping
construction. It is preferable however that the weather-

proof barrier 56 in Section C where the wire wrapped 55

windows are located be of a completely sealed con-
struction. For this purpose, therefore, weatherproof
barrier 56 may be fabricated from a heat sealable plastic
tape such as “Mylar” with the heat sealing being ac-
complished during the elevated temperatures encoun-
tered when the outer jacket 60 is applied to the cable.

During constant operation over a period of months or
years, the tether may experience normal wear at its
upper portion where connection to the confluence point

is made. Periodic servicing of the apparatus results in a 65

short section of the upper portion of the tether being
removed. In such instance, a new set of windows may
be formed at a lower portion of Section C to accommo-
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date for the removal. Of course other types of construc-
tion are possible including one wherein Section A or a
portion thereof is fabricated with the heat sealed
weather barrier and high density metallic braid to ac-
commodate for wire wrapped windows and wherein
during the approach of a thunderstorm, the aerostat
may be brought down to a predetermined lower altitude
to weather the storm.

Accordingly, there has been described an improved
cable which may be connected to a structure subject to
lightning strikes, such as an aerostat. with the cable
acting as a tether which can transmit and transfer to an
electrical ground system lightning charges up to many
tens of thousands of amperes while sustaining no electri-
cal or mechanical damage. This advancement enhances
the operational availability of the equipment and de-
creases the operating cost of systems which, by mission
requirements, must operate in a lightning environment.
The tether construction eliminates the requirement for
removing sections of tethers after a lightning strike and
accordingly the operating life of a tether is greatly en-
hanced.

We claim:

1. A lightning hardened tether cable, comprising:

(A) a non-metallic central strength member;

(B) metallic braiding surrounding said strength mem-
ber for connection to a structure used in an envi-
ronment subject to lightning strikes;

(C) an outer jacket surrounding said metallic braid-
mng;

(D) said outer jacket being constructed and arranged
such that at least one relatively small longitudinal
portion thereof is interrupted to define a window
which exposes said metallic braiding; and

(E) means for electrically connecting the exposed
metallic braiding in said interrupted portion to an
electrical ground system.

2. Apparatus according to claim 1 wherein:

(A) said means for electrically connecting includes a
wire having a plurality of turns wrapped around,
and in electrical contact with, said metallic braid-
ing in said window.

3. Apparatus according to claim 2 wherein:

(A) the ends of said wrapped wire are bent in a direc-
tion substantially parallel to the longitudinal axis of
said cable and are disposed beneath said outer
jacket.

4. Apparatus according to claim 3 wherein:

(A) said ends of said wrapped wire are lashed to said
metallic braiding.

5. Apparatus according to claim 2 wherein:

(A) said metallic braiding is of a relatively high
strength copper and said wrapped wire is of a rela-
tive soft copper.

6. Apparatus according to claim 5§ wherein:

(A) said metallic braiding is nickel plated and said
wrapped wire is tin plated.

7. Apparatus according to claim 2 wherein:

(A) the outside diameter of said cable at the location
of said wrapped wire is not greater than the outside
diameter of said outer jacket.

8. Apparatus according to claim 1 which includes:

(A) a weatherproof barrier interposed between said
strength member and said metallic braiding.

9. Apparatus according to claim 8 wherein:

(A) said weatherproof barrier which underlies said
window is seamless.

10. Apparatus according to claim 9 wherein:
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(A) said seamless weatherproof barrier is formed of a
heat sealed wrapped plastic film.

11. Apparatus according to claim 10 wherein:

(A) said cable includes portions having non-heated
sealed wrapped plastic film. 5
12. Apparatus according to claim 1 wherein:

(A) the weave density of said metallic braiding which
underlies said window is greater than the weave
density of said metallic braiding at predetermined
other sections of said cable. 10
13. Apparatus according to claim 12 wherein:

(A) said metallic braidings of different weave densi-
ties are gradually joined together in a longitudinal
transition zone.

14. Apparatus according to claim 13 wherein: 15
(A) the outside diameter of said cable at said transi-
tion zone is no greater than the outside diameter of
the remainder of said cable.

15. In combination:

(A) an aerostat having a lightning protection system; 20

(B) an electrically grounded aerostat mooring system;

(C) a tether cable connecting said aerostat with said

mooring system;

(D) said cable including:

(i) a non-metallic central strength member; 25

(ii) member braiding surrounding said strength
member;

(iii) an outer jacket surrounding said metallic braid-
Ing;

(iv) said outer jacket being constructed and ar- 30
ranged such that at least one relatively small
longitudinal portion thereof is interrupted to
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8
define a window which exposes said metallic
braiding; and
(v) means for electrically connecting the exposed
metallic braiding in said interrupted portion to
said mooring system; and

(E) said metallic braiding being electrically con-
nected to said lightning protection system.

16. Apparatus according to claim 15 wherein:

(A) said mooring system includes a flying sheave at
the end of a boom;

(B) said cable passes around said flying sheave; and

(C) said flying sheave is electrically connected to an
electrical ground.

17. Apparatus according to claim 16 wherein:

(A) said means for electrically connecting includes a
wire having a plurality of turns wrapped around,
and in electrical contact with, said metallic braid-
ing in said window; and

(B) said cable includes a plurality of said windows
located at positions such that when said aerostat is
deployed at a predetermined altitude, the turns of
wrapped wire in at least one of said plurality of
windows will contact said flying sheave during
normal limited altitude changes of said aerostat.

18. Apparatus according to claim 15 wherein:

(A) said cable includes an inner core of electrical
conductors.

19. Apparatus according to claim 18 wherein:

(A) said inner core additionally includes signal con-

ducting optical fibers.
* * L I 3 *



