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Theme

ETHODS were explored for deploying wire from

rotating gun-launched bobbins and from nonrotating
rocket-launched bobbins as a research tool in the study of
atmospheric electricity and as a possible means for reducing
lightning hazard to tall rockets during fueling and during
ascent from the launch pad through storm clouds that may
be in the area. The objective was to develop a device that
would deploy a steel wire (0.13 or 0.20 mm diam and more
than 1 km long) in one piece along a trajectory through the
atmosphere at a velocity of 150 m/sec or greater. In brief,
the gun-launched devices functioned satisfactorily in that they
met most of the objectives; however, only partial success was
achieved with the rocket-launched devices.

Contents

In the past, rope or wire has been thrown or pulled over
substantial distances by rockets or gun-fired projectiles for
many reasons. For example, linethrowing devices have
been used by the U.S. Coast Guard for some time for rescue
and salvage of vessels and on occasion for setting up com-
munication systems. Of interest here is the use of vertically
deployed wire to initiate lighting. One technique, developed
by the Lightning and Transients Research Institute' uses a
small Coast Guard Rocket to tow a steel wire aloft from a
cannister on board a metal ship off the Florida coast. About
200 to 300 m of fine wire are deployed toward a cloud in
about 1 sec. The lightning follows the spiral shape of the
wire back to the ship so that measurements can be made of the
characteristics of the stroke. The deployed wire serves only
as a trigger to initiate a lightning stroke. The discharge
process begins with an initial surge of current along the wire
that vaporizes and ionizes the metal wire and some of the
surrounding air. The substantial current path thus provided
conducts the remainder and largest part of the electric charge.
When the current decreases, the ionized channel cools, and
the charge transfer process ends.

The work reported in this paper was initially motivated by
a study of the possibility that atmospheric vortices such as
waterspouts and tornadoes might be identified, controlled, or
modified by electricity in the parent cloud. This possibility,
however, appears to occur only on a random basis at best,
as indicated by measurements on a number of waterspouts,?
so the wire-deploying study was directed at obtaining a
device to trigger lightning for research and protective pur-
poses. The lightning strikes to Apolio 12 during launch?
added motivation to the development of a wire-deploying
device that might be used to discharge electrified clouds in a
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harmless way when a launch must be made in unfavorable
weather.

Since the purpose of the deployed wire is to initiate Iight-
ning, the backup paper (see footnote at beginning of Synoptic
for availability) contains information relating to the nature of
lightning and to various methods for generating strokes and
arcs.” One of the more important design considerations
appears to be that the likelihood of a strike is increased con-
siderably by thrusting a wire or long conductor rapidly into
the electrified region.* Therefore, a requirement was made
that the approximately 1 km of wire to be deployed at a
velocity of 150 m/sec or greater. Since the resistance of the
air is large on long lengths of wire being towed by an airborne
device from a stationary bobbin on the ground, it was also
decided that the wire should be dispensed from the moving
vehicle to permit the use of longer lengths of wire and higher
deployment speeds. This technique is used to deploy two
wires from the TOW missile (developed by Hughes Aircraft
Co. in Tucson, Ariz.) so that electrical communication can
be maintained at speeds up to 400 m/sec over horizontal
distances up to about 3 km. Much of the information and
technology used on the TOW bobbins by Hughes was adapted
to the study reported here.

Rotating gun-launched hobbins: Initial tests were conducted
with rifled 37 and 40 mm cannons (standard field weapons
modified for laboratory use) because the size of the projectile
was such that more than a km of 0.20 mm wire (about 0.45
kg) could be easily wound onto a recess on the body without
coming in contact with the barrel and because the gun size
did not exceed the capacity of the range. The projectiles
have a blunt nose with a recessed hole for the tailstock center-
rest to facilitate machining the body and winding the wire
on the recessed area. Each layer of wire was wound onto the
recessed section in the center with about 0.5 kg tension and
held in place with a clear acrylic spray (suggested by Hughes)
that was allowed to dry, with the aid of a lamp, before the
next layer was applied. In this way, a combination of wire
and acrylic plastic was built up in the recessed part of the
projectile so that the wire was held securely in place until it
was torn out of its position by the deployed wire.

A typical test round contained about 100 m of wire, weighed
from 0.3 to 0.5 kg, and was fired at a velocity between 450
and 1000 m/sec. When the projectile was loaded into the
gun, the free end of the wire was placed in the groove on the
borrelet ring. When the projectile left the gun barrel, cen-
trifugal and air forces pulled the loose end of wire off the
bobbin to begin deployment. As more wire was spun off, the
deployed wire coasted downrange and the projectile slowed
gradually, because of air drag, so that the wire eventually
comes nearly to rest. At 45-150 m downrange, depending on
the type of test, the bobbin impacted into a catcher made of
styrofoam and cotton wadding. Photographs taken during
flight (Fig. 1), the imprint made by the wire on the catcher
face, and the sequence in which the wire pulled off the catcher
face after the test, showed that the deployed wire was thrown
off at the start of the trajectory as planned. Furthermore, as
more wire was spun off it formed a long spiral that was
centred on the projectile, about bore size at the base of the
projectile, and enlarged continuously to about 1 m diam at the
free end of the wire: Superimposed on these spirals was a
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smaller set of waves or spirals that was attributed to the initial
configuration of the wire on the bobbin core. During this
first 45-150 m part of the trajectory the length of the deployed
wire was about one-third of the flight path. On some rounds
the recovered bobbin could simply be cleaned and fired again
since the remaining wire layers were held in place by the
acrylic spray even at the approximately 100,000 g load
experienced during launch in the gun barrel and during
deceleration in the catcher.

When the 40 mm design was fired over the outdoor range,
the launch angle was raised from 0° to about 10° to provide a
nonwire-deploying trajectory of about 2000-3000 m. It was
found that when wire was deployed, the free end, or beginning,
of the wire came to rest at 500-750 m from the gun while the
projectile landed at 1000-1500 m. The reduced distance to
impact was caused by the so-called deployment force of the
wire on the projectile (or bobbin). This was the force re-
quired to pull the wire out of its wound position over the rear
borrelet ring or flange thereby decelerating the wire from the
projectile velocity to the lower velocity of the deployed wire
through the air. As more wire was laid along the trajectory,
the wire slowed toward zero velocity requiring a faster de-
ployment rate that in turn caused a larger force on the bobbin.
In the rounds fired, the deployment force was enough to
reduce the trajectory to about one-half that of a nonwire-
deploying round. All other aspects of the wire deployment
were felt to be acceptable.
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Fig. 1 Aluminum bobbin for 40-mm gun in flight (velocity = 820
m/sec) as 0.20-diam wire is deployed.
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The experience gained from the 37 and 40 mm tests was
then applied to the 3-in./50 caliber guns carried on U.S.
Coast Guard cutters.> The limited tests carried out on this
device indicated that it worked as planned and that it would
deploy wire at speeds up to about 850 m/sec. Once again the
trajectory was shortened by the deployment force of the wire.

Nonrotating rocket-launched bobbins: The development of
a rocket-launched bobbin was undertaken to provide a low
cost and more mobile device. The 2.75 in. Folding-Fin-
Aircraft Rocket (FFAR) was chosen because it was readily
available, inexpensive, and could be fired from the vertical to
horizontal direction both from the ground and from an air-
craft. Also, it had a detachable head that could be removed
and substituted with a wire-deploying head. Although the
specified objectives were not achieved with the rocket head, it
was found that wire could be deployed from inside the bobbins
at speeds up to 90 m/sec with negligible deployment force and
that coils or bobbins could be made to deploy from the inside
and to withstand the approximately 70g load of arocket during
launch. (See full paper for construction details.) It was
also found that the free end of the wire could be tied directly
to a point at the launch site or it could be made to release at
about 300 m downrange. In cither case, only 15-60 m of
wire (depending on the binder used to make the bobbin) was
deployed before the wire was permanently deformed into a
sequence of curls and loops that tightened into kinks causing
the wire to break. The first part of the wire deployed as
planned and the undesirable loops were present only in the
last 2-3 m. The rocket velocity at the time of wire breakage
was estimated at 75-90 m/sec in the cases where deployment
was started at the launch site. Various schemes were tried in
an effort to elimindate the wire kinking problem but none
were successful so it was concluded that deployment of wire
from the inside of bobbins in this device would not work
consistently above about 75 m/sec.
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