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ABSTRACT. The tethered aerological balloon system (TABS) currently
under development at NOTS is designed to maintain a captive balloon
and payload at stratospheric altitudes for an indefinite period of time,
taking advantage cf the region of minimum wind velocity nearly aiways
present at some level in the lower stratosphere. The system consists of
(1) a conventional polyethylene balloon fitted with a self-deploying reef-
ing system to reduce lateral drag; (2) an airborne telemetry-command
package capable of monitoring up to six aerological or other parameters
concurrently (additional packages may be distributed along the tether as
needed); (3) a NOTS-developed glass fiber tether having a tensile
strength comparable to that of steel, at one-fourth the Jatter's weight,
fabricaied iu splice-frec lengthe exxceeding 100,000 feet; and (4) a mobile
ground vehicle from which 2ll functions subsequent to launch can be per-
{ormed, carrying a crew, control winch, and equipment to communicate
with a ground telemetry and command station; the vehicle can run with
the wind to reduce lateral drag loads on ascent or descent. The system
is expected to become operational the fall of 1965, Various uses and
posgible further developments of such a stratospheric moored platform
are discussed, including applications to manned systems.
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INTRQDUCTION

il b ot

In June 1962, a proposal by Mr. Charles A. Smith, of Aerological
Laboratories, Encino, Calif., was brought to the attention of the U.S,
; Naval Ordnance Test Station (NOTS). In this proposal was discussed
the possibility of mooring a balloon at stratospheric altitudes for ex-
tcnded periods of time. The system was coriginally intended to support
a vertical chain of sensors to monitor meteorological parameters con-
tinuously, at a single location, cver a range of altitudes —hence the
acronym TABS (tethered aerological balloon system)., The utility of
such a system, if feasible, in providing a relatively fixed high-altitude
3 long-duration platform for a wide range of geophysical observations was
immediately evident, and Mr, Smith was invited to NOTS for further dis-
cussion of his proposal.
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BACKGROUND

didcd.

Meteorological Data

The feasibility of such a system rests upon the observation that
temperate-latitude profiles of wind velocity as a function of altitude,
such as those illustrated in Fig. 1, almost invariably show a maximum
in the troposphere, followed by a minimum in the lower stratosphere.
In the region of the maximum, generally between 30,000 and 50,000
feet, the wind velocity exceeds 50 knots nearly half the time and not in-
frequently reaches 100 knots. At the minirnum, however, which usually
lies between 55,000 and 75,000 feet, the wind velocity excceds 20 knots
in less than 5% of the profiles studied, and is generally below 10 knots.
The wind direction is, as a rule, reasonably constant through the trop-
osphere, but often changes sharply just below the minimum. The
altitude of the minimum shows considerable day-to-day variation, and
this, coupled with its often rather limited vertical extent, renders its
existence much less evident when profiles are averaged over periods
of several days, or over successive years at the same date,
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Attempis to moor conventional balloons in the tropogsphere under
any but the lightest wind conditions are frustrated by the excessive
drag loads imposed, and flights of any significant duration are imprac-
tical. The use of high lift-to-drag aerodynamically shaped lifting
vehicles alleviates the situation somewhat, but such systems have never-
theless proven unsuitable for flights to altitudes much in excess of 20,000
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FIG. 1, Wind Profiles, NOTS, Week of 14 September 19¢4,

teet. If, however, one can place the balloon in the region of minimum
winds, the drag on the balloon will be much lower; only the relatively
small cross-section tether will be exposed to the high-velocity trop-
ospheric winds, and a minimum total system drag can be maintained
by slight adjustments in balloon altitude. It should, therefore, be pos-
sible to maintain the system aloft for a considerable period of time,
provided that the wind velocity at the balloon remains relatively low,
and does not become unreasonably great at lower altitudes.

Balloon and Tether Design and Analysis

Such a system of course requires balloons of suitable design and
construction to support the vertical and horizontal loads involved and
utilizing materiaie providing sufficient gas retention and resistance to
doterioration under stratespheric conditions to remain aloft for days or
weeks at a time. The former requirements appearcd to be satistactorily
met by existing natural-shape, taped polyethylene balloons, and while
information cn the latter problems is as yet relatively sparse, it ap-
pears probable that current and projected developments in balloon

technology will provide vehicles suitable for flights of at least moderate
duration.
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It is also necessary to consider the properties of the tether employed.
The '"classical' material, music wire, has great tensile strength—up
to 280,000 psi in diame‘ers near 1/10 inch~and more modern steels
are available which are up to 30% stronger. Steel, with a specific
gravity of 7.8, is, however, also very heavy, and even the best alloys
will support their own weight in lengths only up to approximately
110,000 feet. The total tether lengih reguired for 2 balloon moored at
75,000 fcet can easily approach this value, leaving no margin of strength
to mect the additional loads imposed by aerodynamic drag and the ex-
cess balloon lift required to hoid the system erect. One possible
e¢olution, that of tapering the tether downward from the balloon, also
fails, since with Ligh tropospheric winds the tension in the tether ati the
ground or at intermediate altitudes may become comiparable to that at
the balloon.

Since it thus appecars that the strength-to-weight ratio of the tether
material is a critical parameter, it becomes evident that the solution
is to be sought in the direction of the lightweight, high-tensile-strength
materials which have resulted from recent technological advances. It
was found from preliminary analyses that if a material having a tensile
strength of 150,000 to 200,000 psi and a specific gravity of 1,5 to 2.0
could be procured, the stratospheric moored system would becorne
feasible, It appeared that several candidate materials were or would
soon become available which might fall within this range.

In order to assese the fearibility of a stratospheric moo: ed balloon
system in gencral, and to ascertain the balloon 2and tether parameters
required to meet specific wind conditions, an approximate method of
analysis was worked out (sce Analytical Procedure) which involves the
balancing of the vector forces acting at successive points from the
balloon down along the tether to tne ground, the entire system being
presumed in equilibrium. The analytical process yields, for a partic-
ular wind profile, a balloon of specified lift and weight, an assumed
payload, and a tether of given diameter, density, and tensile strength,

a set of {igures for tether tension and angle to the vertical at successive
uniform intervals of altitude. Failure of the system is indicated by

an increase in tension beyond the specified breaking strength of the
tether or an increase in the tether angle beyond the horizontal (in

which case, of course, the tether cannot reach the ground)., i is then
necessary to increase either the balloon lift (and drag) or the tether
strength (and hence tether drag and weight) and repeat the calculation,
until either an equilibrium configuration is found or the ultimate capac-
ities of the balloon or tether material are exceeded, In the former
~ase, the given wind profile can be tolerated; in the latter it cannot,

and such winds must either be avoided, or ¢ountered by improvements in
balloon design or tether material.

Ground Station

The ground station from waich the system is to be flown must
incorporate a winch capable of deploving the system, adjusting its
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flight altitud=> as necessary in order to maintain the system aloft, anc
retrieving the vayload (with tether and ballecon, if possible) at the end
of the flight. The ground station must be provided with data concerning
the wind velocity as a function of altitude. These data might be obtained
from periodic free-balloon soundings during the flight; a much more
satisfactory solution, however, would be (o equip the airborne syaten:
with instruments capable of mezsuring the wind velocity at the balloon
and at various points aloang the tether, and continuously telermetering
thia information to the ground station.

There is a further requirement on the ground station if the system
is to be truly operational. Provided that the ballocon can be maintained
aloft under a given wind profile, the question now arises: Is it possible
to launch the system under such conditions? Analysis, and subsequent
experience, suggest that the syatem envisioned cannot be maintained
erect if the relative wind at the balloon exceeds approximately 20 knots,
at any altitude, If the balloon is to rise slowly, under the control of
the winch operator, the system cannot be launched unless the wind is
below 20 kiiote at all altitudes; such conditions are relatively rare,
occurring less than 10% of the time. If the system is to be flown under
less ideal conditions, other methods must be used,

One possibility is to allow the balloon to rise and move with the
wind as if it were free, paying out the tether as fast as it is needed.
This has two serious drawbacks: (1) The tether reel-out rate may be-
come excessive for any reasonable winch system. (2) The balloon may
be carried so far downwind by the time it comes to altitude that the
weight of tether to be supported may exceed the balloon's lifting capac-
ity.

A more attractive sclution would be to n.ount the winch on a mobile
land vehicle (or a ship at sea). If the vehicle can then move more or less
parallel to the existing winds at speeds up to, say, 40 knots, it should
be possible to launch the balloon and allow it to rise under control to
altitude through winds up to 60 knots, provided sufficient maneuvering
space is available. Even higher winde at specific altitudes might be

tolerated by allowing the balloon to rise "iree'' through the regions in
which they occur,

Preliminary Investigation

The system thus proposed appeared to offer sufficient promise to
warrant further study by NOTS. A large stock of miscellaneous balloons,
acquired in connection with other projects, was on hand; other necessary
materials and equipment were readily available; various areas on
Station offered airspace ciosed to civil traffic, lying above relatively
flat and accessible desert terrain; and several people were experienced
in the handling and launching of balloons. A series of tests was there-
fore undertaken, ueing small (18- and 23-foot) balloons, nylon line, and

a surplus aerial tow target winch mounted aboard a pickup truck.
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No records were established during thesc tests, although successful
flights to relatively low altitudes (approximately 5,000 {eet) werce made,
but a great deal was learncd about the handling and rigging of balloons
for this typc of operation. The mobile-winch teclhinique was tested and
found fcasible, and the design parameters {or the ground vehicle and its
cauipment were established, A considerable amount was learned about
the properties required for the tether and possible methods for ite de-
ployment; and finally a great deal of data was acquired against which
the analytical technique outlined above could be checked, and from which
ecrodynamic parameters, pertinent o the analysis, such as drag coef-
ficients, could be derived empirically.

On the basis of these results, it was decided to proceed with a
program directed toward the development of an operational system
capable of supporting a payload of a few tens of pounds in the lower
stratosphere for as much as a week at a time. Funds were solicited and
procured frorn the Atomic Energy Commission and subsequently from
the Advanced Research Projects Agency, a contract was drawn up with
Acrological Laboratories, and a full-scale dev~lopmental program was
undertaken. This program has led, during the past 3 years, to a
system which is on the verge of becoming operational. The components
of the system, and some of the developments leading to their present
configuration, will be described in the next scction,

SYSTEM CONFIGURATION

OPERATIONAL SITE

During the early stages of project TABS, a number of poassible
operational sites were considered. The requirement of extensive re-
stricted airspace and terrain permiiiing considerable mobility limited
serious consideration to a few large military reservations in the Weast,
and none of these was found to offer sufficient advantagee over NOTS
to warrant the more complex logistics involved. The use of a Navy
vessel at sca was explored and found both feasible and attractive; again,
however, the amount of planning and scheduling involved suggests that
such operations should be postponed until a working system has been
developed and iested.

Of the areas available at NOTS, the most suitable was found to be
the Randsburg Wash test range, an annex to the southeast of the main
tody of the Station, adjoining and sharing airspace with Edwards Air
Forcec Base and the Army's Camp Irwin reservation. Ground usage of
this range is limited, and the airspace is generally available on week-
ends, and by arrangement at other times.

An existing road, extending eastward for 14 miles in the general
directlion (approximately west to east) of the summer tropospheric
winds, and {rce of sharp bends or overhead wires, was graded and
realigned to permit smooth travel of the winch vehicle at speeds up to
45 mi/hr (Fig. 2). While other, more convenient, areas of the Station
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FI1G. 2. Balloon Flight Area at Randsburg Wash Test Range. The mobile launch
road extends generally eastward (azimuth, approximately 80 degrees) for 14 miles

from the balloon inflation site, 1, to its terminus, 2.

have been employed for small-scale tests, Randsburg Wash has becen,
and will continue to be, the site of major operations.

BALLOON

One of the problems familiar to every balloonist —that of preventing
a partially inflated balloon from converting itself into a spinnaker under
the influence of a gust of wind—ic doubly secrious in the case of the
tethered balloon. This is 0, because while a free balloon, once launched,
moves with the wind and tl.us no longer requires restraint, the tethered
balloon may be subjected to appreciable lateral winds all the way to
altitude. A surprisingly simple solution to this problem has been
found, however: A close-fitting sleeve of polyethylene is slid over the
lower three-quarters of the length of the uninflated balloon., Upon
inflation, the balloon assumes an ideal "ball-on-a-stick' configuration
with a taut bubble which resists deformation under a lateral wind load-
ing and exhibits drab characteristics not greatly interior to those of a
! the bubble cxpands,
icient resistance

_______ 1. A~ P = ~ V4o 1

blIlUUUl :sanx C. As the balloon risecs (o altitude and ¢
the sleeve is forced down accordionwise, offering suffi
to maintain the desired configuration.

This system has been tested with static inflations of the 16-, 23-,
and 75-foot balloons cmployed 11. this program, with entirely satisfactory
results. Figure 3 shows the static inflation of a 75-{oot balloon in an
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TIG. 3. Static Inflation of 75-Foot Taped Polyethylene Balloon to Test
pLeployment of Slecve Clutch,

1 A 1 et e BT O oy e g% g

airship hangar at Santa Ana, Calif. The former two sizes have zlso
been flown tethered to altitudes as high as 15,000 feet with success,
using this method (Fig. 7 illustrates a 23-foot balloon so rigged for

a low-altitude test flight, with the balloon more than half expanded at
ground level). In installing the sleeve cluich it is essential to refold
the balloon in such a way that the portion within the sleeve has the form
of a fluted column with the load tapes on the outside and the gore panels
tucked inward, to avoid pinching the envelope material as it emerges

Lo manm i s
irom the sleeve,

gt

wete

A further advantage of this technique is that it provides an appreci-
able enhancement of the vertical ascent rate. With the large free lifts
(often exceeding 60% of the balloon gross lift at ground level) which
rnust be provided in order to support the tether weight as well as wind
drag forces when the balloon comes to altitude, the rising balloon, if
unrestrained, assumes a variety of extremely unstable configurations
which greatly increase its drag and reduce its ascent rate. The sleeve-
clutched balloon, on the other hand, takes con a stable, somewhat
flattened mushroom shape and ascends considerably more rapidly, with
a minimum of billowing and pendulation, This has been verified by
radar and phototheodolite observations of pairs, clutched and unclutched,
of 18-foot balloons inflated to large free-lifts and allowed to ascend
together from adjacent release points. The clutched balloons ascended
at a rate up to 15% greater than the unclutched ones, and exhibited
vertical drag coefficients of 1.2 to 1.6,
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INSTRUMENTATION

As noted in the discussion of the ground station it is desirable to
provide aivrborne wind-speed sensors and telemetry (TM) to relay
wind velecity data tc the ground. An altitude sensor is also of consid
erable utility, especially during the ascent phase, If instrumental pay-
loads are ultimately to be carried, TM channels are also desirable for
relaying data to the grouund, A ground-to-air command system should o
also be provided, to permit voluntary scparation of the payload and x
tether from the balloon if needed at the termination of the flight, and i
to allow switching of modes of operation of the airborne instruments %
to conform to observational requirements. ;

P Py !'“W”!H"""WWW’*MW

'The package represented by the block diagram of Fig. 4 has been
deveioped to fit these requirements. Powered by silver-zinc alkaline
batteries, it provides up to six channels of FM TM on a single VHF
carrier (only two channels are currently utilized, for pressure-altitude
and wind-speed data) as well as a UHF command receiver for mode
selection and balloon cutdown. This apparatus is housed in a glass-
resin-covered foam plastic case 8 1/2 inches sguare and 56 inches :
high, and is carried in the balloon train, the load being transmitted i
through a pair of stcel stays straddling the package. No particular
effort was made to avoid weight; the entire package, with two antennas,
weighs somewhat less than 50 pounds. Two identical packages have been
constructed and tested; they are shown in Fig. 5.

The ground station, incorporating a pair of helical antennas, a
command transmitter, a TM receiver, discriminators for the data N
channels, paper chart and magnetic tape recorders, and meters for -
direct pressure and velocity readout, was originally housed aboard the
winch vehicle. It has since been found more practical to remove the
ground apparatus to a separate location, and it is presently housed
either in a fixed instrumentation site for operations at Randsburg
Wash, or in an air-conditioned mobile van for use elsewh :re.

Commu-
nication with the wincn vchicle 1s maintained by a2 radio 1.nk.

TETHER

A wide variety of possible tether materials was investigated and
teeted. Qf these, the most promising involved a collimated bundle of
glass fibers embedded in epoxy resin, but commercially availatle
apecimens suffered from limiv2d flexibility and brittleness and could not
be procured in sutficiently great lengths., It was believed that these

limitations could be overcome, and the development of a suitable tether
was undertaken at NOTS,

A pilot production line was set up, and experiments were carried
out using various combinations of glass tether and resin, wit! highly
satisfactory results. Specimens were made in diameters ranging from
0.050 to 0.095 inch, with breaking strengths of 800 to 1,800 pounds.
Tensile strengths in excess of 225,000 psi could be achieved consistently
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with occasional specimens running over 300,000 psi. With a resin con-
tent of approximately 20% by weight, the samples displayed a specific
gravity of 1.6 to 1.7, yrelding strength-to-weight ratios and breaking
lengths exceeding those of music wire by a factor of 4, All of these

FIG. 5. TABS Airbome Telemetry-Command Packages, Closed
and With Cover Removed. The cylindrical=vane anemometer

plugs inte the large fitting at the top, next 1o the cut=down squib
comnector. The areroid barometer assembly is mounted on the
fifth shelf from the wp inside the package, The lower six trays
camy the silver-zivc and nickel-cadmium batteries. The antenna
leads extend throngn the bottom of the pachage.
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results could be achieved while retaining a high degree of flexibility,
comparable to that possesacd by stec] wire in similar sizes, This
portion of the tether development culminated with the producticn of a
continuous splice-free length of material 0,065 inch in diameter and
8,500 feet long, with a minimum break strength of approximately 750
pounds. This specimen was used throughout a scries of trial flights
and performed in highly satisfactory fashion.

In view of these results, it was decided to set up a full-scale
production line capable of manufacturing the tether in lengths of up to
150,000 feet. A 20- by 200-foot area in an existing building was parti-
tioned off and partially enclosea with dust-excluding screening and
positive-pressure air conditioning, and the pilot production line was
reconstructed on a larger and more permancent scale. For a complete
discussion, see Tether Development,

While the new facility was being constructed, Owens -Corning
Fiberglas Corporation, which had been supplying the glass roving,
offered to manufacture approximately 50,000 feet of 1,500-pound break-
strength material of basically similar construction. This proposal was
accepted as providing a possibility for conducting intermediate -altitude
teats; Owens-Corning was able, however, to produce a total length of
81,000 feet of material of 0.093-inch diameter testing to 1,650 pounds,
and the entire quantity was purchased. Approximately one-half of
this material has been expended in a series of flight tests to investigate
various methods of handling and deploying the tether.

A number of problems remain to be explored with regard to the
glass-resin tether. One of the most important concerns the making of
attachments to the ends of the tether, which, of course, cannot be
knotted. For tensile tests, hollow metal ferrules are potted with epoxy
resin to the ends of the test specimens, but the curing process is slow,
unless heat is used, and careless handling will allow the sample to
break if it is kinked near the mouth of the holder; a new approach
providing a rapid, secure connection is needed here. For attachmen:
to the winch drum or the balloon load line, a iew turns about a reason-
ably large-diameter cylindrical su~iace provide adeqguate friction to
hold the tether end securely, without excessive local stresses (for the
attachment to the balloon lcad line, a large, lighiweight but rigid
flanged hocp some 24 inches in diameter and 1 inch broad is used, with
the flanges extended on one side to hold a shackle pin to which the load
line is tied), What is needed, however, is a simpile, rapid field technique
for making splices in the middle of the line without degrading either
its strength or its flexibility to any significant degree. Efforts are
currently beirng made to solve both of these problems (see Appendix).

It has been found entirely feasible to embed one or more copper
wires intc the tether as it is being fabricated, at only a slight penalty
in weight and tensile strength. The possibility of also depositing a
conducting outer layer over the tether, to provide a coaxial conductor,
is being considered; such techniques would, of course, be of great
usefulness for supplyiag power to and communicating with an airborne
system.,
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LAUNCHER

Initial experiments imolving a pickup truck with a hand- or
clectric-powerad tov- target winch as a mobile launch platform indicated
that a somewhat more sophisticated system would be required. An
effective, if uniikely, solution was provided by the acquisistion of the
surplus amphibious truck illustrated in Fig. 6 and 7. Six-wheel drive
and large-diamete tires permit traversal of dirt roads and open
desert terrain at adequate speeds with e~cellent stability; extensive
and relatively unobstructed deck space, coupled with a variety of power
takcoff points, provided an ideal base for the winch and tether rigging
required. The mair winch, of 18-i:ich core and 36-inch flange diameter,
32 inches between flanges, with a capacity of 100,000 fcet of 0.125-inch
cable, was specially fabricated and mounted on a framework at the
stern of the truck, The winch is driven through a four-speed automotive
transmission and multipie V-belt by a hydraulic motor. This motor is
in turn connccted to a variable displacement hydraulic pump driven
by the power takeoff cri¢inaily used for the vehicle's propeller shaft,
Meel-in under power, and tydraulic braking of the winch on reel-out may
be controlled independently of the truck's road speed by valves at the
hydraulic=control operator's position amidships, The tether passes off
the winch through a level-wind guice pulley, forward to a second pulley
at the bow, and then back to a final fairlead pulley mounted on a welded
superstructure over the truck's center of gravity, The bow pulley is
supported by a framework incorporating an electromechanical load cell
which provides continuous monitoring of tether tension, and is equipped
with a footage counter; the fairlead pulley is universally mounted and
fitted with a Teflon-bushed lead-out siecve, permitting the tether to
emerge unobstructed in any direction ‘n the upward hemisphere, All
pulleys, as well as the drum core and the lead-out shoe, have a minimum
radius of 9 inches, Maximum recel-in and resl-out rates under light loads
are in excess of 2,000 ft/min, and reel-in can be accomplished at low
speeds against a tether tension up to 2,000 pounds,

Adjacent to the hydraulic-control position is a sccond seat and a
console, originally carrying the ground-based components of the TM-
command systein, but at present fitted with the iransceivers for the
ground-station radio link and a control panel for the intercom system
used by the personnel aboard the truck., These personnel include the
hydraulic and communications operators, the vehicle driver, and one
observer, who is scated facing backward and upward in the driver's
compartment. All personnel 2re: shicided from possible injury in the
event of tether breakage by side and cverhead screens of wire mesh
or clear plastic.

A small auxiliary winch at the extresne stern of the vehicle, t
gether with a guide pulley and lead-oui grommet, provide a means for
initial erection of the balloon und lcad train, and for transferal of the
load to the main tether, A gasoline-dviven 110-volt a.c. generator is
also mounted at the stern, to provide power for floodlights during night

opcrations and any additional instrumentation which may be used for a
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specific operation (all of the basic

6, TABS Maobile Winch Vehicle,

instrumentation for the flight system 18

battery-powered). An emergency mechanical braking system for the main
winch has controls accessib.e from several points aboard the vehicle. A
catwalk and handrail extend aiong both sides of the truck, permitting free

access to all stations.

TESTING

The present configuration of TARS is the result of a large number of
small- and medium-scale flight operations, one of which—~a TM test flight to
5,000 feet using the glass tcther and a 23-{foot balloon—is shown in Fig. 7. Con-

tinuous refinements of components

was indicated by practical experience,

trol have been made to 15,000 feet
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and techniqueg have been made as their need
Flights with the system under full con-
altitude (18,000 feet m.s.l.) using music wire
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FIG. 7. Final Preparations for 5, 000-Foot Telemetry

Chech-Cut Plight Weing 23-Foor Sleeve-Clutched

Balloon, Glass Tether, and Mobile Launch Vehicle.
The balloon is attached to the auxil:ary winch by a
secondary handling line.

tether, while the glass tether has been used for numerous flights to as
high as 10,000 feet, with full recovery ot balloon and payload when de-
sired. Analysis of these {flights has provided hitherto unavailable data
on the aerodynamics of the system, which permit the original analytical
technigue to be extended with considerable confidence to the full-scale
stratospheric flights planned for the immediate future.

The development program is expected to culminate in a series of
two or three flights to stratospherjc altitudes using the present TABS
components and Winzen 225,000 {t°, 75-foot-diameter taped polyeth-
ylene balloons. The first flight will be performed under cptimum wind
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conditions permitting, if possible, a static launch, and will carry
ingtrumentation solely to test the performan+e of the system itself.
This flight will be limited to a few houirs' curation,

One or two subscquent flights will be conducted, primarily to test
the system under more severe wing conditicns requiring a mobile
launch, and it is hoped that at least one of these will be of several
days' duration, A few tens of pounds of scientific apparatus may be
included in the payload for these later flights,

SYSTEM APPLICATION

Plans for the future use of TABS fall into two categories: those
utilizing the prescent svstem for various geophysical research projects,
and thosc directed towerd furthcr development of tethered high-altitude
systems.

GEOPHYSICAL-METEORXLOGICAL RESEARCH

The original concept of TABS involved its usc as a moored, perma-
nent metceorological station. This still represents one of the most im-
portant functions which such a aystem could fulfill: providing a con-
tinuous record of aerological parameters at a fixed point (or series
of points, with sensor packages attached to the tether at various
altitudes) in the atmosphere. In addition, TABS would make possgible
the direct mcasurement of such gquantities as vertical wind velocities
and precipitation nuclei concentrations which are of interest to the
weather modification program av MOTS.

A somewhat related problem is that of atmospheric electricity.
Measurements of the atmospheric potertial gradicnt have hitherto relied
upon summation or integration of a sequence of short, vertical base-
line observations, and have yielded contradictory and nonreproducible
results. A tethcred system using the glass-resin line with one or more
embedded conductors, as mentioned above, would make possible direct
measurement of the aimospheric potential 2s well as its variation with
time, Efforts are being made to develop suitable collectors and measur-
ing instruments, and to test various conducting tether configurations
The interesting possibility of using the atmospheric electrostatic
charge as a source of continuous power is also to be investigated.

TADBS could also be used as a platiorm {or photographic, photo-
electric, and, ultimately, television observations, both of the ground
and clouds below and of astronomical objects above the balloon, The
possibility of using wind-vector forces as a simple source of first-
order azimuthal stabilization for such instrumentation is of great
interest, especially insofar as a stabilized platform would permit
relatively long exposures at high resolutions and narrow bandwidths.

The tethered system also provides an ideal vehicle for long-term
detection and collection of various atmospheric constituents and con-
taminants. With a moderate horizontal wind at the instrument, contami-
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nation by material associated with the balloon, payload, and tether could
be avoided. Suitable collectors and detectors of sufficiently light weight
alrcady exist, and will be employed with TABS for study of atmospheric
moisture, precipitation nuclei, micrometeorites, and organic matenal,

UNMANNED- AND MANNED-BALLOON RESEARCI]

Since the lift of a balloon increases as the cube of its dimensions
while its projected area, and hence drag, varies as the square (similar
considerations applying, of course, te tether strength and drag) the
efficiency of the system will increase with size. On the other hand,
the problems associated with inflating and launching the system, es-
pecially under adverse conditions, will at the same time become more
severe,

Two approaches to these problems are available. The first, and
simplest, is to operate from a vessel at sea, permituing movement in
any direction at reasonable specds. Matching of vessel speed with
wind veiocity will permit vertical inflation of the balloon from a limited
deck space, making a small, fast ship sucih as a destroyer sufficient
for the purpose. It is hoped that this approach can be tested using the
present system in the near future,

To operatc a larger, all-weather system on land, however, it will
probably be necessary to abandon the mobile technique, since the ex-
tensive airspace and ground access required will not be generally
available, and the larger capacity winching system needed would become
somewhat unwieldy. The most direct approach would involve (1) some
method of protecting the balloon during inflation and prior to launch
(several such methods have been proposed in recent years); and (2) a
substantial increase in balloon ascent rate, best achieved by usec of a
low-drag aerodynamic configuration. If ascent rates of 2,500 to 3,000
ft/min could be achieved, a static launch technique would become
entirely feasible, even in the presence of relatively high tropospheric
wind velacities. Experiments are to be conducted at NOTS with small,
streamlined balloon shapes to determine whether stable ascent can be
achieved at such rates, and to develop means for maintaining efficient
aerodynamic configurations over the large balloon expansion range
needed.

The possibility of imooring balloons at altitudes above that of the
wind minimum has also been given extensive consideration. While the
strength-to-weight ratio of the glass-resin tether is certainly adequate
for flights to the highest altitudes which can be reached by conventional
balloons, it 1s felt that the most efficient system would involve deploy-
ment of a high-altitude second stage from a balloon moored at the wind
minimum. The upper stage should combine sufficient buoyant hift to
support itself and its tether in low winds with aerodynamic lift and
control for station-keeping 1n higher winds. Model studics leading
toward such a system could be conducted using the present TABS.

Finally, the tethered balloon system offers an attractive solution
to many of the problems hitherto encountered in manned high-altitude
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balloon operations, egpecially those involving flights of long duration.
The balloon can bLe confined to a relatively limited region of air space,
line-of-sight communications can be maintained, and it might even
prove feasible to conduct resupply operations by "tflying' a small balloon
and payload up along the tether.

ANALYT]JCAL PROCEDURE

An analytical program has been worked out and refined, which
permits determination cither of the balloon and tether parameters
required to adapt the system to a gencral class of wind conditions, or
of the feasibility of flying a given system under a specific wind pro-
file. The procedurc has been simplified to the point where it can be
performed by manual computation in a relatively short time following
a pibal or rawinsonde sounding, immediately prior to a {light. The
vehicle rate profile for a mobile launch can likewise be readily computed
on the basis of a last-minute sounding. Examples of such computations
for the existing system in a recent, typical wind profile are presented
in the following paragraphs.

GENERAL

Figure 8 illustrates the configuration which will be assumed by a
tethered system having the parameters indicated on the right in the
figure, under the wind profile of 17 September 1964 (see also Fig. 1,
where the wind velocity is plotted in knots rather than feet per second).
The procedure is as follows;:

Select balloon flight altitude: A, = 61,000 fect

Select balloon unet lift: Ly = 750 pounds

Deteraine balloon projected area at the given A, Ly, from ballien inflation tables:
Ay = 4,000 ft*

4. Determine wind drag on balloon: Dy = Cpyp (pol'c)"!/’2) Ay = 3.5 pounds
(Cpy = balloon drag coetficient = 0.8

Fadi A

(balloon assumed spherical)

p,= (stmuspheric density at &) = 2.0~ 107 aluga/fi 3
I, = 3.3 ft./sec, both irom rawinsorde reduction)

5. Specify payload weight (including TM-command package, antennas, load line, load ring,

parachute, squib cannons): ¥, = 88 pounds

6. Compute tether angle at balloon by vector resolution:
8, = tan™! Dy /(Ly ~ By) = tan™) 49.4 » 1073 < 017

7. Compute tether tension at balloon:
To = Dy/sin 6, = (Ly ~ Ry )/cos 6, = 662 pounds

8. Seiect first altitude increment: Ak} = 4,000 feet

9. Compute tether length in hj: f] = Ak /cos 6, = 4,000 {eet

10. Compute tether flat-plate area: A} =7.85 f.} 1,000 = 31.4 fi2

11. Compute tether drag force: D} = Cp, (P111°/2) A} = 0.30 pound
(Cpy; = tether drag coefficient = 1.2 (meun value from experiment ¥ theovy)
p; =225 1077 slugs /“3' bl = 8.35 ft sec, both from rawinsunde date
at increment midpoint, 62,000 fect)
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12. Compute tether increment weight: By « 4.75¢,/1,000 = 19,0 pounds
13. Compute lelhtr angle at by = k, ~ Ak; = 60,000 feet
6 = tan~! (T, sin 6, + D)) AT, con 6, - F)) - 0°20°
14, Compute tether tension at Ay:
Ty = (T, 80 0y + D1)/ain 8] = 643 pounde
15. Repeat stepn 1 through 14 for successive incremeats in aliiiudes o
60.000 fect 1o 5,000 feet, final increment 2,656 {eet from 5,000 feet to groun
(2.350 feet)

f 5 000 feet from

WIND VELOCITY, FT-3EC
0 ¢ X 30 40 60 w w0 ° 100

© A A 1 T Ll T T hl
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FIG. 8. TABS Flight Configuration {17 Ssptenmoer 1aum).
From the values of 0 and T thus oltained at each altitude h.n’ a

fhght configuration such as that in the center of Fig. 9 can be plotted
if at any point On exceeds 90 degrees, or T, the tether breaking

strength (1,500 pounds). the system cannot be fiown. In the present
case, a previous computation with L = 656 pounds showed O = 90

degrees at approximately 4,000 feet altitude; the configuration was
redetermined for Ly = 750 pounds, with the acceptable results shown
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in the figure. This protile is, however, close to the maximum which
the present system could tolerate; the balloon is very near 1ts maxi-
mum intlation, while the tether angle at the ground is dangernusly
large. The tether tension, however, is at all points wcell below the
specified miinimum breaking strength. The total length of tether out
is somewhat greater than the presently on hand, but 18 well within the
Iengih scheduled {or production at NOTS,

According to the remaining profiles illustrated in Fig. 1, a flight
would have been marginally possible on the 14th, since although the
velocity at the maximum is soimewhat greater than on the 17th, it is
relatively less below 20,000 feet, and the altitude of the minimum is
considerably lower. The system would encounter no difficulty on the
15th or lo0th, and the vertical extent of the low-velocity region could
permit flights to considerably greater altitudes. It is unlikely that
the present system could have been maintained aloft on the 18th.

It all such calculations the winds are assumed to be constant in
direction. This is, in fact, a reasonably good assumption in most
cases over the region of moderate-to-high wind velozities, and, further,
makes the calculations somewhat conservative since a variation in
wind direction with altitude will reduce tether angle to some cxtent.

Application of the mobile launch technique to the profile of the
17th is illustrated in Fig. 9. If the balloon were to rise {freely, with the
wind, at a rate of 1,200 ft/min (which should be achieved by a well-
clutched balleon having & vertical drag coefficient of 1.5 to 1,6), it would
follow the right-hand dashed curve, coming to aliztude some 28 miles
downwind, and requiring slightly over 30 miles (approximately 160,000
fecet) of tether. The weight (760 pounds) of this amount of tether exceeds
the lift available, and this launch mode is obviously not feasible.

8¢
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FIG. 9. TABS Mobile Launch=-brofile Mawhing Technique.
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If the actual wind profile is approximated by the 5,000-foot-interval
stepped profile which overlies it in the figure, and then a conservative
vehicle-balloon rate differential of 25 ft/sec (approximately 15 knots)
is assumed, the vehicle rate profile indicated by the left-hand stepped
curve is obtained. The vehicle is then driven for periods of 4 minutes
10 seconds (equals 5,000 feet divided by 1,200 {t/min) at each of the
various speeds indicated in the figure, attaining a maximum speed of
60 ft/sec equals 41 mi/hr and following the central dashed curve. The
total road distance covered is 14,6 miles, which is just feasible,
utilizing a section of available road lying to the west of point 1 in Fig. 2.
The balloon, following the left-hand dashed curve relative to the vehicle,
now comes to altitude 13 miles downwind of the end of the road (2, ¥ig.2),
with 18 miles (approximately 95,000 feet} of tether deployed, for & total
weight of 450 pounds. This is quite acceptable, and the balloon would
gradually drift back upwind, with the tether being retrieved under light
tension, until the cunfiguration of Fig. 9 was reached.

Of the profiles in Fig. 1, that of the 14th is too severe; the trop-
ospheric winds are blowing at some 50 degrees to the road direction,
Ziving a cross-wind component of some 40 knets, Even if the wind
were blowing along the road, the 58-knot maximum would require ex-
cessive vehicle speeds, unless the rate differential were allowed to
approach 20 knots. On the 15th the winds, although relatively low, are
at sorne 80 degrees tu the road direction, making a mobile launch
impractical. Free ascent of the balloon from a stetic ground point
would, however, consume less than 100,000 feet of tether, and would be
feasible.

The profile of the 16th offers some choice: The balloon could be
let out un.’'er control from a static position to 40,000 feet, and then
allowed to rise free to approximately 50,000 feei, or the mobile launch
method could be used, with the vehicle vate profile matched to that of
the wind velocity, the vehicle remaining more or less directly below
the balloon during the entire ascent, On the 18th, again, launching
would prove impossible,

It can be seen that, during the week under consideration, the system
could be launched and maintained aloft over a full three days, from the
15th through the 17th. This is a fairly typical pattern: a racent study
indicated that of some 83 days during June thrbugh Scptember 1964 on
which soundings were made, static launches could be made on si1x, and
free-rise or mobile launches on 22, for a total of 34% of the days con-
sidered. Simularly, the system coul” Le maintained aloft on 58, or 70%,
of thedays studied, many of these {alling into groups of a2 week or maore

DRAG

The various drag cuefficients used in these calculations have been
derived from analysis of flights to altitudes of up to 15,000 feet (and to
50,000 feet for the ascent rate observations with free balloons). They
are at least plausible when compared w.th theoretical calculations and
the limited experimenial data obtained elsewhere, and there is no
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evident reason for doubting their applicability at higher altitudes. The
empirical drag coelficients for the balloon, 0.7 to 0.8 lateral and 1.2

to 1.0 vertica?l, lie between the values for a2 smooth sphere (0.5) and a
circular flat plate (2.0); the higher figure for vertical drag evidently
results from the observed flattening of the balloon crown at high ascent
rates.

The assumed tether drag cocificient of 1.2 1s somewhat more com-
plex. Strictly speaking, an element of the tether should be considered
as an inclined cylinder subject to normal and parallel drag forcee as
well as 1ift, and three coefficients should be employed. 1t appears,
however, that by using a single drag coefticient and utilizing the total
flat plate area (not just the component normal to the wind) of the
tether, a reasonable approximation to the actual forces on the tether
can be obtained, permitting a great simplification of the calculations; 7
the drag coeificient thues determined falls in the range 1.1 to 1.3, :
Parallel (skin) drag is found to be neghigible except at high tether in-
clination angles, which in the normal TABS configuration occur only -
near the ground. Lift forces, which will be negative and thus equivalent =
to an excess *t:ther weight, are significant principally at intermediate
angles, again encountered at relatively low altitudes. Normal drag
coefficients based on Reynoeld's number calculations for the prevailing
velocities and tether dimencions range from 2.0 at 10 ft/sec at 80,000
feet to 1.1 at 10 ft/sec and 0.8 at 50 {t/sec at the ground (at 1 ft/sec at
80,000 feet the coefficient can reach a value of 6, but the drag force
at such a low velocity and atmospheric density is negligible). The
assumption of a drag coefficient of 1.2 applied to the total projected
area of the tether results in general in a moderate overestimation of
the tether drag force, which offsets the effect of neglecting lift forces :
upon the derived values of 0 at intermediate altitudes, and somewhat
overcstimates the tether tension, Similarly, near the ground the cal-
culated drag is considerably in excess of the actual normal drag, which
probably overcompensates for neglect of parallel drag. The result is
a relatively conservative assessment of system capabilities which should
suffice for the present; actual high-altitude flight data will uitimarely
provide more precise information on which a more detailed and accurate
analysis can be based.

ook By 4T

sl

TETHER DEVELOPMENT

BACKGROUND

The first report on the development of a balloon tether covers the
time from early 1963 to the present. The desirability of a very-high-
altitude tethered metcorological balloon had previously been indicated,
and a region of relatively low winds at an altitude ot from 55,000 to
80,000 feet had been identified.

It was estimated that in order to reach this altitude a balloon tether
100,000 feei Jong would Le required. Aerodynamic stabiiity of the
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balloon indicatec a net 1ift of about 800 pounds, and the balance between
aerodynamic drag and tether weight resulted in a relatively constant
tension. The usual balloon tether material had been steel wire or
nylon cable; however, even the best of these materials can hold their
own weights to a length of only about 120,000 feet, to say nothing of
supporting the net lift of the balloon. These considerations led to the
use of reinforced fiberglass for thether.

PRELIMINARY INVESTIGATION

- A r-quest for technical proposals asked that information include the
services, labor, and materials nccessary to design and fabricate cable of
nonmetallic materials, two samples of 100,000 feet cach, meeting cer-
tain specifications and having a minimum breaking strength of 1,000
pounds.l The principal specifications were that the cables furnished
have a2 minimum breaking strength of 140,000 psi, and that the cable
suppo:i 90% of the load while wrapped around a radius of 100 tether
diameters for a period of 72 hours.

Responses were received from three firms. One company was
producing a polyester strand rcpe called NOLARO (no lay, or twist,
to the cable); however, the breaking strength of polyester cannot pos-
sibly be made high enough ¢ meet outlined requirements. Another {irm
with no experience at all in this field offered a proposal that would not
meet the requirements. The third respondent was the New Plastic
Corporation of Los Angeles, Calif., which had been producing a glass
fiber-epoxy rod to be used for guy wires for radio antennas.2 This ma-
terial NUPLAGLAS, was recommended {for the tether. However, althcugh
New Plastic Corporation was considered to be technically qualified to
produce ballcon tether, it was felt that a better material might result .
from pilot production at NOTS. h

In the meantime, several attempts were made at NOTS to make
small pieces of tether by pulling glass strands through eyedroppers,
impregnating glass strands in silicone rubber molds, and other exper-
imenis of this type. None of these efforts was very successful, although
some test samples were made by the eyedropper technique, For in-
stance, one setup featured a spool of glass, a small tubular muffle
furnace, and a crank that pulled the glass strands through a simple
device to impregnate them. Then, because at that time a fast-sctting
resin was not being used, the resulting strand was hung up to cure,

A sample of collimated B-staged glass epoxy tape with 80 ends of
""S'" glass was acquired from Douglas Aircraft Co. This tape was
doubled to produce 160 ends and pulled through an eyedropper to make
a tether. A tensile test of one of these handmade tether pieces yielded
a breaking strength of 1,394 pounds. Other specimens having 210 ends

1
Letier, U.S. Navy Purchasing Office, los Angeles, Code OP4:al, Schedule 32114, Serial 6775,
dated 22 Apri! 1963,

2Mcmornndum, from Dr. S, D. Elliow, Jr. to CDR T. A. Cassin; subject, Technical Evalua-
tion on PR 5020 1449 Technical Proposals (IFB=-123-413-63); dated 6 June 1903,
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of glass yiclded breaking strengths ranging trom 1,130 to 1,556 pounds.
However, these were outstanding exceptions to the general rule that

it was not possible to make satisfactory tether specimens in the lab-
oratory.

DEVELOPMENT AT NOTS

Inmitial Facility Setup

NOTS had had previous experience in working with fiberglass and =
epoxy in the design and construction of small, filament-wound rocket
motors, and it had been concluded that a more flexible epoxy w--ld be
beneficial as far as the physical properties of these motors were con- -
cernca. Early in 1963 a mixture of Shell Epon 812 and 8§28 was found =
to produce an cpoxy resin of good strength and flexability. However,
it was stll not known how to cure this resin at the speed required for 3
high rates of tether production. The Thompson Aeroballistics Lab-
oratory was chosen as the place for producing the tether, because its
650-foot length made it possible to cen.emplate a feasible production 2
rate. First efforts of production in the Thompson l.aboratory were with z
a completely homemade setup of dies, ovens, and take-away reel. This >
first tether production line was almost completely handmad~, and its
design followed several basic concepts.

The most important requirement was that the glass be kept as iree
as possible from abrasion and bending while it went through the line,
especially before it had had resin applied to it. Second, equal tension
was to be applied to all strands. Third, the entire line was to be
symmetrical; all of the glass fibers would travel the came distance
while going through the line and ideally would require a ¢reel on which
the spocls of glass would be disposed in a circular array, since they
are disposed in a circle in the finished rods.

4
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Since the glass being used was in the form of spools having 20 ends
per spool, only six or seven spools were needed to provide the amount
of glass for the tether. Therefore a simple frame was designed (Fig. 10)
in which the spools were set as closely together as possible and in such
a manner that the tension in the glass would be provided by the weight
of the spool rubbing on a plastic button underneath the spool. From
this tension rack the fibers traveled at a slight, downward slope into
tk2 impregnation device, which was a tub in which a roller directed
the fibers through the resin. From there the tether went ints a pre-
curing or preheating oven (this preheating oven as finally built consisted
sitaply of a piece of 2-inch steel conduit with an electric blanket fitted
around the outside)., Coming out of the preheating oven the fibers went
through a sizing die {a hole drilled into a piece of steel) and into a long
post-curing over {again a series of 2-inch steel conduits with heaters
around the outside). The take-away reel was mounted on the floor
about 50 feet away from the end of the curing ovens.

et i e o bl Ry D . OB B i e o S b

The first setup utilized the weight of each spool of glass to provide
tension by mounting the spool on a relatively easy-turning spindle, with
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FIG. 10, Arrangement of 20-End Spools.

the spool's weight bearing upon a plastic button. It was soon discovered,
however, that an aluminum disk riding 0a a2 Teiflon, polyeihylene, or
nylon button created too much drag, and a Teflon disk was interposed
between the aluminum disk and the plastic butten. The final combination
was a Teflon disk riding on a polyethylene button. Problemnis were

still encountered with this arrangement, however, because the glass
fibers would spin off the outside of the apool when not under tensign

and would end up between the disk and thie button.

Fiber Handling Methods

Although some of the better samples of tether were made using
20-end roving, continual difficulty was vsperienced with what s known
as catenary, that is, individual strands which made up the 20 ends of
roving were not in fact the same length or under equal tension when
the roving as a whole was put under tension. This was evidencad by
individual fibers actually popping out of the tether after it had gone
through the production line, Therefore it was decided to switch over to
"single end' glass, that is. each spool of glags has only one end of 204
filaments instead of 20 ends.

The single-end spools are 'milk bottle" shaped, larger ai the
bottom than at the top. The strand o. glisx 1& wound on this spool by
a device that looks something like the baie en a full-bale spinning
reel, which travels from top to bottom all 12 way around the outside
of the bottle. Standard industry praciice in applying tension to single-
end strands is to take the glass straight oif the top of the bottle, un-
winding it naturally under no tension. The gla:ts is then run through a
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tensioning device which may consist of a pa‘r of rollers tornung a
capstan, or it is led through another device which looks like a wheel
split through the middle, muach like an adjustable V-belt pulley. When
tho gla;;:; ‘.‘.'!:dg’\‘S deown hetwoen the two halves of this S})lil wheel, the
tension is applicd. These tyues of tensioning devices were not used

at NOTS becausce they both ivvolve a considerable amount of flexing
and rubbing of the glass whiie 1 is stuill dry. Instead, it was decided
that the single-end spools wouid be mounted with their axes harizontal,
and a moechanically adjustatic brake would be provided.

In fairness to idusgtr; .t wihiculd be pointed out that the NOTS con-
cept of unrolling the gless irezily from the speool also involves a
certain amount of abrea'on. Waryr the glass is wound on a single-end
spool, at least with a teirvly close level wind, any tensien placed on it ,
will tend to pull the glass down betv.een the other layers of the spool
and cause abrasion. No difficulty has been encountered, however; the
glass scems to feed otf the spool quite smoothly.

When the production line was changed from Z0-end to single-cend
roving, the number of the ¢nds in the tether was increased to 150, In
order to provide a more cven dispersion of spools around the center
of the line the 150 spool holders were arranged on tive vertical
supports which were then lucated in the arc of a circle about 30 feet
away {rom the resin applicator, This arranged the spools in a rectan-
gular grid rather than in a circular one (Fig. 11). A tensioning device
for single-end spools was developed on the basis of tests conducted on
a pilot model. Basically, tension was applied by means of the friction

WERC A

FIG, 11, Arrangement of Single~End Spoels.
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between a Teflon insert which was pressed into the base of the spool
carrier and a felt washer which was compressed beneath this Teflon
insert and the aluminum base in which the spool was mounted. A
spring bearing on the other end of the spool maintained the pressure,
The compression of the spring was regulated by the amount ihat the
central mounting shaft was scrcwed into the aluminum mounting plate
(Fig. 12). Tl.c only real difficuliy encountered during the installation
of these tensioning devices was caused by nonuniformity of spool inside
diameter, which caused the Teflon inserts to bind on the shafts. This
difficulty was eliminated by hand-reaming the individual inserts after
they had been put into the spools.

While it was felt that there were advantages to he gained by using
single-end glass in that better tension control was achieved, catenary
was elimirited, and in case of a break, minor loss of strength would
occur, the prospect of stringing 150 separate ends of glass to a single
orifice caused some apprehension. However, no difficulty was encoun-
tered; when iiber breaks naccurred it was quite simple to start the
broken end into the process by merely draping it cver one of the other
ends which was traveling into the gathering die and then exercising
a certain amount of care until the fiber had progressed far enough into
the production line so that it was aligned with the other fibers and could
pull its own way along.

However, there were some problems connected with the glass it-
self. For one thing, the first shipment of single-end glass was very
poorly packed; the spools were simply put into an open cubicle inside
a box and were not protccted from impact in any way. As a result,

FIG. 12. Single-End Spool Mounting,
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many of the spools arrived bruised, dented, torn, or cracked and could
not br usced, They were all more than 3 months old, and the HTS {inigh
was partly cured.

Fiberglass is poesently produced and packaged by methods largely
inherited from the textile industry. The 20-end roving is wound onto
the spool by having a spool turn, and the individual ends of this roving
have a maximuni ot about one twist per foot of Ienyih, Thig twis:
simpiifics handling in the producing plant. On the oiner hand, the
single-end glass is wound onto the spool by a differ-nt process, whiach
results in the glass having one twist per inch. This hagh degrece o1
twist, besides causing some undesirable properties in the finished
tether, has causced continual difficulty in the production of tether, in
that these single ends hike to twist one upon the other in the arca from
the spool to the gathering dic.

Fiber Invpregnation Methods

It was realized that satisfactory imp egnation of the glass {ibers
could not be achieved by simply pouring the resin on the glass as the
fibers went by, because the 150 ends of glass contain 31,200 separate
fitaments, Usual practice in industry is to usec a relatively thin resin
and to allow a rcasonable period of time for the resin to soak its way
into the interstices between the glass fibers, Alternatively, the laminate
is flexed, rolled, squecegeed, or otherwise mechanically manipulated
to force the resin between the fibers. Rather than uulize such mcchan-
ical methods, it was hoped that good impregnation could be achieved
by applying resin to a rather loose bundle of fibers and then running
the fibers through a die to apply pressure,

The first production line had to be assembled as soon as possible,
however, and the initial impregnation device consisted simply of a
lavge plastic roller riding in the tub through which the fibers ran
(Fig. 13). A modification to this concept, used during the winter of
1963-1964, involved a picce of heavy aluminum foil which was slipped
over a steel die so that a pool of epoxy resin might be maintained
around the fibers in front of the die. In this way the glass {>ors first
touched the resin and were coated by it before traveling in:o the die
(Fig. 14). The disadvantage of this mcthod of operation was that the
glass fibers were all gathered together into one .olid rod before being
impregnated or heat-treated. In an attempt to imorove this situation,
a polyciiylene disk with four holes in it was insc ced before the
pathering die so that the fibers entered the impregnation device 1n
four svyzrate bundles instead of one. Generally good quality tether
was ma:ac ivem this, but the nolvethylene separator apparently also
functioncd #s a coating device and put a skin of polyethylene around
cach onc of the four separate bundles. The bundlies then separated
easily after tia tether was cured.

The concepts just discussed were feasible for use with the 20-end
roving becausc vhe tension device, the strands of glass, and the tube
or tub which held the resin could all be tipped up from the gathering
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F1G, 13, Initial Impregnation Tub.

FIG. 14. Resin Bath and Die Setup.

die. In this way the resin could be held in the bath. However, the
single-end spools were disposed horizontally at the same elevation.
The centers of the spools were at the same elevation as the gathering
die, and therefore a slanted holder could not be used for the resin
pocl. To better impregnaie the tether material and to remove air and
cther volatiles by applying a vacuum, a new method, that of separating
the glass into many bundles, was attempted. This method utilized a
spray ring (Fig. 15) to provide at least a temporary coating orf resin
on the fibers, a large gathering die into which was interposed a metal
spreader, and a tube which would be full of resin and would be closed
off on the downstream end by another combination of metal outside die
and inside spreader., The vacuum was to be applied in the steel tube
which served as a preheating chamber. The glass fibers would be
gathered into a rod while in vacuum, thereby minimizing the chance of

trapping air or other volatiles inside the rodof fibers. The resin would

be pumped from the resin tank by a Zenith metering pump to the ring
which surrounded the {ront of the cone.
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When this concept was tried cut, the pump did not deliver ¢nough
resin to provide any sort of spray from the spray ring; the heavy,
rather viscous epoxy simply ran down the cutside of the ring. The
resin delivery pipe was then rerouted so that it discharged just above
the gathcring die. Next it vas found to be impossible to seal the up-
stream end of the vacuum chamber satisfactorily if the spreader and
die were uscd together; this setup was changed to a single round die
just big enough to admit the glass so that most of the resin stayed be-
hind in the tank. This system was workable.

However, the tether was still not of acceptable quality, and there-
£ fore a third tank was interposed between the resin tank and the pre-

' heater oven which was in esscnce a cold vacuurn chambuer in which
the fibers were spread apart by a rod having an elargement in its
center. The i1dea of this was that half the fibers would be led into

one side and half the tibers into the other and they would be spread
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apart while under vacuum, but in spite of a great deal of care in thread-

ing up, the fibers still crossed over from one side 10 the other, snarled

thernselves upon the rod, and broke off inside the chamber., This 1dea

F then had to be abandoned. The resin tank ond vacuum tank were sep-

; arated to cut down the amount of resin waich leaked into the vacuum
tank. Fairly satisfactory tether was made with this arrangement. low-
ever, the vacuum achieved inside the vacuum tauk was still niot ncarly

. high encugh to achieve good results.

PR

Finally the units of the line were separated so that the resin was
applied as the glass fibers passed through a tank on which was mounted
an ultrasonic vibrator, and the excess resin was wiped off. The Iaminate
was then preheated in an open oven, passed through a rather small
vacuuin device in which a high vacuum was maintained, through & coat-
ing device to replace the resin which had been sucked off the tether by
the vacuum, and then through a sizing dic before going through the curing
oven. The performance of this vacuum devolatilizer 1e excellent con-
sidering that the tether rod spends only about 2.6 second inside the
vacuum. The latest syatem (Fig. 16) is slightly longer and includes
provisions for reapplying resin to the surface of the rod and for a final

steel sizing die.

- Impregnation Material

First runs were made with a mixture of 130 parts Epon 828, 15
parts Epon 812 (added to make the tether more flexible}, and 5 parts
catalyst "A." However, even with this relatively slow catalyst a great
deal of difficulty was encountered because the resin would set up before
it could be muade into tether. The second resin system used had the
same proportions of Epon 828 and 812, with three parts of a catalyst
called boron trifluoride-methylethylamine, or R¥3MEA, also called
BF 3-400. This catalyst has the admirable property of having an
extremely long pot life at room tempevature. With Epon 828 it has a
pot life of about 6 weeks, that is, it takes that long for the viscosity to
become so high that the resin 1s not usable. On the other hand, at

. elevated temperatures tng r¢sin curcs ;umplctCly in 2 matter of min-
utes.
RES it APPLICATOR AND TO VACULR PUMP
~. GATHLR ING DI
- \ VACUUM CHAME’R
Q\, / ULIRASONIC VIBRATOR .'/ RES N TAN TARE-UP
i REiL
i
ES— \\ JL o morane o
- i Nrans iy’
- DK(INIAN
"’; W .n—1 }-10»1-1/p—1m——1 e L e o (LA
- 7 mesiv T
- = WIPING DIt IseaLtnG DIE SIZN DI
8
»F —
FIC. 16, Final Curing Sequence.
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Almost all of the successiul running at first was with the 20-end
roving and this particular resin biend of Epon 828 and 81¢; however,
il was noticed that with this iether the resin had a rather low heat
distortion temmperature. It was felt that this lack of heat resistance
would lcad to trouble when the tether was deployed from a vehicle in
the desert sun. At this time, information was received from Shell
that Fpon 812 in a liquid state is mutually soluble with water, and this
raisced a possibility that the finished resin would have enough water in
it to cause problems with steam evolution during curing of the tether.

I"or these recasons, three scparate resin systems, 100% Epon 828,
100% Epon 826, and 100% Epon 815, were tried with the BF3MEA catalyst;
howcever, all three systems proved to be too brittle, that is, the finished
tether was not flexible enough for practical use. Shell representatives
sugpested that the addition of Epon 871 (replacing Epon 812) might
improve flexibility, After some preliminary experiments a blend of
100 parts of Epon 828, 10 parts of Epon 871, and 3 1/2 parts of BF
catalyst was used for the balance of tether runs. The amount of BF,
was changed several times until a satisfactory balance between cure
tinie and strength was achieved., (Table 1 summarizes run data.)

TABLE L. TETHER PRopUCED AT NOTS USING §-994 GLASS FIBERS

Glass type, Total no. ] Mean Ultimate breaking Date
Hesin iy pe . .
vhds of ends diameter, in. strength, 1h preduced

20 140 Ypon 828 0 090 1,416 - 1,486 10.63
20 130 Fpon 815 090 1,434 - 1,450 10 63
20 130 F pon 828:812 090 1,718 11 63
20 130 F.pon 815 090 1,474 - 1,500 12 63
20 140 Fpon 828 [HI4) 1,400 - 1,492 1263
20 T t.pon 828812 069 1,120 12 61

20 jao De. 065 978 - 1,104 12 03
20 80 De:. 000 750 - 9014 1 64
20 0 Na 062 787 - 858 3'6%
Ningle 139 1o, 08 ¢ 1,390~ 1,425 9 6%
Do 147 Fpen 828 .085 1.401 9 61
Do 150 Fpon 8284871 .0ng 1,546 - 1,570 11 o4
Vo, 150 Do R 1,600 - 1,625 1264
No ¥ 130 No 0.0890 1,550 - 1,510 155

a ) R
Production run of 26,000 feet

Curing

The cure time wvas regulated by changing the pull speed, noting
the color difference in the {inished tether, and correlating this color
with the test results on samples taken from the run. With the present
resin hlend and with the heater set at maximum temperatures, the best
results have been achieved at a production rate of 24 {t/min.

The post curing is accomplished by running the tether through a
series of five 10-foot lengths of £-inch conduit, three of which have
electric heating blankets around the outside, and two of which are simply
insulated. The temperature in the ovens is kept uniform by means of
a small blower which moves air from the upstream end down through
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the series of hcaters and out the back., On a typical run at 24 {t/min,
the preheating oven, which is 10 feet Jong, is set at 400°F, with the
post-curing ovens at 450 to 500°F., hesin temperature at the impregna-
tion hath is about 150°F., The {inished tether with the Epon 828-871
blend is between a light amber and a straw color. It is wound onto

the take-up drum about 60 feet downstrcam {rom the end of the curing
Qven.

The tether is generally started up by manually pulling ilie dry
glass through the resin impregnator and die, t' 1t is, before the resin
is put in, and then enough slack glass is pulled through so thut it can
be attached to an old piece of tether or suitable fish tape 25.d conuected
to the take-up reel.

Tether Size

Initial runs were made with a Teflon sizing die containing a fairly
large percentage of graplrite; however, this die wore muc!: too rapidly.
{The Teflon die at the dowrstream end of the vesin tank which wus
originally ©.094 inch wore to 0.137 inch during the course of a 24,000-
{foot run.) Subsequent runs were made with a die of mild steel, and
this die was used to make the original long run of 12,000 feet in the
spring of 1964. During this run the die increased in diam2ater by 0.003
inch. Next, BTR (Bethlehem Tool Poom) steel was used. This steel
was not ha lened, but subsequent dies have been made of hardened
BTR steel, This hardened steel die has been used for all runs from
September 1964 1o the present with no measurable wear., It secms
safc to conclude that this material will make a satisfactory die, and it
is planned to use it in the final setup.

In early runs a phenomenon known as blossoming or blooming,
was encountered in which the tether increcased in size after it left
the sizing die. Most of this increase was cauced by the expansion of
gases trapped inside the tether, created by the formation of bubbles
as the glass {ibers moved through the pregnation tank. To solve
this probluin, heat was applied te the resin tank (currently it s
operated at avout 150°F), and a small vibration transducer was attached
to the outside of the tank. When the vibration irequency is 40,000 cps,
bleossor.ing is virtually climinated behind the sizing die, and the size
of the tether actually decreasces,

In many runs the sizing die served as a guide, or an applicator
of extra resin for the outside of the tether; the size of the tether is
really determined principally by the number of ends and the resin
content, rather than by the size of the final die. For instance, tether
$.080 inch in diameter has been made irom a dic having a diamecter of
0.082 inch.

Take-Away Drum

The take-away drum for most of the tether runs has been a coa-
verted naval winch having a 2-foot core diameter, driven by a variable-
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speed drive. As originally sct up, the unit had a level winding device,
but the lcad on this level winder was about 5/8 inch per turn. This,
coupled with the diameter of the tether, which of course is less than
1/8 inch, resulted in considerable damage 1o the tether becausuc of
crossovers as succeeding layers were wound on, This take-away unit
was modified by a small handmade gear box to achieve a mintmum

lead of 0.0990 inch, which gives reasonably good results. The longest
run to date has resulted in 12 layers on the drum, In balloorn launching,
the tension is approximately eight times as much as the tension used

in making the tether; therefore the tether may pull down into underlying
layers during laun hing.
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Appendix

SPLICING AND END FITTING TECHNIQUES

1LAP SPLICE

ldeally, a splice should change neither the size nor the stiffuess
of the tether and should support the same tensile load. A straight-
forward way to approach this goal is through the use of a beveled joint,
in which the ends of the tether are cut at a shallow angle and glued
tugether. Theoretically, such a joint would develop the full strength of
the tethcr if the bevel were 75 diarneters long.

For the first splice a clamp held the tether so that its end could
be beveled at an angle of 1 1/2 degrees with a razor blade. This angle,
the shallowest feasibie to make in a steel jig, produced a lap only about
Z inches long. Furthermore, the thin end did not readily stay in its
groove. After gluing, this splice broke at a stress of 770 psi.

In an attempt to strengthen the joining area, extra glass fibers
were used; however, joints usually {ailed in the resin layer between
the reinforcement and the original tether. In a few instances the out-
side "'skin' of the tether pulled off, and two of the sample splices were
still intact when the tether itself failed. These latter splices were
hand-cut to a long taper, and the tether surface was carefully cleaned
and reinforced for a distance of 8 inches. The reinforcement was held
firmly 1n place by a sleeve of heat-shrunk plastic tubing.

The minimarn length of the skive splice should be 75 diameters on
either side of the center {assuming that all of the load is carried by the
reinforcing materiai), or 12 inches for an 6.080-inch tether, With the
same amount of glags in the reinforcement ag in the tetuer, the over-
all diameter will be 1increased by 41.4%. The 0.080 -inch-tether splice,
with an 0.020-inch polyolefin tubing, will have a diameter of at least
0.153 inch and a length of at least 12 inches,

Technique for Making Lap Splice (0.080-Inch Tether)

Split the tether about 8 incheg from the end, and cut off the thinner
half. With the cut surface up, bevel the ond of the split about 4 inches
and bevel from the split section into the full tether section about 4
inches as shown in Fig. 17. (This will provide a 12-inch lap.) Prepare
the other piece of tether to be spliced in the same way. Clean the zuds
with solvent for a distance of at least 18 inches., (After the tether is
cleaned, gloves should be worn for ail operaticens.)
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F1G. 17, Tether Preparation for Lap Splice.

Place a short (about 4 inches) piece of shrink tubing over each
tether ¢nd and slide it away fromn the splice area. Insert 6 feet of
fiberglass ends (about 160 ends) tiirough 24 inches of shrink tubing.
5lide this piece of tubing containing the fibers onto one end of the splice.
Claiap the tether ends so that the laps match. Coat the cut surfaces
witiy a thin layer of epoxy resin, and bind the laps together with glass
thread, Lay the glass fiber reinforcement extending from the 24-inch
tubing along the top of the splice joint and soak with resin. This soaked
fiberglass should extend at least 6 incthes on each side of the splice.
Hold the tether and push the tubing over the splice, using a slow twist-
ing motion to distribute the fibers around the spliced area.

Use a heat gun and shrink the tubing from the center taward each
end, Trim off any extending ends of glass fibers, slide the short lengths
of tubing over the splice ends, and shrink. The total length of the splice
area is approximately 24 inches.

Suitable resin systems are (1) Shell Epon 828 with 10 parts Epon
8§71 and 10 parts DET per hundred; {(2) Dow DER 335 with 10 parts DET
per 100; or (3) either (1) or (2) with 3 1/2% BF3MEA substituted for
the DET, (1) and (2) cure in 8 hours at room t€mperature. {3) has a
pot life of several weeks at room temperature and may be premixed,
or it may be cured by application of high temperature (240°F) for a few
minutes, The relationship between curing time and curing temperature
is exponential.

SPLIT END SPLICE

A splicing technique which relies upon mechanical interlocking
has also beer developed. This splice, with guitable reinforcing, is
shorter than the lap splice and is more reliable. It has exceeded the
strength of the tether many times. However, it is also muclh bulkier
and sti{fer than the lap splice, and is usually more than twice the
original tether diameter. Because of these deficiencies this technique
is rot being used, although a description follows.
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Technique for Making Mechanical Splice

Split each tether end to be spliced into fourths for 8 inches, Bevel
the split ¢nds for a distance of 3 inches. Clean the ends with solvent
and install reinforcement and shirink tubing as for a lap splice. Spread
the cut ends with scrap pieces of tether and clamp the ends to give a

total ov (_rlap of 13 1nchcs (Fig. 18). Interlcave the split ends and bind
them with glass thread. Complete the splice using the samme meihod

used in the lap splice.

F1G. 18. Tether Preparation for Mechanical Splice,

END FITTINGS

Most of the end fittings used in testing tether samples have relied
on a mechanical lock to hold the end of the tether. The tether 1s led
through a small hele in a mild steel fitting, the end is split into quarters,
and a wedge is inserted in the split end to prevent its pulling out
(Fig. 19). The space between tether and fitting is then filled with epoxy
resin. This holder has performed very well for injtial testing.

TAPE CUF 3 16 i, INSIDE DIAMETER 141N, INUIDE DIAMETER

/YETHER

80 ENDS OF GLASS THREAT MILD STEEL

THREADED END/

TETHEX SPLIT IN FOURTHS

71G. 19, Tether End Fitting,

When this holder was usad for uniaxial fatigue tests, premature
failures were accompanied by heating in the certer of the holder and
evolution of povdered epoxy from the end of the holder. A rough
¢ V'culation showed that the ciongation in the 5-inch length amounted
to 0.15 inch., Since the resin thickness at the narvrow eond of the helder
is about 0.023 inch, the resulting shear strain was 700%—1{ar too
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much. Scveral holders were modified by enlarging the 1/8-inch hule
to 3/16 inch, climinating the heating problem., These modified holders
Lave since been used for tensile and crecep tests with good results,
although the resin often cracks at the end, since the shear strain is
still about 300%.

Better results and casier specimen preparation result {rom using
80 ends of glass roving laced through the split ends and wrapped
around the tether as 1t emerges from the holder., A ficup't of tape is
then wrapped around the holder, which is {illed with resin before in-
scrtion of the tether e¢nd.

The tether has been subject to breaks at the holder because of
the tendency of tether made from all-the-same-twist glass to unwind,
The ends of 2 specimen 12 inches long have been observed to rotate
90 degrees relative 1o the holder during a tensile test, This places a
very high stress concentration where the tether enters the holder.

‘The holders used in testing have been made of steel, because this
metal will withstand the temperature needed to burre out the epoxy
resin after each use. Alumiinum, having a lower modulus of elasticity,
would make a more compliant holder, and a holder made of glass-
reinforced epoxy resin would be even better. Such a holder has becn
uscd for test work at the University of Nevada. Except for a tew
failurecs caused by unwinding, this holder has developed the strength of
the tether up to 1,800 pounds.

TR

Lot

gt i




TECHNICAL PROGRLESS REPORT 398

INITIAL DISTRIBUTION

£ ANlowrn
1 jvava

i3 Chief, BDurcau o
DLI-31 (2)
PwWSs-13 (1)
R-12 (1)
R-13 (1)
R-21 (1)
RAAV-34 (1)
RM (1)
RMGA-41 (1)

RMMP-23 (1)
RMMP-43 (1)
RRMA (5)
RRRE (1)
RSWI (1)
1 Chief, Burcau of Ships (Materials Section)
4 Chief of Naval Resecarch
Code 104 (1)
Code 466 (1)
Henry Demboski (1)
James Hughes (1)
1 Naval Air Engincering Center, Philadelphia (Aercnautical Materials
Laboratory)
1 Naval Air Test Center, Patuxent River (Aeronautical Publications

Library)

Naval Ordnance Laboratory, White Oak

Naval Propellant Plant, Indian Head

Naval Research Laboratory

Dr, E. Kohn (1)
Dr. G. 1. Irwin (1)

Naval Underwater Ordnance Station, Newport

Naval Weapons lLaboratory, Dahlgren (Technical Library)

Office of Naval Fescarch Branch Office, Pasadena {Ben Cagle)

Bureau of Naval Weapons Flect Readiness Representative, Pacific

Bureau of Naval Wcapons Representative, Azusa

Bureau of Naval Weapons Representative, Sunnyvale

Aberdeen Proving Ground (Development and Proof Services)

Army Ballistic Missile Agency, Redstone Arsenal

Army Ballistics Research Laboratories, Aberdeen Proving Ground

Army Engineer Rescarch and Development Laboratories, Yort Belvoir

(STINFO Branch)

Army Missile Command, Redstone Arsenal (CRDDW-IDE)

Franktord Arsenal

Pitman-Dunn Laboratory, H. Pritchard (1)
Technical Library (1)
1 Harry Diamond Laboratories (Technical Library)
1 Picatinny Arsenal (Technical Library)

[ o S SO W VAV S 2 ™S R Sy e OV b

Tt =

38

SATINLAHT Doaribhs - . Anurtr o rieham Ate P B~ ag S ~ LRSS S A _,.—‘




" Security Classilication

DOCUMENT CONTROL DATA - RAD

(Seourtly clasetlication of titlg. body of sbatract and indering snnolation Muel be entered when the overell report is clasarited)

1 ONIGINATING ACTIVIYY (Comporete suthor) 2a REPQRY RECURITY C LABBIFICA 1 ION
U.S. Naval Ordnance Test Station UNCLASSIFIED
China Lake, California 16 emoun

3 REPORT TITLS

TETHERED AEROLOGICAL BALLOON SYSTEM

4 DEBCRIPYIVE WOTERE (Type of report and inclualve detes)
Progress Report

3 AUTRO®RS) (Last newme. fire! name. initial)

Elliott, Shelden D., Jr.; McKay, J. M.; and McKee, R. B.

¢ MEPOART DATR 78 YOTAL NO OF PaAgES 76 mO Ur Agrp
September 1965 38
@ CONTRACT OR @RANTY NO Sa OMBINATOR'S REPORT NUMBENS)
AEC Div. Bic & Med AT(49-7)2341 TPR 398
b PROJECT NO NOTS TP 3830

< Task Assignrnent R360-FR 106/216- [ss THER mgooRT NO(S) (An) other numbere hat ;may be Sasigned
1/Roll-01-01 "
¢« ARPA Work Order 594

s
10 AVAILABILITY/LIMITATION NOTICKS

Qualified requesters may obtain copies of this report from DDC.
Released 1o Clearing House for Federal and Technical Information

11 SUPP_EMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY
Bureau of Naval Weapons
Department of the Navy

3 ABSTRACY

The tethered aerological balloon system (TABS) currently under development at
INOTS is designec to maintain a captive balloon and payload at stratospheric altitude
k{or an indefinite period of time, taking advantage of the region of minimum wind T
velocity nearly always present at some level in the lower stratosphere. The system
consiste of (1) a conventional polyethylene balloon fitted with a self-deploying reef-
ing systemn to reduce lateral drag; {2) an airborne telemetry-command package
capable of monitoring up to six aerological or other parameters concurrently
f1dditicnal packages may he distributed along the tether as needed); (3) a NOTS-
eveloped glass fiber tether having a tensile strength comparable to that of steel,

t one-fourth the latter’'s weight, fabricated in splice-free lengths exceeding 100,001
feet; and (4) a mobile ground vehicle from which all functions subsequent to launch
can be performed, carrying a crew, control winch, and equipment to communicate
with a ground telemetry and command atation; the vehicle can run with the wind to
reduce lateral drag loads on ascent or descent. The system is expected to become
joperational the fall of 1965, Various uses and possible further developments of such
3 stratospheric moored platform are discussed, including applications to rnanned
systems.

DD "5 1473 oiot-a07-6000 UNCLASSIFIED

Securnity Classification

B - - v TR e s e S S e i SRR 387 . olh  di




it 1

o

D

*

Security Classification

KEY WORDS

LINK A LiINR B LINK C

—
noLE w "OLE wy AOLE wT

Tether
Balloon, Moored

Epoxy

Stratospheric Platform
Meteorological Instrumentation
Meteorological Platform:

INSTRUCTIONS

L ORIGINATING ACTIVITY Ente: the name and address
of the contractor, subcontracter, grantee, Department of De
fense activity or other orgamization (comporate author) 1ssuing
the repont.

2e REPORT SECURTY CLASSIFICATION Enter the over-
all security classification of the repori, Indicate whether
““Restricted Data' 13 included Marking 18 to be 1n eccord
ance with appropriate security regulations.

2b. GROUP Automatic downgreding is apecified in DoD Di-
rective 5200, 1C end Armed Forces Industrial Manual. bnter
the group number Also, when applhicable, show that optional
markings have been used for Group 3 and Group 4 us author-
wzed

3. REPORT TITLE Enter the complete reprort tatle in all
capital letters. Titles 1n all cases should be unclassified.
I{ = meaningful title cannot be selected without classifica-
tion, show title clmwsiflication an all capitals 1n parenthesis
immedigtely following the title.

4. DESCRIPTIVE NOTES If appropriste, enter the type of
tepory, e.g., 1ntenm, progress, summary, annual, or final.
Give the inciusive doics when a specific reporting pertod 1s
covered,

5. AUTHOR(S): Enter the name(s) of author(s) es shown on
or in the reporl, Enter last name, {irst name, middle 1mitaal,
If military, show rank eni branch of service. The name of
the principal author as an ahsclute minimum requirement.

6. | EPORT DATE. Enter the dale of the report aa day,
month, yesr, or month, year. If more than one date appeers
o0 the report, use date of publication,

7a TOTAL NUMBER OF I’AGES  The tota! page count
=shauld {ollnw narmal pagination proceduwres, &, enter the
n.mber of puges contaning miormetion

76 NUMLER OF REFFRENCES Enter the total number of
refetences cited n the report,

#a CONTRACT OR GRANT NUMBER I appropriate, enter
the appliceble number of the contract or grent under which
the report was written

8b, &, & B4 PROJECT NUMBER. Enter the appropriate
nalitery departneent 1dentification, such as project number,
subproject number, system numbers, task number, etc.

9s ORIGINATOR'S KEPORT NUMBER(S) Enter the offi-
cial report number by which the documaent will be 1dent:fied
and contralled by the originating & tivity. This number must
be unique to this report.

9t OTHER REPORT NUMBDER(S) [f the report has been
wssigned any other report numbers (erther by the or:gindtor
or by the sponsor), also enter this aumber{s).

10, AVAILABILITY 'LIMITATION NOTJCES  Enter any him-
tations on {wther dissemination of the report, other than thove

tmposed by security classificution, using standard statements
such as

(1) *“*Qualified requesiers may ohisan ¢opies of this
tepost from DD

(2) ‘'Foreign snnuuncement and dinsemination of this
report by DDC is not authorized '’

(3) U S Government mger.ies may oblain coples of
this report duectly from DDC. Other qualified DDC
users shall request through

o

(4) U S mulitary agencies may obtayn copien of this
report directly from DDC. Other qualified users
shall request through

KS

{5) *'All distribution of this report ss controlled Qual-

1lied DDC users shall request through

[

If the repont has been furnished to the Otfice ot Technical
Services, Department of Commerce, for sale to the public, indi-
cate thus fact and enter the price, 1f known.

11, SUPPLEMENTARY NOTES: Use fot edditional explana-
tory notes.

12, SPONSORING MILITAKY ACTIVITY  Enter the name of
the depurtmental project oflice or laboratory sponsoting (pay~
ing far) the resesrch und development. Include address.

11 ABSTRACT. Enter an absirect giving a bref and factual
summary of the document indicative of the report, even though
11 may wlse appear elsewhere 1n the body of the technical re
purt U addiuiona! space s regquired, 2 ¢ontinuation sheet shall
be attuched

1t 1s highly deswveble that the abstracy of clessified reports
be unclassified Fach peragraph of the abstrect shall end with
an indication of the militany secunty classaficaiion of the 1n
formation in the peragraph, represented ss (TS). (3). (C). or (U}

There ts no himitation on the length of the abstract. How

ever, the suggestoed length is from 150 ¢5 225 words

14 KEY WORDS Key woids are technicatly meansngful terms
or short phrages the! charactenze s repart and may be used as
index entrics for cateloging the report Key words must be
sclected 80 that no securily classification 1s required  Idenu-
hers, such us equipment model designul1on, trade name, military
project code name, geugraphic focalion, may be used a3 key
words but will be followed by an indicktion of techmical con
text  The assignment of links, mles, and weights t5 optional

UNCILASSIFIED

Secunty Classification

e TR Sve ok




3 Plastices Technical Evaluation Center, Picatinny Arsenal
. ORDBEB-VIP3 (2)
1 Rock Island Arsenal (Mr, Robert Shaw)
: 2 Watertown Areenal
. A. Tarpinian {1)
Director, Ordnance Materials Research Office (1)
1 Hcadqudrter; U.S. Air Force (AFRSTD)

1 Systems Engineering Group, Deputy for Systeme Engineering, Wright-

Patterson Air Force Base (SEPRR)
2 Air Force Cambridge Research Laboratories, Laurence G, Hanscom
Field (Thomaes Kelly)
1 Air University Library, Maxwell Air Force Base
1 Holloman Air Force Base
2 Advanced Research Projects Agency
20 Defense Documentation Center (TISIA-1)
¢ Atomic Energy Commission (Divieion of Biclogy and Medicine)
2 U.S. Weather Bureau (Thomas Ashenfelter)
1 Aerojet-General Corporation, Azusa, Caiif., via BWK
1 Aerojet-General Corporation, Sacramento, via BWRR
2 Aerclogical Laboratories, Encino, Calif.
1 Allegany Ballistics Laboratory, Cumberland, Md,
Z Applied Physics Laboratory, JHU, Silver Spring
Cdr. Tellman (1)
Louis B. Weckesser, Jr. (1)
1 Arthur D. Little, Inc,, Cambridge (W. H. Varley)
5 Battelle Memorial Institute, Columbus, Ohic
H, C. Cross (1)
W, F, Simmons (1)
Battelle-DEFENDER (1)
Defense Metals Information Center (1)
Technical Library (1)
1 Douglas Aircraft Company, Inc., Long Beach (R. F. Swancutt)
. 1 General Dynamics, Pomona, Calif. (Structures Group)
1 General Electric Company, Aircraft Nuclear Propulsion Dep- *tment,

Cincinnati (D". T"‘""“‘"‘ R, Pnnwav\

1 General Motors Corpor ation, Defense Research Laboratories,
Goleta, Calif. (Dr. R. B. Costello)

1 IIT Research Institute, Chicago (Dr. R. A. Lubker)

1 Jet Propulsion Laboratory, CIT, Pasadena (Chief, Reports Group)

1 Owens Corning Fiberglass, New York City (R. Biggers)

1 Republic Aviation Corporation, Farmingdale N, Y. {(Engineering

Research Section)
1 Research Analysis Corporation, Mclean, Va. (Document Control

Office)
1 Rocketdyne, Canoga Park, Calif. (Librarian)
1 Rohm & Haas Company, Redstone Arsenal Research Division
{(Librarian)
2 The Boeing Company, Seattle
E. A. Rowe (1)
Technical Library (1)

=
=
=
x
TE

/s
|

|
i
!
|
|

: .;wu*;,,;;;‘vwmwﬁmym;;qpyaémvg;‘;m b b 1

PN




