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MD DIVISION DIRECTORATE OF DMDB@T
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" Subtask I.3 Title ‘Evalustion of a Controlled Glide Sha.pe (u)
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TARGET DATE: ", 30.1 1260 n

1

.'I. . INTRODUCTION

. ‘I‘he obaective of th:l.s task 13 t-o conduct &8 atatistically designed
air drop experiment with the non-rota.ting glide shape which will evaluate
that shape with an electro-mechanical controller.besed on the design of
Allied Research Aaaociates. The slide .shape investigation will be
terminated after ‘the air’ drop experiment and a final.report w:lll be |
vritten. T . o )

.
f'*

. Some work' on the aerodynamic stabilization of the glide shape will be
contined 1f it does not interfere with progress of the gyro-control
:I.nvestiga‘bion. It is planned that some of these plain models be included
in the air drop. . s .
L 'Ii. REPORT OF PROGRESS
A. GYRO-CONTROLLED GLIDE SHAPE .

It was decided that 200 gyro-cnntrolled glide shape units would dbe
fabricated for use in the air drop gxperiment scheduled in the fourth
quarter of FY 60. Aluminum sheet stock for use in the fabrication of
wings, bodies and tails, which had been ordered and paid for in FY 59,
arrived in July - Arrangements, were made immediately for the purchase
of materials and yarts to be used in the fabrication of the gyro-control
devices in accordance with drawings and specifications supplied by Allied
Resea.rch Associates » Inc, Before the purchases were made,. however, orders
were received by the task group.to suspend shop work and spend no money
for materials for the'glide shape program. .On 6 October, permission was
granted to purchase the required material and to contimue with the program
as plmmed providing the total cost of materials and parts did not exceed
$ucoo At the, time of writing, prac‘tically all required materials have been

-



ordered and some units of several parts have been febricated using raw
estock presently on hand. Minor modifications are being made to the
detail design of the devite in order to simplify the fabrication and
assenbly without alteringvthe performance capabilities.

It wes planned thet preliminary drop tests would be conducted utiliz-
ing the two gyro-type asutomatic control units on hand, which had been
supplied through the original contract with the Allied Research Assoclates,
Inc. For these preliminary tests, six glide body shells, wings and talls
were designed and fab ted to include the physical features of the
configuration which had' given best glide performence in previocus tests.

A small perachute and release mechanism were fitted into the body
shells and minimum weights were added to bring the center of gravity to
the centerline of gymmetry and wing leading edge position on the models.
The parachute relesse mechanism incorporated the use of a mechanical
timer (12 second maximum limit) and an electric squid. Figures 1 and 2
are photographs of the model in the flying condition and in the attitude
which would be assumed sfter releape 0f the parachute, respectively.
Figure 3 shows some deteils of the timer and parachute release arrangemsnt,

Three glide models as described in the preceding paragraph with
elevators set at 10, 12° and 14° and timers set at sbout five seconds, .
were dropped (Test No. 46) from the balloon stationed at 900 feet sbove
the Fort Detrick OGrid. This test vhich was made to check the performance
of the perachute relesse mechanism under typical operating conditions,
vas completely successful. In each case the model had started to glide
when the parachute was deployed and this occurred within one second of
the time which had been set. The parachute opened properly and carried
the models 4o the ground at low rates of descent. None of the models
was appreciably demaged by ground contact.

Freparations are being made for a test of four models using e
helicopter and dropping from an altitude of 1500-2000 feet,, Weights of
the models will be increased to a value considered reasoneble for a
mnition apd the timers will be set at the maximm intervel (arcund
12 seconds). One of the models will be eguipped with a complete gyro
control unit which will operate a small teil rudder for the purpose of
meintaining a constant azimith glide path. In order to make full use
of the l2.second time interval, the gyro wheel of the contiol unit
will be brought up to full opersting speed by use of an alr Jet, imme-
diastely prior to relsase from the helicopter. Further test plans will
be based on the glide performance of the models in this test.

B, STANDARD GLIDE SHAPES
1. Drop Tests
Drop Test No. 45B consisted of eix liquid £i11 (10% void) models
with .040 inch thick wings having U-sheped floating tips (see Fig. b).

This test was conducted to verify results of previcus tesis of two nearly
identical models vhich indicated this configuration wes particulsarly
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attractive from standpoint o;t glide performance. The drop test results
were disappointing. Only tio of the six models gave satisfactory glide
performance. The only known difference between the two sets.of models
was in the wing hardness. The wings of the six models of this test were .
6061-T6 aluminum alloy, whereas the wings of the, previously tested models
vere 6061-T4 aluminum alloy. The difference in wing hardness is not con-
sidered of any significance so far as glide performance is concerned. It
might be concluded from this and the previous test .that about 50% of the
glide models of this particular configuration would give good glide per-
formance. . .

In an effort to accentuate ;the,_ef:fects o:r‘ the floating tips which
are nearly neutrally balanced -serodynamically and overbalanced dynamically,
the wing configuration wes revised. A wind tunnel investigation of tips
was conducted (discussed later in this report) and an aileron linkage
vas incorporated in the models used in the next drop test (No. 47).

Drop Test No. 47, consisted of 2h. solid-body.models, each of which
weighed three pounds with.the.center of gravity located at the 10% chord
position. . Flgure 5 is a: photograph of- a representative model in the,
£1light condition and Figures 6 and 7 are photographs showing aileron
linkege details. The wings are made of separate aluminum &lloy sheets
spot-welded together -- one-.063.inch thick. containing a spauwise .groove
for-the 3/64 inch diameter long aileron link, and the other .020 inch.
#hick to-increase strength. and. provide a.smooth surface. The, aileron
systen. was : dgsigned to permit e free angular movement of the tipa through
a range of 8 (4° above and below the median angle which was varied).

The three tip types used-in the test are shown in Figure 8. . Three median
angle settings were used for. tips. "A" and "B" and'six for tip "C" (three
for 10° and. three for 12° flap setting) making & total of 12 different
wing configu.ra.tions, For . egch wing, configuration the elevator deflection
was set at -11.5° a.nd-l.?.S )

(ALl of the 24 models. 61’ drop test No, 1!-7 were released from & height
of 900 feet over-the Fort Detrick Grid.-= 12. from the balloon and 12 .
from a helicopter. Only six models pulled .out of the initial steep
dives and- continued -to glide in. relatively straight shallow paths. One
model spun .to the ground a.nd the remainder glided in small raedius helical
paths. ch o .

2. Wind Tunnel Tests a

An extensive wind tunnel investigation wes conducted in an effort
to find a wing tip with the characteristic of constant hinge moment,
regardless of tip deflection or angle of attack of the wing on which it
is attached. Figure 8 is a sketch of the wing and. tip arrangement as
used 4in the tests. The hypodermic.tubing: a.ttached to, the.tip is of a
size to fit freely inside "the hypodermic tubing built into the wing. A
small diemeter music-wire torsion spring was .located ingide the two tubes
and atteched a.t the top end of. the. tip and bélow.the lower end of the,
tu‘b:lng outside the tunnel’ vall. A.ngles of attack of the ving and tip were
measured by slghting from ebove through the’ tranaparent test section wall.
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A large mmber of tip configurations were tested by this method.
Figures 9 and 10 are graphs showing the variation of hinge moment with
tip deflection and wing angle of attack for tip types "A", "B" and "C".
It will be noted that the moment data in Figure 9 and Figure 10 are
not non-dimensional., If there were no Reynolds Number effects, the
hinge moments would increase in proportion to the square of the velocity.

C. DISCUSBION

A surfaece 1s considered ptable 1f the serodynamic hinge moment
versus deflection curve is -negative, l.e,, any change in deflection
produces a change in the hinge moment in the direction to return the
surface towvard the undisturbed position. Fositive alopes are unsteble
by the same reasoning. A surface with large overbelencing mess forward
of the hinge 1s dynemically steble beceuse a change in the deflection
results in an angular acceleration of the body in the direction to
restore the surface toward the undisturbed position. If it were possible
to "£ind" a tip surface with zero slope of the aserodynamic hinge moment
versus deflection curve and zero slope of the hinge moment versus wing
angle of attack curve then the tip would essentially be isclated from
the body to which it was attached and would respond only to the
accelerations imposed upon it. If this tip were then heavily overbalanced
forward of the hinge and commected through linksge to an identical ti
on the other wing, & perfectly stsble glide body should result. :

Examination of Figures 9 and 10 shows that nearly ideal serodynamic
hinge moment characteristics were achieved through limited deflection
rangee by the three tip types "A", "B" and “C". The median tip settings
for those models of Test No. 47 vhich gave reasonsbly good glide per-
formence sre indicated on the appropriste curves in Figures 9 and 10.

Time does not permit e rigorous explenation of the theory end
analysis of the test results in this report. It is, however, believed
that unless & linked aileron system is far superior to other systems
it should pot be used because of the increes:d camplication of a wing
folding mecheniem. :

The concept of & large floating fin (balanced in the menner described
in this discussion) on the centerline of symmetry, looks particularly
ettractive at this tims. lLetting the forward overbalancing mass be in
the form of a simple gyro rotor, mekes the concept even more attractive.
This particular location is desirable also from the standpoint of packaging
efficiency.

III. CONCLUSIONS

Prelmﬁuw drop tests of three mock-up models of the gyro-controlled
glide shape with parachute release mechanism were successfully completed.
A drop test of a single gyro-controlled model should be conducted within
a few weeks.

b
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. ' Fabrication of 200 gyro-controlled glide shapes is expected to be
complete by 1 May 1960. . ’

Glide results for the glide shapes not equipped with gyro sutomatic
control have not been good enough to warrant inclusion in the mass drop
of the gyro-controlled items. Further work is needed to improve the -~
flight characteristics of the uncontrolled items.

IV. FLANRED WORK

Preliminary drop tests of recoverable gyro controlled glide shape
models will continue in order to iron out configuration difficulties as
rapidly as possible. The gyro control device supplied by the contractor
will be used in these tests.

Method of release of items from sirplane will be determined and
necesgary fixtures will be designed and fabricated.

'Aerodynamic stabilization methods will be further studied and tests
using the available glide models will be conducted without interfering
with progress of gyro control program.



Figure 1 - Gyro-Controlled Glide Model Mockup in Flight Configuration.
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Figure 2 ~ Glide Model in Approximate Position Assumed after Parachute
Release.
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Figure 3 - Detail View of Parachute Release Mechaniam
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Figure L - Glide Model Similar to those Used in Drop Test No. 45B
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Figure 5 - Glide Model Typical of the

24, Dropped in Test No. 47
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Figure 7 - Detail of Ajleron Linkage System.
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The E?77, an 80-pound biological bomb, is intended primarily for the
dissemination of dry anticrop pathogens, and will be delivered by a free-
flight balloon. It consists of an insulated fiberboard "hatbox", 32 inches
in diameter and 24+ inches high, opening in clamshell fashion about the
vertical centerline to distributs the agent packages. ¥ive agent containers
holding approximately 16% pounds of carrier plus 1 3/4 pounds of agent are
grouped around a chemical-type heater designed to maintain the proper sgent
environment. A neutralization system is included to render tha agent in-
nocuous in case of maelfunctioning of the balloon delivery system. A conm-
bination barometric and mechanical timer fuze provides the control for the
neutralizing system, flight terminstion, munition drop and agent dissemine~
tion.

Five preliminary enginsering models have been made and were tested at
Dugway Proving Ground during February of 1953. Four items were dropped from
an alrplane at high altitudes,.so that the munition might function at a pre-
determined sltitude in order to facilitate obtaining functioning data.

Supporting aircraft observed and photographed the functioning of the munition;

recording theodolites obtained data from which terminal velocities were
calculated. One balloon flight was made during which the munition was re-
leased by radio control in lieu of the timer's functioning. This flight
was sntirely satisfactory and proved the feaslbility of the munition.
Although no agent was used in these testas, the agent containers, filled
with carrier only, were tested separately, being dropped from an alrcraft
at low altitudes; the functioning was photographed. These tests were also
very satisfactory.

This munition is now in the final engineering stages and final engi-
neering tests will be run in July and Septembsr of 1953 on thirty items.
Agent-dissemination patterns will be included in these tests. ¥o major
difficultiea ars anticipated, tut minor modification will no doubt be
needed, particularly for production purposes. After these tests, plans
and specifications will be rushed into preparation for procurement of the
final item. .

The repox;t includes, in addition to a complste deacription of the E77
wuanition, the historical bYackground, an account of the development program,
and a regume of future planning.
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I. INTRODUCTION

A, DESCRIPTION OF MUNITION

1. The basic configuration of the E77 biological bomb for balloon
delivery is that of a right cylinder, 32 inches in dlameter and 24 inches
high. This cylinder, generally termed thes gondola, is made of wood-
reinforced pressed fiberboard and lined with a 2-inch layer of styrofoam
insulation. The internal arrangement consists of five agent containers,
10 inches in diameter and 17 inches high, grouped concentrically around
a chemical-type heater., Ths agent containers have a total capacity of
approximately 3% cubic fest, which holds 18 pounds of agent-carrier fill,
including 1 3/4 pounds of agent, The control instrumentation, or fusze,
is mounted as a subassembly on the under side of the gondola top, The E77,
when fully assembled for operation, will weigh approximately 80 pounds,
with a maximum permissible weight of 95 pounds.

2. The control instrumentation, or fuze, for this bomb provides
agent protection, agent neutralization, and bomb functioning, The bomb
is delivered by a freeeflight balloon, traveling through the troposphere
at an average altitwde of 40,000 feet, mean sea level, and in an average
ambient temperature of minus §79F, The inside temperature of the gondola
is kept within the limits of plus 35% to 65°F by means of & thermostati-
cally controlled, chemical-type heater in order to protect the temperature-
sensitive agent. The heater under development is of the exothermic-reaction
chemical type, utilizing the reaction of water upon a mixture of socdium
monoxide and granular aluminum,

A neutralizer system to render the agent innocuous in case of
mishaps during handling or malfunctioning over friendly territory has been
included within the gondola. This neutralizer system will render the agent
£111 inactive within several minutes under the following conditions:

a. If the balloon does not reach 20,000 feet, MSL, within 1}
hours,

b. If the balloon descends 600 feet (20 millibars) at any time
. during the ascent to 20,000 feet.,

¢. If the balloon descends 1o 20,000 feet at any time during
a preselected period up to 48 hours after reaching an altitude above
22,000 feet, MSL.
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this programming is accomplished by a time switch, a differential-
descent switch and a master pressure switch, all wired in series. Under
any of the above conditions, a detonating squid in each asgent container
will be fired, which in turn will release a source of sulphur dioxide.
The sulphur dioxide will permeate the carrier and render the agent harmlass.

When the bomb arrives over the intended target, as destermined by
a preselected interval on the master time switch, the bomb ig detached from
the balloon carrier, a dragchute 1s released, and the bomb falls to a pre-
gelected altitude of from 1,000 fest to 5,000 fest -ahove the terrain. At
the desired altitude, the gondola opens in a clamshell fashion to eject
the five agent contalners and the heater. The opening of the gondola is
controlled by thes master barometric switch that likewiss controls a portion
of the neutralizer circmit. As the agent contaliner leaves the gondola, an
arning lever 1s releassd that permits a spring-actuated, hollew plunger to
puncture a small carbon dioxide bottle. The released gas preseure moves a
sliding disc which in turn forces the agent-carrier fill from the container
in the form of an extended column.

In order to minimize the possibility of detection by radar, the
bomb is constructed of non-metallic maferials wherever possible. The
gondola and agent containere are made of wood~reinforced pressed fiber—
board; the control instrumentation and the chemical heater maet of ne-
gessity be made mostly of metal.

B. BACKGROUND

There i# no known predecessor to the K77 bomb as a method of dissemi-
nating biological warfare agents. Although objects have been carried by
both manned and unmanned .fraee balloons, it was not until World War II that
any nation deliberately planned and executed a large-acale balloon delivery
system for the express purpose of delivering mmnitions upon an enemy. During
the latter part of World ¥War II, the Japanesse launched a well-planned and
implemented mass balloon attack upon the North American continentl. The
balloons, in this instance, carried incendiary or fragmentation bomba.
During a six-month period, the Japanese launched 9,000 balloons which crossed
the Pacific Ocean at altitudes of 30,000 to 35,000 feet, MSL. Although only
283 units were located, 1t has been entimated that at least 1,000 balloons
reached this continent, the distribution ranging from southern Canada to
central Texas and as far east as lowa.

Since the end of World War II, General Nills, Inc. of Minneapolils,
Minnesota, with the support of Defense Department sgencies, has carried
on a program to develop & feasible balloon-delivery and flight-pattern
foracasting system. Sufficient success has been achieved with this pro-

1. The Balloon Bomb: TEIJI TAKADA: SKIZEN, Yol 6, 1951
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gram to indicate that a balloon-delivery system is feasible for delivering
a payload to a designated area. This forms a Justification for the develop=-
ment of the E77. -

About the end of December 1952, the task of evaluabting General Mills!
work and developing an operational balloon-delivery system for the E77 and
other munitions was established by the Air Force at its Cambridge Research
Center, Cambridge, Massachusetts, under Air Research and Development Com~
mand. The system is nearing completion and is proposed for operation by
September 1953.

C. INTENDED USE OF MUNITION

This munition is expressly designed for dissemination of pathogenic
anticrop agents (TX,)} over large target areas of cereal crops. It will be
delivered to the target area by an unmanned balloon and will provide its
own protection for the agent fill.

There are many agent candidates that may be carried in this balloon.
By adding a suitable antianimal fill such as a pellet, the bomb could be
transformed into an antianimal munition.

D. PROGRESS PRICR TO FISCAL YEAR 1953

In designing and developing this munition, maximum use has been made of
stock commercial items in the instrumentation and controls. Fortunately,
these commercial items make up a large portion of the components, so that
in many instances it was necessary only to assemble these commercial items
and check for proper functioning. For other components, such as the heater,
it. was necessary to develop an item. The heater is still under development.

In general, there have been no problems of great magnitude involved in
the development of the munition except for the heater; so the progress has
been orderly. It was found during preliminary engineering tests that the
bellows-type pressure switch, three-cam timer, holding-relays switches,
sguibs, cable-cutting cannon and the remainder of the instrumentation per-
formed satisfactorily and as expected. After abandoning several other
schemes, the present agent container was developed to utilize air pressure
to eject its fill from a fiberboard container. It, too, was a straight-
forward process after the present satisfactory scheme was decided upon.
Although the chemical-reaction type heater has been under development for
almost a year and has appeared promising, its performance has never been
entirely satisfactory under repeated tests. The problem is that of
thermostatically controlling the heat output; specifically, controlling
the chemical reaction rate by water metering. Occasionally, the reaction
goes out of control, with excessive heat liberation. Because this type
of heater may not be satisi.ciory, several alternate schemes are being
investigated. All components of the munition other than the heater are

developed and ready to entaw tests.
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IX. PROGRESS DURING FISCAL YEAR 1953

Upon establishment of a requirement for this munition by CCTC Item
2297 of 5 April 1951 and CCTC Item 2483, epproved by Item 2495 of 23 June
1952 (amended by Item 2575 of 22 October 1952), Gensral Mills, Inc. of
Minneapolis, Minnesota, under contract DA-18-064-CMI~2104, embarked upon
a development program in May 1952. Thelr project engineer, Marvin A.
Sandgren, by September 1952 had completed a preliminary study and had s
feagible working design on all components except the heater and agent
package. Components of the present design and major problems encount-
ered during development are described in the following paragraphs.

Y.

A, INSTRUMENTATION

The timer drive motor is from a Iux Clock Manufscturing Company,
Model 1060, 7-day-wind, chart-drive typs. The chart disc as shown im
Figure 2 is replaced with a three—cam drum and the whisker switches are
replaced by micro-switches with roller arms. Certain items in the Iax
Clock which was the first proposal were mplaced as described for the sake
of durability. See FPigzurs 16.

Iz operation, this time switch actuates three switches. Safety switch
Fo. 1 (see Pig®e 1) 1a wired in series with the shelf contact of the pres-
sure switch, Pigure 2, and closes 1% hours after launching. If the mni-
tion has not reached 20,000 feet in altitude, the contect arm will still
be on the shelf when this tims elapses and the neutralizing circult will
be energized when switch No. 1 cloases. If the altitude exceeds 22,000
feet, the arm will be off the shelf and nothing will happen vhen switch
No. 1 closes,

Safety switch No. 2 is a doubla~throw awiich wired in series with the
contacte of 2 small relay in the pressure switch. The normally closed con-
tact is wired to the neutralizing circuit which will function if the muni-
tion descends to 20,000 feet and the normally open contact is wired to the
contacts of the load-opaning relay. The munition becomes "armed" when
switch No. 2 is actuated, in that thse neutralizing circuit is open and
the load-opening circuilt is "cocked™. The time for safety switch No. 2
can be set for 1% to 48 hours.

The third switch ia wired in series with the load~dropping squid which
is wsed to release the munition from the balloon. The elarsed time before
this flight-termination switch closes can be set for 3 to 60 hourse

The switch actuators or cams can be moved in relation to each other
by loosening a knurled nut on the hubs With the cams set at the fully~
wound positlion it is possidle to insert a atop pin which prevents the
clock from running. This pin is removed to start the timer just before
the munition is launched.
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A time-delay switch is shown in Figure 1 connecting the neutralizing
squib and the load-opening squih. {Various operations are accomplished
by squib-actuated cannon, such as cable cutting, diaphragm puncturing,
etc.) Thie switch is needed to drop the munition from the balloon in the
event of malfunctioning resulting in neutralization. Without this feature
the neutralized munition npight continue in flight for an undesirably long
poriod of time.

¥hen the neutralizing circuit is energized by closure of safety switches

No. 1 and No. 2 or the differential descent switch on the 20,000-foot con-
tact on the altitude switch, the neutrallzing squib will firs immediately.
At the same instant, the hold relay in the altitude switch is energized and
the motor in the time-delay switch starts running. After approximately
three minutes' delay, the switch contasts will close and the lsad-dropping
squidb will fire to release the munition from the ballcoon. The delay periocd
(5 minutes) gives the neutralizing system time to functione

Por a pressure switch, a Johnson Service Company MaD. 104-type Badio
Sonde Modulator with a special commutator and other modifications is used.
The switch employs a bellows to move a contact arm across the commitator
(Figure 2). This commtator will have contact surfaces spaded to provide
circuit closures at 20,000 feet for neutralizing and at 1000, 2000, 3000,
4000, 5000 and 10,000 feet MSL for the opening circuit for release of the
agent packages.

An auxiliary switch is provided onm this modification by insulating the
wire shelf on which the contact arm rests during ascent. When the muni-
tion reaches an altitude of approximately 22,000 feet, the contact arm
drops off the shelf and opens this contact. By wiring this contact in
sariesg with the differentisl descent switch and the timer safety switch
No. 1, these switches are removed from the circuit when the balloon has
attained an altitude of 22,000 feets '

A centralad selector switch No. 1400 is employed in the circuit to per=
mit easy selection of the desired vpening altitudes. This switch has a
plastic separator which moves between the pairs of contacts. Ths sselector
switch ig wired to the altitude switch in such a way that all ccontacts on
the commutator for altitudes below thut sslected are also shorted into the
circuit. With this arrangement, if the munition falls to cpen at the
altitude sslected because of a poor contact there is still a possibility
of opening st the next lower altituds.

The differantial descent switch (Pigurs 3) is a specially btuilt switch
which makes contact after an increase in barometric oressure of approxi-
mately 20 millibars (600-foot drop in altitude at a 5,000-foot level). It
consists of a plastic outer tube with a pool of mercury at the bottom. A
central, smaller-bore plastic tube communicating with the alr reservolr
above dips into the pool of mercury. The plastic outer tube has an air
breather hole located near the Jjunction of the inner and outer plastic
tubes. The electrical contact 1s made by one wire which runs down within
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the annular space batween the cantral plastic tube and the outer tube to the
pool of mercury and enother wire which runs within the central tube to the
mercury pool tut not touching it. In use, alr at ambient pressurs is
trapped in the air flask by closing the stop cocke As the wunicion ascends,
2ir budbles ont through the mercury pool. However, if the munition descends,
the increasing zir pressure pushes mercury up the central plastic tube and
electrical contact iz mada.

Figure 1 shows thig descent switch wired in parallel with the timer
switch No. 1 and in series with the pressure switch "shelf" contact. When
the contact arm drops off the shalf, the descent switch ag well as safety
switch No., 1 is removed from the circuite.

A single six-volt dry battery similar to the Burgess F4BP is sufficient
to operate all of the munition controls. A second battery to provide a
safety factor will not be ussd because of welght limitations.

A safety Jack which brsaks the circult to the battery is shown in
Figurs 1. ¥hen the plug is pulled, the circuit to the batiery is closed.
A test lamp 1s also provided which lights when plugged in 4f any switch in
the circult is closed when it should be opers This test plug is inserted
in place of the safety Jack to check the circuit before wiring in the squibs.
This safety Jack is not a necessary part of the c¢ircuil and could be omite
ted, but the squit terminals should be checked with a mster or scme indica-
tor before wiring in the squibs for the sske of safety for operating perscnnsel.

P: GONDOLA

A right eylinder was chosen for the gondola for sevaral reasons. A
cylinder presents a minimam of surface area for a given volume. This is
desirable when considering heat lcsees. Also, a cylinder lends 1itself
well to internal heat distribution by convection. With a heater placed
on the vertical axis of the cylinder, the heated air will rise in the cen-
ter, flow out uniformly across the top, cool, drop to the bottom and returan
to the heatere

The optimem condition, in regard to heat loaa, would be s cylinder with
oqual diameter and heigh%. However, the muan{tion mast fall stabilized and
with a low terminal velocity {approximately 100 ft/sec). A munition with
a diameter slightly larger than the height will present a large frontal
area for reduced terminal velocity and greater s%iabilization without
sacrificing greatly the minlimum surface area. An outslde diameter of 32
inches and a height of 24 inches was chosen. These dimensions will accom-
modate the five 'agent packages, heaver and instrumentation.

The case is divided vertically on a plane passing through the axise
The two sections are fastened togethey so that they will open at the
bottom, clamshell fashion, to drop the contenta. As the two halves con-
tinue to open they eventuslly separate completely. Photographs of a %~
scale model are shown in Pigures 4, 5 and 6, and of the full-sized
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Before positioning any of the components, the two halves are assembled
bty means of & stael tie band passing around the circumference. The band
is made in two sections Joined by lengths of cable. A squib-actuated
severing device is placed over each cable section. In operation, the two
sgquibs are wired in paralls)l and if sither or both of the squibs fire, the
cable will be cut to release the band and the munition will open.

model in Plgure 7.

The top of one half-gaction is made in the form of 2 1id which can
be removed to load the case. The 1id is held in place with sultcase
latches. The heater is located in the centsr of the case with five agent
packages placed around it. The control instrumenta, i.e., timer, pressurs
switch, batteries, etc. are mounted nn a tray which fits above the heater
and packages. With this arrangemsni{, the controls are readily accessible
by removing the half-1id and necessary adjustments and settings cen easily
be made.

The mudition is guspended from the balloon vehicle by cables secured
to the support straps passing under each half-gssction of the case. At
the upper ends, these cables are looped over thimbles and the four ends
are tied together with a separate small loop passing through ths yoke on
the snap hooks in such a way that two calles ars on aach asids of the yokas.
Two of the squib-actuated cabla cutters, as shown in Figurea 8 and 10, ars
Placed on this same loop so that when ths squibs fire the loop will be cut
Yo free the supporting cableaa.

The case is fabricated from presszed fiberdoard approximately 0.080
inches thick and reinforced with wood. The inner walls of the case have
a 2-inch lining of styrofcam insulation either cut and cemented in place
or foamed in place. Foam-rubber gagkets are used for all sspaprating sur-
facss between the halves.

. DRAGCHUTE
-

After testing many drag devices and evaluating them, a four-cornered
dragchute was chosen. {General Mille, Inc. Report No. 1129, pp. 30-38.)
This chute has four shroud lines, une at sach ccrnasres Two lines go to one
half-section of ths case and are tied to the ends of the support straps
which pass under the case and are hinged to the bottom at the edges of the
cleavage. The other two lines pass through holes in %hs upper ends of a
sinilar strap on the other case section and then go down to a speclal clip
on the side near the bottom of the case. The chute drag pulls on the case
sections so that they will separate at the bottom when the tie band is
opened. When the case opens far enough, the two sections will separate
and eventually the sections will turn over to & position where the two
shroud lines will pull out of the e¢lip on the one half-seckicn. Two
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corners are then free and the chute will flag out behind the gzection to
which the other two lines are still secured. With this arrangement, the
chute cannot pick up the released agent. This ia illustrated by a model
in Mipures 4, 5 and 6 in vwhich formed wiras simmlate the support atraps.
It may be noted that two types of wires ars shown in the figures. In Fig-
ure 6 the wire passes under the case and i1s the satisfactory arrangement.
In Pipgures 4 and 5 the wires are attached to the top of the case.

D, HEATER

The interior of the munition miat be kept beiwesn the temperatures of
# 35 and 65°F while at an average altitude of 40,000 feet and an ambient
outside temperature of -67°F. It is known that the temperature cannot be
kept above # 35°F during hours of darkness unless the munition is heated.
Temperature data available from balloon flight records indicate that solar
heating will probably not force the temperature above 4 65°r during the
day. (General Mills, Irc. Report No. 1154 pp. 1-9). It is expscted that
sxtengive balloon flizhts, scheduled for the near future, will give con~
clusive and detailed information on heat transfer. One 6i-hour flight has
been flown at 33,000 feet using an olive drebt gondola and a white gondola.
Bach contained five packages filled with ashrsdded paper, several tslemetering
thermistors, and recording thermographe placed throughout the gondole in-
torior. With an outside ambient temperature of approximately ~45°F, the
olive drat gondola leveled off at ¢ 65°F, und the white gondola dropped to
approximately £ 23°F while in flight. A black~bottomed, white gondola flowr

at 39,000 feet in daylight had an internal squiliberiaw temperature of approxi-

magely ~-5°. (General Mille, Irc. Repurt No. 1188, Dwg. A-Z1079-B, Appendix
A.

After sliminating various types of heaters and several exothermic chemi-
cal reactioneg, an arrangemert has been devised Ly T. R. James and A. A. Reid
of General Mills whereby water is added to¢ a mixture of grauular aluminmm
and sodium monoxide to produce a reactioz iiterating approximately 2540 BTU
of heat per pound of fuel. The liberation of heat iz regulated by control-
ling the flow of water to ths dry chemicale.

The water probably combines with the aluminum and scdium monoxide as
follows:

Nay0 4 Hy0 ————— 2 NaOH
2 NaOH 4 2 A1 42 HoO—32 ¥a A1 O, £ 3 Hy

The net heat liberated is 239 kg calories for a net weight of 169,99 grams,
or 2540 BTU/1t. (Genmeral Mills, Inc. report No. 1129 pp. 40-41.)
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A theorstical study of the heat requirements of the gondols was made
by M. Sandgren of General Millas, based on an ambient temperaturs of -50°F
and approximately 50 hours required heating tima. This study showed a
heat loss of approximately 300 BTU/hr and a required fuel capacity of 6
pounds. {(General Mills, Inc. report No. 1129 pp. 41-45.)

The flying altitude, and hence the ambient temperature and the length
of heating time, has since been changed. This will revise the heat
requirements, which are now belng investigated by actual flight.

Several models of the proposed heater have been Yuilt and tested. In
one of the earlier models, Flgure 9, the mixture of aluminum and sodium
monoxide is placed in the lower contalner and water in the upper container.
Watar flows to the dry chemicals through two wvalves located in the plastic
block connecting the two containers. One valve 1s actuated by a bellows
filled with methyl chloride. A capililary tube counscted to ths hellows
is also filled with methyl chloride. This capillary tube 1s located in
the munition away from the heater so that the valve will open and close
in response to temperature conditions in the munition. The second valve
is actuated by a bimetal element located above the chemicals in the lower
container. This valve closes to stop the flow of water when the tempera~
ture in the lower chamber approaches 200°r,

Some of the water dropping on the chemicals is unavoidably driven off
as steam which pasaes into the condensing coll placed around the upper con-
tainer. The condensats runs back into thea lower chambers The hydrogen
generated by the reaction alao leaves by this coil, which is connected to
a Ypressure~relief wvalve at the top. The pressure valve is used to mini-
mize loss of water during the reaction. The water would boll at a lower
temperature without the valve becanse of the lower pressure at higher
altitudes. The hydrogen passes from the valve, through a drying tube to
remove moisture, and then out through a vent in the top of the casa.

This model was tasted in cold chambers approximately 27 timesg and for
various lengths of time up to 23 hourss With 20-mesh aluminum screen,

there were temperature surges increasing in magnitude as the test progressed,

probably becsuse of poor water distribution and solidifying of the pre-
cipitate, which blocked off water contact with fresh chemicals. When
.powdered aluminum was used, addition of the first drops of water set off
a reaction which continued without requiring more water and liberated con-
siderable heat, heating the gondola at times to 176 ¥« After this initial
¥£1ing" the heater settled down and worked as expescted. (General Mills,
Inc. report No. 1154, pp. 11-13.) Large temperature gradients (20°C)
appear within the heated area in many of the tests. Generally, the heater
wag not reliable, although it was possible to maintain a simulated gon-
dola above freezing for a 67-hour period while the outside air temperaturse
varied betwsen ¢ 36° and -18°F.
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There is poor duplication of heat-cutput rate and duration between runs
set up in identical fashion. This may be attributed to many factors. One
is that the present solenoid valve setting is difficult, as the stem pogition
is controlled by the degree of compression of twoe different silicone gas-
kets. This could induce the troubles experienced with water feed, as the
gaskets expand with temperature rise. The water-metering valve should be
set to operate consistently in spite of temperature fluctuation or pot dis-
assembly. Also, vaporized water is permitted to collect above the reactor,
to flow back later uncontrolled. The evaporated water should be continu-
ocusly returned to the pot. Third, the heater pot is made of stainless steel
with associated poor heat conductivity. This undoubtedly adds to the temp-
erature gradient problem within the gondola. A finned copper reaction pot
in the heater would lower the surface temperature and possibly the temp-
erature gradient within the gondocla. Fourth, the heater is equipped with
insensitive thermostats to regulate the flow of water. A4s a result; the
lag in heating the thermostat causes the pot to accept too much water and
to overheat. The exposed bimetal is susceptible to undesirable influence
due tc ecooling in the air convected past.

To solve these difficulties and problems, the following steps were taken.
The solenoid~actuated water valve was redesigned as an integral unit to main-
tain positive adjustment; a more efficient condensing coil was added to the
water chamber; the pot was refabricated from copper and finned; and an
immersion-type thermostat (Fenwal #12410) was inserted in the bottom of
the reaction pot under the chemicals. In addition, a heater control was
built which will add water to the chemicals at four different rates, de-
pending upon the heat demands of the gondola. The thermostat set for the
highest temperature admits water at the slowest rate. If this rate is in-
sufficient for temperature requirements, = second thermostat operates to
increase the rate of flow and similarly for the third and fourth thermo-
stats., In this way the maximum rate of heat output is increased with an
increased rate of heat loss.

E. AGENT CONTAINERS

It was decided to use five agent containers to hold the agent £ill for
each munition; rather than one large package. This will facilitate hand-
ling, filling and storing. The first proposed package; shown in Figure 11,
was considered too fragile for this use, This package had rigid grooved
plastic plates at the top and bottom. The package wall was kraft paper
nsoated on the inside with polyethylene, folded over to contain draw strings
at the top and bottom, and using a rip panel to Jjoin the ends of the paper
into a tube. As in all subsequent designs; this package contained a felt
filter that would nermit pressure equalization but would not permit the
agent to pass. When the package was filled, the draw strings on each end
were secured with small pins with pull-strings tied to them. These pull-
strings were joined with the free end of the wrap-around band and the line
which tears the rip panel. An opening cord was tied to these lines at this
poin‘b °
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When the opening cord was pulled, the two pins were pulled free of the
draw strings and the two end plates were released. When the wrap-around
band was completely unwrapped, the rip panel was torn by its rip cord and
the contents spilled. See Figure 12.

Another proposed package consisted of three molded plastic parts with
gaskets at all joints. This package was to be held together by pins thru
meshing metal clips fastened to the two halves. When the pins were pulled
by either a static line from the gondola or a mechanical fuze, the two
halves would separate, releasing the lids and the contents. This package
was designed but never built, as it was felt to be too costly and too
susceptible to leaks and mishandling.

The next design proposed a c¢ylindrical body fabricated from paper
fiber similar to commercial canisters. The body is provided with a flexi-
ble sleeve liner attached at the body top. At the bottom, this sleeve is
secured to a rigid plate which moveas up inside the container when actuated
by gas pressure, This aztion turns the sleeve inside ou® and insures ithat
all contents are emptied from the package.

The first experimental model has a carbon-dioxide cylinder on the
side and is equipped with a spring-actuated device for piercing the seal
on the COy cylinder. The gas leaving the cylinder passes through a tube
which connects to the inside of the container through a fitting in the
bottom. One end of an extension spring is hooked to the lever which
causes the 00, cylinder to be pierced. The other end is anchored to a
bracket fixed to the bottom of the container. There is a compression
rod passing through the spring which holds the spring extended by bearing
at the upper end against the COp-actuating cam-arm and at the lower end
against the reélease lever. The bottom end of the rod bears against the
release lever passing across the bottom of the container. As long as the
container rests on its feet this lever is held in place and keeps the rod
in position, but when the container is lifted off its feet the lever
pivots away from the bottom and frees the rod to permit the spring to
actuate the CO, system.

This container was tested at Dugway Proving Ground and proved satis-
factory. See Figure 13. (Report of M Division Test No. 1230).

However, it was felt necessary to move all mechanism to the underside
of the package. A working model has been made and tested in the labora-
tory. See Figure 14. The 002 ¢ylinder is pierced by a spring-driven pin
held in the cocked position by two balls which protrude through the spring
barrel and fit into a greoove in the piercing pin block. The balls are
kept in the groove by a retainer sleeve which slides on the spring barrel.
This retainer sleeve is connected to two levers in such a way that when
the container is raised off its support, the levere swing out away from
the bottom of the container to slide the sleeve off the balls. The balls

-
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then move out to free tth is driven sgalnst the

CO; cylinder by the spring. This latest model is the same in principle
as the unit tested at Dugway and is the proposed final deslgn.

F. XNEUIRALIZING SYSTEM

In the discussion of the instrumentation, three features were described
which initiate a neutralizing action to render the agent innocuous in the
svent of malfunctioning of the munition. At first formaldehyde was zon-
sidered for the neutralizing agent, tut was abandoned in favor of sulfur
dioxjde, as 50z kills much more quickly. Preliminary work was done at
General Mills, Ine. on an SCr-dispersing arrangement within the package.
Four types of arrangements wers utilized in a shredded papar container.
Seven tubes were led into ths packasge from the top, then four tubes, and
finally two single tubes of varylnms lengthe The sevan-tube arrangement
wag the most efficient. However, the long single tube was efficient enough
and was sslected bascause of its simple design. A working model of this
unit is being tested at this time by M Division. (Request for Test No.
1295). Preliminary test data show 100 percent kill ueing 40 grams of SO
and 5-minute esxposure time.

This unit consists of the SOz cylinder (See Figure 15), the mounting
block, and the dleperaing tube. The mounting block housee a squib and a
hollow piercing pine When the squib is fired, the hollow pin plerces the
802 cylinder and vents it into the dispersing tube. This tube has small
holes along 1¢tes entirs leugth for dispersing the gaas within the ccatalner.

The unit is mounted on the cover of the sgent contalner sc that ths
mounting block and ges cylinder are cutside and the tuhe extends thru a
geal in the cover into the container. '

G. IMPORTANT TESTS

In the test mentioned above (No. 1230), five drops were mada with
five gondolas utilizing dummy agent-containers and instrumentation necss.-
gary for alir bursts. These testa demonstrated releawve of the munition
from the vehicle, %terminal velocity (dragchute performance), opsning of
the munition, and showed that the tested part of the design was feasible.

Test No. 1295, mentioned earlier, 18 ir vrogress to determine the
effectivenoss of 502 in killing the agent. Preliminasy results indicate
that the unit as designed obtains 100 percent kills of the agent. This
test will also study the feasibllity of smaller 503 quantities and a
gimpler dispersing system.

JOD, DPG

REGRADED UNCLASSIFIED



13

s

Teat No. 1311 is in progress to determine the compatibility for via-
bility of the agent with brass, aluminum, stainless stesl, polyethylene,
and Micarta. Results are not yet availabdble.

III. FUTURE PLANS

A. CHANGES AND FUIURE TESTS

There are no changes contemplated in the design of this muition at

this time. However, it is resscnable to assume that changes will be neces-

sary as a result of the final enginsering test datae

An amended scope %o the original contract with General Mills, Inc. is

now in the final stages. This smended scope calls for, among other things,

an accelerated attack on the heater problem. The coantractor proposed to
bring in University of Minnesota consuliants, make a check of the solu-
tion of simllar problems by others, and to develop a parallel heater as a
"buffer™ in case the present one proves inadequats. The Chemical Corps
requested that the contractor have a heater ready by July; however, it
appears that this request cannot be filled before September.

In this amended scope, General Mills has besen asked to supply items
for and to conduct all final engineeriig %ests (except those involving
agent) by 31 December 1953. It was hoped that bty 1 September several of
the important tesets would be completed, auch az al%ltude chamber tests
involving the agent and actual drops at Dugway Proving Ground involving
agent for deYermining dissemination deusity (using irnactive agent). It
appears now that these tests will be pestponed ucntil August and Ssptember
because of delaye in procuring commercial items for the %est menitions.

The devsloping and testing of the packeging for the munition will
follow these tests on into November.
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REVIEW OF THE HIGH ALTITUDE RESEARCH PROGRAM (HARP)

ABSTRACT

Project High Altitude Research Program (HARP) is diected toward
the use of guns for scientific probing of the upper atmosphere. The
attractive featuresof guns for this purpose are the basic economy of
such & system and the high inherent saccuracy of guns for placement at
altitude as well as accuracy in ground impact. The basic liability for
such an approach lies in the very high accelerations experienced by

gun-launched payloads.

The guns used in Project HARP vary in size from 5-inch and T~inch
extended guns on mobile mounts to transportable fixed 16-inch guns.
Altitude performance varies from 20 pound, 5-inch projectiles reaching
240,000 feet to 185-pound, l6-inch projectiles reaching 470,000 feet.
Single and multiple stage rockets launched from the 16-inch gun have
very promising predicted performance and are under development.

Scientific results to date are primarily wind profiles measured by
radar chaff, aluminized balloons and parachutes, and tri-methyl-aluminum
trails, although a number of successful 250 MHz and 1750 MHz telemetry
flights have been made. Sun sensors, magnetometers, and temperature

' sensors have been flown and an electron density sensor was fired in esrly

June. Development of other active sensors is continuing.
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1. INTRODUCTION

Project High Altitude Research Program (HARP) is a program of
engineering and scientific research sponsored by the United States Army
snd the Canadian Department of Defence Production. The engineering
objJective of the program is the development of the gun launching system
(guns, vehicles and payloads) to realize the maximum payload/mission
potential, This ranges from the development of non-assisted, non-
guided vehicles for probing to apogees in the order of 100 miles, to the
development of multi-stage, gun-launched rockets with guidance and
control in the upper stages such that in addition to specific re-entry
placement capabilities, the system possesses significant orbital
capability., The scientific portion of the program mekes use of developed
payload capability to conduct synoptic studies of the ionosphere as well

as the usual meteorological measurements in the lower mesogphere.

The Army program is centered at the Ballistic Research Laboratories
(BRL), Aberdeen Proving Ground, with participation of many other agencies
in the various phases of the program. The joint Army/Canadian portion
of the program is centered in the Space Research Institute of MceGill
University, and is monitored by the Joint International Steering Committee
consisting of members of the Army Research Office, Army Materiel Command,
Ballistic Research Laboratories, and the Canadian Department of Defence
Production. The Sﬁace Research Institute of MeGill University, working
closely with the staff of the BRL, has developed and operates 16-inch
gun systems in Barbados, W. I. and Highwater, Quebec, and has engineered
the installation at the Yums Proving Ground, Arizona. In addition,
numerous vehicle systems have been or are under development along with
appropriate payloads. The Institute organizes and coordinates the
numerous l1l6-inch firing series which take place both for engineering

test development purposes and for the gathering of scientific data.
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2. MAJOR FEATURES OF THE GUN SYSTEM

The gun barrel, in addition to acting as a first stage re-usable
booster, also acts as a guidance and control system. On emergence from
the barrel, the vehicle is at a high velocity on a pre-determined flight
path and is not significantly affected by surface winds. Thus, vehicle
dispersion (in the case where there is no in-flight rocket-boost) can
be closely controlled to both & predicted point in space, as well as
impact into a relatively confined area. The gun-launch system from a
dispersion point of view more closely approaches anti-aircraft gun fire
than conventionsal rocket launches. In addition to the lower dispersion
of a gun system compared to an unguided rocket, the re-usable booster
characteristic of the gun barrel can lead to significant cost advantage

over rocket systems.

The gun-launch technique takes on two different tasks in the HARP
program. It masy act simply as the first stage of a multi-stage rocket
system with subsequent trajectory characteristics controlled by the
performance and selected ignition times of the rocket stages, or may be
the sole propulsive force aspplied to the vehicle. When it acts as the
sole boosting stage, it then becomes necessary to achieve a ballistie
coefficient larger than that of a conventional shell, and at the same
time, double the muzzle velocity of conventional guns.l’g* The relation
between launch ballistic coefficient, muzzle velocity and apogee is
shown here in Figure 1. It msy be noted from this figure that below a
ballistic coefficient of 2000 pounds per square foot, apogee is controlled
largely by the ballistic coefficient, while beyond this, apogee is
controlled largely by muzzle velocity.

’Szperacmipt numbers denote references which may be found on page 35.

10
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Pig. 1 APOGEE AS A FUNCTION OF BALLISTIC COEFFICIENT
AND MUZZLE VELOCITY

Thus, in order to glide to mpogees of interest, it is necessary to
use sabot launched, sub-caliber vehicles (Figures 2-3). The vehicle
launch hallistic coefficient can be kept large, while the all-up shot
weight can be kept small. For example, the service 1l6-inch gun fires
a 3000-pound shell at muzzle velocities of 2800 feet per second. The
vehicle/sabot combination shown in Figure 2 hss an overall weight of a
nominal 400 pounds and has been launched at muzzle velocities of over
6000 feet per second. The pusher plate converts the gun pressure to a
total thrust on the vehicle, while the petal arms keep the vehicle
aligned during bore travel. A much lighter sabot system is shown in
Figure 3; this supports the vehicle near its center of gravity, and
lets the afterbody trail in the gun gases.

11
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Fige 3 5Seinch and 7-inch projectiles with center sabots and 7-inch

-

projectile without sabot.

In order to achieve optimum gun performance with these lightweight
shots, it is necessary to increase the barrel length to between 75 to
100 calibers (approximately double the normal barrel length) and to
tailor a suitable propellant web. The muzzle velocity is further
increased as much as 200 feet per second by sealing the muzzle with a
thin plastic sheet and evacuating the barrel of air. The current peak

performance for HARP guns is given in the following table.

12
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PEAX PERFORMARCE FOR HARP GUNS

Gun In gun Flight Muzzle
Gun Length Weight Welght Velocity Apogee
175 om 3hr 130 1bs 130 1bs 3150 ft/sec 81,000
5% 33¢ 25 1bs 20 1bs 5200 ft/sec 2ko,000
™ 50° 75 1bs 60 1bs 5400 ft/sec 300,000
™ 50 L7 1bs 27 1bs 5800 ft/sec 330,000
16" 119 110 1bs 185 1bs 6300 rt/sec *168,000

All tubes are smoothbores except for the standard 175 mm. Usual payload weights are between 10%
and 20% of flight weights.

»*
In November 1966 an improved ignition system allowed the Yuma gun to achieve a veloclity of
7100 ft/sec and an apogee of 590,000 ft with this projectile.

Vehicles are subjected to acceleration loads that decrease in
inverse ratio to the gun size (i.e., doubling the barrel §iameter halves
the peak g load). For the T-inch gun, pesk accelerations are in the
35,000 g range, for the light shot weights, while equivalent accelerations
in the 16-inch gun are of the order of 15,000 g's. For the large
rocket systems under development for the 16-inch gun, peak accelerations
are in the 5,000 g range. A natural handicep of high-g gun launch is
the special development of telemetry units and sophisticated sensors.

The work to date indicates that this liability can be overcome in a

number of applicaxions.3"5

3. FIVE-INCH SYSTEM

3.1 Gun-Projectile Properties

The first HARP vertical firings were made in June 1961 from the
Edgewood peninsula, 10 miles outside of the Baltimore city limit.
These flights were made with a smoothbored 120 mm T-123 barrel and a
center-sabot stabilized vehicle. The vehicles were constructed from
excess parts of a defunct developmental missile. This non-optimum
design reached an altitude of 130,000 feet and chaff was deployed.6

13
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The next year, a 10-foot exten-
sion was added to the gun and an
optimum design for the 'vehicle
established. The present gun is
shown on the right of Figure 4 and
the S5-inch missile is the center
missile in Figure 3. The bLS-inch
long missile (HARP 5.1) weighs 20
pounds with a 5-pound center sabot.
The maximum body diameter is 2.6
inches and the fins are slightly
smaller than the bore diameter. The
center sabot consists of a four-

piece aluminum section backed up by

plastic quarters. The aluminum parts

are locked to the missile by buttress

Fig. 4L S5-inch and 7-inch extended smoothbore
guns at ¥allops Island, Va.

threads and the plastic quarters

seal the gun tube and supply most of
the bore riding surface. The plastic part of the sabot is made slightly
oversize and the projectile-sabot combination is rammed into the tube by

a hydraulic jack.

A 35-pound triple web mixture of M-1T7 is normally used and breech
pressures range from 55,000 psi to 62,000 psi. Projectiles reach muzzle
velocities of 5100-5200 ft/sec and apogees of 220—2h0,000 feet.7’8
Early in the program, a significant number of apparently undamaged
rounds flew to heights less than 100,000 feet, probably due to some
aerodynamic difficulties. When the fins were beveled 3 degrees to induce
spin, the missiles became most relisble and impact circle radii of less

than one mile were routinely observed.

14
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3.2 Payloads

The first payloads flown were radar chaff and aluminized parachutes.
These are tracked by radar to give winds between 200,000 feet and
80,000 feet. Figure 5 is a sample radar plot for an aluminized six-foot
square parachute flown over Barbados in January 1966.25
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An acoustic source pa.yloadg consisting of a 180-gm charge has been
developed by the Atmospheric Sciences Lsboratory at White Sands Missile

Range and a high-g temperature sensor for use with 250 MHz transmitter

and parachute deployment is under development. 1680 MHz transmitters

are also under development. Over 75 observations of winds have been
made by S5-~inch HARP projectiles at various locations and these sare

*
being published in the Meteorclogical Rocket Networklo (MRN) Data Reports.

#*
The first report to contain this data is Volume XLVIII for August
1965.
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In addition to meteorclogical measurements, telemetry payloads with
accelerometers and sun sensors have been successfully flown to measure

missile dynamics.ll

3.3 Sites

The first vertical firings of the 5-inch HARP gun were made on the
Edgewood peninsula of the Aberdeen Proving Ground. Most of the later
developmental work has taken place at National Aeronautics and Space
Administration (NASA) Wallops Island, Virginia facility where excellent
radars are avallable which can skin track all projectiles to apogee.
During the final stages of development, a second gun was located at
White Sands Missile Range, New Mexico to initiate the MRN wind measure-
ment program. When development of the vehicle and parachute election
package was complete, two more guns were deployed to the HARP Barbados
range and U.S. Army's test facility at Fort Greeley, Alaska.- Thus
three sites are now involved in a routine MRN network wind measurement
program, Additional guns are planned for Johnson Island, Yuma Proving
Ground, Arizona; and the HARP Highwater range. By May 1966, 162 flights
were made at Wallops Island, L7 at White Sands Missile Range, 30 at
Barbados, and 24 at Fort Greeley.

3.4 Balloon Altitude Measurements from Rifled Tubes

The primary meteorological data required by the field Army are
current winds and temperatures up to 100,000 feet. Although balloons
can obtaln this data, balloons require moderate ground winds for
launching, take over an hour to reach altitude, and can only sample
points downwind of the launch point. As a result of the success of the
5-inch HARP gun, the use of presently available rifled tubes for
meteorological sounding was suggested. A feasibility test of this con-
cept was made with a standard 177 mm rifled tube mounted on an 8-inch
mount12 (Figure 6). A 3-foot square aluminized parachute with ejection
fuze was placed in a standard shell and four shots fired at Wallops
Island. Flights to between 79,000 feet and 81,000 feet were made and all
parachutes were successfully tracked to provide wind data.

16
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Fig. 6 175mm rifled tube set up for vertical fire.

4., SEVEN-INCH SYSTEM

4.1 Gun-Projectile Properties

The T-inch system is essentially a scaled up version of the 5-inch
system with three times the payload and an altitude capacity of 350,000
feet. The modern 175 mm M113 gun was smoothbored, extended by 26
feet,13and placed in a modified T-T76 mount.* (The extended T-inch gun
is on the left in Figure 4.) The basic vehicle (HARP 7.1) is 6k-inches
long, has a 3.6-inch diameter and weighs 60 pounds. Seven-inch missiles

with and without center sabots were shown in Figure 3.

The T7-inch vehicle plastic sabot is also made oversize and must be
forced into the gun by a hydraulic jack. The charge is M17 bagged .11k
web powder weighing up to 110 pounds. With this charge and a gun

*
Since there are only two T-76 mounts available, the 8-inch gun field
mownt has been modified for use with this system.
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pressure of 56,000 psi, a muzzle velocity of 5400 feet per second and

apogee of 300,000 feet has been obtained for the 60-pound missile.

A smaller higher performance missile (HARP 7.2) is under development
tc reach 400,000 feet with a much smaller payload. This missile is
55-inches long, has a diameter of 3 inches and weighs 40 pounds. A
preliminary version of this missile weighing 27 pounds has been placed
at 330,000 feet.

4.2 Payloads

The usual wind sensor, chaff and sluminized parachutes have been
successfully ejected from T~inch missiles with particular interest
associated with the ability of high altitude chaff to measure winds
above 210,000 feet. The available payload volumes of over 125 cubic
inches allows the use of chemical peyloads of the type flowns in Project
Firefly.lS A 10 to 12-pound mixture of cesium nitrate and high
explosive is being developed for the generation of electrons at 330,000
feet. This payload has already been successfully deployed from a 16-inch
missile and created an observable cloud of electrons over Barbados in
late 1965.

The sbility of this wvehicle to reach through the D layer into the
lower E layer of the ionosphere has lead to the development of a
Langmuir probe with associated telemetry to meke direct measurements
of electron density. Early versions of this device have been successfully
flown from both the T-inch gun and the 16-inch gun.

4,3 Gun-boosted Rockets

The use of gun-boosted rockets should retain the accuracy and
economy of a gun system and provide markedly increased payload and
altitude capability. The accuracy advantage of a gun over an unguided .
rocket is based on the gun's high launch velocity and this advantage
would also spply to a gun-boosted rocket. If we consider the gun-
boosted rocket to be & two-stage system with a reusable first stage,

a significant economy should be realizable. For these reasons, a full
bore T-inch rocket is under development as part of the HARP program.
18
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The current concept for this development is a 125-pound full bore,
fiber glass case, solid propellant rocket with pop-out fins which can
be launched at muzzle velocities exceeding 4000 feet per second. This
rocket should be able to exceed 500,000 feet with a 20-pound payload
for a very modest cost. Full bore rocket grains in fiber glass cases
have been successfully launched at 10,000 g's from a 6-inch gun. These
are being scaled up to the T-inch system and the pop~out fins are being
flight tested. Vertical flights of this system are planned for late in

1966,
L4 Sites

Although numerous horizontal tests of the T-inch system and some
vertical flights of high drag slugs have been made at Aberdeen Proving
Ground, all vertical high performence flights of the T-inch system have
been made at NASA's Wallops Island facility. A second gu; has been
empleaced at White Sands Missile Range for tests in early summer, 1966,
and guns are tentatively planned for Barbados and Johnson Islend. Firm
plans on additional sites depend on completion of a fully developed
T-inch system. By May 1966, thirty-four T-inch vehicles had been fired
at Wallops Island.

5. SIXTEEN~INCH SYSTEM

2.1 Gun-Projectile Properties

Late in 1962, McGill University obtained two U.S, Navy surplus
16-inch barrels and one complete’mount. These barrels were smoothbored
in the Spring of 1962 and transported to Barbados, West Indies in the
summer by the U.S. Army Transportation Corps on the B.D.L. LTC John D. Page.
These two 1l0O-ton barrels with 90 tons of mount parts were landed on
the beach at Foul Bay and railroaded overland 2.2 miles to the current
launch site. In January 1963, the first vertical firings were made to
proof test the gun installation. In June 1963, a 185-pound projectile

was fired to 340,000 f'eet,l6 A 51-foot muzzle extension was sttached
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T

in March 196L and a 185-pound projectile was fired to 430,000 feet.l
With sabot and powder modifications and bore evacuation, the peak

altitude was increased to 468,000 feet in November 1966.

The current Barbados 16-inch
gun is shown in Figure 7. To stiffen
this 119 foot 5-inch long barrel,
30 tons of 1-1/2-inch thick longi-
tudinal steel gussets and 2-inch
thick radial webs were welded in
place. Eight tie rods were also
added to reduce droop to acceptable
limits in the elevated position.
The stiffened extended barrel has a
total weight of approximately 200
tons and can be elevated to 85

degrees in less than 8 minutes.

Fig. 7 16-inch extended smoothbore gun at Barbados, W.I.

The 16-inch projectile (Martlet 2C) is a 5h-inch long fin-stabilized
missile with a maximum body diameter of 5.4 inches and weighing 185 pounds.
Its four fins have a total span of 11.4 inches and are canted 1/4 degree
to produce a slow roll (shown in Figure 2). The missile is held in the
gun by a 225-pound base pusher sabot consisting of an aluminum and steel
base with four wooden 28-inch long arms. This sabot is also made over-
size and must be forced into the gun by a hydraulic jack. A more
efficient, but more sophisticated center sabot missile similar to the
5 and T-inch missiles is under development as well as base pusher

saboted vehicles with greater payload capacities.
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The powder consists of bagged .225-inch web modified M8 propellant
with a total weight of 780 pounds. A different web M8 powder has been
used with a charge weight as high as 980 pounds. This charge is designed
to yield 48,000 psi and a muzzle velocity in excess of 6100 feet per second.
To increase the muzzle velocity further, the muzzle was sealed with a mylar
sheet and the bore evacuated to a tenth of an atmosphere, thereby adding

about 150 feet per second to the velocity and 20,000 feet to the apogee.

5.2 Payloads

The usual ejection payloads of chaff and aluminized parachutes
have been flown from the lé-inch gun but all of these flights were
limited to =& maximum apogee of 250,000 to 300,000 feet for proper
deployment, thus these payloads can, in most cases, be lawunched from
15 above 330,000

feet is, however, a l6-inch gun mission. Liquid tri-methyl-aluminum

smaller caliber guns. The placement of chemical payloads

has been used to produce luminous nighttime trails from 300,000 to
460,000 feet to measure ionospheric winds and a cesium compound has
been exploded at 330,000 feet to produce an artificial cloud of
electrons which was observed by a ground-based ionosonde for over 15

minutes.

Active payloads using both 250 MHz and 1750 MHz telemetry have
been carried on a number of 16=inch flights. Onboard sensors have
included magnetometers, sun sensors, pressure gages, and Langmuir probes.
Although most of these devices have functioned successfully, they must
still be considered as under development. Two Langmuir probe flights
made direct measurements of electron densities in Juﬁe 1965 and will be
described in more detail later. 135 Martlet 2's have been fired in

Barbados.
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5.3 Gun-boosted Rocket Properties

The first gun-boosted rocket to be successfully flown from s HARP
gun was a S5-inch aluminum body, fixed fin, subcaliber, solid propellant
rocket fired from the Barbados 16-inch gun in September 1963, (Martlet 3A).
This was followed in July 1964 by flights of a 9-inch steel body Martlet
3B at muzzle velocities up to 3200 feet per second and an acceleration
level of 8000 g's. Figure 8 shows a Martlet 3B with a sun sensor slot
and an antenna for 250 MHz telemetry. These testsl8 showed, however,
that higher muzzle velocities and higher accelerations were not feasible
for these unsupported center hole grains since the grains break up and
ignition and explosion fallure ensue. Hence, an engineering development

was indicated.

MARTLET-38

Fig, 8 l6-inch subcaliber gun-boosted rocket,

Since July 1964, the gun was lengthened and a steel Martlet 3B was
successfully firedl7 at 8000 g's and attained a muzzle velocity of 5200
feet per second. The low mass fraction associated with the metal bodies
has been raised by introducing the use of fiber glass bodies. The
first fiber glass versions were successfully fired at 3800 feet per second
and improved versions are being developed. The peak performance of a
developed subcaliber gun-boosted rocket is 800,000 feet with 35 pounds
of payload. Eleven Martlet 3A's and twenty-five Martlet 3B's have been
fired at Barbados. Ignition was attempted on all flights but the last

15 Martlet 3B's which were primarily structural tests.
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The flight performance and economy of subcaliber rockets suffers
severely in compariscn with that of full-bore rockets which can carry
600 pounds to 40O miles at much lower cost per pound. The developmental
problems of pop-out fins and 1000 to 1500 pound rocket motors seem to
be well worth the effort, and the developmental effort is being shifted
to work on the full-bore rocket. Several full-bore grains have been
successfully launched horizontally at a muzzle veloclty of 2200 feet
per second and a number of pop~out fin tests have been made. Vertical
flights of a 16-inch full-bore rocket are planned for late 1966.

5.4 Sites

In addition to the 119~foot long Barbados gun, a second 119-foot
long gun is located at Yuma Proving Ground, Arizona (Figure 9), and a
10h~foot long horizontal fire gun is located at Highwater, Quebec. The
Yuma gun is limited by a 35-mlile raenge restriction but péssesses the
important advantages of ground recovery and near geographical location to
the West Coast rocket manufacturers. In addition to scientific
soundings with Martlet 2's, this gun will be used for flight tests of
attitude control and telemetry components requiring ground recovery and
short duration rocket flights as well as other engineering tests
appropriate to this location. The Highwater gun is used primarily for
missile-sabot structural integrity tests, charge development, and

rocket grain tests (see Section T7.2).
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Fig. 9 16-inch extended smoothbore gun at Yuma Proving Ground, Arizona.

6. MULTI-STAGE GUN-BOOSTED ROCKETS

The full potential of the large caliber gun launch concept can
only be realized by multi-stage gun-boosted rockets. Computer studies
show that a three stage gun-boosted rocket can reach ICBM reentry
Velocities19 or can generate sufficient velocity to establish an orbit.zo’2l
In these studies, the three stage solid propellant rocket weighs 2000
pounds and is launched at L4500 feet per second by the extended 16-inch
gun. Thus, the gun acts as a fairly large reusable first stage booster
and, thereby, provides a low cost system for reentry studies or small
satellite launches. The use of liquid propellant upper stages or larger
caliber guns significantly increases payloads and reduces the cost per

pound. A 32-inch gun, for example, will provide ten times the payload
of the 16-inch gun for either mission.

Preliminary computer studies for the reentry mission have made use
of two vacuum specific impulses, 250 second and 300 second, with

corresponding payload weights of 50 pounds and 100 pounds. For both

cases, stage mass fractions of 0.8 were assumed. Stage weights of

2k



THIS DOCUMENT IS UNCLASSIFIED - JCP-I, DPG-.

1200, 550, and 250 were assumed for the 50-pound payload and 1200, 500,
and 300 for the 100-pound payload. A sample 50-pound payload trajectory
calls for gun launch at 60 degrees elevation, first state ignition

35 seconds after launch with burnout velocity of 8260 feet per second,
second stage ignition immediately following with burnout velocity of
14,300 feet per second, and a coast phase of 600 seconds before third
stage ignition. With this program, the 50-pound payload is placed

1260 n.m. downrange with a velocity of 21,800 feet per second at 230,000
feet altitude and a reentry angle of -22 degrees. A possible orbit

mission is shown in Figure 10.
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Fig, 10

The key engineering needs for either mission are development of a
large first stage rocket and an acceleration resistant attitude control
system. Since the full-bore 16~inch rocket has already been discussed,

we will examine here the question of the attitude control system.

The primary components of attitude control systems are a spin rate
sensor, a sun sensor, an infra-red horizon sensor, a computer and cold

gas reaction jets (Figure 11). The combination of sun sensor and
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horizon sensors can be used to determine the missile's attitude with
respect to the sun and a normal to the earth.22 The computer can then
be used to properly position the upper stages during burning by means
of the reaction Jets. A breadboard version of this system has been
assembled and successfully operated. All components have been launched
at 10,000 g's from a 6-inch gun, recovered, and shown to be undamaged.

First flight tests of the complete system are planned for late 1966.
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Fig. 11

T. HARP RANGES

7.1 Barbados Range (57.5° W; 13.10 N)

The Barbados range combines the advantage of a tropic location
with the advantages of very long flights over water and nearness of
various Eastern Test Range facilities. Its major disadvantage is

remoteness from the industrial centers of North Americsa.
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The 16-inch gun¥* is located near the East end of the main runway for
Seawell Airfield and fires on an asimuth of 119 degrees (Figure 12).
On the cliff behind the gun, there are four camera locations (East Fastax
Rear Smear, Side Smear, and West Fastax) and in front of the gun on a
50-foot tower a fifth location (Front Smear). Two thousand feet behind
the gun are located the radars (M33 and MPS-19) and a telemetry
receiving station (Figures 13 and 14). The MPS-19 can skin-track the
Martlet 2 to 350,000 feet and the 5-inch projectile all the way, while
the M33 is used for area surveillance. Almost 2 miles down the coast is
the Range headquarters at Paragon House. This building houses the
Launch Control Center, radio communications center, another telemetry
receiving station, machine shop, and other supporting administrative
activities. In view of the gun-runway location, all flights are cleared
with the Seawell Control tower in addition to advising the Eastern Test

Range (Cape Kennedy) as to firing schedule and results.

*Ihe 5-inch gun 1s located directly in front of the 16-inch gun and
fires on the same azimuth. o7
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For proper coverage of the nighttime TMA trails, K-2k4 camers
stations are operated on theislands of St. Vincent, Grenada, and Tobago,
as well as on Barbados itself (Figure 15). All photographic stations
are in radio communication with the HARP Launch Control Center. When
they are available, additional radar support is supplied by the Eastern
Test Range's radar on Trinidad as well as the ETR radar ship Twin Falls.
The Trinidad radar has no difficulty in skin-tracking both the Martlet 2

and the 5-inch projectile from a range of over 200 miles.

ST.VINCENT

HARBADOS

TRINIDAD Fig. 15

7.2 Highwater Range (73° 31' w; 45° 2' N)

The Highwater Range is located 1n the Province of Quebec about 2
miles north of the Vermont border in the Green Mountains. It is in &
natural valley which allows a restricted line of fire to the southwest
(Figure 16). The range has been designed for large rocket flights with
earth butts bulldozed at regular distances to destroy the vehicle should
it deviate from the normal flight path which passes through a series of
concrete tunnels. The natural valley also contributes to the overall
safety of the range. TImpact butts are located at 500 feet and 3000
feet (Stages 1 and 2) and a third butt can be located further down range
to allow a flight of 10,000 feet (Stage 3). The particular impact point

can be selected by adjusting the gun elevation.
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The 16-inch gun* is elevated by means of a steel structure located
near its center of gravity (Figure 17). A number of both full bore and
subcaliber rockets have been successfully fired here with photographic
coverage to determine structural integrity. In addition to structural
tests of rocket grains and new sabot designs, interest is growing in
using this gun to launch large configurations at hypersonic Mach numbers
to measure various aerodynamic quantities such as heat transfer, surface
pressures, and dynamic stability by means of onboard gepsors and

telemetry units.

#*
A 6-inch gun is also located here for component tests and development
of the 7-inch gun-boosted rocket.
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Fig. 17 16-inch horizontal fire gun at Highwater, P.Q., Canada.

8. TWO HARP EXPERIMENTS

8.1 D-Layer Electron Density
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The most sophisticated HARP experiment that has been carried out is
the measurement of electron densities and temperatures by means of Langmuir
probes.23 The basic Langmuir psyload has been hardened to 30,000 g's

for launch from both the T-inch gun as well as the 16-inch gun.
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(Figure 18 shows the probe packaged for the Martlet 2.) The first
successful flight of this probe was made in June of 1965 from the Barbados
gun, using 1750 MHz telemetry (Figure 19). A number of additional

flights of the Langmuir probe are planned for both guns in the summer

of 1966.

8.2 Ionospheric Winds

The most detailed HARP experiment has been the measurement of
ionospheric winds2h by means of luminous TMA trails released from a
Martlet 2 (Figure 20). The luminous trail which can be seen for over 200
miles and persists for over 15 minutes is photographed by the K-24 camera
stations (Figure 21). The resulting photograph can be analyzed to yield

wind profiles from 90 to 140 km (Figure 22). Records are concurrently
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Fig. 21 TMA trail over Barbados, W.I.
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teken by a ground-based ionosonde and correlations between location of

sporadic E lsyers and high EW wind shear layers are studied.

Fifty

trails have been successfully photegraphed over Barbados and more are

planned both at Barbados and at Yuma. With these synoptic studies in

progress, an understanding of air circulation sbove 90 km and its effect

on weather and communications seems to be realizable. The rapid

variation of ionospheric wind throughout a night can be graphically

shown by contour plots based on six HARP trails made in September 1965
(Figures 23 and 2L).
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9. SUMMARY

a. HARP gun-launched projectiles have reached sn operational
condition of routine synoptic sounding to 140 km at low unit costs.

b. HARP full-bore gun-launched rockets promise much greater
performance but retain the ecomony of the gun system.

c. Full-bore multi-stage gun-boosted rockets have tremendous
performance potentialities and the key problem areas of the rocket motor

and attitude control units are under intensive study.

C. H. MURPHY G. V. BULL
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