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REVIEW OF 11E HIGH ALTITUDE RESEARC11 PROGRA •HARP)

ABSTRACT

Project High Altitude Research Program (I{AKP) is dir-!cted toward

the use of guns for scientific probing of the tipper atmosphere. The 4

attractive featuresof gunz for this purpose are the basic econourj of

such a system and the high inhervnt accuracy of guns for placement at

altitude as veil as accuracy in ground impact. The basic liability for

such an approach lies in the very high ac-elerations experienced by 0

ran-launched payloads.

The guns used in Project HARP vary in size from 5-inch and 7-inch

extended guns on mobile mounts to transportable fixed 16-inch guns.

Altitude perforraunce veries from 20 pound , 5-inch rrolectiles ro-aching 0

240,000 feet to 18,-powid, 16-&4nch projectiles reaching T70,000 feet.

Single and multiple stage rockets launched from the 16-inch gun have

very proMising predicted performance and are under development.

Scientific results tt. date Are primarily vind profiles measured by 0

radar chaff, aluminized balloons and parachutes, and tri-methyl-bluz.inum

trails, although a numcbr of successful 250 MIz and 1750 r•(z telemetry

flightn have been made. Sun sensors, magnctoweters, and temperata.-.

sensors have been fl .wn and an electron density sensor vu. fired in early

June. Developrent of other active sensors is continuing.
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1. INTHODUCITON

Project High Altitude Research Program (HARP) is a program of 4

enginearing and scientific research sponsored by the United States Arnt

and the Canadian Department of Defence Production. The engineering

objective of the program is the development of the gun launching system

(guns, vehicles and payloads) to realize the maximum payload/mission 6 4

potential. This ranges from the development of non-assisted, non-

guided vehicles for probing to apogees in the order of 100 miles, to the

davelopment of multi-stage, gun-launched rockets with guidance and

control in the upper stages such that in addition to specific re-entry I

placement capabilities, the system possesses significant orbital

capability. Tie scientific portion of the program makes use of developed

payload capability to conduct synoptic studies of the ionosphere as well

as the usual meteorological measurements in the lower mesosphere. 6 0

The Army program is centered at the Ballistic Research Laooratories

(BRL), Aberdeen Proving Ground, with participation of many other agencies

in the various phases of the program. The Joint Arz:r/Canadian portion

of the program is centered in the Spuce Resetrch Institute of McCill

University, and is monitored by the Joint International Steering Committee

corsisting of tmebers of the Art Research Office, Arq Materiel Command,

Ballistic Research Laboratories, and the Canadian Departcent of Defence

Production. The Space Research Institute of McGill University, working 4

closely with the staff of the BRL, has developed and operates 16-inch

gun systems in B-.:'ados, W. I. and Highvater, Quebec, and has engineered

the in-tallation at the Yuma Proving Ground, Ari:ona. In addition,

nu=eroua vehicle systems have been or are under development along with I
appropriate poyloads, The Institute organl:es and eoordinates the

homeroom 16-inch firing series vhicb take place both for engineering

test develop=nt purpo*es aad for the gathe.ing of scientific data.

4
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2. MAJOR FEATURES OF 7IfE GUNJ SYST4E

The gun barrel, in addition to acting as a first stage re-uaab.e

boc3ter, also acts as a guidance and control system. On emergence from 4
4 the barrel, the vehicle is at a high velocity on a pre-detc.i-.ined flight

path and is not significantly affected by surface winds. Thus, vwhic>'.

dispersion (in the case where there is no in-flig.ht rocket-boost) can

be closely controlled to both a predicted point in space, as well a3s
4 imp.act into a relatively confined area. The gan-launch system fron a

dispersion point of view more closely approaches anti-aircraft gun fire

than conventional rocket launches. In addition to the lower dizpersion

of a gun system compared to an ungl-lded rocket, the re-usable booster 4

4 characteristic of the gun barrel can Icad to significant cost advantage

over rocket systems.

The gun-launch technique takes on two different tasks in the HARP

program. It may act simply as the first stage of a multi-stage roc*et 4

system with subsequent trajectory characteristics controllel by the

performance and selected igniti•n times of the rocket stage:, or may be

the sole propulsive force applied to the vehicle. When it acts as the

sole boostini; stage, it then beco~es necessary to achieve a ballistic 4

coefficient larger than that of a conventional shell, and at the saw

time, double the mu:zle velocity of conventional gms. 1 ,20 The relatico

between launch ballistic coefficient, muzzle "elocity &nd apogee is

shown here in Figure 1. It may be noted from this figure that below a

ballistic coefficient of 2000 pouida per square foot, apogee is controlled

largely by thi ballistic coefficient, while beyond this, apogee Is

coxtrolls! largely by ru::le velocity.

$Sw.weript n"W*M &Moto Nofenaunes uhich ,. 3 ba found on pao 3S.
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tI.I APOGEE AS A FUICTION CF BALLISTIC COEFFICIENT 41
AND MUZZLE VELOCITY

T'ui, In order to S1ide to apogeet of interest. it is necessary to
use sabot launched, sub-caliber vehicles (Figures 2-3). The vehicle 4
launch W•alltic coefficient can be kept large, vhile the all-up shot

veight can be kept soall. For example, the sorvice 16-inch gun fires

a 000-pound shell at muzzle velocities of 2eOO feet per second. The
* vwhicle/sabot combinaticn shcvn in figure 2 has an overall veight of a 4

nuainal 400 pouadq and has been launched at muzzle velocities of over

6000 feet per seeccd. 7he pu3her plate converta the gun pressure to a

total thrust en the vchicle, while the petal arts keep the vehicle

4 aliged during bore travel. A much li&hter sebot system is shova in 4

Figure 3; this supworts the vehicle near Its center of grawlty, and

ets tW! afterbo4y trail in the gun gases.

a
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Fig. 2 16-Inch projectile with and without baso puoher sabot.

.* 1

nee 3 5-iLnc and -nich project*'W% with center sabota and ?-tnch
4 projectile without aabot. 0

In order to achieve cpti- gui V. ?rfo-rmance vith the"e liphtveiht

shots, it to necesaary to increw-e the brTrrel length to betveen 75 to
• 100 calibers (approxlcatel~y double the nor-.&l barrel length) and to

tailor a suitable prapellant veb. 1te ouzzle velocity In further

increased as cuch as 200 feet per second by 004a11no the muzzle vith a

thin plastic sheet and evncutin; the barrel or kir. 7he current peak

* performance for HW g-ns is given In the Tollmving table. 4

12
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Vehicles are "ubJected to acceleration loads that decrease in

inverse ratio to the gun si:e (i.e., doubling the barrel diameter halves I

the peak g lcad). For the 7-inch Sun, peak accelerations are in the

35,000 g range, for the light shot vei&.ts, while equivalent accelerationa

in the 16-inch gun are of the order of 15,000 g's. For the large

rocket systems under develcpment for the 16-inch gun, peak accelerations

are in the 5,000 g range. A natural handicap of high-g gun launch is

the special dovelopent of telemetry units and sophicticated sensors.

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

nub-•r of applications. 3-5

3.1 r.o u.-Prolec-tile Prr, l rt~eq

TAe first HAR'P vertical firings were made in June 1961 fron the

df.evoo~d peninsula, 10 tiles outaide of the DaltiaoiO city limit.

Theme flights were cade with a atoothbored 120 = T-123 barrel and a

center-sabot stabilized vehicle. The vrhicles were co'structed from

excess parts of a defunct developcntal :xisolle. Thia non-cptitum

Ocull reacbed an altitude of 13),00W feet and chaff was deployed. 6

4 4
13

* S SS S 50 S



I®

The next year, a 10-foot exten- .

sicn 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 5-inch missile is the center

missile in Figure 3. The 45-inch

long missile (HARP 5.1) weighs 20

pounds with a 5-pound center sabot. 2

The maximum body diameter is 2.6 K 4

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 F0 4,FiLg. A.i -n r a h ir'd ',-i •xte, 'ld lrcoo h ore

threads and the plastic quarters P, at Wallops I V4.

seal the gun tube and supply most of

the bore riding iurface. The plastic part of the sabot is made slightly

oversize and the projectile-sabot combination i rammed into the tube by 0

a hydraulic Jack.

A 35-pound triple web mixture of M-17 is normally uwed and breech

pressures range from 55,000 psi to 62,000 psi. Projectiles reach muzzle

veiocities of 5100-5200 ft/sec and apogees of 220-240,000 feet.7, 8  0 4

Early in the program, a significant number of apparently undamaged

rounds flew to heights less than 100,000 feet, probably due to some

aeroit'namic difficulties. When the fins were beveled 3 degrees to induce

spin, the missiles b,,came most. reliable and impact circle radii of less

than one mile were routinely observed.

114
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3.2 Payloads

The first payloads flown were radar chaff and aluzinized parachutes.

These are tracked by radar to give winds betveen 200,U00 feet and

80,000 feet. Figure 5 is a sample radar plot for an &lurmnized six-foot

square pc.Lachute flown over Barbados in Januarj 1966.25

4@
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An acoustic source payloid9 consisting of a l8A-gm charge has been

developed by the Atmospheric Sciences Laboratory at White 1ands Missile

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

and parachute deploymhnt is und-r development. 1680 PI31 transmitters

are also under development. Over 75 oboervatiots of winds have been

made by 5-inch IAIU projectiles at varnous locatioas and these are

4 being published in the Meteorological Rocket Netvork (10 ( ) Data Reports. I

77w fizvt report to contain this data is Voluw' ZLVIII for Awupst
4 2965.

i5
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In addition to meteorological measurements, telemetry paylcads with

accelerometers and sun sensors have been successfully flown to measure

missile dynamics.
1 1

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

develcpmental work has taken place at National Ai-ronauti:s and Space

Administration (NASA) Wallops Island, Virgi-.La facility where excellent

radars are available 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 11RN wind measure-

ment program. When development ot the vehicle and parachute ejec'tion

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 nov involved in a routine MRN network wind measurement

program. Additional guns are planned for Johnson Island, Yuma Proving

%round., Arizona; and the HARP Highwater renge. By May 1966, 16z flights

we.te made at Wallops Island, 47 at ,Jhite Sunda Missile Range, 33 at

Barbados, and 24 at Fort Greeley.

3.4 Balloon Altitude Measure-ments from Rifled Tubes

The primary meteorological data requirel by the field Army are

current winds and temp.ratures up to 100,000 feet. Although balloons

--an obtain this data, balloons require moderate ground winds for

launching, take over an hour to reach altt.tude, and can only sarple

points downwind of the lauach point. As a result vf the success of the

5-inch HAWP gun, the use of presently available rifled tubes for

meteorological sounding was suggested. A feanibility test of this con-

cept was made vith a standard 177 = rifled tube mounted on an 8-Inch

mount 12 (Figure 6). A 3-foot square aluminized parachute with ejection

fuze vwa placed in a atandard shell and four shots fired at Wal-.. j

Island. FlIghts to betvwen 79,000 feet and 81,000 feet were ma-e and all p

parachutes were successfully tracked to provide wind data.

16
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4.~ SEVSNH IIT

syte wit the ie h ala n nattd aaiyo 5,0

feet. 7he mfudern 175 mm M113 gun v&. srnnohbored, extended b) 26

feet,13 &rnd placed in a mod4 tiid T-Y6 mount. (TMe extended 7-inch gun

I-% m the left iir Figure 4.,) 7he basic vuihicle (HARP 7.1) is 61 '-inches

lon~g$ has a 3.6-luch d~iameter an,! weigh~s 60 poundai. Seven-inch 0'tissiles

with and vithout cei~ter sabots v-.-e ehcon in Figure 3.

IThe 7-incn vehicle plastic s~bot is also made oversize cad oust be

forced Into the S-w by a hydraulic Jiack. The, charge is M17 bagged .l114

veb powder weighing~ qp to 110 pounds. WitL this charge and a gun

*Since themv am~ Ony tb-o T-76 mowlto available, *hq 8-inch gws fietd
amwt )ia boon modified for use with thia #ya om. 14

17
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pressure of 56,000 psi, a muzzle velocity of 5h00 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

to reach 400,000 feet with a much smaller payload. This missile is

55-inches long, has a diameter of 3 inches and weighs hO pounds. A

preliminary version of this missile weighing 27 polmds has been placed

at 330,000 feet. *

4.2 Payloads

The usual wind sensor, chaff and aluminized parachutes have been

successfully ejected from 7-inch missiles with particular interest

associated with the ability of h 3h altitude chaff to measure winds

above 210,000 feet. The available payload volumes of over 125 cubic

inches allows the use of chemical payloads of the type flown in Project

Firefly. 1 5 A 10 to 12-pound mixture of cesium nitrate and high

explosive is being developed for the generation of electrons at 330,)00

feet. This pavload has already been successfully deployed from a 16-inch

missile and created an observable cloud of electrons over Barbados in

late 1965.

The ability of this vehicle to reach through the D layer into the

lover E leter of the ionosphere has lead to the development of a

Langmuir probe with associated telemetry to make direct measurements

of electron density. Early versions of this device have been successfully *
flown from both the 7-inch gun and the 16-inch gun.

4.3 Gun-boosted Rockets

The use of gun-boosted rockets should retain the accuracy and

eeocoM of a gun system and pro-Ade markedly increased payload and 0 4

altitude capabili .-. The accuracy advantage of a gun over an unguided

rocket Is base4 on the gun's high launch velocity and, this advantage

vould also apply to a gun-boosted rocket. If ye consider the gun-

boosted rocket to be a tvo-stre system with a reusable first stage, I

a significant econcal 'hould be realizable. For these reasons, a full

bore 7-inch rocket is under development as part of the HMA1P 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 successfVully launched at 10,000 g's from a 6-inch gun. These

are being scaled up to the 7-inch system and the pop-out fins are being

flight tested. Vertical flights of this system are planned for late in

1966.

4.4 Sites

Although numerous horizontal tests of the 7-inch system and some

vertical flights of high drag slugs have been made at Aberdeen Proving

Ground, all vertical high performance flights of the 7-inch system have

4 been made at NASA's Wqllops Island facility. A second gun has been *
emplaced at White Sands Missile Range for testa 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

* 7-inch system. By May 1966, thirty-four 7-inch vehicleb had been fired

at Wallops Island.

5. SIXTEEN-INCH SYSTEM

4 5,1,Gun'Pr°•ectile 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 tha
su4O er by the U.S. ArcV Transportation Corps on the B.D.L. LTC John D. Psge. S

These tvo 11 O-ton barrels vith 90 tons or mount parts vere 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 S

vas fired to 340,000 feet.16 A 51-foot muzzle extension was attached

19
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in March 1964 and a 185-pound projectile was fired to )430,000 feet. 1 7

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 :?00

tons and can be elevated to 85.1

degrees in less than 8 minutes. 
*

Fig. 7 16--mh extended woothbore gun at Barbados, W.I.

* The 16-inch projectile (Martlet 2C) is a 54-inch long fin-stabilized I

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

Sgun by a 225-pound base pusher sabot consisting of an aluminum and steel 0

base vith 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 7-inch missiles is under development as veil as base pusher 6

saboted vehicles with greater payload capacities.

20

* &

*1 SSS0



The poider consists of bagged .225-inch veb modified M8 propellant

with a total weight of 780 pounds. A different web M8 powder has been

4 used with a charge weight as high as 980 pounds. This charge is designed I

to yield h8,000 psi and a muzzle velocity in excess of ýC.0 feet per second.

To increase the muzzle velocity further, the muzzle was sealea w!th 9 saylar

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. I

5.2 Payloads

The usual ejection payloads of chaff '.:. aluminized parachutes

have been flown from the 16-inch gun but all of these flights were 0

limited to a maximum apogee of 250,000 to 300,000 feet for proper

deployment, thus these payloads can, in most cases, be launched from
15

smaller caliber guns. The placement of chemical payloads above 330,000

feet is, however, a 16-inch gun mission. Liquid tri-methyl-aluminum * *
has been used to produce luminous nighttime trails from 300,000 to

460,0O0 feet to measure ionospheric winds and a cesium compound has

been exploded at 330,000 feet tc produce an artificial cloud of

4 electrons which was observed by a ground-baied ionosonde for over 15 4

minutes.

Active payloads using both 250 MHz and 1750 Kiz telemetry have

been carried on a number of 16-inch flights. Onboard sensors have

* included magnetometers, sun sensors, pressure gases, and Langmuir probes. 4

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 June 1965 and will be

4 described in more detail later. 135 Martlet 2's have been fired in 4

Barbados.

* 21 p
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5.3 Gun-boosted Rocket Properties p

The first gun-boosted rocket to be successfully flown from a HARP

gun was a 5-inch aluminum body, fixed fin, subcaliber, solid pipellant

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 KHz telemetry. These tests13 showed, however,

that higher muzzle velocities and higher accelerations were not feasible P

for these unsupported center hole grains since the grains break up ard

ignition and explosion failure ensue. Hence, an engineering development

was indicated.
4 I

.MA I? T L II T- 313
Fig* 8 16-inch nubcaliber eun-boosted rocket.

Since July 1964, the gun was lengthened and a steel Martlet 38 was

successfuly fired1 7 at 8000 g's and attained a muzzle velocity of 5200

feet per eecond. The low mass fracti%n aasociated with the metal bodies

has been raised by introducing the use #-\f fiber glass bodies. The

firet fiber glass versions were succesfuilly t'red at 3800 feet per second

and ikiroved versions are beting developed. The peak performance of a

developed subcaliber gun-boosted rocket is 800,000 feet vith 35 pounds

of payload. Eleven MKrtlet 3A's and wenty-tive Martlet 33's have been

fired at Barba4os. Ipition was attempted on ali C'lighks but the last

15 Martlet 3B's vbich were primarily structural tests.

22
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The flight performance and economy of subcaliber rockets suffers

severely in comparison with that of full-bore rockets which can carry

600 pounds to 400 miles at much lower cost per pound. Tie developmental

problem3 of pop-out fins and 1000 to 1500 pound rocket motors seem to 0 4

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

successfull, laurched horizontally at a muzzle velocity of 2200 feet

per second and a number of pop-out fin te3ts have been made. Vertical

flights of a 16-inch full-bore rocket are planned for late !966.

5.4 Sites

In addition to the 119-foot long Barbados gun, a second 119-foot

long gun is located at Yuma Proving Ground, Arizot.a (Figure 9), en4 --

10 4-foot long horizontal fire gun is located at Highwater, Quebec. The

Yuma gun is limited by a 35-mile range restriction but posscsses the

important advantapes of ground recovery and near geographical location to

the West Coast rocket manufacturers. In addition to scientific 0 4

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 Hiighwater gun is wed primarily for |

Missile-sabtt structural integrity tests, charga development, and

rocket grain tests (see Section 7.2).

2
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Fig. 9 16-inch extcnded rmoothbore run nt Yma Proving Ground, Arizona.

6. M'JLTI-S~TAGE G'N-BOOSTEED ROCKETS

The full potential of the large caliber gun lawuch concept can

only be realized by multi-stage gun-bocsted rockets. Computer studies

shcv that a three stage gun-boosted rocket can reach ICBM reentry

'x22octties or can generate sufficient velocity to establish an orbit.20,21

In these studies, the three stage solid propellant rocket weighs 2000

poxunds and is launched at 4500 feet per second by the extended 16-inch

gun. Thus, the gun acts ss a fairly large reusable first stage booster

and, thereby, provides a low cost system for reentry studies or small

sateliite launches. The use of liquid propellant upper stages or larger

caliber guns significantly increases payloads and reduces the cost per

pvund. 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 fracticns of 0.6 were assumed. Stage weights of

24



1200, 550, and 250 were assumed for the 50-pound payload and 1200, 500,

and 30C for the 100-pound payload. A sawple 50-pound payload trajectory

calls for gun launnch at 60 degrees elevation, first state ignition

35 seconds after launch with burnout velocity of P.60 feet per second,

second stage ignition imnediately following with burnout velocity of

l4,300 feet per second, and a coast phase of 600 seconds before third

stage ignition. With this progran, the 50-pound payload is placel

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.

I.."

rim

r

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,

ve vill 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

25



horizon sensors can be use-d to determine the mis3ile's attitude with
22

respect to the sun and a normal to the earth. The computer can then

be used to prcperly pesiticn the upper stages during burning by means

of the reacticn jeta. A breadboard version of this system has been

assembled and successfully cperated. All components have been launched

at 10,000 g's frcm a 6-inch gun, recovered, tnd shcwn to be undanao;ed.

First flight Tests of the co-plete system are planned for late 1966.

Fig. 11

7. HARP RANGES

7.1 Barbados Rannre (57.50oW; 13.10 N)

The Barbados range combines the advantage of a tropic location

with the advantages of very lon•g flights over water and nearness of

various Eastern Test Range facilities. Its major disadvantage is

remoteness from the industrial centers of North America.

26*
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Fig. 12

The 16-inch gun* is located near the East end of the main ru•nway 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 MWS-19 can skin-track the

Martlet 2 tte 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 buliding houses the

Launch Control Center, radio cormunications 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 C:ýntrol tower Ir. addition to advising the Eastern Test

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

"Tha S-inch gun ic located dairctZy in front of the 16-inch gun and
frmo on the Oemw a .. m h 27
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For proper coverage of the nighttime TMA trails, K-24 camera

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-trackinig both the Martlet 2

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

/"

k " ......

mi n;or"G. Itin
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7.2 ){ighvater Range (730 31' H; aa5° 2' N)

The Highvater R~ange •ns located in the Province of quebec sbc~t 2

miles north of the Vermont border in the Green Mountains. It is in a

4 natural valley which allows a restricted line of fire to the southwest

(Figure 16). The range has been desired f4%r large rocket fligh-tr vith

earth butts bulldozed at regular distances to destroy the vehicle should

it deviate from the normal flight path which passes through a serie. of

4 concrete tlmnela. The natural valley also contributes to the overall

safety of the range. Impact butts art located at 500 feet aud 3000

feet (Stages 1 and 2) anI a third butt can be located further down range

to allow a flight of 10,000 feet (Stage 3). The part!oular icpact point

4 can be .elected by adjustirng the gun elevation.
29
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Fig. 16

4 The l6-inch gun* ia 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
* teats of rocket grains and new sabot designs, interest is growing in

using this gw. to launch large configurations at hypersonic Mach numbers
to measure various wro4yn•oc quantities such as heat transfer, surface

pressures) and dynamic stability by means of onboard sensors and

4 telemetry units.

IA 6-innc gwt is aloo tot'atd hewi' for oo•wrp tooto mid d&wtopmsnt I
of tOw ?-inch gi-boooted rooXket.
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Fig. 17 16-inch horizontal fire gun at Highwater, P.Q., Canada. *

8. TWO HARP EXPERIMIMS

8.1 D-Layer Electron Density

I. ~HARP D LAYER

4 Fig. 18 Fig. 19

The most sophisticated HIARP experiment that has been carried out is

the meuurent of electron densities and temperaturms by uoans of Langmuir

probes.23 The brtc Languir payload has been hardened to 30,000 g's

for launch from both the 7-inch gun as veil as the 16 -inch gun.

31
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(Figure 18 shows the probe packaged for the Martlet 2.) The first 4

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 ITangmuir probe are planned for both guns in the summer

of 1966. 0

8.2 Ionospheric Winds

The most detailed HARP experiment has been the measurement of

ionospheric winds by means of luminous TMA trails released from a 0

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 0

Fig. 20 Fig* 21 TMA trail over BarbadosQ, W*I.

* * .

Fig. 22
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taken by a ground-based ionosonde and correlations between location of

sporadic E layers and high 5d wind shear layers are studied. Fifty

trails have been successfully photographed over Barbedos and more are

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

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

on veather 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

(Figurv•s 23 and 2L).
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9.o StQiA1
a. ARPgu-lanceE~prjecils hve ee~.hd an peatina

conditon of outin synopic aoudin~ .4o L~0k tb ntcss

a. HARP gun-launreA proajecties roaket rpromied au opreatiora

performance but retaia the ecomony of the Pw~ system.

c. F ull-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. MURHY G. V. BULL
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