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REVIEW OF THE HIGH ALTITUDE PEGEARCH PROGRA (HARP)

ABSTRACT

Project High Altitude Research Program (HARP) is directed toward
the use of guns for scientific probing of the upper atmosphere. The
attractive featuresof gunc for this purpose are the basic economy of
such a system and the high inhercnt accuracy of guns for placerent at
altitude as well a3 accuracy in ground impact. The baszic liability for
such an approach lies in the very high acrelerations experienced by

gun-launched payloads.

The guns used {n Project HARP vary in size from S-inch and 7-inch
extended guns on mobile mounts to transportable fixed l6-inch guns.
Altitude performance veries from 20 pound , S-inch protectiles reaching
240,000 feet to 18,-pound, 16-inch projectiles reaching 470,000 fcet.
Single and nultiple stage rockets launched froam the 16-inch gun have
very proalising predicted performance and are under development.

Scientific results t¢ date are primarily vind profiles measured by
radar chaff, aluminized balloona and parachutes, and tri-cethyleanluzinus
trails, although a nimbter of successful 250 Mi: and 1750 Miz telemetry
flighta have been nade. Sun sensors, mognciometera, and tecperatu..
sensors have been flown and an electron density sensor vas fired in early

June. Develogtent of other active sensors {a continuing.
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1. INTRODUCIION

Project High Altitude Research Frogram (HARP} is a program of
enginesring and scientific research sponsored by the United States Army
and the Canadian Department of Defence Productlion. The enginecering
objective of the program is the development of the gun launching system
(guns, vehicles and paylcads) 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
cd2velopment cof multi-stage, gun-launched rockets with guidance and
control in the upper stages such that in addition to specific re-entry
placement capubilities, the system possesses significent orbital
capability. ‘ihe scieatific portion of the program makes use of developed
vayload capability to conduct synoptic studies of the ionosphere as well

as the usual rmeteorological measurements in the lovwer mesosphere,

The Army program is centered at the Ballistic Research Laboratories
(BRL), Aberdeen Proving Ground, with participetion of many other agencies
in the various phases of the program. The Joint Arty/Canadian portion
of the progran is centered in the Spuce Resenrch Institute of McCill
University, and iy monitored by the Joint Internatiocnal Steering Committee
consisting of merbers of the Argy Research Office, Army Materiel Command,
Ballistic Research Laboratoriea, and the Canadian Departzent of Defence
Production. The Space Research Idstitute of McGill Univeraity, vorking
closely with the staff of the BRL, has developed and cperates 16-inch
gun 3ystems in B-:“ados, W. I. and Highvater, Quebec, and has engineered
the {nrtallaticn at the Yuma Proving Ground, Arizcna. In eddition,
nuzerous vehicle systems have been or are under developzent along with
apprcpriate poayloads, The lnatitute organizes and coordinates the
nuserous 16-inch firing series vhich take place both for engincering
test developaeat purpcses and for the gathering of sclentific date.




2. MAJOR FEATURES OF THE GUN SYGTEM

The gun barrel, in addition to acting as a first stage re-usuble
boeositer, also act3 as a guidance and control system. On emergence from
the barrel, the vehicle is at a high velocity cn a pre-detcrmined flisht
path and is not significantly affected by surface winds. Thus, vehicle
dispersion (in the case where there s no in-flight rocket-boost) can
te closely controllad to both a8 predicted point in space, as well a3
irract into a relatively zonfined area. The gun-<jaunch system froa a
dispersion point of view mcre closely approaches anti-aireraft gun fire
than conventional rocket launches. In addition to the lower dicpersion
of a gun system compared to an ungnuided rocket, the re-usable booster
characteristic of the gun barrel can lcad to significant cost advantuage
over rocket systems.

The gun-launch technique takes on two ditrferent tasks in the HARP
program. It may act simply as the first stage of a multi-stage roczet )
system with subsequent trajectory chuaracteristics controlled by the
performance and selected igniticn times of the rocket stages, or may be
the sole propulsive force applied to the vehicle. When it acts as the
sole boostiny; stage, it then becomes necessary to achieve a ballistic
coefficient Jarger than that of a conventional shell, and at the same

time, double the nuzile velocity of conventional ms.l'e.

The relaticn
betveen launch ballistic coefficlent, muzzle velocity and apogee i3

ghown here in Figure 1. It =ay be noted froa this figure that belov a
ballistic coefficient of 2000 pounds per aquare foot, apogee is controlled
largely by th: ballistic coefficient, vhile beyond thias, apogee i3

contrellel lergely by zuzile wvelocity.

’
. ’ ’
Superscript mwbere denote referenccs which may ba found om paze 38,
10
’
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Thus, in order to glide to spogees of interest, it is necessary to
use sabot lauached, sub-calidber vehicles (Figures 2-3). The vehicle
launch tallistic coefficient can be kept large, vhile the all-up shot
veight can be kept s=all, For exazple, the service 16-inch gun fires
8 3000-pound shell at murzle velocities of 2800 feet per second. The
vehicle/sabot cozdinaticn shovn in Figure 2 has an oversll veight of a
nusinal 400 pounde and has been launched at suitle velocities of over
6000 feet per seccud. The pusher plate converts the gun pressure to a
total thrust on the vzhicle, while the petal arcs keep the vehicle
aligned during bore trevel. A much lighter sedbot syates is shovn in
Figure 3; this supnorts the venicle near {ts ceater of gravity, and

acts tto afterbody trail ia the gun gases.

11
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Fige 2 16-Inch projectile with and without basoe pusher sabot.
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Fige ) Seinch and 7-inch projectiler with center sabots and T-inch
projectile vthout sadot,

In order to achieve cptizun gun perforeance vith theae iightweight
shota, it is neceasary to increasc the barrel length to btetween 75 to
100 calibers (approxizately doudle the normal barrel length) and %o
tailor a suitadle prapellant web., The tuzile wvelocity {3 further
increased a3 cuch e3 200 feet per second by fealing the zuz:tle vith a
thin plastic sheet and evacuatling the darrel of air. The current peak
performance for HARP? guns 13 given ia the folleving table.

12
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PEAC TEMFORVANTE FLR HAKRP GINS

G- In za Fiiwne Muzzle
o wweg'h Welgnt wWelasht Yelocity Apogee
179 en 3t 13 lbs 133 \bs 3150 /g2 81,00C
b 0w 2% Iits T ‘ts 5.30 ft'sec 240,000
™ TRl 7Y ibs t) 1ts Y3 to/mee 300,000
e PN L ibs 27 lis 40 fe/aee 330,000
Uie 1y RO 195 its n 30 te/sec *169,000

ALl v tes are s 2URRCrea except for the stanlerd 175 =m.  Usual payicas velghts are betvees ;0%
d SIS of flluht veighta.

0 Sguestepr 1t an izproved ianlition systen xnli wel the Yoma gun to elhieve o velcesity of
TV f/ses anl an aptgme of Syu,iud Lowil iy protestile.

Vehicles are “bjected to acceleration loads that decrease in
inverse ratio to the gun size (i.e., doubling the barrel diameter halves
the peak g lcad). For the T-inch zun, peak accelerations arc in the
35,000 g range, for the light shot weights, while equivalent ac:elerations
{n the 16-inch gun are of the order of 15,000 g's. For the large
rocket systecs under develcprment for the 16-inch gun, peak accelerations
are in the 5,000 g range. A natursl handicap of high«g gun launch is
the apecial development of telemetry units and sophicticated sensors,

The vork to date indicatea that this liability can be overcoze (n a

auzber of applications. 35

3. FIVE-INCH SYSTEM

3.1 Gun-Proinrctile Properties

The firat HARP vertical firings vere made in June 1961 froz the
Cdgevood peninsulas, 10 Biles cutalde of the Baltizose clity llmit,
Thene flights were cade vith a stoothbored 120 e T-123 barrel and &
center-scadot stadbilized vehicle. %The v~hicles vere corstructed froa
excess parta of s defunct dewvelopzental missile. ‘This nom-cptisus
design reached an altitude of 130,000 fret and chaff vas deplcyed.s

13
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The next year, a 10-foot exten- " i ” T, ﬂ{ﬂ
sicn was added to the gun and an
cptimum design for the vehicle
established. The present gun is
shown cn the right of Figure 4 and ]
the S5-inch missile is the center {‘ f
missile in Figure 3. The US<inch :
long miasile (HARP 5.1) weighs 20
pounds with a S-pound center sabot,
The maximum body diameter is 2.6
inches and the fins are slightly
sualler than the bore diameter. The

e P ae

:
Iy

it s
¢

. j
< " 3

Shb
4 PR
L SN -

i

Fig. & ©“-inch and 7-inch extecded srooth!ore
yurs at Wallops Islard, Va,

MRt

center sabot consists of a four-
plece aluminum section backed up by ) '
plastic quarters, The aluminum parts e i s 7 s
are locked to the missile by buttress

B e L U
v

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-17 is normally used 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 reet.7'8
Early in the program, a significant number of apparently undamaged
rounds flew o heights less than 100,000 feet, probably due to some
aerotmaric difficulties. When the fins were beveled 3 degrees to induce
spin, the missiles Locame most reliable and impact circle radil of less

than one mile were routinely observed.

14
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3.2 Payloads

The first payloads flown were radar chaff end aluninized parachutes.
These are tracked by radar to give winds Letween 200,U0C feet and
80,000 feet. Figure 5 is a ssmple radar plot for an asluminized six-foot

square paiachute flown over Barbados in January 19‘66.25
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An acoustic source payload” ccnsisting of a 180-gm charge has been
developed by the Atmospheric Sciences Laboratory at White Sands Missile
Range and a high-g temperature sensor for use with 250 Mi: tranamitter
and parachute deploymont is under development. 1680 Mi: transmitters
arc also under development. Over 75 observations of vinds have been
made by S~inch HARP projectiles at verious locatioas and these are

belng pudblished {n the Meteorologlical Rocket Netvori i (MGt1) Dats Repom..

. * » A kd
The first report to contain this data s Volume XLVIII for August
1965. ,

15




In addition to meteorological measurements, tolemetry paylcads with

sccelerometers and sun sensors have been successfully flown to measure

missile dynamics,t?

3.3 Sites

The first vertical firings of the S-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 A~ronautizs and Space
Administration (NASA) Wallops 1sland, Virgi.la facility where excellent
radars are available which can skin track all prolectiles to apogee.
During the final stages of develoovment, a second gun was located at
wWhite Ssnds Missile Range, New Mexico to initiate the MRN wind meesure-
ment program. When development of the vehicle and parachute ejection
package vas 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, fuma Proving
Sround, Arizona; and the HARP Highwater renge. By May 1966, 160 flights
vere made at Wallops Island, 47 at White 3encds Missile Range, 20 at
Barbadcs, and 24 at Fort Greeley.

3.4 Ealloon Altitude Measurements from Rifled Tuben

The primary meteorological data required by the field Army are
current vinds and temreratures up to 100,000 feet. Although balloons
can obtain this data, balloons require moderate ground winds for
launching, take over an hour to reach alt!tude, and can only sarple
points downvind of the lauach point. As a result of the success of the
S-inch HAR® gun, the use of presently available rifled tubas for
metecrological sounding vas suggested. A feaaibility test of thie cone
cept vas sade vith a standard 177 mm rifled tube mounted on an 8-inch
seunt 12 (Figure 6). A 3-foot square aluminized parachute with ejection
fuze vas placed in s Jtandard shell and four shotas fired at Walle, s
Island. Flights to detwaen 79,000 feet and 81,000 fevt vere made and all
parachutes vere succesafully tracked to provide vind data.

16
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Fig. 6 175z rifled tube set up for vertical five.

L, SCVEM-INCH SYSTFM

4.1 Gun-Projectil Properties

The 7-inch systea is essentiaily . scaled up version of the S5-inch
systen vith three times the payioad and sn altitude capacity of 350,C00
teet. The modern 175 mm M112 gun ves smaochbered, extended by 26
teet.nar-.d placed in a madificd T-76 nount.. (The extended T-inch gur
{3 on the left ic Figure L.) Tae basic vehicle (HARP 7.1) is 6L-inches
long, bas a 3.6-luch dtameter an? veighs €0 poundi. Seven-inch missiles
vith and without center sabots ws.e shovm in Figure 3.

The T-inch vehicle plaatic schot is elso made oversize cad must be
forced into the gur by a hydreulic jack, The charge is M17 bagged .11b
veb povder veighing wp to 110 pounds. Witl. this charge and a gun

[ ]
Since there am only o T-76 mownts avatlable, *hu 8-inch gun fleld
mount has boen modified for use with thig ayecwm,

17
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pressure of 56,000 psi, a muzzle velocity of SLOO feet per second and
apogre of 300,000 feet has been obtained for the 60-pound missile.

A smaller higher performance missile {(HARP 7.2) is under develonment
to reach L00,000 feet with a much smaller payload. This missile is
55-inches long, has a diameter of 3 inches and weighs LO pounds. A
preliminary version of this missile weighing 27 ponds has been placed
at 330,000 feet.

L.2 Payloads

The usual wind sensor, chaff and aluminized parachutes have been
successfully elected from T-inch missiles with particular interest
asgociated with the ability of h’ zh altitude chaff to measure winds
above 210,000 feet. The available payload volumes of over 125 cubic
inches ailows the use of chemical payloads of the type flown in Project
l“iret‘ly.l5 A 10 to 12-pound mixture of cesium nitrttte and high
explosive i3 being developed for the generation of electrons at 330,00
feet. This pavload has already been succesasfully deployed from a l6-inch
aissile and created an observable cloud of electrons over Barbados in
late 1965.

The ability of this wvehicle to reach through the D layer inte the
lover E layer 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 bdeen successfully
flown from both the 7-inch gun and the 16-inch gun.

L.3 Gun-boosted Rockets

The use of gun-boosted rockets should retain the accurucy and
economy of a gun systez and provide markedly increased payload and
altitude capadili :-. The accuracy adventage of a gun over an unguided
rocket i{s based on the gun's high launch welocity an:d this advantage
vould also apply to a gun-boosted rocket. If we consider the gun-
boosted rocket to be a tvo-stnge system vith a reusable first stage,

a significant econcmy should b¢ 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 btore,
fiver 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 successtully launched at 10,000 g's from a 6-inch gun. These
are being scaled up to the T-inch system and the pcp-out fins are being
flight tested. Vertical flights of this system are planned for late in

1966.
L,L Sites

Although numerous horizontal tests of the T-inch system and sorme
vertical flights of high drag slugs have been made at Aberdeen Proving
Ground, all vertical high performance fi{ights of the T-inch system have
been made at NASA's Wsllops Island facility. A second gun has been
erplaced at White Sands Missile Range for testa in early summer, 1966,
and guns are tentatively planned for Barbados and Johnson Islend. Fim
plans on additional sites depend on completion of a fully developed
7-inch system. By May 1966, thirty-four T-inch vehicles had been fired
at Wallops Island.

5. SIXTEEN-INCH SYSTEM

3.1 Gun-Projectile Properties

Late in 1962, McGill University obtained two U.S. Navy surplus
16-inch barrele and one complete mount. These barrels vere smoothbored
in the Spring of 1962 and transported to Barbados, West Indies in th2

suzmer by the U.S. Arzy Transportation Corps on the B,D.L. LTC Jchn D. Page.

These tvo 1l0-ton barrels with 90 tons of mount parts vere landed on

the beach at Foul Bay and railroaded overlaond 2.2 miles to the current
launch site. In January 1963, the first vertical firings vere made to
proof teat the gun installation. In June 1963, a 185-pound projectile
vas fired to 340,000 tbet.ls A 5l-foot muzzle extension was attached

19
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{n March 1964 and a 185-pound projectile was fired to 430,000 feet.”

With sabot and powder modifications and bore evacuation, the peak
altitude vas 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 leng barrel, t
30 tons of l-1/2-inch thick longi-
tudinal steel gussets and 2-inch
thick rudial webs vere welded in R :
place. Eight tie rods vere also ’ {h' S
added to reduce droop to acceptable , :
limits in the elevated position. ';’

The stiffened extended barrel has a
total veight of approximately 200

tons and can be elevatad to 85 [
degrees in less than 8 minutes.

+

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

The 16-inch projectile (Martlet 2C) is & Su-inch long fin-stabilized
nissile vith a maximum body dlameter of 5.4 inches and wveighing 185 pounds.
Its four fins have a total span of 11.L inches and are canted 1/ degree
to produce a slov roll {shovn in Figure 2). The missile is held in the
gun by a 225-pound baae pusher sabot consisting of an aluminum and steel
vase vith four vooden 28-inch long arms. This sabot is Also made over-
size and must be forced into the gun by & hydrsulic jack. A more
efficient, but zore scphisticated center sabot zissile similar to the
S and T-inch missiles i{s under development as vell as base pusher
saboted vehicles with greater payload capacities.
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The pousder consists of bagged .225-inch veb modified M8 propellant
with a total weight of 780 pounds. A different web M8 powder has been
¢ used with a chavge weight as high as 980 pounds. This charge is designed »
to yield 48,000 psi and a muzzle velocity in excess of (100 feet per second.
7o increase the muzzle velocity further, the muzzle was sealea with 8 myiar
sheet and the bore evacuated to a tenth of an atmosphere, thereby edding

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

5.2 Payloads

The usual ejection payloads of chaff =.d aluminized parachutes
have been flown from the l6-inch gun but all of these flights were » ;
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 above 330,000
feet is, however, a l6-inch gun mission. Liquid tri-methyl-aluminum » ® ]
has been used to produce luminous nighttime trails from 300,000 to
460,000 feet to measure ionospheric winds and a cesium compound has

smaller caliber guns. The placemen't of chemical payloads

been exploded at 330,000 feet tc produce an artificial cloud of
electrons which was cbserved by a ground-based icnosonde for over 15

minutes.

Active payloads using both 250 MHz and 1750 Miz telemetry have
been carried on a number of l6-inch flights. Onboard sensors have
e i{ncluded 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 June 1965 and vill be
described in more detail later. 135 Martlet 2's have been fired in » ‘
Bardbados.




2.2 Cun-boosted Rocket Properties

The first gun-boosted rocket to be successfully flown from a HARP
gun vas & 5-inch aluminum body, firxed fin, subcaliber, solid pr-pellant

rocket fired from the Barbados 16-inch gun in September 1963, (Martlet 3A).

T™is vas folloved 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 tesn:ss18 showed, however,
that higher muzzle velocities and higher accelerations were not feasible
for these unsupported center hole grains since the grains break up ard
igniticn and explosion failure easue. Hence, an engineering development

vas indicated.
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MARTLET-38B

Fig. 8 16-inch subcalider gun«boosted rocket,

Since July 1964, the gun vas lengthened and a steel Martlet 38 wvas
successfully ﬁredn at 8000 g's and attained a muzzle velocity of 5200
feet per eecond. The lov mass fraction associated vith the metsl bodies
hes been raised by introducing the use of fider glass bodies. The

firot fiber glass versions vere succesgfully fired at 3800 feet per second

and izproved versions are be=ing daveloped. The peak perforzance of a
developed subcaliber gun-boosted rocket is 800,000 feet with 35 pounds
of payload. Eleven Mertlet 3A's and tventy-five Nartlet 1B's have deen
fired at Barbados. Igniticn vas atlempted on ali lighis bu® the last
15 Nartlet 3B's viich vere primarily structural tests.
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The flight performance and economy of subcaliber rockets sutfers
4 severely in comparison with that of full-bore rockets which can carry @
600 pounds to 400 miles at much lower cost per pound. Tre developrental
problems of pop-out fins and 1000 to 1500 pound rocket mctors scem to » ‘

be well worth the effort, and the developmental effort is being shifted
tc work on the full-bore rocket. Several full-bore grains have teen

successfully launched horizontally at a muzzle velocity of 2200 feet
per second and a number of pop-out fin tests have oeen made, Vertical » p

flights of a 16-inch full-bore rocket are planned for late 1966,

5.4 Sites

In addition to the 119-fool long Barbados gun, a second 1l%=-foot

long gun is located at Yuma Proving Ground, Arizotua (Figure 9}, and 2 ’ ¢
10L-foot long horizontal fire gun is located at Highwater, Quebsc. The
Yuma gun is limited by a 35-mile range restriction but posscsses the
irportant advantaces of ground recovery and ncar geographical locaticn %o
» @ ¢

the West Ccast rocket manufacturers. In addition to scientific
soundings with Martlet 2's, this gun will be used for flight tests of
étt,itude cor.trol 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 primsrily for ’ ¢

missile-sabct structural integrity tests, charg: development, and

rocket grain tests {see Sectioan T7.2).
» 4
® ¢
] ¢

23




- 3 - > r—— - -—-—pv—-]

[ o Ner P W ot B et e UdbemRa e o " S UB Ao bt Wt ¢ AP B, b ot - T T Wt

Fig. 9 16-inch extcnded cmoothbore pun ot Yuma Proving Ground, Arizona.

6. MULTI-STAGE GLUN-BO00STED ROCKETS

The full potential of the inrse caliber gun launch concept can
only te realized by multi-stage gun-bocsted rockets. Ccmputer studies
sgcv that a three stage gun-boosted rocket can renéh ICBY reentry
vclocttieslg or can generate sufficient velocity to establish an <:»rbit..:‘)0"f')l
In these studies, the three stage solid propellant rocket welghs 2000
pounds and is launched at LS00 feet per second by the extended 16-inch
gun.' Thus, the gun acts a3 a fairly large reusable first stage booster
and, therety, provides a low cost system for reentry studies or small
caoteliite 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.

Prelininary computer studies for the reentry mission have made use
of two vacuum specific impulses, 250 second and 300 second, with
corresponding payload veights of 50 pounds and 100 pounds. Tor both

cases, stage mass fracticns of 0.6 were assumed. Stage weights of

2k



1280, 550, and 250 were assumed for the 50-pound payload and 1200, 500,
and 3GC for the 100-pound payload. A sample S0-pound payload trajectory
calls fer gun laghch 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 berore third
stage.ignitlon. Wi*h this precgram, the 50-pound paylcad is placed

1260 n.m. downrange with a velocity of 21,800 fcet 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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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 s~nsor, 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

2
respect to the sun and a ncrmal to the earth.2“ The computer can then
be used to precperly pesiticn the upper stages during burning by means

of the rcacticn Jets. A brealboard version of this system has been

assenmbled arnd successfully crerated. All ccmponents have been launched

at 10,000 g's frcm a 6-inch gun, recovered, and shcwn to be undamaged.

First flight tests of the ccmplete system are planned for late 1966.
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T. HARP RANGES

7.1 Barbados Ranee (57.5° W; 13.10 N)

The Barbados range combines the advantage of a tropic location
with the advantages of very loig flights over water and nearness of
various Eastern Test Range facilities. Its major disadvantage is
remoteness from the industrial centers of North America.
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Fig. 12

The 16-inch gun® is located near the East end of the main runway for
Seavell Airfield and fires on an asimuth of 119 degrees (Figure 12).
On thg cliff behind the gun, there are four camera lucations (East Fastax
Rear Smear, Side Smecar, and West Fastax) and in front of the gun on a
S50-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 1b), The MFS-19 can skin-track the
Martlet 2 t~ 350,000 feet and the S5-inch projectile all the vay, while
the M33 {3 used for arca surveillance. Almost 2 miles down the coast is
the Range headquarters at Paragon House. This bullding houses the
Launch Control Center, radio communications center, another telemetry
receiving station, machine shop, and other supporting administrative
activities. In view of the gun-runvay location, all flights are cleared
with the Seawell Control tower ir addition to advising the Eastern Test

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

*Tha S-inch gun ie located dircetly itn front of the 16-itnch g and
fires on the same aztruth, 27



o« N oaere L ay e

[

— A ey

1® usumvauuuxkuummuwxw;ui‘ .
.: r ,';’ .ﬁ f - ,;4 [¢ »- A‘ é ~-"1
’ . <.*}; * ; | |

-
Y . .
2 . y - '
o Semny N - ’
[y Y IR TN ™ : -
——— :
H
, -'dy
e
4

| -

’ R _— oA

. se o ¥ s ot )
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For proper coverage of the nighttime TMA trails, K~2L camera

stations are operated on theislands of St. Vincent, Grenada, and Tobago,
as vell as on Barbados itself (Figure 15). All photographic stations
are in radio communication with the HARP Launch Control Center. When
they are available, additicnal 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 S-inch projectile from a range of over 200 miles.
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7.2 Highvater Range (73° 31' w; k5% 2' m)
The Highvater Range is located in the Province of Quebec abeut 2
miles north of the Vermont border in the Green Mountains. It is in a

natural valley vhich sllows & restricted line of fire to the southvest
(Figure 16). The range has been deoigned for large rocket flighte with
eorth butts dulldnzed at regular distances to destroy the vehicle should
it deviate frcaz the ncrmal flight path vhich passes through a serie: of

concrete t'nnelg. The natural valley alao contridutes to the overall
safety of the range. Impact butts arv located at 500 feet asd 3000

feet (Stages 1 and 2) ani a third buit can be located further dova range
to allov a flight of 10,000 feet (Stage 3). The partisular izpact point

can be selected by adjusting the gun elevation.
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The l4-inch gun® i3 elevated by means of a steel structure located
near its center of gravity (Figure 17). A number of both full bore and
subcaliber rockets hwg been successiully fired here with photographic
coverage to determine structural integrity. In addition to structural
tests of rocket grains and nev sabot designs, interest is groving in
using this gu. %o launch large configurations at hypersonic Mach numders
to measure various acrodynanmic quantities gsuch as heat tranafer, surface
pressures, and dynamic stability by means of ondboard Sensors and
telemetry units.

*A 6-inch guwt to alao located here Jor component tests and dove lopmmt
of tha ?-inch gun-beostad rockuet.
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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

Konm
HARP D LAYER
LT SEEHTY
SEL 0 O ¢
byt ot H " # ‘!}_—‘_
L 4 CLISTICH MF3ATY-CLECTION P

The most sophisticated HARP experiment that has been carried out is

the measurezwnt of electron densities and temperaturcs by mrans of Langmuir

23
probes. The busic Langmuir poyload has been hardened to 30,000 g's
for lawmch froz both the 7-inch gun a3 well as the 16-inck zun.
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(Figure 18 shcws 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 Miz 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 vindseb by means of luminous TMA trails released from a
Martlet 2 (Figure 20). The luminous trail which can te 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
vind profiles from 90 to 1LO km (Figure 22). Records are concurrently
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7ig. 20 Fig. 21 TMA trail over Barbados, W.I.
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taken by a groun

d-based ionosonde and correlations between location of

sporadic E layers end high ¥4 wind shear layers are studied. Fifty

trails have been successfully photographed over Barbedos and more are
planned both at Barbados and at Yuma. With th2:se 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

(Figur«s 23 and 2u).
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9. SIMMARY

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

b. HARP full-bore gun-izunched rockets promise much greater
performance but retain the ecomony of the guia systenm.

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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