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MD DIVIBIOli - DlR.im'ORAT.I OF DlMWllMBlfl' 
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TECHNICAL PRCJGllUlS ~T'~ t~~ :JUi7 . ~ Dec~er 1959 

~ 4B04-14-o30 
,.. • « .. ' .. • 

PROJECT TrrLE BW Munitions Research (U) 

. Task 4B01f.-14-030-03 " 
I 

. , . 
\ .. , 

• ~.. .. to<' 

,Task T+tle BW MUnitions CODCeEt~ (p) 
.' , 

• 

• .~ 4 • 'I . 
. Subtask 1-3 T1tie 'Eva:tuat10ll of' a Co~trolled Glide. Sha;pe (u) 

PiXPErmi;ruRE' ORD~: .. 00204 ". .. . ' .. 
, • • .$' • .' ,. ....... 

TARGE ~: . 30 June 1960 ,.. ' , , 

, .:.' i'~'. Dll'RODtlC'.rlOi 
~. 'A. ~.. • . ..,~ • ., ... ; :. t • '" .. : , ."'''' ; .. ,.' l 

, The object1ve of th1s task is to conduct a stat1st1cally des1gned 
t t" '. t j.... ," .. . . 

a1r drop experiment .With the non,,:,rotat1Dg glide shape which will evaluate 
that shaPe with 8.n electro-mechanical controller. based on the des1Sn of 
Allied Research ·6.Bso(d':at~s. The 'si1de ,shape invest1gation will be 
~r.m.1i:is.t~~ '~er 'the ;~r' drop.:~r~nt &ad a tiDal. report will be 
vritte~. " ' -. .. . .:.... . 

.. . .- ,. .... . . 
. ,~~ work:' on the' aerodyD8m1c stabiUzat10ll ot the glide shaPe ~ll be 
continued. if 1t does not' ~tertere with progress ot the gyro-control 
iDVest1gatioti~ It is pl8nned that ,same ot'these plain models be included 
in the air.dr9p. 

.. .,. 
'D:. BBPoRT OF' mOORESS 

• I 

A. GrRO-CONTROLI.1i:D GLIDE SHAPE' , 
.. f ,;:' ... 

: • • ... ... ".:.. I , ~ 

It was dec1ded that 20Q ,gyro-controlled glide shape units would be 
fabricated for ~se j,n the' a1r~d:rop itxper1ment scheduled in the fOUJ:7'th 
quarter of' n 60. AJ.um:1D.Um sheet stock: for use in. the' fabrication of 
Wings, ~od:1e~ and ta1ls, which. had been ordered and pa14 tor in n 59, 
arr1ved in Jti17. . Arl'8Jlgements. were iDade 1mmed1ateq for the purchase 
of mater~ais and ·~~.tob~ used in th8 f'abrication of the'gyro-control 
dev1ce~ 1h ac;cordan.ee with drawings ~ spec1ficatipns suppl1ed by Allied 
Research A~soc1ate's, Inc'., .l;l8fore tlie purchases were made,. however, orders 
were repe1v"ed. by the task: &l,':,ntlp. to suspell4 shop ,work: and spend no 'IIJO'IJe'9' 
for materials tor the'- .glf.c1e' shape prOgr-a:pa. " On 6 October I permission. was 
granted to purchase the reQ.'l:l1red material and to continue with the program 
as ~ed prOVidiDlf the t01;al co.at ot mater1aJ,:s 8.nd parts d1d not exceed 
$4900. A1i the, tj,pie of, Wr1tillil' ·pract1~al.:lY 'au ~equ1red :JIIS*.erials have been 

:. • I. •• ' •• 1 .. '. ,0. • .• ~ , 
'.. . .... 



0l'dere4 &D4 .cae 1Dl1ta ~ HftrBl. pIZ"1;s baTe been tabricated usil:J6 raw 
nock preaerr\q em baal., JtI.D.or M4U'1cat10Da are beiDa -.4e to the 
4eta1l 4e81p of the 4tw1Cftt 1n. ~ to 8Ulpl.11)' the fabrication azr:l 
U88IIblJ witbatrt alter1Ds'-the pertOJ.W.llCe aapa'b1l1ttes. 

It VU plazme4 that preUm:JDIq a:rop teats would 'be cODducted ut1l1z-
1Ds the two gro-tne ,au~tic oontl'ol units OIl hIad, Yb1ch had been 
supp11e4 tbrou&b the orls:'Dal contZ'act with the AU fed Research As8oc1ates, 
IDe. For th ••• prel1Jl1l1art ~st" 81xglt4e body .hells, w1np azr:l tails 
'W8Z'e de81aDed ad fabriatecl to include the pbJ'sic&l 1'eatures of the . 
c0Jlt1aurat1cm vh1ch hadf given beat g1J4e pertoranee tD previous tests. 

A small ;parachute a.zd release mechanism were fitted. into the bod,. 
suUs a.n4 Jd 111.11' l"dabts were added to briDg the center of gravit7 to 
the ceJ:rterl.1De ot .,..t17 and w:I.D8 leading e4ae positiOD on the m.oc1els. 
1fb.e pu;achute rel.ease mcluud8ll incorporated the use of a ~ca.l 
t:fmer (l2 second -.x1lmt J.:1II1t) 8Dl aD electric squib. F1gu:res 1 a:od 2 
are pb.otosrapbs of the lItJdel 111 the fl.71n& co124it1on and tD the a.ttitude 
wh1cb voul4 be 8.8811184 after release at the parachute, respectiveJ.;r. 
Figure 3 shows 8(118 4eta1.ls at the t:lJler aDd parachute release ~D'b. 

!L'hree &lid. ~1s r·4escrl~ in the·prece41Dg para.arapb. nth . 
el.evators set at 10 , 12 aDd 140 atl4 t:lMrs set at ,a.bout tive secODds" . 
were 4roP,pe4 (Teat 110. 46) f:raa the balloon stat10Ded at 900 teet aboYe 
the Port Detrick Gricl. 'l'b.i8 test Vh1ch was made to check the perforanee 
of the parachute ~ Mchani_·Wl4er t,.p1cal operat1Dg conditions, 
vas ccaple~ BUcceslit\U.. In each' OMe the aodel had started to glide 
when the ;parachute vas depl.o1e4 .auf tbis· o,ccu:rred. nth1n one .ecoM ot 
the time 'WlUch l;aa4 bee .. t. '!he parachute. 0lI8i1.ed properJ.:r aD1 carried 
the ..a.e18 to the g.t"OQI'I4 at loY rate. ot descent. Bone of the models 
vas appt'ec1ab17 cJ.aaace4 b7 8J"OUD1 contact. 

Preparati0D8 are beiDS l184e ~or a te.t 0'1 tour models usiDg a 
hel1copter 8lI4 dropp1D8 trca an altitude of 1500-2000 teet. Weights of 
the models vUl be 1Dcreue4 to & \'al.ue ccms1dered reuonable tor a 
JIIUD:l.tiOD am. the timers wUl be set at tbM lI8X1.m'ua tDternl. (&rOl.lDd 
12 sec0n4s). ODe ot the modelll Y1ll be equiP1*' with a cOJq)lete grro 
contro1 'W'l1tvhi9h will operate a aa.U tail :nU1der tor the purpose of 
~ a co11llta.11t az1:a.lth glide path. In order to JIJI!Lke full use 
of' the 12-Hcond tiIM tDter"lal, the gro wheel of the cOl1trol un! t 
will be brought up to f'ul1 operat1Ds speed b7'use ot an air jet, 1aIrle .. 
diate.lJ prior to releale frca the helicopter. Fu.rther test plans will 
be based OD the glide pertomance of the models 111 this test. 

B. STAlIDAlm GLIDB SB'AP!IS 

1. Drop Tests 

DrOp Test 110. 45B consisted ot s1x llqu14. till. (~ void) models 
nth .~o 111ch Ul1.ck W1Dp haviqU-8J)aped r1oa.t1n8 t:ipe (aee 1'1&. 4). 
'l!b.1s test vas ccm4ucted to ver1t7 reeult. or previous tests of two near,Qr 
identical models which indicated this cODt1gu.rat10ll was pa.rt1cul.ar~ 
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attractive from standpoint ot glide performance. The drop test results 
were disappointing. OnJi"tV(" ot the six mOdels gave satistactor;y glide 
perto~ce. The o.nl7 known di~e,rence b~tween the two sets, ot, models. 
was in the wing hardne'lls. The:w1D8S ,ot ~he: six models ot this test Were, 
6061-T6 alum1 Dum alloy I w~ereas ,~e wiDp ot th~, previously tested models 
were 6061-T4 aluminum alloy. The difference 111 w1ng hardness is not con':" 
sidered ot 8.1J'3 s1g!l1ficance'so tar as glide performance is concerned. It 
might be concluded from this and . the previous test· that about 50j of the 
glide models of this particular configuration would give good glide per-
tormance. .' : 

'In an effort to ac~~nt~l!e :t~~, ,e~e~1;s ~t: tb~ floating tips which 
are nearly neutrally balance<}. .~rodynam1cal.l\Y and ·overb&:la.nced dynamically, 
the wing configuration was revised. A wind· tunnel investigation of tips 
was comiucted (discussed later in this rePort) ami an aileron linkage 
was incorporated in the models used in the next drop test (No, 47) • 

. Drop Test !lo'. 47. C01lBisted' ot 24.s01id ... body .. model:s~ each of which 
weighed three pounds with:the:'cepoter ot ~avity located at the loj chord 
position •. Figure 5 is a:photograph ot· a representative moilel in the. 
tlight condition a:nd Figures 6 a:nd 7 are photographs sho~ aileron 
11IJkage .details. The wings are· made ot separate ~nm1Jl1lDl Aa.;Loy sheets 
spot-welded ~ogether -- one· .pq3,·inch thick .. ~onta1n1ng e: s~i~e .fP.."oove 
for", the 3/ (A inch diEUpet!!r 10Il8 aileron' ·link, and :the other • O~O inch· . ' 
~hick to·increase .trength.~.provide a smooth surtace~ The.ai+er~n 
system. was 'desigJJ.ed to perm1;t a' free anguJ.ar movement, ot the tips thrgugh 
a r&Il8e ot 8 (40 above ami below the median angle which was varied). 
The three' tip ,types used ~ in" the '1ie~t ar~ shown in F~gure 8 •. · Three median 
&Il8le settings were used: to;.r.:: .. ti~. "A" and "B~·'.~'six for tip "c~' (three 
for 100 and· three tor 120 flap settiIl8) maJdIl8 a t~tal of 12 different 
wing cont1.guratigns. . For ,e~h wing, ~onfiguration the ~levato~ detlection 
was set at -1l.5 and -12.5 ..... . 

. All ~f the 24 models~9t d~op test.No! ~7.~ere rele~ed 'from a height 
ot 900 te~t over, the Fort Detrick Grid. -- l? ~o~ the balloon and 12 
from a helicoptez:. ~ siX'DJ9dels pulled .out ot the :l:n1tial steep 
dives and: continued ·to glide, in· relatively ptraight shallow paths. One 
model spun.to the ground. acd~~e remainder glided in smal+ radius helical 
paths. > , • l.. 

2. Wind· Twmel Tests:' . >' ',' .. 

. An ~xtensive wind tw:mel investigation was" conducted i~ an effort 
to find a wing tip with, the characteristic of constant hinge moment, 
rega:rd!ess of tip detlectio~ or angle ot attack ot the wing on which it 
is. attached. Figure 8 is a sketch ot the wing and. tip arrangemeut as 
used ·~n the :te~ts. The ~erm1.c·.,tub1Il8· ~ttaClied·:.t9, the .tip 'is of a 
f:1i:ze ,to tit freely 1nsi~e :the ~e.rm1c tub:f.ng buil~ into the wing. A 
sma1i'd1amete~music-w1re ~ors~on ~~riri& wSs.located.in&ide tne ~wo tubes 
~ .. attached at, the top end of'. the" ,tip anP.- .bel~. ,the 1oWe~ eDd ... of' the. 
tub~ outs.ide .the tUlUlel' ~. ~es ot ~1ttac~ Of tl;le ",ing ami tip were 
measured by sighting from above through the transparent test section wall. 

3 



A larse :number of tlp ecmf1&uratlorus were tested 'b7 th1a method. 
:r:tgures 9 aad 10 are arapba ehav1rJ& the variation or b.1Dge JII01DIM\t Vi th 
tip deflection Ul4 Y1.na ~ ot a'ttack. for tip t7,P8111 "A", flB" aDd nett. 
It V1l.l be DOted that the ... nt data 111. J'1gure 9 aDd J'1p're 10 are 
DOt DOD.-d1.IIieu1oul.. If tilere were DO B.eJnol4s li.u&iber aUecta I the 
hinp JIIOIIG'ts voul4 1Ilcreue 1n prop>rtiOl1 to the square of the velocity. 

A surtace ls couidered stable it the ~c h1Dp moment 
verBU8 deflection curve i8 -negative, 1.e" BDJ' cb8n&e in deflection 
produces a chaDae in the h1Dge moant in the direction to return the 
su.r:tace towa:rd the UDdisturbed poeition. Positive sl0lJ88 are unstable 
by the ._ reuoDinS. A eurt'ace nth large over'bal.azlciDg mass forward 
ot the hiDp is d:Jnam1caJ.ll" stable because a chaDse in the deflection 
reaulta in a:D. arcuJ.,ar a.eeeleration of the body 111 the direction to 
restore the aurtace toward the Ull4iaturbed poaition. If it were po.aibl.e 
to "tiM" a tip surface with zero slope of the ~c hiDp IlOIII8nt 
v&rsu deflection curve and zero slope of the h1nse moment v&%'8U8 willa 
anale of attack curve thea. the tip would essent1a.l.l.l' be isolated frOll 
the b0d7 to which it was attachei ILD4 would respond onl.7 to the 
accelera.tlcma impoaed upm it. If thiB tip were tbe.a. beav~ overbalanced 
tOl"W'&1:"4 of the h1np and connected throuSb linkage to an ldentical. tIp 
on the other v1n8, a pertectll' stable slide boc:q should result. 

lIbcem1natlon of Figurel 9 aa4 10 shova that nearq ideal. ae~c 
h1DSe liI.I.ODItent cbaracteriBtic8 vere achieved through l:1m1ted deflectlon 
raages b7 the three tip 'tJ'pes "Aft, "Btl and ftC". 1'he median tip settings 
tor those models of '!'e8t Be. ""7 vh1ch save reasonabq good glide per .. 
tormance are 1ndica:ted on the appropr1&te curves in FIgures 9 and 10. 

'rille does DOt perilit a rigoroua explaDation ot the theo17 and 
~U of the test reaults in this report. It 1s, however" be11eved 
that unle.. a 11Dked aileron .78ta 18 1'&1" superior to ot.r S78tema 
it anaul4 not be used because of the 1ncreeB,d complicatIon 01' a wing 
toldinS mecha:D.1sm. 

~ concept 01' a large floating tin (balanced in the maDDer described 
in this discussion) on the centerline of .,.,..tl"1" looks ;particularly 
attract1ve at this time. Letting the torward overbalanc1Dg mass be in 
the torm of a simple gpo rotor, makes the concept even more attractive. 
ThIS particular location 1s desirable al.so from the stm:u1point of packag1ns 
ett1ciency. 

111. OOBCUJBIOJS 

Prel'm1nar,r drop tests 01' three mock-up models of the gyre-controlled 
glide shape with parachute release _alum1 am were successful~ completed. 
A drop test ot a sIngle gyro-controlled model should be cotlducted within 
a. few weeks. 



... 

• 
. 'Fa.brication of 200 gyro-controlled gli~e shapes is expected to be 

complete by 1 May 1960. '. . 

Glide results for the glide shapes not equipped with gyro automatic 
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 • PLA.NDED WOBK 

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 airplane will be determined and 
necessary 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. 
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SUMblARY 

The E77. an aD-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", )2 inches 
1n diameter and 24 inches hign, opening in clamshell fashion about the 
vertical centerline to distribute the agent packages. Jive agent containers 
holding approximately 16i pounds of carrier plus 1 )/4 pounds of agent are 
erouped around a ohemioal-type heater designed to maintain the proper agent 
environment. A neutralization system' is included to relider the agent in
nocuous in case of malfunctioning of the balloon delivery system. A com
bination barometrio and meohanioal timer fUZe provides the control for the 
neutralizing system, flight termination. munition drop and agent dissemina
tion. 

Five preliminary engineering models have been. made .and were tested at 
Dugwq Proving Ground during Jle bruary ilf. 19.5:3.. Jour items were dropped from 
an airplane at high altitudes/so that the mtm.1t1on lI1ght function at e. pre
determined altitude 1n order to faoilitate obtaining functIoning data. 
Supporting aircratt observed and photographed the ~c't1oninc of the munition; 
recording theodolit&s obtained data from which terminal yelocities wlr. 
calculated. One balloon flight waa made during which the lIlI.U.L1t.1on 'faa re
leaaed by radio control in lieu of the timer' 8 ~ction1ng. '!hi. flight 
was entirely satisfactory and proved the feasibility of the munition. 
Although no agent was used in these tests, the agent containers, filled 
with carrier only, were tested separately, being dropped from an aircratt 
at low altitudes; the functioning was~photographed. These tests were also 
very satisfactory. 

'!his munition is now in the final engineering stages and final engi
neering tests will be run in July and September of 195) on thirty itema. 
Agent-dissemination patterns will be included in these tests. .0 maJor 
difficulties are anticipated. but 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 report includes. in addition to a complete description of the E77 
munition. the historical background. an account of the development program, • and a resume of fUture planning • 
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I. INTBODUCTION 

A. DESCRIPTION OF MUNITION 

1. The basic configuration of the E77 biological bomb tor balloon 
deli Te17 is that ot a right cylinder, .32 inches in d1.a.Jl8ter and 24 inches 
high. !his cylinder, generall)" termed the gondola, is made ot wod
reintorced pressed tiberboar'd and lined w1th a 2-inch la,..r' ot st7l"ofoam 
insulation. The 1nteJ"nal arrangement consists ot Ii .... agent containers, 
10 inches in dia.meter' and 17 inches high, grouped concentrically around 
a chemical-type heater. The agent containers have a total capacity ot 
approximately .31 cubic teet, which holds 18 pounds ot agent-carrier' till, 
including 1 .3/4 pounds ot agent. The control instzoumentation, or tuze, 
is mounted as a SUDasseably on the under side ot the gondola top. The E77, 
when ~ assembled tor operat.ion, w1ll weigh approximately 80 pounds, 
w1th a ms.x:imum permissible weight ot 95 pounds. 

2. The control instrumentation, or tuze, for this boDib provides 
agent protection, agent neutr'allzation, and boDib functioning. The bomb 
is delivered by a rr--night balloon, traveling through the troposphere 
at an average altitv,de of 40,000 teet, mean sea level, and in an average 
ambient temper'ature of minus 6'fJF. The inside temperature of the gondola 
is kept within the limits of plu.s 3~ to 650r b;y meana ot a therDJsi:ati
cally controlled, chemical-type heater in oJ"der to protect the temper'ature
sensitive agent. The heater under development is ot the exothermic-reaction 
chemical type, utilizing the reaction ot _ter' upon a mixtur. ot ·"odiWl 
monoxide and granular alWlinum. 

A neutr'alizer s,ystem to render the agent innocuous in case of 
mishaps during handling or malfunctioning over triendly ter'ritory has been 
included within the gondola. This neutralizer system will render'the agent 
fill inactive within several minutes under the tOllowing conditions: 

a. If the balloon does not reach 20,000 feet, MSL, within 11 
hours. 

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

c. It the balloon descends to 20,000 teet at any time during 
a preselected period up to 48 hours atter reaching an altitude above 
22,000 teet, MaL • 
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~is progr8.ll1llingis a.ccomp11lhed by a time switch. a dif'ferenUal
descent switch and a master pressure switch. all wired in series. onder 
e.ny of the above conditions. a detonating squib in each &&ent container 
will be fired, v.hich in turn will release a source of sulphur dioxide. 
!he sulphur dioxide will permeate the carrier and render the agent harmlesa. 

When the bomb arrives over the intended target. as determined by 
a preselected interval on the master time switeh. the bomb is detached from 
the balloon carrier, a dragchute is released. and the bomb falla to a pre
selected altitude of frOJD 1,000 feet to 5.000 feet ·.boTe the terrain.. At 
the desired altitude. the gondola opens in a clamshell fashion to eJect 
the five agent containers and the heat.er. !he opening of the gondola is 
controlled b.V the master barometric switch that likewise controls a portion 
of the neutralizer circuitA As the agent container leaves the gondol~ an 
arming lever is released that permIts a apring-actaated. hollow plunger to 
puncture a small carbon dioxide bottle. !he released gas pressure mOTel a 
sliding disc which in turn forces the agent-oar riel' fill from the container 
in the form of an extended co1~ . 

In order to minimize the possibility of detection by radar. the 
bomb is constructed of non-.etallic ma'erlals whereve~ possible. !he 
gondola and agent containers are made of wood-reinforced pressed fiber
board; the control instrumentation and the chemical heater mult of n.
oessity be made mostly of metal. 

B. BACKGROUND 

'fherei, no known .predecessort.o the "'17 bomb aa a method of d1ss8Jl1-
nating biological warfare agenta. Although obJects haTe been carried b.T 
both maDned and "umenned.tree balloons. it was not until World War II that 
any nation deliberately planned and exe~ted a large-acale balloon delivery 
system for the expres8 purpose of delivering .anitions upon an en~. DQriD4 
the latter part of World War II. the Japanese launched a well-planned and 
implemented mass balloon attack upon the Borth American continentI. !be 
balloons. in this instance. carried incendiary or fragmentation bombs. 
During a six-month period. the Japanese launched 9,000 balloons which crossed 
the Pacific Ocean at altitudes of .lO,OOO to J5,OOO feet. MSL. Although only 
283 units were located, it has been estimated that at least 1.000 balloons 
reached this continent, the distribution ranging from southern Canada to 
central 'fexas and as far east as Iowa. 

Since the end of World War II. General Kl11s, Inc. of Minneapolis, 
Minnesota, with the support of Defense Department agencies, has carried 
on a program to develop a feasible balloon-delivery and flight-pattern 
forecasting sY8te~ Sufficient success has been achieved with this pro-

1. 'lbe Balloon Bomb: TBIJI TAKADA: SKIZEH, Vol 6, 1951 
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gram to indicate that a balloon-deliver.y system is feasible for delivering 
a p~load to a designated area. This forms a justification for the develop
ment of the E77. 

About the end of December 1952, the task of evaluating General Millsl 
lI'Ork and developing an operational balloon-delivery syste.rn. 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 nea.ring completion and is proposed for operation by 
September 1953. 

C. INTENDED USE OF M.UNITION 

This munition is expressly designed for dissemination of pathogenic 
anticrop agents (TXl ) 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 balloono 
By adding a suitable antianimal fill such as a pellet, the bomb could be 
transformed into an antianimal munition. 

D. PROGRESS PRIOR 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 h~ve 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, 
squibs, 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, ths reaction 
goes out of control, with excessive heat liberation. Because this type 
of heater may not be satls:.. .... ;; ... ;.)l"Y, several alternate schemes are being 
investigated.. All components of the munition other than t.he heater are 
developed and ready to ente»-ooalFr1.M:'hIWcitw:.ell'.i:ftlt tests. 
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II. PROGRESS DURING YISCAL Y.IAR 1953 

Upon establishment of a requirement for this munition by CC~C Item 
2297 of 5 April 1951 and, CCTC Item 248). approved by Item 2495 of 2) June 
1952 (amended by Item 2575 of 22 October 1952), Gener&1 Mills. Inc. of 
Minneapolis, Minnesota. under contract DA-18-o64-CML-2104. embarked upon 
a development program in Mar 1952. ~heir proJect engineer, Marvin A. 
Sandgren, by September 1952 had completed a preliminary study and had a 
feasible working design on &11 components except the heater and agent 
package. Components of the present design and ~Jor problems encount
ered during development are described in the following paragraphs. 

.. 
A. I NSTR'UMEIlTAT I 0lI 

!he timer drive motor is from a Lux Clock Manufacturi~ Com.pany, 
Kodel 1060, 7-dlQ"-wind, chart-drive type. !he chart disc as shown in 
:Figure 2 is replaced with a three-cam drum. and the wh1eker switches are 
replaced by micro-switches with roller arms. Certain items in the Lux 
Cl~ck which was the first proposal weremplaced as described for the sake 
of durability. See :rigure 16. 

I~ operation, this time switch actuates three switches. Safety switch 
No.1 (see :ri~e 1) is wired in eeries with the sh~lf contact of the pres
sure swi tch, :rigure 2, and close s It hours after lannching. If the muni
tion has not reached 20,000 feet in altitude. the contact arm will still 
be on the shelf when this tics elapses and the neutralizing circuit will 
be energized when switch No. 1 closes. If the altitude exceeds 22,000 
feet. the &rm. will be off the shelf and nothing will happen when switCh 
Bo. 1 closes. 

Safety switch Bo. 2 1s a double-throw switch wired in series with the 
contacts of a small relay in the pressure switch. The nQrmally closed con
tact is wired to the neutr&1i~1ng cirenit 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-opening rellQ". ~e mwrl.tion becomes "armed" when 
switch Bo. 2 is actuated. in that the neutraliaing c.lrault is open and 
the load-open,ing circuit 18 lO'cocked"'. The time for safety switch 110. 2 
can be set for It to 48 hours. 

The third switch is wi~ed in series with the load-dropping squib which 
is used to release the munition from the balloon. The elapsed time before 
this flight-·termination switch closes can be set for 3 to 60 hours_ 

The switch actuators or cams can be mOTed in relation to each other 
by loosening a knurled nut on the hub. With the cams set at the tully
wound position it is possible to insert a stop pin which preTents the 
clock from running. This pin is r~oved to st&~t the timer Just before 
the munition is launched. 
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A time-delay swi tch is shown in :rlgure 1 connecting .the neutrali zing 
squib and the load-opening squib.. (Various operations are accomplished 
by squib-actuated cannon. such as cable cutting, diaphragm. puncturing, 
etc.) This switch is needed to drop the munition from the balloon in the 
event of malfunctioning resulting in neutralization. Without this feature 
the neutralized .unition ~ight continue in flight for an undesirably lOng 
period of time. 

When 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 neutralizing squib will fire immediately. 
At the sema instant, the hold relay in the altitude switch is energized and 
the motor in the time-delay switch starts runn1~ After approximately 
three minute~ delay, the switch contacts will close and the load-dropping 
squib will fire to release the munition from the balloon. The delay period 
(S minutes) gives the neutralizing system time. to function. 

For a pressure switch, a Johnson Service Company K.D. l04-type Radio 
Sonde Modulator with a special commutator a.nd other modifications is used. 
The swl tch employs a bellows to move a contact arm across the commutator 
(:rigure 2). This commutator will have contact surfaces spaced-to provide 
circuit closures at 20.000 feet for neutralizing 'dnd at 1000, 2000, )000, 
4000, SOOO and 10,000 feet KSL for the opening circuit for release of the 
8€en t pack8€e a .. 

An awd..1iary switl~h is prc,vided on this modification by insulating the 
wire shelf on which the contact arm rests during aace~. 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 thi8 contact in 
aeries with the differential descent switch and the timer aatety switch 
No.1, these switches are removed trom the circuit when the balloon baa 
attained an altitude of 22.000 feet. 

A centralab selector switch No. 1400 is employed in the circuit to per
mit easy selection of the desired opening altitudes. This switch has a 
plastic separator which moves between the pairs of contacts. The selector 
switch is wired to the altitude switch in ~ch a way that all contacts on 
the commutator for altitudes below thAt selected are also shorted into the 
circuit. With this arrangement. if the munition fails to open at the 
altitude selected because of a poor oontact there is still a possibility 
of opening at the next lower altitude. 

~he differential descent switoh (7ignre ) is a specially built switch 
which makes contact after an increase in barometric nressure of approxi
mately 20 millibars (600-foot drop in altitude at a S,OOO-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 air reservoir 
above dips into the pool of mercury. The plastic outer tube has an air 
breather hole located near the junction of the inner and outer plastic 
tubes. The electrical contact is made by one wire which runs down within 
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the annular space between the -central. plastic tube and. tbe outer tube to tbe 
pool of mercury and another wire which runs within the central tube to the 
mercury pool l:JD.t not touching it. In use, air a.t a:mb1ent pre s 811. r e is 
trapped in the air flask by closing the stop cock. As the IlUb.l'Glo~ ascends, 
air bubble. out tbroUgh the mercury pool. However. if the munition descends. 
the increasing air pres~e pushes mercury up the central plastiC tube and 
electrical contact is made. 

~igure 1 shows tbis descent switch wired in paral.lel with tbe timer 
switoh No. I and in serles with the preB~re switch "sbelf" contact. When 
the contact arm drops off the shelf. the descent swit~h &8 well 8S satety 
switch No. 1 is removed trom the circuit. 

A single slx-volt dry battery similar to ~e Burgess r4HP is sufficient 
to operate all of the munit10n control.. A second battery to provide a 
safety factor will not be used because of weight 111111 tations. 

A safety Jack which breaks the circuit to the battery 1s shown in 
Pigure 1. Whan the plug 1s pulled, the circuit to the ba\t~ry' is closed. 
A test lamp is alBO provided which lights when plugged in if any switch in 
the circuit is closed when it should be open. !his test plug is inserted 
in place of the safety Jack to check the circuit before wiring in the squibs. 
This safety Jack 1B not a necessuy part of the clrcm1t and could be olll1t-
ted. but the squ1'b terminals should be checked with a meter or some iDdiea
tor before wiring in the squibs for the sake of safety for operating personnel. 

'1, GONDOLA 

A right cy15.nder W8S .ohosen for the gondola for several reasons. A 
cylinder presents a minimum of surface area for a given voluma. This is 
desirable when considering heat 108s8s. Also. a cylind8r lends itselt 
well to internal heat distribution by convection.. With a heater placed 
on the vertical axie of the cylinder, the heated air will rise in the cen
ter, flow ~t uniformly acr088 the top, cool, drop to the bottom and return 
to the heater. 

The optimum condition, in regard to heat 10lB, would be a cylinder with 
equal diameter and height. Rowever. the mn~1tio~ must tall stabilized and 
with a low terminal Velocity (approximately 100 ft/ae¢). .1 munition with 
a diameter slightly l&~ger ~ha». the beight will present a large frontal 
area for reduced termlnalvelocity and. greater s~abilization without 
sacrificing greatly the minimum aurfa~e area. An outside di~eter of )2 
inches and a height of 24 inches was chosen. These dimensions will accom
modate the five 'agent packages, hea~er and instrumentation. 

The case is divided vertically on a plana passing through the axi8~ 
The two sections are fastened together BO that they will open at the 
bottom, clamsbell fashion. to drop the contenta. As the two halves con
tinue to open they eventually separate completely. Photographs of a t
scale model are shown in :figures 4, 5 and 6, and of the full-'sized 
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model in r1gure 7. 

Before posi tion1ng any of the components, the two halves are assembled 
by means of a steel tie band passing around the circumterenc.a. The band 
1a made in two sections Joi.ned by lengths of cable. A. sqUib-actuated 
severine device is placed over each cable section. In operation. the two 
squibs are wired in parallel and if either or both of the squibs fire. the 
cable will be cut to release the band and th6 munition will open. 

The top of one half-section is made in the form of a lid which can 
be removed to load the case. The lid is held in place with suitcase 
latches. The heater is located in the center of the case with five agent 
packages placed around it. The control instrumenta, i.e •• timer. pressure 
switch. batteries, etc. are mounted on a tray ¥hich fits above the heater 
and packages. With this arrangement. the controls are readily accessible 
by removing the half-lid and necessary adjustments and settings can easily 
be made. 

The munition is suspended from the balloon vehicle by cables secured 
to the support straps passing under each ha.lf-section of the case.. At 
the upper ends, these cables are looped over thimbles .and the four enda 
are tied together with a separate amall loop passing through the yolte on 
the anap hooa in such. a way that two cables are on each aide of the 70ke. 
Two of the squi b-actua.ted cable cu.tters, as shown in r1gurea 8 and la, are 
placed on this same loop 80 that when th~ squibs fire the loop will be cut 
to free the supporting cables. 

The case is fabricated from preued fiberbo&.rd approximately 0.080 
inches thick and reinforced with wood. The inner walls of the case have 
a 2-1nch lining of sty~ofoam insulation eithar cut and cemented in place 
or foamed in place. I'oam-ru.bber gaulteta ue used for all eplU'ating sur
faces bet~en the halves. 

t:. DBAGClfl1.C:Bl .. 
After testing m.s.ny drat: devices !I1I.d eva1ua.tiIl£~ them, a foulL'·"cornered 

dragchute was chosen. (General MUle,. Inc. Report Ho. 1129. pp. )0-)8.) 
This chute has four shroud lines, vne ~t each CQrner. Two lines go to one 
half-sectlon of the case and arE.< tied to the ends of the support straps 
which paS8 under the case and are hin~~d to the bottom at the edges of the 
cleavage. The other two linos pass through holes in ~he upper ends of a 
a1milar strap on the other case sec.tion and then go dOWD. to a special 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 a position where the two 
shroud lines will pullout of the clip on thCl ona half-section. Two 
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corners are then free and the chute will flag out behind the section to 
which the other two lines are still secured. With this arrangement, the 
chute cannot pick up the released agent. rhia is illustrated by a model 
1n ~igure8 4, 5 and 6 in whioh formed wires simalate the aupportatrapa. 
It IIl8¥ be noted that two types of wires arlJ shown in the figures. In ~ig
ure 6 the wire passes under the case and 1s the satisfactory arrangement. 
In Yigures 4 and 5 the wires are attached to the top of the case. 

D. HEATER 

The interior of the munition ~4st be kept between the temperatures of 
t 3.5 and 65~ while at an &verage altitude of 40,000 feet and an ambient 
outside temperature of -67~. It is known that the temperature cannot be 
kept above f. 3,S0]' during ho·u. .... s of darkness unless the mu.ni don is heated. 
Temperature data available from balloon flight records indicate that solar 
heating will probably not force the temperature above I- 6,S0, during the 
day. (General Mills, Inc. Report. Ho. 1154 pp. 1~9). It is expected that 
extensive balloon flights. scheduled for the near tuture. will give oon
elusive and detailed information on heat transfer. one 6t-hour flight has 
been flown at 33.000 feet using an olive drab gondola and a white gondola. 
Bach oontained five packages filled with ahredded paper, several telemetering 
thermistors, and recording thermographs placed throughout the gondola in
terior. With an outside ambient temperature of approximately -450,. the 
olive drab gondola leveled otf at + 65Of, and the white gondola dropped to 
approximately I- 230 J while in flight. A black-bottomed, white gondola flown. 
at 39.000 feet in dayUght had an iute:rnal equ1.l1bd,UI1 temperature of approxi
mately -5DJt. (General KUls, In~. Report Bo. 1188 t Dwg. A-Zl079-B t Appendix 
A.) 

After eliminating various typee of heaters and several exothermio chemi
oal reactions. an arrangement has been devhed by T. R. J.amaa and A. A. Reid 
of Oeneral Kills whereby ,.rater is added t<' a mixtu.re of granUlar al:Wllimul 
and sodium monoxide to produce a r~~~t1.o~ liberating approximately 2540 BTU 
of heat per pound of fuel~ The liberation of heat 1~ reguiated by control
ling the flow of water to the dry chemioals. 

The water probably combines with the aluminltm and sodium monoxide as 
follows: 

N~O I- H20 ., 2 NaOH 

2 JlaOH /. 2 Al +2 H20 ~ 2 )la. Al Oa I- 3 H2 

The net heat liberated 1s 239 kg calories for a net weight of 169.99 grams, 
or 2540 BTU/l~. (General Mills. Inc. report No. 1129 pp. 4o~4l.) 
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A theoretical stud7 of the heat requirements of the gondola vas made 
by M. Sandgren of General MilIa. based on an ambient tellJperature of -500J0 
and approximatelr 50 hours required heating time. This study shQwed a 
heat loss of approximately ,00 BTU/hr and a required ~el capacitr ot 6 
pounds. (General Mills, Inc. report No. 1129 pp. 41-45.) 

The fIring 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 being investigated by actual flight. 

Several models of the proposed heater have been built and tested. In 
one of the earlier models. l!'igu.re 9. the mixture of aluminum and. sodium 
monoxide is placed in the lower container arid water in the upper conta1n~r. 
Water flows to the drr chemicals through two valves located in the plastic 
block connecting the two containers. One valve is actuated br a bellows 
filled with methyl chloride. A capillau~ tube connected to the bellows 
is also filled with methyl chloride. This ~ap11lary tube is located in 
the munition away from the heater ao 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 chemieals in the lower 
container. This valve closes to stop the flow of water when the tempera
ture in the lower chamber approaches 2000,. 

Some of the water dropping on the chemicals is unavoidably driven off 
as steam which passes into the conde~'\Sing coll pla.ced around the upper con
tainer. The condensate runs back into the. lowel" chamber. The hydrogen 
generated by the reaction a1 so leaves bY' 1ihie co11, which is connected to 
a pressure-relief valve at the top. The presaure valve is used to mini
mize loss of water during the reaction. The water woUld boil at a lower 
tempera.ture without the valve beo8.l18e of the lower pressure at higher 
altitudes. The h;ydrogen passes from the valve. through a drying tube to 
remove moisture. and then out thrOUgh a Tent in the top of the case. 

This model was tested in cold chambers approximately 27 times and for 
various lengths of time up to 23 ho'.ll"s. With 20-mesh alumiuum screen, 
there were temperatur.e surges increasing in magnit'ade as the test progressed. 
probably beo~se of poor water distribution and solidifying of the pre
cipitat~which blocked off water contact with fresh chemicals. When 

,powdered aluminum was used, addition of the first drops of watsr set off 
a reaction which continued without reqniring more ~ter and liberated con
siderable heat. heating the gondola at times to 176;'. After this initial 
"fling"' the heater settled down and worked as e%pected. (General K11la, 
Ino. report No. 1154, pp. 11-13.) Large temperature gradients (20°0) 
appear within the heated area in many of the tests. Generally. the heater 
was not reliable, although it was possible to maintain a simulated gon
dola above 'freezing for a 67-hour period while the outside air temperature 
varied between f ,60 and -lSo,. 
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There 1s poor duplication of heat-output rate and duration between runs 
set up in identical fashion. This may be at.tributed to many factors. One 
is that the present. solenoid valve settiRg is difficult, as the stem position 
is controlled by the degree of compression of two different silicone gas
kets. This could induce the troubles experienced with water feed, as the 
gaskets expand with temperature rise u The water-metering'valve should be 
set to operate consistently in spite of temperature fluctuation or pot dis
assembly. Also~ vaporized water is perlllitted to collect above the reactor, 
to flow back later uncontrolled. The evaporated water should be continu
ously 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 ~~thin the gondola. Fourth, the heater is equipped with 
insensitive thermostats to regulate the flow of water. As a result, the 
lag in heating the thermostat causes the pot to accept too ullch water and 
to overheat. The eJqIosed bimet.al is susceptible to undesirable influence 
due tc eoollng in the air convected past. 

To solve these difficulties and problems p 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 oontrol vias 
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, a 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 fill for 
each munition, rather than one large package. This will facilitate hand
ling, filling and storing. The first proposed package j shown in Figu:::-e ll~ 
was considered t.oo fragile for this use. This package had rigid grooved 
plastic plates at the top and bot.tom, The package wall was kraft paper 
~oated on the inside with polyethylene, folded over to contain draw strings 
at the top and bottom, and using a rip panel to join 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 pennit the 
agent to paSSe 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 ~~e rip panel. An opening cord was tied to these lines at this 
point. 
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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 t.he 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 cylindrical body fabricated from paper 
fiber similar to conmerc1al canisters. The body is provided \'Ii th a flexi
ble sleeve liner attached at the body top. At the bottom, this sleeve is 
secured to a rigid plate which moves up inside the container when actuated 
b,y gas pressure. This a~tion turns the sleeve inside out and insures that 
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 C02 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 CO2 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 bearL~ 
at the upper end against the CO2-actuating c~arm and at the lower end 
against the release lever. The bottom end of the rod bears against the 
release lever passing across the bottom of the container. As long as the 
container reste on its feet this lever is held in place and keeps the rod 
in position, but when the container is lifted off its ~eet the lever 
pi~ots away from the bottom and frees the rod to permit the spring to 
actuate the CO2 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 labo~a
tory. See Figure 14. The CO2 cylinder 1s pierced by a spring-driven pin 
held in the cocked position by two balls which protrude through the spring 
barrel and fit into a groove 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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P. Bli:Ul'BALIZIllG SYSTEM 

In the discussion of the instrumentation. three features were described 
which initiate a neutralizing action to render the agent innocuous in the 
event of mal:f'u.nctioning of the munition.. At first. formaldehyde waS::OD

aidered for the neutralizing a~ent. but was abandoned in favor of sulfur 
dioxide. as 802 kills much more quickly. Preliminary work was done at 
General Mills, Inc. on an SOz-dispersing arrangement within the package. 
Four types of arrangements were utilized in a shredded paper oontainer.. 
Seven tubes were led into the package from the top. then four tubes, and 
finally two single tubes of varying length- The seven-tube arrangement 
was the most efficient. However. the long single tube was efficient enough 
and was selected because of its simple design. A working model of this 
unit is being tested at this time by M Division. (Request for Test Io. 
1295). Preliminary test data show 100 percent kill using 40 grams of S02 
and 5-miuute exposure t1ma. 

This unit consists of the S02 eylinder (See F1gure 15). the mounting 
blook. and the dispersing tube. The mounting block houses a squib and a 
hollow p1ero1ng~in. When the squib is fired, the hollow pin pieroes the 
S~. cylinder and vents it into the dispersing tube. ~\ia tube haa small 
holes along its entire length for dispersing the gas within the container. 

The unit 1s mounted on the oover of the agent container so that the 
mounting blook and gas cylinder are outside and the tube extends thru a 
leal in the COVer into the oontainer. 

G. IHPORTABT TJi1STS 

In the test mentioned abo~e (No. 12)0). five drops were made with 
five gondolas utilizing dummy agent-~ontainers and instrumentation nec~s
sary for air burets. These tests demon&trated re16aae of the munition 
from the vehicle, terminal velocity (dragehute perfo~Il~e), opening of 
the munition, and showed that the tested part of the design was feasible. 

Test No. 1295. mentioned earli8~. is in progress to determine the 
effectivenuss of 802 in killing the aeen~. Prel1~y results indi~at6 
that the unit as designed obtains 100 percent kills of the ~ent. This 
test will also study the feasibIlIty of smaller s~ quantit1es and a 
simpler dispersing system. 

.,. 

a: 
o 
0'" 
o 
--;) 

c w 
u:: -(f) 

~ 
(.) 
z 
:::> 
o 
w 
o 
~ 
(!J 
w 
a: 



13 

Test No. 1311 is in progress to dete~ine the oompatibility for via
bility of the agent with brass. aluminum. stainless steel. polyethylen~. 
and Kicarta. Results are not yet available_ 

III. :rUTURE PLANS 

A. CH.ANGES AND J'UTURE TESTS 

There are no changes contemplated In the design of this munition at 
this time. Hoyever, it is reasonable to assume that changes will be neces
sary as a resnlt of the final engineering test data. 

An amended scope to the original contract with General KIlls, Inc. is 
now in the final stages. This amended scope ealls for. among other things. 
an accelerated attaCk Gn the heater problem. The contraotor proposed to 
bring in university of Minnesota consultants. make a cheek of the solu
tion of similar problems b.1 others. and to develop a parallel heater as a 
"buffer" in case the present one proves inadequate. The Chemical Corps 
requested that the contractor have a heater ready by July; however. it 
appears that this request cannot be filled before Septembar. 

In this amended seopeg General Mills has been asked to supply 1tems 
for and to conduct all final engInee:rl~l.g tests (except those in'f'olving 
agent) by J1 December 195Jp It was hoped that by 1 September &8Veral of 
the important tests would be complet~d. ~ch as al~1tude ohamber tests 
invol ving the agent and a.c~ual drops at Du.gway Prov:lne Ground invol v1ng 
ag~nt for d~t~r.minlng dissemination de~81ty (u6Ing inactive agent). It 
appears noy that these tests will be postponed ~.til August and September 
beesnse of d8lays in procuring commer~1al items for th~ teat ~~1tlon8. 

Th~ dev&loping and t~Bting of the packaging for the munition will 
follow these teata on into NOTember. 
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REVIEW OF THE HIGH ALTITUDE RESEARCH PROGRAM (HARP) 

ABSTRACT 

Project High Altitude Research Program (HARP) is ditected toward 

the use of guns for s cienti fi c probing of the upper atmosphere. The 

attractive featuresof guns for this purpose are the basic economy of 

such a system and the high inherent accuracy 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 p8\Yloads. 

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. performance varies from 20 pound, 5-inch projectiles reaching 

240,000 feet to 185-pound, 16-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 early 

June. Development or 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 

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 

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 

capabili ty. The scienti fic 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 meso~phere. 

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 McGill 

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 Space Research Institute of McGill University, working 

closely with the staff of the BRL, has developed and operates l6-inch 

gun systems in Barbados, 'W. I. -and Highwater, Quebec, and has engineered 

the installation at the Yuma Proving Ground, Arizona. In addition, 

numerous vehicle systems have been or are under development along with 

appropriate payloads. The Institute organi zes and coordinates the 

numerous l6-inch firing series which take place both for engineering 

test development purposes and for the gathering of scientific data. 

9 
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2. MAJOR FEATURES OF 'mE 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 signi fi cantly affected by surface winds. Thus. vehicle 

dispersion (in the case where there is no in-flight rocket-boost) can 

be closely controlled to both a 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 conventional rocket launches. In add! tion 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 may 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 applied to the vehicle. When it acts as the 

sole boosting stage, it then becomes necessary to achieve a ballistic 

coefficient larger than that of a conventional shell, and at the same 
1 2* time, double the muzzle velocity of conventional guns.' The relation 

between launch ballistic coefficient, muzzle velocity and apogee is 

shown here in Figure 1. It may 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. 

* Supe:t'sor»lpt nwnbe1'8 dBnote references lJhioh may be found on page 3S. 

10 



• 

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

700 

600 

~ 

j.:' 
w 400 w 
II. 

~ 
~ 300 
w 
w 
CI 

~ 200 

'" 
100 

MUZZLE VEL.(fps) 

____________ 7CDJ 

6000 

--------------~ 

o 1000 2CDJ 3000 400') ~ 6000 1000 BCXX> 9000 IO.CXX> II,CXX> 12.CDJ 

§ . .!L _ LB/FT 2 

COA 

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

Thus, in order to glide to apogees of interest, it is necessary to 

use sabot launched, sub-caliber vehicles (Figures 2-3). The vehicle 

launch ballistic coefficient can be kept large, while the all-up shot 

weight can be kept small. For example, the service l6-inch gun fires 

a 3000-pound shell at muzzle velocities of 2600 feet per second. The 

vehicle/sabot combination shown in Figure 2 has 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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Fig. 2 l6-Inch projectile with and without base pusher sabot. 

Fig.) 5-inch 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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PEAK PERFORMANCE FOR HARP GUNS 

Gun In gun Flight Muzzle 
Gun Length Weight Weight Velocity Apogee 

115 DUll 34 ' 130 Ibs 130 Ibll 3150 tt/sec 81,000 

5" 33' 25 Ibs 20 Ibs 5200 tt/sec 240,000 

1" 50' 15 Ibs 60 1bs 5400 tt/sec 300,000 

1" 50' 41 Ibs 21 1bs 5800 ft/eec 330,000 

16" 119' 410 Ibs 185 Ibe *6300 ft/sec *468.000 

All tubes are smoothbores except for the standard 175 DUll. Ueual pe;rload weights are between 10% 
and 201 of flight weights. 

* In November 1966 an improved ignition system allowed the Yuma gun to achieve a velocity of 
7100 rt/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 ~ameter halves 

the peak g load). For the 7-inch gun, peak 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 handicap 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 applications.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 
6 design reached an altitude of 130,000 feet and chaff was deployed. 

13 
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The next year, a lO-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 

t he 5-inch missile is the center 

missile in Figure 3. The 45-inch 

long mis s ile (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 

plasti c quarters. The aluminum parts 

are locked to the missile by buttress 

threads and the plastic quarters 

seal the gun tube and supply most of 

Fig. 4 5-inch and 7-inch extended ,moothbore 
guns at vJall ops I.land, Va. 

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 

velocities of 5100-5200 ft/sec and apogees of 220-240,000 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 reliable and impact circle radii of less 

than one mile were routinely observed. 

14 
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3 • 2 Pay loads 

The first p~loads 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 PB¥load9 consisting 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 MHz transmitter 

and parachute deployment is under development. 1680 MHz transmitters 

are also under development. Over 15 observations of winds have been 

made by 5-inch HARP projectiles at various locations and these are 
10 * being published in the Meteorological Rocket Network (MRN) Data Reports. 

*The first report to contain this data is VoLume XLVIII for August 
1965. 
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In addition to meteorological 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 tak.en place at National Aeronautics and Space 

Administration (NASA) Wallops Island, Virginia 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 MRN wind measure

ment program. When development of the vehicle and parachute ejection 

package was complete, two more guns were deployed to the HARP Barbados 

range and U.S. A:r:m,y1s 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 Ma;y 1966, 162 flights 

were made at Wallops Island, 47 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 Armf are 

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

can obtaj.n 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 i-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 li5 mm Ml13 gun was smoothbored, extended by 26 
13 * feet, and placed in a modified T-i6 mount. (The extended i-inch gun 

is on the left in Figure 4.) The basic vehicle (HARP i.l) is 64-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 i-inch vehicle plastic sabot is also made oversize and must be 

forced into the gun by a hydraulic jack. The charge is Mli bagged .114 

web powder weighing up to 110 pounds. With this charge and a gun 

* Since the re are on ly bUo T- 76 moun ts avai lab le, the 8-inch gun fie ld 
mount has been modified for' use with this system. 14 
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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 

to reach 400,000 feet with a much smaller p~load. 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 Payloa.ds 

The usual wind sensor, chaff and aluminized parachutes have been 

successfully ejected from 7-inch missiles with particular interest 

associated with the ability of high altitude chaff to measure winds 

above 210,000 feet. The available p~load volumes of over 125 cubic 

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

Firefly. 15 A 10 to l2-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 l6-inch 

missile and created an observable cloud of electrons over Barbados in 

late 1965. 

The ability of this vehicle to reach through the D l~er into the 

lower E layer of th~ 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 ha.ve 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 

economy of a gtm system and provide markedlY increased p~load and 

alti tude 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 apply to a gun-boosted rocket. If we consider the gun

boosted rocket to be a two-stage system with a reusable first stage, 

a significant econOD\Y should be realizable. For these reasons ~ a full 

bore 7-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-potmd pa;yload 

for a very modest cost. Full bore rocket grains in fiber glass cases 

have been successfully launched at 10,000 gls 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 
~ 

been made at NASA's Wallops Island facility. A second gun has been 

emplaced 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 

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

at Wallops Island. 

5. SIXTEEN-INCH SYSTEM 

5.1 Gun-Projectile Properties 

Late in 1962 t MeGi 11 Uni versi ty obtaine d two U. S. Navy surplus 

16-1nch ba.rrels 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. ~ Transportation Corps on the B.D.L. LTC John D. Page. 

These two 140-ton barrels with 90 tons of mount parts were landed on 

the beach at Foul Ba;y 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 l85-pound projectile 
16 was tired to 340,000 feet. A 51-foot muzzle extension was attached 
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in March 196~ and a 185-pound projectile was fired to 430,000 feet. 17 

Wi th sabot and powder modi fications and bore evacuation, the peak 

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

~~e 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 

tota l weight of approximately 200 

tons and can be elevated to 85 

degrees in less than 8 minutes. 

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

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

missile with a maximum boqy 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 7- inch missiles is under development as well as base pusher 

saboted vehicles with greater payload capacities. 

20 
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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 bigh as 980 pounds. This ch~rge 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 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 latmched :from 

smaller caliber guns. The placement of chemical paylOads15 above 330,000 

feet is, however, a l6-inch gun mission. Liquid tri-meth1l-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 

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. 

Act! ve 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 June 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 a HARP 

gun was a 5-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 
18 

and an antenna for 250 MHz telemet~J. These tests 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 failure ensue. Hence, an engineering development 

was indicated. 

M ~\ I! T L I~ T - 3 13 
Fig. 8 16-inch subcaliber gun-~oosted rocket. 

Since July 1964, the gun was lengthened and a steel Martlet 3B was 

successfully fired17 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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'!be flight performance and econolI\Y 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. 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 shit'ted 

to work on the full-bore rocket. Several full-bore grains have been 

successfully launched horizontally at a muzzle velocity of 2200 feet 

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

flights of a l6-inch full-bore rocket are planned for late 1966. 

5.4 Sites 

In addition to the l19-foot long Barbados gun, a second l19-foot 

long gun is located at Yuma Proving Ground, Ari zona (Figure 9), and a 

104-foot long horizontal fire gun is located at Highwater, Quebec. The 
" Yuma gun is limited by a 35-mile range restriction but possesses 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 

atti tude 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 7.2). 
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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 r ocket can reach ICBM reentry 

velocities
19 

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

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

p01mds and is launched at 4500 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 l6-inch gun for ei ther mission. 

Preliminary computer studies for the reentry mission have made use 

o f 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 
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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 p~load 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 

1 11,300 feet per second, and a coast phase of 600 seconds before third 

stage ignition. With this program, the 50-pound payload is placed 

l260 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. 

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 
22 

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

be used to properly position the upper stages during burning by means 

of the reaction Jets. A breadbo9.rd version of this system has been 

assembled and successfully operated. All components have been launched 

at 10,000 g's fr om a 6-inch gun, recovered, and shown to be undamaged. 

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

Fig. 11 

1. HARP RANGES 

1.1 Barbados Range (51.5 0 Wi 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 America. 
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Fig. 12 

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 t o 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 schedul e and results. 

* The 5-inch gun is Zocated directly in front of the 16-inch gun and 
fires on the same azimuth. 21 
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Fig. 13 HARP-Barbados MPS-J9 radar. 

Fig. 14 1750 MHz receiving station and tracking antenna (modified GMD-l). 
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For proper coverage of the nighttime TMA trails, K-24 camera 

stations are operated on the islands 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. 

,; 

Fig. IS 

7.2 Highwater Range (730 31' W; 45 0 2' N) 

The Highwater Range is located in the Province of Quebec about 2 

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

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. Impact 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. 
29 
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Fig. 16 

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 successfuJly 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 sensors and 

telemetry units. 

* A 6-inch gun is al,so located hero for component tests and development 
of the 7-inoh gun-boosted rocke t. 
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Fig. 17 16-inch horizontal fire gun at Highwater, P.Q., Canada. 

8. 'TWO HARP EXPERlMEN'ill 

8.1 D-Layer Electron Density 

Fig. 18 
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Fig. 19 

The most sophisticated HARP experiment that has been carried out is 

the measurement of electron densities and temperatures by means of Langmuir 
23 probes. The basic Langmuir payload has been hardened to 30,000 g's 

for launch from both the 7-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 winds
24 

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 

Fig. 20 Fig. 21 TMA trail over Barbados, W.I. 
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Fig. 22 
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taken by a ground-based ionosonde and correlations between location of 

sporadic E la:yers and high EW wind shear la:yers are studied. Fifty 

trails have been successfully photClgraphed over Barbados 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 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 24) . 
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a. HARP gwl-latmched projectiles have reached an operational 

condition of routine synoptic sounding to llJO 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 tremencious 

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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