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perm it fully Ic le r~ - i~ 
Cont ract No. F19628—73-C—0232

I. fl.TROOt~ TION

Contra ct No. F19628—73-C-0232 was initiated wi th Veritworth Institute ~~

~ April 1973 ~‘y the Air Force Cambrid ge Research Labora tories, Hanscom Air

~~~~ ~ase , ~edfo rd , Mas3achusetts , (more recent)y re-designated as the A i r

Forc e ‘~eophysics Lahoretory , and re fe r red to in thi s report , in passim , as

CL~ “er part icina tion in work on one of the many and va ried phases of the

Uppe r 1~thosphere Research Proc~ram being conducted by the Ai r For’e Sy~;t~ems

“omrar ’~ o~ the ‘inited states Air  Force . Its three—yea r period of performance

was completed on 31 Ma rch 1976 . It represent~d , essenti~ 11y, a successor to

Contract ~n• F19~~8—70—C-0229 which h~d been extant for substantiall y the same

requirements end objectives during the period from 1 April 1970 to 31 March 1973.

I I .  SCOW

The fundamental objective of the Upper Atmosphere Research Program is

the acquisition of knowledge of the physical and chemical properties anti

~hennmena of the vitally impo rtant uppe r atmosphe ric region by means of

in ve31 t~at iO n , experimentation, and observations carried on through the medium

of Instrune ntation ins talled in , and borne aloft by, probing rocke t.a and other

unpe r a ir  vehicles.

a part nf that basic objective , this cont ract--which was carried on

soeci~ica11v with the Aerospace Instrumentation Laboratory of AFGL, arid , more

pa rticu larly, wi th the Resea rch Probe Fli~ht ~1ranch of the Aerospace Labora —

tory--sti pulated tha t Wentworth Instit ute rrovide the necessary personnel ,

rp ci.lit tes , servi ces , and mate’~ials in connecti on with the adaptation of uppe r

3
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air experiments to suitable vehl ’les as ‘teslp,nated by that Laboratory.

Rasically, thi s included ~ueh phases as the development and construction of

the irst.ruinenta’ oyi racks for the ac’coi’nnodatl. on of the exi~erimental apparatus

heir~ f1o~’r in the rayloni section of the rockets; the positioning and bracket-

ing of ~l1 coinnonents ; the mounting of various npperd ar ’es on the skin of the

vehicle for senslr’~ devices , ~n cI the assembly of all supporting cables and

circuitry required for the operation of the flight apparatus, per se, as

well as gro’~nd—based electro—mechanical equipment essential to the support

of ~he oroject involved . ~lso included we-re the fa brication and asser r~ ly of

all special devices necessary for the proper functioning of the equipment

peculiar to the experiment being flown in the rocket. Provision was riade, in

turn, for participation by the contract personnel in the field operations

associated ~- ith the assembly, preparation, and launching of the experimental

rockets at the dif~
’erent sites selected by the Laboratory. The preparation

of all necessary anti supporting electro—mechanical drawings, as well as gra phs ,

charts, re ports , and other vi sual aids pertinent to rocket—borne experiments

was also included in the contractual rPqu~rements.

TIT .  ~FSrRT~~~nN OF WOR K

The re were certain nrtmrcry considerations in this parti oile r research

~roprrm which were, inherently, within the purview of the Air Force Geophys ics

Laboratory. These included such factors as the nature , purpose , scope , and

objectives of the experiments to be conducted , the phenomena to be investigated ,

the parameters to be measure d , the schedules for completion of the equipment

and the launching, as well as the necessary coordination ~nd liaison between

the par ticipating agencies and cont racto rs. Furthe r , the int erpretation.,

ènalysts , eva luation , ari d eventual application of the dive rse data obtained

Li 
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from the rocket-borne experiments we re likewise WI thin the province of that

facility, and, more particularly, the various Laboratories and their Rranches

immediately concerned with the experiments. In turn, the post-analyses of

the performances and functions of the roe1~ t system, per se, were also under

the jurisdiction of the Aerospace Instrumentation Laboratory.

}!owever, within the stipulated scone 0f this contract, and through close

coordination and liaison with the contract monitor and the project engineers

and scientists iwinedtately concerned with the electro-mechanical desit~n

features of the apparatus and the theoretical aspects of the experiments,

respectively) services, materials, ard facilities were provided for each project,

or its germane supporting tasks, from the preliminary discussion stages--through

the design/development, fabrication, assembly, installation, and test processes--

to the delivery of the completed unite, or, when required, to the crating and

shipping of the instrumentation to the launch site specified by the cognizant

Laboratory. At the launch sites, in turn, the contract personnel participated

with AFGL members and representatives from other concerned agencies in the

pre-flight assembly, installation, and testing of the apparatus, as well as

in the flight and poet—flight operations.

The primary functions performed under this contract were those directly

concerned with the design, layout, fabrication, assembly, installation, and

testing of the components comorising the payloads for the various rocket—

borne experiments undertaken by the ~FOL. Each of these tasks di ffered__tn

both magnitude and degree of complexity and sophistication--in consonance

with the nature and purpose of the basic experiment or flight objective and in

accordance with the type of rocke t selected by the Laboratory to carry aloft

the experimental equipment . In those instances where the same type of rocket

was utilized for the same basic study through a series of launchings conducted

S
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“,~r ar extended periol of time , the steps and procedures followed in the

cor ’struction of the instrumentation rack and the modification of the n~~e cone

to accommodate the scientific apparatus were essentially the same ; neve rtheless ,

even in those casc’~~, certain changes were incorporated in succ r~ ding assemblies

1n vary ing degrees as a re sult of knowledge gained from a prior f i r ing,  thus

effect ing a ooze stable and efficient eerformance with the ultima te aim being

the acquisition of more and reliahl~ data of a greater degree of relevancy.

Followirg the aet ual determination by the Laboratory as to the experimer.t

to be flown arid the type of prob ing rocke t best accommodative to carry it , a

typ~ca1 contractual project commenced with close coord iriition between the

Tnst itut e ’s flesign ar ’~ ~ let-tronics Secti ons ant i  the LMioratory ’s represents-

tives. prom this  i ni t ia l  phase , ~nd u t i l i zing  any avai lable  data and knowledge

obtained from past rocket flight performances germane t.o the pa rticular expert-

ment in ’olved , the re w’,u~ d evolve the vartous detail and assea~ ly drawings

required for the electro—rsechanical. eoriponentz arid sub—system3 comprising the

instrumentation system and the payload. These encompassed all design features

for the basic instrumentation rack, the r~ thod of installing and mounting the

~l ’rerse components comprising the payload rembers, and the necessary detai ls

for the modification of the rocket nose cone in order to make it compatible

with , ~rA accommodative for , the experimental equipment per se , a~ well as

the va rious schematics and ‘ii~.graris requtred for the circuitry for the experiment.

~
.fter ‘he checki ng an ’~ subsequent reproduction of the drawi ngs , they were

di~ tr~but r’ti to the ‘-9ssile Laborat ory and Flectronics Se-~t lon for the in i t i a tion

of tbr ’ - i s t  f ab r ica t ion  ar t i  assembly stages. Concurrent with t.hjs action

was the rlr’cener’. ~~~
‘ orr~ers for thr’ procurement of the necessary stork, hardware,

arid enom~rci ,l. meehar~~cr~1 a~~r~ el’~ctr~cal components srieciflr~ri ~or the construc-

ti on pnr! as~~~ ’~y nror esses . P ’~ th~~ e nh~~es proceeded , ner lodie lt scussthns

6
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were held between Laboratory representatives and contrac t personnel not only

with rega rd to the progress of the proj ect in toto—in view of the assignment

of specif ic dates f or assembly completion , tests , shipping , pre-launch period ,

and launch--but in connection wi th any possible assembly difficulties being

encounte red or modifications of design being required when newly-fabricated

parts are being assembled for the first time.

The nature of the process was such that in many instances certain of

the electronics ~~rk could not be commenced until portions of the basic

payload inst rumentrit ion rac k and othe r mechanical components had been completed

by the Missile Laboratory ; on the othe r hand , wherever possible , sub—assemblie s

were prepared as soon as the ci rcui t ry  requirement s and specifications were

determined . f~ables and harnesses were ~lso prepared i n  advance whenever

nossible . i’ fter the assembly of the mech~ iical anti e lectrlrai  phases , the

equi pment was subjected to a series of tests and checks by Labora tory arid

contract personnel; certain of these tests were perfoi~ned at the Inst itute’s

facilities , while othe rs , becai~ e of the requi rement for special equipment ,

were conducted at the Air  Force Oeoph~~ies Laboratory. Upon the completion

of these tests—-a nd after the incorporation of any modi fications , bot h mechanical

~nd electrical , which were deemed necessary as a result of the checks--the

equipment was packed in appropriate -asses~ led boxes and then shipped to the

launch site designated by the Aeros pace Instrumentati on Laboratory.

Tn practically all cas~s , a member of the Institut e ’s contract group

travelled to the launch site to participate in the pre-flight , flight , anti

post—flight field ope rati ons with members of the AFY L and other concerned

agencies. rin some oerasions , two or three members, in comb inati ons from the

~estgrt Section a ntI the F~iect ron1cs Section , would take rart  in the l aunch

operat i ons , deperdirig upon the complexity of the rocket-borne experiment

7
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~r . v( ’ 1v •  ~~, I hi’ fl’~’1~~€’” of’ vp hjclrs in a series, ~rH ~h” scone of  the dut 1e~

~~~~~~~~~~~~~~~ ~~“ 
,‘e l i r ~’,~~~ fcr  cr~ .n ~~~~~~~~~ ~ t b ’  c1~~

p 
~ts~lf.

v i~~w ‘1’ ~~~ 
4•
~c , i.~ re~~ y noted , that  the funr iamerta l  schemata

~~~~~~~~~~ ~v , ar~ er ~~t~~-•~~ from , th~ cn~ r.~ p ant  Labor a f ory of the A i r  Fo~~e

~“c:h y~~cs I ratnry——~nd ir:~ smuch ~s the de f ’tn l t i v l  data mid pert iner.t

i ’- r ~~~t~~’ r. f r o r ,  ~~~~~ v~ r’~ ‘~u~ r~~~t~d ~ir ~d sequential steps of the proje ct s’,

‘
~~

-- - ‘~ . ‘:~~
- 
~~artr.ing stages thr Gugh thc- cp~ r - t i ng ~r~i ~rc1uCing stcp3 , were

~-~~~:r~~~ a/e ~iy acc~nu]at ed , recorded , ~~y~~~~~~~ I t ’- ’~~~ ;~no utili~~~ by t-hat facility——

t~~ s ‘~~;rt ~ i ’!~ cons t i tut e ~. hr ief  ‘v~ r-~ ’ J~ r’.n~ ry, focusec , ii. chronological

: . 1 ~~~
-
~~-h istor i ca]  fori~~~, upo n major pr ojc c t3  or tasks indicative

~~~~~‘- ~~~~ ~c’ o~~~ r’t 1vPs of  t~~~ cor~ rPc t , r~ t~~~r t h a n  a detailed descri ption

~~ t”~hr~ cal aspects of the nary and v~ rie c processes followi ng in the

~~~~ r e~~i c -r ., t h r  M~~:~; i~ e Laboratory, arv~ the Fiectronir s Section.

~~ -i~~’ he ~~~ “i.y ~ f’~~r the co en~ ar~~r~t~ of the contract on 1 A~~i1 197 3

t r ) ~ece~2~er j9 7~~, a ~it ;~ of eleven ran—tr i ps ~~~ r.~de, comprising eipht

~~~~ 
÷ -

~~
. 

~~~~“~~‘ ~~ t~- et ~~~ t.e Sanrf~; ‘f j ~~~~~~ 1~~ ~ange, ~iew Mexico, and three to the

~~~~~ ~o Tnf~~~.o R~r~e near NPtP1, ~ra?1.1.

~ of the ~~~~~~~~~~ 
t r ips w r -~ cor~ er r ~cd ~.r i th the field operat ior

~c : ’~~r~ w1t~ the launch of two T’t~~ Tomahpwk P.ockFt,s heari ng Nos . A19. 102—I

i~-~~’ t fl
~.2’)7—1, These vehi c les  were irstruneritc d to measure 02, 03, and

i r ’a~ r-~ ~r’-” f l e  with optical sensors . Tho basic payload lnstal)ations inclunfd

~r:~ r~ fic sen3or~ ; two ( 2 )  doors ui th ejection mechani~ m~ ; two telemetry

. ‘m ’r - ~ ~:~~~ id~t r j ~ anterirLas ; a C—Ba nd radar beacon includ ing antennas , wi th

t~ r.~ rs , batteries , arc associated wiri ng harnesses . Rocke t No . A09,209-l

~~~~ ~-~rrie ’  a Range Receiver. These two rockets were launc hed on 16 A pril.

‘r r ~r n r ~,c + member was; at the site frorn L to 17 P prtl.. The s~eond tri p to

~:as assor~~ ted with the launch of an Aerohee 1~ O Rocke t , No. Ar’3.~ ll_l ,

8
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r. i f) 
~r 1 . ; 

• “he ~l ;‘h 4c ’ct iv~ was the ,t~~ iureri*nt of atrnospherl r ~ ty

hi i~~~e ‘~~
‘ hr e~’~~~t r ~ih 1ung gPner~ tf’ r~ ~y an electren beam. The installations

~r.”ln’~ed the’ core_cyl 1~~ er , di t h electron runs , photometers , proportional

- c ’ur . te~~~, t v~
- .-r ~i, ~~~~~~~ ~ t i~- hat’er~es ~r;d wiring harnesses, two in~tri~’~ r~

~~~~~~~a ’ ~~~~~~~~~~~~~ ~r ’ n~~’ r”t rn ’ t E r 3 . C-ne contract member was ~ t. t~ launc h

~ rc ~ “r”r~ 2 ’i ~~i ~ C 12 t~u~~uJ~~.

O~ ~ ~e t ~ :~~rr , ~ .:e~’ contract ~r~mbers travelled to WS~~ to take ~~j r f

~~~ 
t~ . .- ~~~:u l i ~d 1~i~~.d ~i’ an Aerobcc 3~O Rork€ t , No . A3~~l 9 l—2 , a~ the

er  r H ~ c t  F1~~: ~~~~~~~~~~~ Sorw eq~;ipment problems were erLcounte rc d , w~ ~

~ r~~~ ; po ;~~r p’.~ .~-e: 1 f ~ flight ; the  personne l x~~turned  from W~ V1J’ on

~~~
- ‘~ - e  

• ~~~ r~f nh - 1 — .~~~~~. ~t~~d tb~- o~ c from 28 NOVeTnb ’ r to j

~‘h i l r ~~ 
-
~c ,~ r . th  a nd ei g h th  man—trips were made from l~ to 19 Decembe r for ~ ht

sare schedul~d ~~~~~~~~~~~~

~~~~ t~~’n r~r~ tr~oc tn  the tiarrei ra do I~ ferno Range exterdec4 from

~~~~ ~~~~~ ‘ 7 ~~ . They ~~i”~~~ concerned w ith  the launch of a Cast or—La n c~’

~~~ r ; - ~~ -’, ~~~ t)j~~~2fl-l ~‘~‘~‘ — l ’ . The payloa d for this vehIcle consisted of the

r. c. -” ‘~~n~ ~‘i~.h a ‘~~— 1h . ~~p for ballast , ar~d batteries for the sensor , A~ fl ,

a lIq~~ d h~ li un cooled sc~ ’rning ra diometer n: C

rc~~~~- a ~ ;~ doo r; a y~
_y
~ ‘~~ vn de~ pin unit ; suprort apparatus  corn ri~ 1n~

~~~~~~~ ‘~~‘-~ ? ry, raC~ r ~)p aco n , h~ t t ~~ries for the TM and beacon, comr~tjtator , tiri~:r ,

t cr .t r~~ ‘~~~~cu i t~~ , ur,b~ i i r a i ~; , and antennas; the Attitude Control System ~i t ~

•ot~r~ 1 ~r t s  a~-~ r~ t rog~ n gan supply, and a Marman cla mp separation syntem .

~~.is ~:i~~ :‘c ’lowe d by a t r ans it ion  section designed to eff ect a smooth

~r~r - Y i o f l  betweer the fl-~r.ch payload diameter and the diamete r of the

-~r~ h Lmcr  rocket.  This vehicle , which had as i ts  b~~~ r chject lve the

~~i~~~~ i~~~~~ r o t  of the position and intensi ty of infra red emitting laye r~ In ~ h.

in~er a~ rtr~op hr r e , wa~. ~ueeess fu11y launched on 2S May. “‘he thi rd mai~— tr i p

9
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th e  ~~~~~ range was associated with the flipht of a Pai~ite—Tomahawk Rocke t

~~a ni r.g ~ o • ~ 1O.3O~i—l . This rocket, whi ch was Instrumented for the neasur’ -

nent of enu~f-orja1 dens i ty  as a part of a series of rocket—bo~~e ex~~rIm~~to

~~~~~~~ conducted at Natal , was launched on 2~ September. The contract member

at •.he s’t e  fr oi’~ Seo tenher to I rctober j9 73~

~n 1rg 19Th , a tota l of 75 n an—tr i p s  was made , comprising 18 to Whi tr ~

sand s ? s ~~1c Range, two the N~.SA Station at  Wallop s Island , Vi rginia , arid f i :r

~~ ,:~~~~ ra , -~~st ra l ia. These  are discusseo here Ln the above site order, au ai~

‘he l~ un ch projects consum mated at the various ranges curing 1975 and the f i r s t

•~uar t e r of 1976 .

The first three man—tr ips  to ~ SMR , from 7 to 28 Janua ry 19Th , were related

~o the rescheduled launch of Aerobee Roc~~t No. A35.19l—2 , which , as n r t c d

ea r l i e r , had been postponed . ~~~ever , electrical rohlems caused a furt.hc r

delay, ~ ith a resehedul inc for  anproxthotely mid—Febru ary.

The 4’ni~rth r a r_ t  r~ o + o 1’~ MR took p lace frori 17 to 27 Janua ry for the

r c~~~~itl ~~d ~ ch of a Cte_Tomahfi* Pocket , No. A 09.L400—l. However , it was

r.”ces sary  tha t the fli~ ht h~ oostponed and rescheduled.

Thc ~ r~~ t three tri ps to that range were concerned with the reschedu1~ d

r~hee ~‘o. A 3~ .1~ l_2 . T h i s  ~iigh t was conducted on 16 February. The objective

of th~~ exper~ i~ert , the f i rs t  of the Hi— H i Star Project series , was the

tr .ve t i~ at ion  of the natural  radiation which is emitted by the celestia l spher~’.

The payloa d ins tal la t ions  consisted of’ the following: (a) the Nose Cone with

the t
~I — ~ i Sta r sensor , ~~S pneumatics and support systems , and pitch , yaw , a rid

roil ~et-~; ( h )  Telemetry Section wi th Link I using a c i rcumfe rential sl ot.

~~tenna , ~~~ w~. th a C—h a r~d beacon; (c )  the ACS , with gyros , associated support

y~tern, 
;)r ~ the umbi lical; (d) the Recove ry Section , with pa rachute system,

severance r ing,  and drogue plate ejection ; ( e)  Sustainer Sect~ion, with rnn~-

10
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c r — f l r c receiver , qu adr aloop antennas , and yo—yo dr ap in , and ( f )  the

~a~
1 -ct~~-~n wY~h a istri h- uti r~n box and the squ ib— o perateri oxidizer and fuel

CL~~-fl ’~~ ¶‘a”r-s~~ The three contrac t membe rs we re at th~ ra nge f rom 7 to 18

~ebr i i~ ry.

The e i p 4”h t rip t~’ ~~~~~~~ from 12 to 17 Februa ry, w ao concerned w i t h  th e

• rPS( h~~’ T h  1 ‘~~~~r ”h cf t h e  T’t ,e- Tomahawk Rocke t No. A09. IjOC -l . This vehicle , wh i c h

wp s i n s t r ~ r~~ t ed  for the: st ~idy of atmospheric density as a function of a1tjtu’~c

;-
~ :o~~r ‘~~~~‘ rar~e ‘~~~ 30 t.o ahove 100 Km , was launched on the same date as the

~ r~~~ -~ .o. ~
‘. ,E .1 9 1  —2 , r~an ~1y, 16 Febcua~ y. This payload ca r r lt - d a l~ ~i~~r n i t r  r

r. a roher ’ nt beacon , for ejection from the rocket at an a it it ~~~~r of

a~~~r o x i r r ~t t - l y l’;),OOO f t.  on the upieg of thc trajectory. Insta l iat icn ~ also

i n  .u~~-r ~ t n~ ~‘p l i t  r.ose cone and sphere ejection mechanisms ; the rocke t radar

hea-on and antennas; an S-band TM system with diagnostic instrumentation and

• ar.t~ora , and cs~~ociated bat ter ies  and wiri ng harnesses.

non the f i rst  fou r months of l97l~, extensive ef ~’ort s were directed

- I rco th e  prepa rat - i on of three pa yload s ~ei r g  assembled for ~‘roject Pi -Star

T-~~’b ~n .~o robee 200 °. or~’et~ “os. t~0~ .39l— l , ~2 , and .3. ~ft ,er ~ spr ~~es of

• ~c~r h a r~~r’ :- ’ rt r a 4~~~ r ~ r ’~ svr tem tests for  these “f l i t s , the ecui pmer~t. for

~~~~~ • 
Po( .~~n l _ l  ~r ’1 -~~ ~~~ sh ~ oped to Wh~ t~e SarK ~s Mios i l e  R ange on ~ May for

+ -s ts • “h r’ e contrac + a~cmb ers ‘.‘e re at that site from 9 to 23 !~ay .

Thre

~ 

~d~ i t i o n a l man-tr i ps we re next made to that range , from 19 to 28 ,tune ,

f”r  e 1~~5 r;C thr  ‘ o . t fl~~.~ 9l—2 payload. While there , the members took pert . in

th~ ~ - .~ r~r l : T  en: : c rat ing of the flight equipment  arid a ssoc iat c i  accesso; i s

“-. - j~ ,— r r ’. t,~ Tr avis  ;.ir Force Base , Califo rnia , from which point. it wa~

r~ n : h  ~~~~~~ to Woomera , Lut;tra lia .

~rj r ~c the o”-~od f rcr~ I~ to 25 A ugust , two contract  mcr~br~r~ ~~ re at

‘‘~~~ ~~~ ~v~rt in the : ‘he~ ulM l~~ur~ h of’ a N ik e —H ydat rnck.’ t. undrr  ~‘ro ect

r 11
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~~~ CFT)F . ~Tnfavorab1e weather conditions caused a postponement of this flight ,

and it was rescheduled for mid—Oc t ober.  The f ina l  two nan-trips to that range

in l97L1 were made for that rescheduled launch during the period from 12 to 19

October. This payload encompassed severa l di~ t inct ivc mechanical functions

during flight. It had a 12” spl I t, nose cone which was sepa rated a fte r a cap

was revoved from an electron gun , thus exposing the gun . On the skin structure

the re were four doors which were blown off , thereby exposing i nstruments . Two -
•

of the doors , op~osit e each ot~~r, were ejected , allowing an ion trap and PPt

instrument to “ leek” oUt . .~ 
th i rd  door was then blown off , allowi ng a s l ide ,

which held five photometers, to extend out beyond the surface of the skin and

lock in position. The fourth and last door was blown off to allow an irrnedanco

probe to fold down and take a ~os1t 1 r~n of 900 with respect to the payload spi n

axis. To suonort a’~1 of th i s equipment , a new nose cone sepa ration me cha n ism

was designed, as was a carri age slid e for holdi ng the photometer s.

During the period from 3 June to 1 July 197L , two contract members werc a~
Wallops Island , Virginia, to take part in the launch operations for two o f  the

many rockets which had been assembled by the Air  Force Geophysic s Laboratory as a

part of Project ALADD IN 7)~. This extensive program (Atmos pheric Layering A rid

flensity Distribution of Ions and Neutrals) had as its primary objective the

study of the atmospheric structure and dynamics in the upper atmosphere between

70 and 160 Km. Rocket No. PO8.306—L~, containing a 10” sphere, was ]aurx hed on

29 June, while Rocket No. A1O.309—2, containing a 7” sphere , was la unched on

30 June.

The first three of the five man—trips to Woomera , Australia , for Project

Hi-Star South, took place from 8 ~ugust to 12 September 1QTh. Rocket No. P05.391-1

was launched on b ~leotembpr, Two ar!d tt. thnal contract members were at the site

f rom 3 to 2h september. Rocket ~‘o. AO~—3°l—2 was launched on 11 September ,

12 
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‘ - 7 ‘/ . ; , 1—3 wn~ launched on 17 Sept,r’c~ er, P~’rohee 200 vehl “ ;, ~‘i F.

-, 
, 

~~~~~~ - -~~ ‘r , wer~’ ‘ c r  f o r  these f l ighf ,n.  ‘The i n ’+ Rl  t ,~ o r r  com mr ~ ‘“~~ he

• 
~
‘ : ro m e :  “,~~‘ ~~~~ ‘l e  snli t  cone , fi re ciri’1~ rrr ’ ~eris o r , ~‘~.l l ar  a sp ec t

3 ”’: ’ P ‘cc 4 ‘~hi ~~ ‘ “f l” ;  C~ s~ ncr : ~‘i — Thor Thu 4 h senso r , ~ Lr~~al -‘~r i v(•

a .~~~~~ , r • ~.- r e n i (‘~~1 
• •~y - d  t ,~~o 1~ m e  r~ c-cto ’ 1~ doo r~ ,

nc~~~or ~ — - i i’~ -” l  i- 1ectroni c~ , r ower supplies , t im i ng ,  ar r  ~ q i c  ‘nd

-~~ 
• r ’ - ~ i t ~ , r t l c ~rr - , r’ ’ r ;4y ’;r ~i~ tt f-  r , •~r ’~ ~‘ —ha nd r;~ ia r beacon; A( ’3

• •~~~~•: ‘ “~~‘ : r ~~~t • y ’~~ m , and  A:T~,j l1 (~~ ; ~‘r, .’ , - at i c~~: ;;n~~ n; Li ’ ~:~~c~rt .~~~~~~t t ’ - ’ ~~,

;~ ed ~~~~~~~~
—‘ • ‘ ‘. t.’~~k , r i ~~. ~~~~~~ ‘~~i’~ r~itr o~en i111 umbilical r ( ~~ V~ !‘ .

~a n.’:’? . • t - ’ rc •‘ fr’~~~’ ‘:~~
— 

~~~ ~ev’ i-ar ~ C r i r~~;, or r ;:i t ti ;~r . i  yaw je ts ;  Forw~ r~:

yo— 10 (
~f ’ ’~~,1n~ ~n ’~~~ ~~~~~~~~ ~* ‘r t 1 Of l  ~.i, ’ ~ r~~~ t.ri’~~~’ .. 0 ~

(,X ar.d squlb— o. - r ; L

~~~ di ’~ ‘. Th -)hjCc-t~ v” of tho expe nim ~nt was the Invest igat ien  of the ii~ t~ r~ l

r ad i~~’~~on w h t c t ~ i s  enltted by t h ’  ec’le r~ lal sphere in the so’~the rn hemi a rh€ ’ r~ .

“~~n 1o~ l9’~
’ . a tota~ of rtne n~n-trip2 was ma’~~, comnrising six to ~‘hi~~

~~r n ’ ~~ ~~‘- s i le  n~~~ , one to ~‘oker F la t  Rock et ~~~oi~e , Al aska , on’F two to Fort,

:~ rn~~tfl Pe aean i h ~la nge , ~an1~~oba , Can ada .

~i rr~- t ,ro of ~hr ~‘i ~ ~.r ios  to ~~~~~~ took pl~ -’e from 2 t o  1 ~ J u r ’-  ~ ‘ r

or i~~~ the 1 ~~;r r h  •r~ the  Perohee 1r ~ ~ oc kp t ~Par~ n~ ~1o . t~~ 3 •~~0~~_~ -

~.eh e~~e , w~ th  j r~ 4~~~ erj 4 o for  atmospheri c der~~ t~y otudiec , wa s 5 Accf ’ : ; ’ - -

f’ 1 ~~~~~~~~~~ or 9 Ji~n’ The third -~ r- -tr~ p to this  rar~~e , dun n~ th~- 
~ r i ’

: r r ~n ~~~ i J~~dy t o  ~ ~~ i~- ’ i s t , was related to the pre-f1i~ht, flight , ~nd p~~~-r~

oper~ttOfla for ~n Aerob”n 170 Rocket desi gimted as ~o. AOL~.308-l. Thi~ ~ .:i’j

which was cl~o tns
t,r~xaented for atmos pheric densit y studie3 , was lauri~h~- i on

6 : ~çi;t.

~ne cor~traeL mrrnhrr ~ms at  WS? -~ f~’om 6 to 17 October to t~~e part ~ri ~~~t’

‘i’ Id operation s for the fL~ ht  of a Paiute —Tomahawk ~~cket , No~ A10.000— ”

~ - i  sr~’r ~ ton contro l ,e~~~~. Thir vehi cl e was sucsr’s~ ful).y iauj’iched ~n

j 7 ~~, 
t ( ~~)r r.

—~~~~~ •~~~ 
—

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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¶ - uring the second and thi rd quarters of 1975, as well as a portion of the

fr ~’~rr,t oerlod . ext ensive ac t i v i t i e s  ~~re directed towa rd! the prepa rat ion of

the nayloo -d for the ‘erohee ~~0 No. P35.101~ i for the %per PI-rt ar  Project .

a re~ et~tion of a series of tests ~nd checks at Wcntworth Inatit ~t,e

‘ nd  at . the ~~~
‘0’

~. cemp l er , the’ pay l ood ~r ,d  support equipment was prepa red for

shi :r~-rt t o  b’hitc ~ and r ~is~~1le  R~ rr~~. The baste installat ions comprised the

following : ( a )  Cone CyHnde r 4th Hl—Stn r sensor , stellar aspect sensor ,

~uic :-~nce erro” senso r , three ejectable doors , ejectable nose cone , associa ted

supmort syste ms , and umbilicals ; (b)  Telemetry ; (c)  ACS , with gyros , support

~yst er ” , an - F  umbi l i c - s I ;  (d)  Pneumatics , wit h support systems, compressed nitrog&n

tank , an~ roll jet’ ; (e) ~ecovery Systems, arid (f) Separation and flespin u n i t s .

Thi veh ic ir , which had a s its objective the investigation of nsturai radiation

which is emitt ed  by the celestia l sphe re , was launched on 3 December 197i . Two

cont ract members were at the site from 18 November to ~ December,

The one m an—tr i p to the Poker Flat Rocket ange, Alaska, during 197~, took

olace duri ng the ry n o d from 18 Februsry t.o 2 March for participation in certain

of the pre-fli~ht ope rations associated with Project MIJLTT III. This Hydac

roek~t was succes~ fu1 1y launched at a later date by A~~ L~
a hp  two man~ tnips to the Fort (‘hureMli R’search Ren~ e were associated

w i t r  th’: ~~uncb of’ two Pal ute—Tomahnwk Rockets , Nos. AlO.~ fl3-3 ar~ A10.302-1.

Thc ;e -emresented t~’o of nine vehicles whi”h had been scheduled for f ligh t  as

~ o~. o~ ~xerci3e PARADIS~ AF OLUS (kuroral Excitation of Oscillation and

y”~’- i n ~ of the Underlying Species) wh ic h was conducted by 1~R(~L at t~~ t ra nged .

Th~ ‘a: : i r  ~ j r eose of t,hi~ Exercise , dur ing  which thc nine rockctc w ej ~ la’ rir’h. ,

j r  th~ ~ gro’iris of three each, was the investi~ atlon o C the dynamical pro~er t  ~. r .

of the aurora l ~cn nr-’ at ~mo ; phe r” in a coordir~~ted rocket a n i  gro’,ind—b ar ed program

designed to charactcrtz . th~ diffn renrr’~’ between grome~ nettr  quiet and cii :.’’.~rbt d

and rurerally active t imes. Rocket ~o. ‘ lO.W) 3— 3 was launched on 10 A pr 1~ ,

lh
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~h~ le : ‘Or k tt  ‘~o. /10.302—1 was launched on 21 April. Two contract personnel

were at the research range from 25 March to 22 April .

fi ring the final quarter of this contract, that is , f rom 1 Janua ry to 31

‘ar’h 1976, two contract members took part . In va rious phases of the operation s

f’ ‘~~ twa launche s conducted by the Air  Force Geophysics Laboratory at Poker flat

Poek’~t Pango . C)ne assirnsnent was associated with pre—l aunch ope rations for

:ro~Pe~ HIflIS Pefli ght “u i-i ng the period from 9 to 22 February. The second ,

th ’~ period from 10 Februa ry to ii Ma rch , was concerned wi th ce rtain

rhn~ea ~~“ ~~~p fl1,~~ t, rc~, i~’jt,i eg for a Pati,te—Tomahawk Pocket bearing N o.

~~~~~~~~~~~~ Th is e~eperir~c~rt , which bad as j t ~ ohiec’tl’,e the st~ dy of the

atmorr ’~h~ r i e  dpr~3It’,~ t~”r~nerature  in the altitude r~ nir~c of LiO to lu G  Yin

under  -Fi sturb ed ionosp heric conditions , w~s laurrhed on 3 Ma rch .

Reference is made here to three Scientific Reports which were written and

published during the tenure of this contract.

The f i rst  report , ~o. ~rC~ L—TR—75— 0108 , d&t ed  1 April 19Th , Is en t i t i ”” ’

“3orrnort Devices - for Sc~und~n~ Rocket lris t .rurienit .ation Systems.” It desc ribo ;

a “r v ’ ~~~~~ Tiin~ ielay (1~i’~ ’- ) and an Luton~ tic Tes t System (A T S) .  The isr i~

w~~~ ~e~ igned and deve1op~d to ,exi,e as a supp~ezr~
!d,av’,’ ~rin~’ device te  r~~~~

!~ h the requi rement for mart payl.o~d timer outputs s$ .enmirg from the ever-

1ncrea ~ ing complexity of sounding rocket payloads. The L~~’3 was developed t.j

and t~~rform the inc reased number of t imes it is necessary to con ’uct
I

~~‘ Y r ~ r h~ r’w /diccha r~r t~ st ,.s as a result of the change—ove r f rom Silverc cal

t u  n t - ’ -
~ ha~ teriea for use r~~ power srmrees !r soundtr~ rocket payloads,

‘
~~~~~ 

-r ’ro”d reno ”t , “A ‘~; r’ar~ tor Piseharre $iuib F i r i ng  U n i t  ,“ dated

1 - ‘r i  ~ 07~ a rd  hearimi” ro, ~~~P~,_ TR_ 7r _ O620 , describes the desi gn and dcv - ’c’; -

r”nt if’ a r~~ cr  i t . r  c ’~ sr - ha r ’j ~e (~ “ )  ~gr i it ion  systeni . ;~~~lgn ohjcrct.lves 
-j nr u r I ~~i 1

~~j rrI14 ~ ‘aneous four_ i r id gewi rt, f i ring cap ab i ’lt y , one — se. cond recovery , 0,5k - .u i ~pt ~

_ _ _ _ _ _ _ _ _ _  ‘,~~~~~~~~~~~~
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ra :,, r r ~ i t i ~rec outputs. A +28 VDC sup~’1y is required. A *2~ volt fi ring

comr.and closes a selected f i ring  relay for 30 ins ; at 20 ins , the firing

capacitors ar e  discha rged int o the squib circuit. t .hrou~h an :kR. Ti~i: tn lt

~r.c ’~—~ :tar.~’ar ~ safety features (ARM/SAFE relay and 1(X) k—ohm squib iso1a t~ an ,’ ,

~~~ nonitors for both capacitor voltage and squib current.

~“ho th i rd  report , ent i t led  “Rocket—Born e I P  Sensor T)--p loyinent Sy st e m , ’

dat.d 31 March 1°7~ , and assigned No. PFGL—TR— 76— 012 5, desc ri bes the design

pnd devol opm”nt of a contro l system for the dep loyment of an i~P Sc-rsor. The

oc t ro) sv~’ter conta ine d a Logic Control Untt~ which received four input

Co n’~ : , v I z ., ~e~ ic Peset” , “fl ep1oy” , “Step” , nr:d “~3tow” , from the ACP

an ” ~‘~ v1e~ ri ~‘-orrariner. Upon receiving these coiinands , th e  Logic Cont rol

“n i t  woul d 5ntcgra~e i nput rforriatLon from a I40~ Enable 3wit’h , Pirection

“onttor , and 3hnft Pos itton Encoder , and generate six cont rol functions for

the control re1a~~ . These relays control the modes of ope ration of a Jac k

!~ chani sn , a Gimbal Driv e Assembly, and a Cthbal Brake L:sombly. The resu1t:~n*

control ~ys ter~ provided a Sensor Deployment Program , unrier Norn~ 1 Operat ion ,

and ~ Failsafe Prog rs’s under Fai]safe Opcrst~on.

TV . !1C~~~i1ST0N

The foregoing section of this report, as had been forecast on Page f~,

represents a brief ove r-all suiTriary, foc used , in chronological order , and in

qua :~ —h 1storica1 forma t, ‘ipon major activitie s indicative of the basic atm ~
and a’cor~ li9hment? of the contract . As has also been noted earlier , no

a ’~~ mr’t has been ma de to repeat a detailed description of the technica l asp ect ~

of t d e  nary ar ~c’ va ried processes followed In the Design Section , the lU r s U e

‘ a~ -”~- ory, pr.-’ the ~‘l,ertrr’n1r’s Secti on. ~~s was also mentioned , the definitive

-tat .a ard ne rtirent ln Cnr rr~ t ion obtained from the vari ous experii~~nts was

1uated ~‘nd i1t 111, - r d  ~~‘r the A ir Farce Geophys ics i~ horatory at the time r~ ’

it s  generat i on .
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Simi larly, no attempt has beer ma de to c i te , in detail , the many small

F sunport i ng ,  yet essent i~~l and ~ermar e, tasks undertaken in  both the electrical

and mech an i cal  phases of th’ wn rk , espec i al l y the type which represented mod-

t f l cat i o r s  of uni ts  at various stages of their fabrication and assethly. These

are considered “ stan da rd procedure ” in any enceavor encompassing rew experimental

units and prototypes, as well as in the processes i nvolved in the modifications

of exi -t ing  components in an e ffor t to eliminate any possibility of malf unct ion

and to inc rease their operational capabilities , all with the aim of acquiring

more meaningful and reliable data. In like manner , no detailed delineation

has been made of th’~ many drawings which we re prepared , and subsequently

rt or i f ird  and up— dated , a~ a result of the many necessa ry changes in mechanical

design , wiring procedures , component installation, etc . These , too , are con-

sidere d normal requirers~nts In  this type of developmental activity.
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