3.1 Orbital Boost Engine

sy 115

The major change made in the design and development program during
the reporting period is the replacement of a gag-fed Iropellant system by a
pump-Ted system for the OTV and Pioneer vehicles with subsequent replacemant
of the Aero.jet-Vangua.rd engine by the Bell IIR-BJ. Hustler engine This cln.nge
1s a consequence of the 1ncrea.se in or'bita:l. vehicle weight to 9,300 1b with a
correaponding increue in raqu:lrzd orbital boost impulse from amimtely
750,000 1lb-sec to 1,500,000 1lb-sec. Since the mposed operational mode

(aepe.ration'close to apogee) excludes ‘prolonged boost periods it is neces-.

sa:rytomcreasethathmstortheorbita.lboostengineﬁ'omamlueof
T,500 to approxims.tely 15,000 1b. . )

 With respect to the capability of existing combustion chembers for
attaining this thrust level, the data in Table I are pertinent.

TABIE I

COMPARISON OF AVAILARLE COMBUSTION cmmm
WIMRBPECT'IOMBIBHITYI’ORIS,OOOLBMBTIEVEL

Bell XIR-81

Aerojet ‘AT 10-37 RMI RR132

Engine & Application Vanguard 2nd Btage Buper Pu'romnnce . Hustler (1)
Design Values o '

Chamber Pressure,psia 200 560 - 489
Chamber Pressure Required .
for 15,000 1b Thrust,psia Loo 900 - 1,000 489
Required Alteration and | Change in Injector Increase in nozzle Fone
Development for Obtain- ' exp. ratio from
ing 15,000 1b Thrust Increased wire- h.3:1 to 25:1; re-

: wrapping for in- plum;g;f 90% e S
creased struct. . by ‘ 2
strength. ggioazer. 3202 (:ﬁ{\&
Cooling marginal, Development of cata- "§ Q:o
may require re- lyst. Change in in- q’?\(} 9
design of and re- jectow. - Cooling may (Q T

-1 tooling for new be marginal and re- S’'S
- chamber.




The mg engine requires, '4n addition to its high chamber pressure,’

an nnumally high pressure drop between ump outlet and combustion ctam‘be:r
which is pcrth.lly due to ‘the solid catalyst decomposition bed for the
o:d.d.izer. ﬂowim also the neceuity for .§ very l\lbmtill increase in
nogzle expansion’ rl.t:lo and for condncting a dgnlopnnt wvith an h:l.therto

. ndb used oxidiser, 1t appesrs Jult:l.ﬁ.od to drop this emgine from furthor

' considera.tion.

NTER‘"’“‘ \go

Ana.nulyuuhubmmda forthamdiﬁedneum-al}bcket
engine, to determine the total prorullion mh.yst- weight (:I,nc].uding
'ifdi)éﬁﬁti;"'m, and pressurizing equ:lpunt) as a function of thrust

-and of the type of pressurization syatan. used. The' umd preasur:lution
.ly-ten.l are: |
1. Gas-Ped (G. _l".). using helium as pressure gas
a. Btored at ambient temperature '
b. BStored at ambient temperature and heated in a heat ex-
changer so that a gas temperature of 150°-220°F is '
5 YER maintained in the propellant tanks. |
,.mowg‘g\o'\' Stored in a tank precooled by 1iquid mitrogen and.
heated in & heat exchanger so that a gas tempersture
of 150°-200°F is maintained in the mnmt tanks.
2. ~Pump-Fed (P. ¥.) by gas gene;stor driven turbo pumps.
| The results are Flotted in Fig. 3-1.- Tvo sets of curves are shown
for combustion chember _smqir.ic.mlfgf_. 278 and 205 Ib-sec’/li:, respect-
ively T

y
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| The diegran indicates that at the 5,000 1b thrust level the type

i of prum:l.nf:lbn iyufen has little influence on the total propulsion sub-
system veiglrb At 15,000 1b tln'ul'b, howem:‘ the use of the m—fed

:-systam perllitl & reduction in weight between 600 and 1200 1b cme.red to

' gu-ted mtm of varying state of reﬁnmt wh:l.ch correnponds to an

K wmmmmm;wwmwmhmmm-fed

a ystm to 2500 1b for the pump-fed system. From these considerations it
. can 'be cloa.rly seen that & plmp-fed mtan should be selected.

'.l.'echn:l.cal]y, dboth the Va.ngun'd. and Hustler eonhustion chambers are

equally well lui'bed for incorporstion in a punp-:ted. promls:lon systen
_ Comparing the modified Hustler engine (couhustion specific m:ue
of 285 1b-sec/1b) with the Vanguard engine in its final state of development ~
~ (coubustion chamber speciﬁ.c impulse of 278 lb-sec/1b) it appears that this
" difference in specific 1mpu],se is approximately compmated for by the ‘some-~
vhat lower chamber mressure of the Vanguard engine. In other words, the
right-hand dlagram of Fig. 3-1 can be used with good approxintion for both
.- engines. With respect to availability of the complete pump-fed engine,
_  however, the Bell engine appears to be mimi;m.w superior. Inportent
..nctom for the a.pynin.l of the two ensine mtau are prennted. and col-
lated 1n 'Jh'ble “II."
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same vehicle loaded to & gross weight of 7650 1b and boosted by the SM-65A.
The combined weight of the structure, propellsnt tanks, propulsion systems
and pressurization systems for this vehicle hms been estimated at 870 1b.
"A probeble arrengement for the Orbit Test vehicles and the early
Ploneer veliclées entalls the placement in the booster adapter section of
650 1b of inertial guidance equipment ad 350 1b of sttitude control equip-
ment to be used during the coast period.. m;’ wvill Sna.ble the guidance
equ.ipunt to provide the orbital stage with a guidance program .for the
final thrust per:lodat apogee. m;a.oadoflooo lbvi]lrminviththa
- booster at separation which occurs Just prior to spmné the satellite
stage propulsion 'system. Gross weights for the Orbit Test vehicles and the
early Ploneer vehicles &re therefore reduced by 1000 1b for this arvange-
ment. Welght bhreakdovns for tiree OTV systems (verying with booster and
nature of flight) are shown in Teble I. 1o Plomeer vehicle veight treak-
downs ere shown in Table II.- Ome is for the early guidsnce system remain-
ing in the booster as described sbove and the Gther is for the more advanced,
1ighter guidance system which is carried in the satellite ataée.
‘If battery 1ife is tbe liniting factor and state-of-the-srt batteries
.-a.reuaedtheOlvwillhsveadnrationofhdavswhmboootedbythe
SM-65A and 1k days when boosted by the SM-65C, whereas the Pioneer vehicle
will have a duration of amox:lmtel;.y 30 days. |
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A pump-fed propulsion system for the Bell engine is available in

- time for the ﬁrstmﬂiglrts.;_ﬁhﬂetheperformce of this engine is

1ot high, it is sufficient to place an a.m;recial?le Peyload into orbit and
therefore to fulfill the requirements of this phase of the ARS development.
The improved subsystem, adequate for the, Ploneer through Early Advanced
Phases, is.obtoinoé. by direst evolution of this first engine and Tequires
little, 11’ any, changes in the vehicle. ‘
In the case or the Auo;)ot-v;ngurd. engine, a pump-fed 15,000 1b
thrust propulsion system can definitely not be mede availsble for the OTV
flights and 1t would be optimistic to predict that the pump-fed system can

be completed in the same time as the Boll Pioneer engihe. With the Aero:]et

ong:!.ne » therofore, a different propulsion mten ought to be selected for '

‘the OTV phase which would introduce a "dead alley" dmlo;mant for a small

mmber of vehicles and. discard the opportunity for an evolutionary develop-
ment of the refined Pioneer system.

The Bell engine appears also to be the better choice with regard

to available man-power, developi'znt capacity, 'tieat facilities and probably

also production potential. Aerojet appears to be loaded with work to-

- capacity and the acceptance of a co‘nt.ra.ct in the higﬁ rriority ARS program 3
"might result in an interferemce w:l.th the 107 program. Bell, on the othecr

band, does not hsve any major development at hand after the completion of

the Hustler progranm and faces the necessity of reducing its deve.‘l.omt

staff and closing down test facilities if no new project can be obtained.




.The production capacity for the Hustler engines is adequate to twrn out -
four engines per month, which would allow two engines per month for the ARS
project. . . _

- Consequently, the Bell XIR-81 Mtler.end.ne has been selected
for the orbital boost propulsion subsystem'for the OTV through Barly Advanced
phases of the ARS program. | .
" Por the OIV vehicles, theexisﬂWusmgm JPh
- propellant will be used vith only & minor alteration required for increasing

the burning t:!(-e from 65 to 100 seconds This emg:l.ne consists of a single.

thrust chember, gas genmtor including sta.rting solid propella.nt charge,
turbine driven pumps, propellant control va.lvaa » and auxiliary equipment to

‘start, opu'g.te and shut down. These components are assembled within "l;he

v

engine thrust mount which is a welded, tubulsr structure comstructed of
8630 steel. Thls mount lends itself well to the addition of structures ar
brackets for other equipment or components and it can easily accommodate
the hinge mounts for the four control engines. The aluminum thrust |
chamber is of drilled-wall construetién and coupietcly machined, regenerat-
ively ou::ld.:l.za"-coolgd and rated at 15,150 1b thrust 1n vacuun for a duration
of 65 seconds at 500 psia chamber pressure. With.a nozzle expansion raf:l,o
of 14.85:1 and an engine propellant mixture ratio of 4.25, a specific fumpulse -
of 263 lb-sec will be ow in vacuum. The combustion in the engine is
started by a preflow of mmcnmmum in the fuel 1ine
This will probably obviate the necessity for using a nozgle closure
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In order to e.dapt this engine to the ARS e.pplication, the primry cha.nge
required is to enable it to opere.te for 100 seconds. 'l!este have shown
thst permanent demge occurs between 85 and 120 seconds with the existing
gear train. Eowever, viththeedditionofoﬂephehnraseerdiptype
of lubrication, tests have been run from 3 to 8 minutee with no dmge
It s therefore proposed to provide this lubrication system as a modifi-
cation kit to the existing unit. The oiler will consist of a ‘small
cylinder and piston assembly filled with oil. -Fuel_, rressure from the
ump discharge will be applied to the piston forcing o1l to the gears.
The development of this unit conet:l.‘lmten no pro'blen and will not delay
delivery of a complete engine.

No difﬁcul'by is anticipated in extending the life of the tﬁrust
chamber assembly to 100 seconds. Ve.rious tests have danonetre.ted the
durability of the existing chamber and accumilated durations of over one .
hmzrhevebeenreechedonesingleth:‘ustehnmber

' It is considered that a complete XIR-81 engine nembly can be
~ delivered within ten months from da.te of order,
_ For the Pioneer and Early Admced vehicles & modified Bell
XIR-81 engine will be used. The modifications consist of increasing the
. nozzle area ratio from 14.85:1 to a).l, the substitution of uneymeu':l.cel-
d:l.metlwllwdrazine (UME) for JPL fuel, and the 1ncorpore.tion of a speed
- governor to the control system. This wiil result in an increase in Yacuum
| thrust from 15,150 to 15,400 1b, an increase in performance from s specific
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impulse of 263 1lb-sec/lb to & specific impulse of 277 Ib-sec/ldb, and an

improved mixture ratic control which will probably reduce the smount of
residual propellants in the to.nks to such a low value that no ad.dit:l.ond :
system for propena.nt utilization control wi.ll be required for the Pioneer
and Barly Advanced Vehicles. . N

_ Ammberofchangea a.rerequiredinthzenginebefore it can
sa.tisfactorihr operate with UIMH fuel for a duration of 100 seconds. The
mjecto:;' mst be accommodated for the new mixture _ra.tio of 2.57. However,
this is considared. a minor modification since injectors have been fa.brica.tegl
.and fired successfully using this propella.nt combination in the XIR-81
thrust chamber., Prelmina.ry tests indicated tlnt sufficient cooling is '
available for the combustion chamber regardless of the reduced mixture
'ra.tio ; b’uf. this will be verified by extensive testing under the new condi-
tion. A new gas generator, with a Me ratio of 0,1k is necessary;
however, besed on performance during preliminary fe-ts, changes for a .
production unit will be minor. The pump outlet ports must also be rebored.
to accommodate the mixture 'ratio change. This may require a new fuel -

: pump casting. Other changes ere necessary to the turbine pump assembly to
ensure adequate strength of the i’uell. pump gear to bandle the increased
load. The addition of the speed governor to the control system requires
only a minor clnngeintheaenrboxassmblyandwiunot effect the over-
811 development  time. On the basis of information available at this time, .

" 1t appears that the pump impellers, oxidizer pump casing and othar
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propeilantm gelected for the OTV phase and the propellant feed system

m changed in order to avoid any interference between the orbital thrust
and orbital thrust control subsystens | '
'.Eha control engine- require deva].opnnrb since no engims of suit-
- able size and perrozmce are availsble. However, ths performnce of this |
" subsystem 16 not u-_itiéu vith respect to the over-all performance of the
ARS vehicles. Consequently, state-of-the-art designs can be used for the
first phases, which leéaves sufficient time for the development of more
refined engines and subaystems components for the later high-performance
vehicles. | ' ’ | ) |
For this reason, 90 per cemnt hydi'o'genperoxidemmelhnt .
. was selected for the OTV phese control engines. Ingines of this type, |
' incorporating an integrel s0lid catalyst bed, can be produced with negld-
" gible, if any, development. This system has the additional sdvantage of
unlimited on-and-off operation which permits the perfomnce ot add.:ltiona.l
‘functions such as short duration attitude control dnring ‘Atlas booster
shutoff and aepant:lon.
o The thrust chember irduignadtodalim3001‘b of thrust in
vacum at a chmber pressurc of 100 to 150 psia with a nozzle expansion |
rat:l.o of 'between 1041 and. 20:1. A vacuum specific impulse o:l’ at least
160 l'b-sec/l’b 1g obtained. The engines are assenbled in 1ndd vidual hinge
" mounts permitting a deflection of at least ¥ h5 degrees. Other components
are the propellant cox;'ujol valves snd the hydraulic actuators. These
engines are scheduled to be available 10 months after ph.cement of the orders.

m 12 YEAR
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Thé development of an improved control engine system for .the

Pioneer through Early Advanced vehicles will be initisted simultaneously
with the design of the 0TV control engines. Major goal of the improve- .
ment will be the reduction in over-ell system weight attained by the ‘
application or a higher energy bi:n'opella.nt mtun S8ince cooling of
these small s:lze combuation chanbers 'becanu a pro'blan with higher energy
propellant combinations, dirferent approaches will be made. A ges-fed
propellant system using separate tanks, however, will be considered in
each case. | ' i |

Possible solutions, based on the use of the IRFNA-UDMH propel-
lant combination, are:
1., Use of uncooled, ceramic inserted thrust chambers, giving
a specific impulse of approximately 250 1'b-sec/ib
2. Use of regeneratively cooled chambers, giving a specific
.. impulse of spproximately 250 1b-sec/lb. This requires a
complete new development since the m9ent1y developed
types of combustion chambers are not adsptable to very
3. Use pf cooled chambers with the coolant provided by a
by-pass flow of main propellant, giving a specific impulse
of a.pp‘oximtely 280 l'b-uc/]:b. : ‘ |

It is intendadtoinitntemexpeﬁmntal study to determine the
best .solntion compatihla_with achieving a complete develoyment within the
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The propellant feeding u.nd wess\u‘i.ution system ror'the otV
. through Barly Advanced control engines will be designed to a.void any
interference between the Tlow control system of the main engine and of
the control engine. In add:ltion, provia:l.ons have been made to permit
control engine operstion independent of main'engine operstion. Far this |
reason & self-sustained pressure gas feeding system will be used vith
.se:pa.ra.te yropellant tanks and regulators nnd poasibly a separate pressure
s ‘tack. The pressure gas vill be unheated helium. Initisl operation of -
the control engines prior to main mgine operation in & gravity-free field
vill be made possible by means ensuring positive d:lsphemt s Tor example
'by incorporating bladders in the rropellant tanks through which the pres-
suriza.tion gas is fed. 'nnse bh.ddars ‘may 'be bypassed, or ru:ptured after

a sufficient gra.v:lty field has been established by the starting of the
main eng:l.ne.
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k. AUXILIARY POWER SUBSYSTRMS

The major changes in the WDD Development Plan for the auxil-
iary power subaystdn (AP8) are: (1) the replacement of pirimary h
Datteries by secondary betteries for the 0oV phase and (2) the
inclusion of . study program for the chemical suxiliary power
eystem. In addition, d-c converters have been adled as potential
camponents for battery systems. N .

4.1 Battery.APS .

The tight schedules for the OIV. vehicles preclude
the use of other than commercially awaih’bla batteries. The
primary 'battqiea now being pmméed are, m, inherently
unreliable and requite a time consuming and cogtly 'proceu of
statistical sampling before use in guided MaSMs, Wwith sec~ .
ondary batteries, on the other hand, a high degree of reliability
can be obtained directly becu}ae of the pt.aasib:l.lity of a thorough
pre-flight checkout of ee,ch unit. Since this type of application
does not impose high rewnté on. cyeling capability, the silver-. _'
" zine system can be used. This type has a relatively high energy-.
to-weight ratio, i.e., approx_imtely'as watt hours per 1.5, vhich
is only slightly below that obtained with the onginm.yproposed
primary battery. coméqzxently,' secondary silver-zinc batteries

are now being proposed for the OIV vehicles with Yardney-Elsctric
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auxiliary pover systems, the improved silver-sine battery vhich
was proposed. or:l.ginally has been maintained. This appears justi-
fied because the increased lead tine pern:l.ts tha dgveloment of
special bebteries with improved reliability and also the specifi-

'oationofahigherdegreeorqmntycontrolmnumnq

applied to comercia.l types
Posaible measures for obta:l.ning a -higher dsgree of

.rel:lability mcl.ude inqrroved. mechanical design and the use of -

solid plates vhich, should be possible in this low-discharge ra.te.;
| . An saditional possibility is.the develolllent- of a
q_ilyor-irop type battery. The favorable ch-ro.ctu'istics of the
latter system are: | B '
. ‘e sbsence of side reactions would indicate the

_ absence of gas evolution. ‘This could. pemit sealing the battery

and remove any question ‘concerning gas pohr:l.u‘_l:ion during opera-

' tion in & sero-gravity field. -

2. From the senaral chnracteristics of the.Edison cel].
and tests of tha silver-peroxide ehctrode, the ‘nlf-discharge
rate should be very low. ‘

" .3. The mechanical chan.ctuiitics of the battery under
adverse envirommental conditions chouJ.d be. better than those of
.the. a:l.lver peroxide-zinc-type battery.

. Since neither electrode reoction :product :I.s particu-
h.rly no:lnble 1n the electrolyte, the bcttery shw.'l.d mnction as
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a secondary battery to afford the sdded reliability of complete test. ‘This
recharge characteristic would be limited by silver m:lsrotion-lepa:rator
failure. .

Electronic d-c convu'terrs are proposed. as a component in 'ba.ttery
systems to reduce the battery voltage and., hemco , improve the reliability -
of the bcttory. Feasibility and reliebility of this relatively new compo-
nent have still to be danonsmted ‘before a final selection can be made.

k.2 Chemtcal APS | |

If betteries, nuclear power, solar ene:rgy, and radioisotope
heat generation are considered as possible sources for the auxiliary poi;er,
1t appears that a considersble factor-of wncertainty prevails over sn |

" important part of the ARS develorment program.

The high power requirements of the Ploneer through Early Advanced
vehicles can not be met with slightly improved btteries. The nuclear and
solar types, on the other hand, are unl:l.kcl;r to 'be available at that time.
There remsins for this phase tho proposed use of radioi.aotope ‘heat genera-
tion and of highly improved bettaries. However, with these two very promis-
ing systems, development bas not. yet started. It is therefore intended to
investigate the possibility of an additional alternative development cover=
ingthopowu'dmndsotthiophueofthedevelopwnt.

For this purpose, an 8-nonth study progranwiu ‘be condncted to

" . determine the actual performance l:l.nit- and developmental requirements of

an open cycle chemical suxiliary power mtcn This system, as dascribed

in the original proposal, otill appears to be a very promising solution.
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6. GROUND SPACE COMMUNICATIONS SUBSYSTEM

6.1 Determination of Orbit Parameters

In a..previous report, methods vere described for obtaining a
rough determination of orbit parsmeters and for determining linearized
 differential -corrections from successive cbservations (Ref. 1). The
analysis assumed that the motion of the satellite could be described
by a perturbed Kepler ellipse. The momnuog-of the plane of the
orbit to the plane of the equator was a.asuneti_. to be constant; however,
it was assumed 'I';ha.t (1) the line of intersection of the orbit plane and .
‘the equatorial plane rotated; and, (2) the apsidsl line rotated within
the orbit plane. Using the model aa;cribed, one would be led 1p£o seri-
ous errors in the case of low htitud.e orbits. However, the mxim |
' error resulting for an 83° orbit would be approximately 0.4 uiles in
projected position on the ea.rth Most of this error oou.‘l.d. be el:l.mina.ted
by considaring that the angle of :I.nq_l:lmt:l.on of the orbit oscillates by

a small amount around the average angle of inclination (Re.f. 2).

From previous analysis, it has been aetéminea that RMS errors
of 0.1° in angular messurement for a single pair of cbservations spaced.
two or three minutes apart aﬁdrapge errors :I._n.the order of 0.1 mile

- 1lead to & maximm position prediction error of approximstely 50 miles
during one complete orbit period. Extrapolating from these results and
assuming & minimm time in orbit of 5 days, it 1s desired to spec:l.ry the
ninimal angular accuracy required of the tracking system to reduce position
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uncertainty to less than 0.1 mile As a rough approx:lmtion, the pos:l.tion
uncertainty varies inversely as the square root of time (uming re-
peated observations) and directly as the position mauure-gnt error. If
the effect oferrofinrangemasuremnt is mll,there.di.rord:l.rection :
finder device must have an anguhr accuracy of about 0.5 milliradian

6.2 Select:lon of Tracking System o

v Ipselectingatrackingmtemrorthemsprosrm,comprom”a'.
are necessary in arriving st an optimm choice. Table 1 summarizes the
features of a number of the more applicable tracking systems using radio
direction-finding and renging techniques. Tsble 2 compares the systems
on a basis of relative increase in mviimmi.:y, relative increase in
- complexity, relative increase in susceptibility to Jamuing, rehtive in-

crease in vah:lcle welght, relative increase failure rate, relative increase '

in acquisition difficulties, cost per unit, and settling rate. Settling .
rate isdarineduthereciprdcalorthetimreqq;redtoarriveat o set
of "good" values for the orbit parameters. As an exa.mle of how the cha.rt
is interpreted, consider the column labeled * Unava.ila.bility. Asstm:l.ng
that it would require n months to procure an NRL Minitrack System and (2
+ n) months to procure an AN/FPS-16 (XN-2) radar, the M5Q-1A radar pn‘:ocure-,

| ment would require (0.5)(2%)+n months or 12 months less than that re-
quired for the AN/¥PS-16. |

In using Teble 2, it is well to observe that & mumber of the
entries are bagsed upon rough estimates or an indefinite reference quan-
. tity. In column 1, it was usu-dthatanmmnitmcksystuwm‘be
available in sixtotualvemnthswhileanunmdiﬁedrm-lﬁradumm
requ:l.re an add.itional two yea.rs for da.uvery !l'he col\m labeled

m ] . A 4;. .- .

ol —— "
- Lo



b YAt Y, CF L S IRA
: ZUEN AT T S TR
o RGN g

MSD-2015

. Complexity" is to be interpreted qualitatively in that the FFS-16
" radar system is defined to be ome unit more complex than the NRL Mini- -
" track System required for equal coverage. The reference Minitrack Sys-
tenm 1is derinad. to 1nclude interstation commnications, spec:lal computer
facil:l.tias » timing a.nd synchroniution eq,uiplmt and all the other spe-
cial considara.tiona uhich make up a complate system. From the two pre-
ceding examples, it can be neenthattha information in Table 2 1s to be
interpreted as a broad estimate based upon meny oons:lderations which are '
.orten more qualitative than quant:l.tativa. )

Based upon the figures in Table 2, 1t appears that a combina-
tion of approaches (c) and (d) wu.m cost less thsn any other single
choice. With the early availability of an extended range model of the
AN/MSQ 1A radar for initisl flight tests and the introduction: within &
reasonabiatmmathemnmgmmm,amum“

-ing programcanbe estabnshed. at moderate cost. Since a.nn.demtebea.con
for orbital tracking will be unavailsble early in the program, it will be
desirable to use the MSQ-1A radar tracking system together with a modified
COMAR system as an acquisition aid and as a means of Obtaining redundant
tracking date. o |

. Intheea.rl;yoperationa.lphuuoftheprogrm,pawarmpp]y
life and weight considerations indicate the need:for eliminating the
pulse beacon-transponder package. However, when non-conventionel long-
1ife power supplies become available sud as vehicle performnoe improves,.
veight and pover supply considerations will not be the limiting festures.
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Accordingly, the pulse radar approach villbe dropped in the early op-
| erat;l.onal vehichs in favor of direction finder and CW ranging techniques
vhich impose practically no weight or power supply penalties on the ve-
hicle. - I:t operational experience indicates the need for a pulse radar,
the FPS-16 or equivalent can be wfo:ui‘euthmumm
vehicles. .
REFERENCES ,
1. Lockheed MED-1481, Second Pied Piper Quarterly Progress Report,.
15 Decesber 1955,

2. M.I.T. Report 52-115-13A, Instrumentation Lab, Guideance and .
Attitude Control Study, Progress Reportlo. 3, 1 August 1955
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7. . FLIGET TEST PROGRAM
T-1 Vehicles

Prev:loﬁa rlight tést programs have been pla.nhad on the basis ofl
" flights ut:llizing several different types of vehic].zs. These included an
BRIV (X-17) flight for enﬁromt-.‘l. research, an Orb:l.ta.l Mode Test Vehicle
(cons:lsting Of an ARS vehicle boosted by a cluster of ‘solid m‘opellant |
rockets), an Orbital Test Vehicle (cons:l.st:l.ng of an ARS vehicle w:l.th an
Atla.sbooster), mdvarimmodela\rhichvouumlve frulthe OIV. The
vaasalsoca.lledmorsystm!'estvmcle.

During the pa.st reporting per:l.od. it h.u been necessary to eval- '
uatethaworthofvuiousprelmmmgku,particuhrlythoseorsem .
vehicles not having the same conﬁguraﬂ.on as the ARS-Atlas conhina.t:l.qn.

[P

PN s

These deli'berat:lons have led to the elimination of the m'v and OHI.'V designs

w:lth consequent selection of a full-scale prototype conﬁguration for all
phaaesoftherenarchmddsvelomentm m:wcleiqcm- - g
prised of two parts: (l)mmumamtovhicywinbeldMnQi'cm- | '
ponents and modifications es the program advances, and (2) an Atiss booster, - - °
’beg:hming vith the 8M-65A, which will likewise undergo evolutionary cha.nges
viththcpassageortim. Soneorthoreumtortbaelmmtianorthe

senller scale vehicles are:

1. The scale models do not offer the capability of orbital .
flight. Therefore, they would not remein in flight for

o .
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a sufficiently long period of time to record operating

characteristics of w; other than transiep,t
- phencmena. Since key performance occuysaftefall
transients have settled out or been calibrated, much
dsta derived from an extended scale testing progran -
"would be of n;rym use.

2. ' Scale models of a given vehicle are nearly es difficult
to build as the parent article and thus comstitute a |
separate dsvelopment program. The inclusion of en BIV -
uaing a solid propellsnt, clustered booster would thus
tend to delay design of the ﬁﬁ.‘l.-sca:l.e vehicle.

3. Unavoidable differences between solid and liquid propel-
lant boosters, load distributions, ss well as obvious
differences in configuration, tend to degrade corgehtion
‘between & scale vehicle and its parent. Thus, some scale '

" £11ghts would have required full-scale duplication for
the purpose of data eorre'htiop; ’
ke Auxiliery sctivities, such as provision of special
© facllities for firing different types of boosters, would
' have tended to generate higlier program costs.
For these and other reasons, it was decided to concentrate on

- full-seale vehicles using the basic ARS airframe aid Atlas (SM-65) -

‘boosters vhich would w in the operaticnal satellites. This will pro-

dnce amhimmtimmdcostmﬂthamﬁmoftecbni«lmu.
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7.2 mtohltemtelmmch&l‘be
‘ It is tentatively plamned to initiate the W8 117L flight test
propam at AFMIC, Pa.trick AFB, n.orida. Pr:lmu'y reasons for this are
the availability of operating range instrumentation and the exiatence of

a Ipckheed organization at that site.
Intm, 1thm0plumdtotrmfertheﬂightprogruto

an alternate. site, proba.bly cam;p Cooke, California vhere the WB 10T7A and

“possibly other ballistic nd.u:u.e weapon systems will already be 1oca.ted.

Ctu'rentplanacalltorthemetotheeunfomhniteatatmeindicated

'onWBllTL!'light Schedule (T8 Supplement to systunevelopcnt Plan,

MBD-2011 dated 1 November-1956) « Initisl location will be on Site h

‘vhich will also be in use by W8 107A-1 organizaticns. Approximately 18

mnthshterwsnumltmsfertoitspemmmhﬂtéinmsmthem
area of Camp Cooke. Theaver-llehangeormtionfrmnoridato

Wﬂdfectthminmyum,bwbthemtresult is

est:l.m.tod to be very bemﬁcial. Some of the effects are as follows:

1. At the time of the transcontinental move, the project
cqndmtamumchuathree-mthlossorvorking
effectiveness (althaugh this would not be reflected in
the flight lchedule) It shouldhe noted, however, tha.t
the. project will leave Patrick AFB when that area will
have beccne extremely crowdsd by numsrous projects and
activities, Camp Cooke, on the otlier hand, will be rela-
tivuly\mcrawdedandvﬂldlwmch greater operst.ing
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2,

3.

Che

: erﬁ.c:l.ency The mitia.l time loss will be regained and

ensuing operationsvillproceedmchnore rapidlythan

at Patrick. ,

During initial activities at Camp Cooks, a comm:ién of
linited interference will exist between WS 1175 and the

w8 107A-1 training progran Th.'ls -is caused by a necessa.ry

sharing of space and facilities. .The cond:l.t:lon will be
relieved by the later occupation of the southern site,
Further, it should be recognized that some training ad.

'mbageswnlaccruetowsmbecauu‘ofadditlmal

vehicles supplied for llllndl:l.ng in conncct:l.on with the

ws 1LTL prosram

It is further acknowledged that some loss of time and .
effectiveness will result from breaking in new facilities,
Sqiimment, and instrumentatbn st the Californis site,

‘Since this drawback must eventually be overcome, it is -

prefersble to sccept 1t early in the program, vhen it
vill cost less and have & minimal effect on ultimate
operational dates. . ,

Hhilethcmviuinvolvemincreminnmtary

. costs (for ws 117L facilities &t Camp Cooke), the over-all

costtothem'ogrmisredueedbecmorworhud, rea.].
esta.te, and aenera.l racil:l.t:los shu-ea. with othar opentiom.l
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Se »Ia.unchgs from the Camp Cooke site provide many operational

advantages. These are: (1) Range safety from the descent
of falling harduare ini.:o the Pacific Ocean during high »
latitude flights;*(2) Camouflage provided by other similar

" weapon systems at the site; and (3) Bouthwesterly launches
vhich provide desirable orbital course over various perts
of the world. .

8ince so many factors support the change of launch site from
APMIC %o the Western launch ares, current plans call for this move at

the earliest feasible date.

R ———— .
#From launches at Patrick; boosters would fall over land.
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.9’. DESIGR CRITERIA FOR ALTERNATE LAUNCH SITE

m basic requirmnt for a West Cmst.la.uﬁch site is dictated

by the desirab:llity o.f. h.unehing either approximtely north or south.
This is prohi'b:lted st APMIC, Florids, and in addition, the number

otothertestprogram current].ycchad:ﬂ.adformuqtat_eaa
move away from that test facility at the earliest possible time.

During the previous quarter the Air Force requested this con-

_tractor to consider a West Coast.launch site at Camp Cooks, Californis.

This joint WSLOTA-WS11l7L operation was proposed as a method of achiev-
ing early operational capebility. The basic definition of the new
site vas presented to this contractor in Air Force Memorandum,
"Weapon System 107TA (ICEM) IOC Site Selection Criteria, West Coest
Ax;ea," dated 14 May 1956. These criteris vere studied by MSD per-
sonnel during the previous q,ua.rter it:lthv limited assistance from Air
-Force, Holmes and Narver, and Ramo-Wooldridge wa@. -Although
still preliminary due to the status of the WSLOTA program, this
effart resulted in Lockheed MSD Beporrb 182k, “WSllTL Site' Selection

" Criteria West Coast Area", dated 6 July 1956. This report is

currently being revised to mcwpora.te the latest design requira

: ments. Further informal criterias have been presented to the Air

.Force by letter (MSD)20378 which indicates certain key items.re-
quired at the West Coast IOC. | '
Holmes and Harver, who are engaged in a preliminary survey
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of the West Coast IOC site for WBJ.O'{A, indicate that their prosrem
will be completed. in Jamary 1957 « Thus, actual construction b:lde'
can be received during the first quarter of 1957. Lockheed can
apperently use the WE1O0TA facilities at the initial launch complex
by the addition or portable support equipment e.nd. relatively minor
modifications vithout the addition of costly permauent factlities '
at the initial West Coast site. ,

The permanent West Coast WELLTL site is still under discussion
‘and should involve permanent buildings, lmunching vads, a block-
house, and other facilities. These phns e.re cwrrently incomplete
because of the uncertainty of llnd evulebinty m- WB11TL in the
‘Camp Cooke complex.




