..’

REVIEYW DATE

- EXEMPTED FROM 25 MAR 1996

DECLASSIFICATION IAW EO 12958
REVIEwWeR__ (Ol

!

\

fﬁ, _« R |
b .
bk o i

"REFER TO

EXEMPTION {S): 1 2 3@5 6789

SN

_____

~ DOWNGRADED
. INTERWALS!

- DECLASSIFi

LOCKHEED AIRCRAFT CORPO
MISSILE SYSTEMS DIVISION ‘ ‘
PALO ALTO, CALIFORNIA

_NOT AUTOMATICALLY,
D. DOD DIR 5200.10

tLie v ‘gav lidmxoyy
uols'wq Yapesey |93p08py

!

b

o

. TR
PR
PLANS. .

Rl
e, -;_f"‘?:'-:’\'!"’"“

BT !
2o 33"

LR Y
aof HIAENTN
P Rt

14
¥ mme
-

AT 12 YEAR

-

wﬂ“ Al

e



ksc; NO. 0;)( dj& 7

to WDS“' c\:.sw

‘ . ”’X’Z’sgaz'on

| Lo‘c.

/ 1 NOVEMBER 193¢ L

, | - Y NO. 4 _

SHEETS

1

Y e o s

DVANCED

| MENT PLAN
\\ .
I : -
| DLUME) 11 SUBSYSTEM PLANS:
J Propylsfop,...<=
J » ..:n,‘;j Sl - .‘f& Q
R Q
0
j 'Y
o
NGRADED AT 12 YEAR w
KRy LS; NOT AUTOMATICALLY a\"
I : 4 DECISSIFIED. oo DIR 5200.10 -

N\ 4 ’
I.OCKHEED AIRCRAFT C_ORPORA'"ON
MISSILE SYSTEMS DIVISION ' '

[PALO ALTO, CALIFORNIA

‘l‘mnmu



o4
- N
=24
—
(o]
<
g
[~

Pt 2
.~ L Nov 4

qu:,...,....u...
\..v.wn—‘\.mmxn.— :
NFM.Q.H,. 5
\.7MD..'..«.«...,..., .

T ov—e

m
!
|
~

Yo

K243,803, -3 ]

Qb

T

<EEEG
Base mm

DCWNGRADED AT 12 YEAR
INTERVALS; NOT AUTOMATICALLY]

DECLASSIFIED. DOD DIR 5200.1Q,

- Z
o
4
b
a
3
3
n
|
@
44

3

LOCKHEED AIRCRAFT CORPORATION é
: s



——

L (now I ang J, respectively) have been changed.

FOREWORD TO VOLUME Ty -

| infrared reconnaissance » together with the necessary system of ground

's'i::.ations » data procegsing- centers, and tra:-:l.ning facilities,

In accordance with the Instructions of CCN No. 1 t6 Contract
AF 33(616)-3105, the Miseile Systems Division, Lockheed Atrcras

subsystem volumes as appropriate. The titles of 6]4 Subsystems K ang

.
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'OUTLINE
OF

W8 117L DEVELOPMENT PLAN

SYSTEM PLAN
'Bupplement (Top Secret)

SUBSYSTRM PLARS

Vehicle -

Propulsion

Guidance ang Control

Visual Reconnaiséa.nce

Elecfron:l.c Reconnaissance

Infrared Reconnaissance
Ground-Space Communications

Data Processing ang Inteuigence D:I.ssemination
Ground Support a.nd Training
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Subsystem B

FROPULSION

ERRATUM

In this subsystem the word "swivelleq"

should be "hinged" throughout.

o
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[ RDB PROJECT CARD

1. PROJKCT Tme
PROPULSTON
ADVANCED

4. INDEX NUMBER| 3.

1 November 1956

6. BASIC FIEID O) suBsECT

: Strateg:lc Alr Werfare

7. susHELD OI. SUBICT susGroup 7A. TECH, OB,

8. COGNIZANT AGEnCY
Alr Research and

Development Commang

9. DIRECTING AGENCY
‘Hq ARDC

Western Develmt Command
OFACE SYMBOL TREPHONE No, _

12. CONTRACTOR AND/OR LANORATORY

Lockheed Aircraft Corp. ’
Missile Bystems Division

CONTRACT/W.0. No,

10. REQUESTING AoENCY 13. REATED PROMCTS 17. 1. COMPL. DATES
' RES.
Hq usaF —
1. PARTICIPATION, COORDINATION, INTEREST T
) OP. EVAL
1. DATE APPROVED 8. FY [RSCAUBT. (i g
13, rriORITY 1.

20. REQUIREMENT AND/OR JUSTIFCATION

8.  Equipment ig required for Propulsion ang control forces of the satellite
stage Vvehicle of the Advanced .Recon.na.issa.nce System.
b. Propulsion units wiij ovide the velocity increment required afiep
ocoster separation ang the control forces Tequired to orient the
vehicle into orbit dur 8 accelergtion.
2. ros lsu oN X 1. TJe

DD .. 613

LOCKHEED AIRCRAFT CORPORATION

PAGES
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RED PROJECT CARp '
CONTINUAT | N SHEET . SECURITY CLASSIFICATION : MSD-2011

L. PROJECT TiTLF ’ . 2. SECURITY of | 3. PROJECT NuMBER
FROPULSTON .SUBSYSTRY 308 "% | wirs
m&%@mmm 4. $. REPORT paTE
WEAPON .SYSTRM 117 1, | |1 November 1956

2l a. Rrief and Operationa] Characteristicsg

: (1
lateral ang roll control forces to maintain the required attitude
and to avoiq excessive rqll uring the coasting periog; (2) thrust
to obtain the desireq orbit; (3) lateral and roll control to effect
the transition maneuver into orbit gnd Proper orientation -of the
vehicle with Tespect to its 1ine of flight. The subsystem -consists

1. Coast control engines

2. Orbital booster engine

3. Orbital boost control engineg '

4. Propellant Teed system, including a system for ensuring reliable

starts ang Operation in vacuum under Zero-gravity conditions
» Propellant flow ang utilization control ‘

5
6.. Electrical system

" vehicle weight ang payload requirementsg, Whereyer bossible, state-
‘Of=the-grt camponents and subsystems W11l be ugeq and improveq
S8ystems will be obtained by an ‘evolution of the systems used for

wador target of the Development Program will pe availsbility,
canpa.tibility with scheduleg R reliability, minimom camplexity and
Wwelght, and high performance (specifio impulse), : :

2l e, .StxbsEtexn Tasks } :
1 a. o1 Control Farce Generators fop ‘Coasting Periog
‘b Contractor: pot yet determineq

c. ~UB¢ of gas jets obtaineq from -elther stored high-presgure

= W ST emae— ' N
’ @ BE usep, : ‘ rage B2 o 9 races
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SECURITY CLASSIFICATION : ~"MSD-2011

" R&D PROJECT CARD
CONTINUAT Jon SHEET
f. Pkoo.uct ‘rlI TéFN YSTH{ FOR . ‘ . :. ojgg’r"" OF 3. PROJECY NUMBER
ADVANCED . RECONNATSSANCE SYSTEM N 4 WS 117 L
(UNCLASSTFPTRD) A

4. ’ 8. Rerony DATE

1 November 1956 .

Contractop: Bell Aircrast Corporation,

The present Bell XIR-81-mugtye Pump-fed engine will pe
used. Using inhibited req fuming nitrie acid-Jp4 bropellant
this.engine delivers g thrust of 15,150 pounds in vacuum

to 20:1, ang improving the fye] control system. Thege

LOCKHEED AIRCRAFT CORPORATION

PREVIOUS £D1T)0ng i - ‘ : :
:: ;lns‘::. Foms tay ) '. l " PAGE B-3 or 9 PAGES
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RED PROJECT CARD :
CONTIRUAT | on SHEET e

MSD-2011

"PROHGL 3TN SUBSYSTEM FOR . o Proseer T o

-1 3« PROJECTY NuMBER

5 &. Iate Advanced Orbital mryss Engine

-B.  Contractor: Rocketdyne Division, Nortn Ameri
- Ime., or ; ‘

Specific impulge of at least 304 seconds, if

of the e.forementioned study,

b. Contractar: Bell Afrcrast Corperation, or
Reaction Motors, Ine. »

ADVANCED RECONNATSSANCE SYSTEM WS 1171,
(UNCI-ASSIFIED) - S. azPoaT pare
WEAPON SYSTRM 17L
1 November 1956
changes can be accamplished within the development schedules
for the ARs, Y will incregge the 8pecific impulge
to 277 seconds, and will Dprobably reduce the tolerance in
Propellant € ratio to such ap extent thg sufficient

- Bell Afrcrapt Corporation, (fluorine_-a.mmon:l.a)
Aerojet Genera] Corparation, (LOX-JP-h). -

C. For the Advanceq vehicles it 1g prdpqéed to conduct g

vails '
within schedules campatible with the ARs Development Plan.
Providing the above study indicates that such developmert

of such g reduced Program appear Justifieq from the results

can Avia.tion,

the Pursuance

DD 'rﬂt?“ 6 ]3-. PREVIOUS EDITIONS Stcumi Ty CLASSIFICAT) 0N

4 useo, 5 . FACE Bl o O pyges
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R&D PRoygcY CARD
CONTINUAT{ON SHEET

| MSD-2011
'. PrRoJECT TITLE 2. SECURITY oF 3. PROJECT NuMsER
: ’ . PROJECT )
TROPULSION SUBSYSTRY FoR , -4 WS 117 L
- Aovancp FroONIAISSANCE svTmy . e
WEAPOR SYSTRY 117 1, 1 Fovember 1956

300 poundsg thrust egch will be Provideqd.
of an- integ:-al decomposition-thzust chamb

Reaction Motors, Ine, ) or
" ‘Aerojet General ‘Corporation.

¢. .Four hingeq, uncooled control ang vernier engineg having

1 b
7 &a. Ploneer ang Early Advanceq Orbital Boost Control and
Vernier &ines _

b. Contractor: ,Bell Alrcrasr Corporatibn, or

They will consist
er, swivel-type

DD roaw 613-1  rrevious ED! Tiong . SECURITY cLassIFicAT)on

Fia 53 OF THIS Fome may

LOCKHEED AIRCRAFT CORPORATION ‘ R 3

PAGE B=5 or 9 races
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" R&D PROJECT CARD Y
CONTINUAT | on SHEET SECURITY CLASSIFICATION . MSD-20
e PROJECT TimLE o ] 2. SECURITY of | 3. PROJECT NuMsER ‘

FROFULSION SUBSYSTRM For =~ "°’;?
#DVANCED RECONNATSSANCE Sygrm | ¥ urL

_ (UNCI-ASSIFIED) ' a. 8. atroar oare
WEAPON SYSTEM 117 7,

—_— 7 1 November 1956

9 =a. ,Prgellant Feed System

Missile gys

For the control engineg »

8tored within 4 separate

forces, gimbﬂ.led Oor hinged contrel engines will be used,
empt will be made to impr
integrating its propellant SUpply with that of the main

ove this system by

b. Contractar: Lockheed Atrcrgpt Corporation,

tems Division,

C. The feed system for the Fropellants of the pump.feq

(1) a pressure

system to maintain the appropriste Pump inlet p,z’-esaure' and
Propellant to the turbopump gas

the pressure €as feeding Bystem

consistanor Separate propellant tanks, Dbressure regulators,
valves and Plumbing, .Pressure 888 will be unheated heliym

tank or together vith the helium

Tequired for the pPressurization of the main DPropellant

ngine operation.
dders in the
which the Pressurization gas 1s
ture after sufficient gravity

field bas been established by the starting of the main

0D romu 613- PREVIOUS EDIT)oNs
ren s ¥ 3-1 OF THIS romu may
SE usep,
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v R&D PROJECT CARD
CONTINUAT [ oN SHEET

1. PROJECT TITLF

~ FROPULSION SUBSYSTRM pop =~ WS 1171
. ?nvmcm.mcogmssmcn SYSTRM -k Py
WEAPON -SYSTREM U7 1 - |

MSD-2011

oF 3. PROJECT NUMBER

2. SECURITY
PROJECT

.b. Contractor: Bell Airersst Corparation

C. .An anslysig will be conducted o determine whether an
improved governor-type propellant flow control 8ystem,

. two per cent of the initial Propellant welght ig obtained,
} . If this goal can not be reached with the Present control

_ system, a crude DPropellsnt utilization system consisting .of
capacitance-type Propellant leyel Sensing elements actuating
‘one propellant valye Via a servomotor » W1ll be developed.

c. A refined bropellant utilization System will be ugeq for the
i Advanced System. with this system, the amount of residual

: Propellant in the ‘tanks w11l be kept below 0.5 per cent of
the total Dropellant weight, '

o 12 g, Electries) System

o'

Contractor: Lockheed Aircraft 'Corporation,
_ Missile Systen_stDivision.

tion panel » Pressurization 8ystem relays s engine
relays, hydraulic Power supply, .and associateqd wiring ang
fittings. mThe required electrical Dbower will be furnisheq
by the battery of the Auxilia.ry Power Subsystem of the
satellite vehicle, This system will be designed ang
altered according to the Specific requirements of other
Propulsion subsystem Components ugeq during the different
Phases of the ARs Development Progrem, ‘

13 a. Bydraulie System

| —

— L

b. Contractar: Lockheed Alrcrafg Corporation,

. 0D romu 613-1 rrevious ITioNs sec SIFICATION
] FeR 33 OF THIS Fomn may ’ ndi
BE usED.

tage BT o, 9 races
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’ "+ R&D PROJ EC

— ‘ cour'mumguc?l?gn MSD-2011.
t. PROJECY TITLF 2. SECURITY oF 3. PROJECY NUnBER
N PROJECT
' : PROPULSION SUBSYSTEM FOR
ADVANCED RECONNAISSANCE -SYSTEM ' ’g/ S J.l'{ L
i _ (UNCI.ASSIFIBD » a S. REPORT parg
. | WEAPON SYSTRM 117 1, 1 November 1956

14 &. OIV Propeliant Loading ang Servicing Equipment -

Oof tanks can -be obtaineq, Ullage space will be Provideqd

- , : after filling by expe ‘an approprigte amount of Propel-
i lant, e, g, Tpy blowing up 4 Properly located bladder insige
- ' of the tank with 'pr'e’ssui-izing"ga's. : -

15 a, Pioneer and Adva.nced..s.vstems Propellant loading a.nd

2. Ko existing equipment ig &available which DPOssesses the perform-
em

. St Zed or off-ghels items are ygeg (valves, Plumbing, eta)
Db rol.u” 613-1 rreviovs EDITions SECURITY CLASSIFICATIOn ,
OF Tis FORM MAY .
ot usep, v r v race B8 o 9  rages
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R&D_PROyECT CARD
CONTINUAT [ oN: SHEET

SECUR? TY CLASSIF(CAT)Q

MSD-2011 -
I. PROJECT TITF 2. SECURITY oF 3. PROJECT NuMsen
) PROJE
AVFULSTON SUBSYSTR FoR g WS 117
ADVANCED -RECO, -SYSTEM
(UNCLASSIFIED) 4, S. REPORT BATE
WEAPON SYSTEM 117 L |1 November 1956
2l d. Other ‘Information (cont'q)
Whereger their cha.racteristics are demonstrateq to be of
requireqd rerformance gng reliability.
3. The Selected Bell XIR-81-Bustler engine ig the only engine
within the range of requireq total impulse ang thrust which is
available with g twrbopump feeq Bystem and whieh can be
altered, modified, ang brocured on g non-interference basis
with the Ws-107 Program. It nhag the adqdqy ional unique advantage
that control systenm is Probably accurate encugh to provide
- adequate Propellant utilization without :l.ncorporation of an
-additicng] -8ystem, ,

b, mig subsystenm has been designed to Operate :I.‘n,the. absence of
&ravity ang atmog e. Its_cha.racteristics are generally not
applicable 4o other weapon systems or manned aircraft

5. This subsysten would be maintained by ‘the contractor, ang

. OPerators would be contractor-tra.ined.
2l e, Be.&ound Data
Not applicabie,
2L f. Puture Plaps

The development of this subsystem 1ig contingent opn the initia.tion_

of the brogram at g -date Ccampatible with the ARS elopment Plan.

The: development of the Advanced Propulsion 8ystems 1is contingent

upon . the initiation -0f the development Program presenteq in the

General Design .Specifica.tion.

2l g. References
| Not a.pplicable.

DD rom 13~ PREVIOUS £D1TioNs
o'y 613~ OF THIS romg may

;”“ B-9g or Q Pases
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~ Bubsystem B - PROPULSION
Tab 1 - General Design Specifics.tion
I. GENERAL

A. Statement of Problem

The orbital sts.ge propulsion system must provid.e the accelera.tion
required to place the Payload on arbit after sepa.ration frcm the booster

and to control the orbital vehicle during the ‘coast and scceleration

period. The orbits.l boost rocket engine mst deliver an a.dditional

' impulse of at least 1, 500,000 pound-seconds » and the chsracteristics of

current guidance system ccuponents indicate that the orbital boost period ‘
should not exceed a.;pproximately 100 seconds. Control_ engines are required‘
for thrust directional control during orbital boost and for elimination
of attitude and roll distur'bances resulting from the shut-off of the
booster engine as well as frcm the operetion of the orbital thrust engine.
!I!hese control engines ms.y s.lso be used as vernier engines for final :Impulse
correction. 4
B Approach

The proposed propulsion subsystems will provide sufficient range
of performs.nce to ensure placing a rednced payload on orbit with the orv
vehicles and the operational ps.yload on orbit with the later vehicles.
‘The orbital condition will be achieved even with significant variation in

the Atlas booster performs.nce. Wherever possible, state-of-the art compon- |

ents and subsystems will be used and improved subsystems w:l.ll?be»'obtained

o :
B-Tabl, pl
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i

by an evolut_ion of the systems used for the earlier phases rather tha.n by

A the development of new types. Alternative camponents and su'bsystems are
‘considered whenever the attainment of the objectives of the ARS Develop-

ment Program does not appear fully assured within the schedules.,
The major ob.jectives of the Development Program will be a.va.il-
ability, compatibility with ‘schedlllles;,' reliebility, minimum canplexity.and‘
welight, and high-perfarmance (specific impulse ). |
The propulsion system progresses through three different phases
of refinement in o:rder to fulfill the requirements of the OTV phase ) the
Pionéer through Early-Advanced phase, and the late Advanced Phase of the T
ARS Development Program, respectively The operational requirements for -
these three phases are listed below in Ta.hle I. In addition, both the

.sustainer and control engines must be ca.peble of starting in a vacuum

with a zero-gravity field. The orbital boost control forces must be

‘avallable over a surficient period prior to and after the orbita.l thrust

engine operation to align carrectly the longitudinal axis of the orbital
vehicle ‘with respect to the desired trajectory and to correct missile att-
itude during the thrust decay and turboptmp shutdown period. Ihe control
engines will also be able, if required, to fulfill the function of vernier
engines for accurate impulse cutoff. In a.ddition, the propulsion system wiJ_l

be capable of withsta.nding the enviromment existing dnrins the boost period

(accelerations up to 15 g's, vibrations » and aerothermodynamie heating of

propellants and components ) and during the coast period 'between booster

B-Tebl, p2
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TARIE T OPERATTONAL REQUIREMENTS
Orbital Boost Engine o
- I B " Ploneér Tarough Late
P : ~ Phase OIV  Early - Advanced _ Advanced
|  murust, 1 - 15,000 15,000 ~ above 20,000
| Total Tnpulse, Ib-sec . 152105 1.5x10° .  apove 2 x 106
Duration, sec . .. 100 100 A _
Speciﬁ.t; Impulse, sec; Co above 260 275 - 285 - 300-(pre:.fera.‘b1y
o | - substantially
.o R R -+ higner
' . Orbital Boost .c‘ontrol" '
5 | Number of Engines - S .. . . 2orlk
| An'angement o -'_swivel."l.ed.. swivelled - gimballed .or
] . R T swivelled
; Thrust (per engine), 1b 300 . 30 i}
Total Impulse, lb-sec =~ 120,000 120,000
Dizrat_ion, sec - | 100 + 4 100 + &
Specific Impulse, sec - above 150  sbove 250
Maximm Deflection, degree. ths . 4hs
Average Deflection Rate, cps ', ‘ U P !
]
{

[' LOCKHEED AIRCRAFT CORPORATION

B-Tabl, p 3
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'sta.ge burnout and the start of orbital sta.ge propulsion (gravity-free

condition). Operation will be ensured within & temperature range of
32 degrees F to 120 d.egrees F for the bropellants and g tempera‘bure envir-
omment of 32 degrees F to 500 desrees F within the engine ccnmartment.

' Canbining the various subsystems and subassemblies of the propul-
sion system Wwith the development phases , the following Tasks are obtained:
1. OIV and Pioneer control 'force generators for coasting period.

2. Advanced control force generators for cdasting reriod.
3. omv orbital thrust engine. .
L. P;loneer and 'Early Advanced thrust engine,

+ Late Advanced orbita.l thrust engine.

| OTV orbital 'boost control a.nd. vernier engines.

~3 O\ -\
. c e

Late Adva.nced oarbital boost control and vernier engines.

0 (0]
L

« Propellant fegd system.

10. Pioneer propeliant flow a.mi'utiliza.tion control.

1. Advanced Propellant flow and utilization .cbntrol.

12. Electriecal system,

13. Hydr.aulic system. , ‘

1k. OV propellant loeding and servicihg. equipment.

15. Pioneer and Advanced propellant loading and servicing equipment.
In the OTV vehicle program, emphasis has been Placed on a Propulsion system
with the greatest pramise of operational status within the established time

period. State-of-the-art camponents will be used if they have adequate

- performance to place & reduced pa.yload. on orbit.

B-Tabl, ph
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For the Pioneer and Barly Advanced Vehicle Syeteme s Propulsion’
systems and components which require s moderate d.evelopment to meet the
schedules are conten_n_:la.ted. The propulsion systems proposed for the late
Advanced vehicles may require a major’ develoment effort to obtain the
considerably improved performance which w:l.ll permit a substantial growth
in vehicle gfoss weight and useful payload. Potential engines will,

however, still be limited to types vhich are in such state of development

that reliable cperation and availability within ARS schedules .can be. pre-

'dicted. For this Phase, an alternative propulsion system may be considered.

C. Solution

Since eva.ila.bility is the paramount consideration for the oV

" vehiciee, the XIR-81 engine has been chosen for this application. 'L'his is

the only available turbopump feed systmn within the ra.nge of requ:Lred thrust
and total impulse which can be a.ltered. and Procured on a non-interference
basis with the WS 107 program. Also, its control system appears capsble of
redncing the amount of residual propellants to a small value without incor-
poration of an additional propellant utilization system.- It is being devel-
oped by the Bell Aircraft Corparation for the Convair Hustler. program and
is now undergoing flight rating tests. The only required alteration is to
brovide a gear lubrication system :l.n order to increase the duration fram -
65 seconds to approximately 100 seconds and to reinforce same structural
camponents in order to withsta.nd the increased acceleration loads.

For the Pioneer and Barly Adva.nced vehicle programs, a modifics-

‘tion of the Hustler engine is being considered. 7TIn this way, its perform-

ance will be increased to such an extent that the requirements of the ARS

program during these phases can be met. _ '

MISSILE SYSTEMS DIVISION
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For the late Advanced phases of the ARS development program, it

1is Planned to conduct & study to determine the necessity for and useful--
ness of improved performnce such as that obtainable from a fluorine-
type oxidizer engine. If an affirmative result is obtained from this
study » & propulsion system based on a i’luorine-type oxidizer will be
developed with the goal of a specific impulse higher than. 340 seconds.
It is pred.icted that such propulsion system can be mde available within
a i’our-yea.r developnent_ program. As an a.lterne.tive solution, the d.evel-v
opment of a suitable propulsion system using the conventional propellant
combination of LOX-JP4 fuel is proposed this cen be achieved. within a

shorter period.

" The major cha.reetei'istiee and the performance obtainabie with

' the selected and proposed systems, including control engines, are pre-

sented in Ta.ble II.

A"._ B-Tab 1, p6
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JI. DESCRIPTION
A. Tagks

"l. OLV and Pioneer Control Force Generators for Coasting

‘Period

Use of gasv Jets obtained from either stored high-pre'sgure '
gas or from a chemical reaction 1s being considered to provide the re-
quired lateral and roll control forces. The details will be determined
from the final specifications which, in turnv, depend upon the selection
of the operational mod.e and guidaﬁce and control subsystems for this )
‘Plight segment. _

2. Advanced Control Force Generators for Coasting Period __

A refined i’ers:l.on of the system develbped in Task l.w:lll
be used for the Advanced and Survelllance systems. A substantisl saving
in veight will result from the appropriste combinstion with the orbital
booster control system (Tasks 6 and 7) and from the use of higher energy

gas generants.

3. OIV Orbital Thrust Engine

1 ' - The XIR-81 engine now being developed by Bell Aircraft
| Corporation for the Hustler project will be used. It consists of a sin-
1 | gle thrust chamber » ga8 generator including starting solid propellent |
charge, turbine-driven pumps, propella;ﬂt control valves ,' and auxiliary
J equipment to start, operate, and shut down. El_!hese components are as-
© sembled within the engine thrust mount which is & welded, tubular

lﬁ | 'GQ'NFI-BENHAI;— B-Tabl, p9
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structure constructed of 8630 steel. This mount lends 1tself well +to
the addition of other structures or brackets for other e(iuipﬂeht or com-
ponents, and it can easily accommodate the swivel mounts for the four
control engines. |
The j:ropella.nts'a.re .:thi’bited. red fuming nitric acid
(TRFNA) and JP-h. The alumimm thrust chazber is of drilled-wall con-
struction 3 comple:tely machined, and regeneratively oxidizer-cooled. It
’ : is rated at 15,150 pounds thrust in vacuum for & duration of 65 seconds
. at 500 psia chamber pressure. w:l.th & nozzle expansion ratio of 14.85:1
and an engine propellant mixture ratio of k.25, a specific impulse of
! . 263 seconds will be obtained in vacuum. The combustion in the engine
is started 'by a preflow of unsymetrica.l—dimethyl-hydrazine in the pro-
Pellant line; this will proba.bly obviate the necessity for using a nozzle
closure dia.phragm for;starts. At shutdown the impulse-decay tolerance
' _-w:l.ll not exceed + 300 pound-seconds The mixture ratio in the ‘turbine
gas generator is 0+76:1. The engine w.Lll be furnished orificed to a

mixture ratio ‘which 1s + 2. 5 percent of the nominal value; the actual

v_alue will be detemined for each engine within + 1 percent.
The control system of the engine minta.ins the mixture
} ratio during operation close to the design value. Use of pumps of
J : special design (combination of spoke-type impellers with a diffuser-
) type exit orifice) results in a éha.racteristic similar to that of a
1 positive aisplacement pump in which .the flow rate is independent of the
pressure head. This alleviates the control problem considerably and

_J‘ makeg this deéign especially suited for use without a separate propellant

lﬁ | B-Tabl, pl0
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utilization system. The engine propellant control valves are hydrauli-
cally operated by propellant pressure. The weights of various compo-
nents of the rocket engine aséembly are as follows:

Thrust Chamber Assembly (includes Combustion Chanmber,
Main Propellant Valves, Tubing & Fittings) 100 1b

- Turbine Pump Assembly, Starter and Igniter, Gas
Generator, Engine Mount, Propellant Valves 100 1b

Engine Accessories (includes Exhaust Duct, .
Control System Tubing and Fittings) 25 1b

_ Total 225 1b
For the ARS application, the XIR-81 engine must be altered .-
80 that 1t can operate for 100 seconds. Tests have shown that, with the
existing gear train, ‘pemnent.,damgevoc.cur.s Dbetween 85 and 120 seconds. ,
With the ad.ditiop of oil splash or a 'gea.r-d.ip type ofb iubrication » however,
tests vha.ve been run from 3 to 8 minutes with no damage. Thus, it is pro-
posed that this lubrication system be provided as an aitération kit to
the existing uﬁit. ' The oiler will consist of a small cylinder and piston
assembly filled with oil. Fuel pressure from the pump discharge will be
applied to the piston which forces c;il to.‘the gears. | The development of
this unit constitutes no problem and will not deiay delivery of a complete
engine‘. »
- With regard to the thrust chamber assembly, no difficulty
is a.nticipafed in extending ite 1life to 100 seconds. Various tesfs have
demonstrated the dursbility of the existing chember and accumilsted dura-

tions of over one hour have been reached on a single thrust chamber.

CONFDENHAL-  s.1euon
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Therefore » it 18 believed tha.t a conmlete XIR-81 engine
assembly can be delivered within ten months from date of order.

4. Ploneer and Early Advanced Orbitel Thrust Engine

For the Pioneer and Early Advanced vehicles, a modified
Bell XIR-81 engine will be used. The motlifica.tions consist of lncree.sf
ing the nozzle area ratio from 14.85:1 to 20:1, the substltgpﬂlep of tn-
symetrical-dinethyl-hydrazine (UDMH) for JP-b fuel, and the incorporstion
of a speed governor to the co;:ltrol system. These changes will increase
the vacuum thrust from 15, 150 pounds .to 15,400 pounds, increase the spe-
cific :meulse from 263 to 277 seconds, and improve mixture ratio control.
The latter improvement will proba.bly red.uce the amount of residual pro-
pella.nts :I.n the tanks to such a low va.lue that no additional system for
propellant utilization control will be req;uired. in the Pioneer and Early
Advanced Vehicles.

A nunber of changes are required in the engine before it
can operate satisfactorily with UDMH fuel for a duration of 100 seconds.
The 1nJector mist accomodate the new mixture ratio of 2.57. However 3
this is considered a minor modification since injectors have been fabri-
cated and fired successfully using this propellant combination in the
XIR-81 thrust chamber. Preliminary tests indicate that suffieienmt cool-
ing is available for the combustion chamber regardless of the reduced
mixture ratio, but this will be verified by extensive testing under the
new condition. A mew gas gemerator with s mixture ratio of 0.1 ig
necessary; however, based on the perfomnce of preliminary tests,

changes for a production unit will be minor. The pump outlet ports must

"GO'N'H‘D'EN:H-AE " B-Tebl, pl2
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also be rebored to accomodate the mixture ratio change; this may require
a new fuel pump cesting. Other changes are necessary to the turbine pump
assenbly to ensure adequate strength of the ‘fuel pump gear to handle the

increased load. The addition of the speed governor to the control system

-reguires only & m:l.nbr change in the gear box assembly and will not affect

the over-all development time. Based on information available at this

time it appears that the pump impellers, oxidizer pump casing and other
.components are satisfactory without change. It :I._s estimated that these

changes will fequire a development time of 18 months; this includes the

Prel:lmina.ry Flight Rating Tests.
5. La.te Advanced Orbital Boost Eng:l.ne

For the Advanced vehicles it is proposed to conduct a

'study to determine the usefulness of a.nd potential n.ecessity for the use

of an engine with considerably improved performance. This study will elso
evaluate the boii-q:f_ loss versus the gain 1n specific impulée for promis-.
ing high-energy propeilants. Fotential engines will be limited to types
vhich are in such state of development that relisble operstion and avail-
ability can be predicted within schedules compatibie with the ARS Develop~
ment Plan. Providing the sbove study indicates sufficient improvement, 1%
i:s proposed to initiate and conduct the developinent of such an improved '

propulsion system. Because of‘ the four-year developmen_t time required for

- an engine of this type, an early start on any required devélopx‘nent is

-

mandatory.

~CONFIDENTIAL—
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Both primery snd alternative programs are proposed. The
primry Program is based on s fluorine-amonia. type of propellant system.
It will be conducted by the Rocketd,yne Division of North American Aviation
or by Bell Aircra.ft Corpora.tion. The feasi‘bility and basic design criteria'
for such engines have been established by over three years of experimenta.l
investigation of fluorine-oxid.ized rocket prope].lant systems. A thrust
level of 20 ,000 to 30,000 pounds has been ten‘batively selected with 'bhe
goal of attaining an engine specific impulse of 342 seconds in the final
development stage. ‘
| The following description 1s based on a proposal mede by
the Rocketdyne Division of North American Aviation; Inc. > and is believed
to be typica.l for such 8 development. The engine is envisaged as being
ba.sically similar to existing large Rocketdyne engines. It will consist
of & fixed-mount » single-unit engine with integral missile-atti.tude and
roll control provided by the turbine exhaust. The propellants aré fed to
the thrust chamber by a direct-drive turbo-pump. The turbine is powered
by the decomposition products of hydrogen peroxide delivered to the gas
generator by a separate pump driven by the missile awxiliary power unit.

The selection of the system was based on the requirement
of simplicity in design and operation, reliability, and minimm develop-
ment through maximm use of available experience and design information.

- The choice of a thrust level of 20,000 pounds was mede somewhat arbi-

tra.rily for the present discussion, the design considerations are a.;ppli-
cable to & wide range of thrust levels and operating conditions. 1In _

ggnera.l » however » the development of 1a.rger units would involve fewer

LOCKHEED AIRCRAFT CORPORATION 1&1’ MISSILE SYSTEMS DIVISION
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difficulties than the development of smaller units. Thig results pri-

marily from heat transfer consideré.tions. For high-en_ergy propeila.nts ’
heat transfer rates are high and chamber éooling is particularly aires-
cult because both the combustion temperature and the propellant mixture
ratio are high. Estimates made by Rocketdyne indicate that the initial

| develomment engines will attain a specific impulse of 326 seconds and

that the specific impulge of 342 seconds will be q;ttained with a nozzle
e¥pansion ratio of 25:1 at the end of the four-year developﬁent.

The alternative Program is based on the lquid oxygen-
JP-4 fuel propellant éombination w:l.th Aerojet-General Corporation ag g
Potential subcontractor. Based on 1nfbrmtion obtained from the Aero jet-
General Gorporation, s engine of the following type is envisaged, Tt
will consist of a single rocket ‘thrust chanmber asseubly (including mount),
8 gas generator driven turbo_-ﬁump assembly, propellant control @ves s
and the hecessary plumbing and auxiliary controls to start, Operate, and
shut down. The rocket engine will uge g regenératively fuel cooled thrust
chamber rated at 20,006 bounds thrust in g vaculnﬁ. The thrust chamber

lants will be 10X and Jp-L injected at & nominal mixture ratio of 2.33:1
by weight of oxidizer to fuel. The specific impulse for complete engine
performence will be between 300 ang 305 seconds in g vacuum. The ability
Of the engine to start, operate, a.nd> shut down Will be unlimited relstive
to altitude. A propellant control system will be supplied and the toler-
ance in the total impulge under the thrust decay curve will be limited
not to exceed 200 pound-seconds. The engine will start in.a.ny attitude

B-Tab 1, p 15
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effective steady-state operation. Thig program will require approxi-
mately three years for completion.
6. OI'V 6rbitel Boost Control and Vernier Ensines
For the ea.rlier pheses of the development, the propased

latera.l force, roll control B a.nd vernier engines were selected on the

the ARS vehicles » every phase will require. development. Consequem:ly 3

for the OTV system phase, the simplest possible solution using only
state-of-the-ert components was selected. It consists of a self-sustained,
gas-fed system using 90 percent hyd.rogen peroxide monopropellant. Four
integral decomposition-thrust chanbers are used; they are designed to
deliver 300 pounds of thrust each at g chamber pressure of 100 to 150
Psia and with a nogzle expansion ratio of between 10:1 a.nd 20:1. A
vacuum specific :meulse of at lea.st 160 seconds is obtained. The en-

-Of at least + 45 degrees. Other components are the propellant control

B-'I's.bl,p16
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valves and the hydraulic actuators. ![heée_ engineg are scheduleq to be
availsble 10 months after placement of the orders. |
7. Ploneer and Early Advanced Orbital Boost Control angd

Vernier Engines.
——=T “glnes

& highgr energy bi-propellant system. Since cooling of these small size
combustion chambers becames g ‘pzl-oblem With higher energy prcpella.nt com-
binations, different appz;oa.ches will be taken, 4 gas-fed propellant 5ys-
tem with separgte tanks will, however, be consi&ered in each case.
 Posstbe solutions, based on the uge of the IRFEA-TME

Propellant combination, are:

1. Use of uncooled, ceramic inserted thrugt chanbers

glving a specific impulse of aprroximately 250
~ seconds. '

B - Tab 1, p 17
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8. Iate Advanced Orbital Boost Control and Vernier Engines
A s;budy will be conducted to determine the ii_n_:rovelnerrt
with respect to weight and simplicity_ vwhich ean be obtained. by the use -
of turbine exhaust (with after-burning 1f feasible) for the generation
of the required control forces. If justified » 8 development will be
initiated of such g system campatible with the orbitel boost engine
selected for this phage. | | o

9. Propgnant Feed System

The feed system for the Propellants of the pump-fed orbital
“boost engines will consist of: (1) a pressure system to meintain the ap-
Propriate pump inlet pressures and to provide sufficient Propellant to
the turbo-pump gas gemerator for starting; (2) means of ensuring proper
~ Propellant level orientation in the tanks under the zero-g;mvity con-
dition prior to engine start; ang (3) the required 1ines for connecting
the tanks with the engine. This system will pe designed and altered sc-

I | The propellant feed system used in the OTV, Pioneer » and
' Early Advanced vehicles in connection w:ltﬁ the altered or modified Bell
J .. XIR-81 engines consists of a dual-stage pressure regu]é.ting'assembly,

relief valves and associated lines, hardra.re and fittings. The system

E ”]“:  B-Tab1, pi8
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modified engines, respectively. Proper.orientation of the‘ ullage space
in the tanks and provision of propellants for starting under a zero-
gravity condition is obtained by incorporating in each tank an expandable
and contractable container > such as a bladder, a cylinder-piston conbina-
tion, or a ben.ows. Proper function of thig device is contingent upon '
adequate design of the tanks and pcropella.nt loading system in order to
Prevent air f‘rom being trapped during the filling operation.

~ The propellant feed system for the late Adva.nced vehicles

used. An a.dditional positive-displacement-type propella.nt feed system

w1ll be provided for engine starting under zero-gra.vity condition. Since
liquid oxygen, fluorine » and emmonia are all liquified gases, boiloff
mist be considered Ta.nk insulation might be used or the tanks will be
designed to withstand the pressure buildup during Tlight.

The pressure gas feeding system used for the control en-
gine Propellant system will consist of sepa.rate rropellant tanks, pressure

, regu.Jators » valves, and Plunbing. Pressure gas will be unheated helium,

- Will be made Possible by a.ssu'.ring positive displacement s €.g8., by incor-

porating bladders in the bropellant tanks through vhich the DPressurization

B-Tab 1, p 19
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g8 15 fed. These bladders may Tupture after the starting of the megn

engine has established a slifficient gravitj field.

10.  Pioneer System Propellant Flow and Utilization Control

An analysis will be conducted in order to determine
whether an impfoved governor-type propellant flow control system, in-
corporated in the modified XIR-81-Hustler engine (Task Fo. 4), wi11
suffice to reduce the changes in propellant mixture ratio so that the

1l. Advanced Systems Propellant Flow and Utilization Control

This system corrects the fuel-to-oxidizer ratio and thus
ensures similtaneous exhaustion of both Propellant ta.nks with a high ac-
curacy. The residual propellant is . less than one half per cent of ﬁhe
total amount, Through sensing elements, it will continuousl,y'compa.re_ the .

12. Electrical System

The electrical subsystem consists of the master control

and distribution banel, pressurization sjrstem relays, engine relays,

B-Tabl’on
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bydraulic system power supply, and ‘associated wiring and fittings. The
required electricsl power will be furnished by the battery of the a.uxili-
a.ry power system of the orbital vehicle.
13. EHydraulic System |
The hydraulic system consists of a positive displacement

bump, reservoir, acelmnﬂa.toz;, pressure regulator, valves, servovalves and

assoclated hardware. The Pump will be driven either by an electriec motor

or by a separate auxiliary power unit. The electric power is obtained

from the auxiliary power system, Subsystem C. If the ca.pacity of this

system is not sufficient » &n additional battery will ve Provided.
'.Ehis system will be designed and a.ltered according to the

5Pe°1f1° requirements of the other ccnponents of the propulsion subsystem—

used during the different Phases of the ARS Development Program.
4. OV Propellant Loading and Bervicing Equipment
A conventional closed-circuit tank filling system, em-

Ploylng commercially avellable components, will be uged. Vent lines are
srranged in such a way that no-ullsge f1lling of tanks caq be obtained.
Ullage space W:LJ_‘L be provided after filling by expelling an appropriate
amount of propellant. This will be accomplished by blowing up a bladder
Properly located ingide of the tank with Dressurizing gas.
15. Pioneer, and Advanceq Propellant Loading and Serviciﬂg

Equipment,

For the latter phage of the ARS DevelO_pment Program, the
loading and servieing system will be improved by mcorporating refined

components which permit accelerated loading opera.tions and provide mea.ns

B-Tab 1, p2l
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for adjusting the amount of loaded propellants to compensate for chanées
in temperature and rropellant density. This system, in combination with
the propellant utilization control system (Tasks Nos. 10 and 11) will
permit a considerable reduction in the a.mount of unutilized propellant.

.+ B. Developnerrt Status Availability

The Bell XIR-81 engine developed for the Convair Hustler pro-
gram under Air Force Contract No. AF 33(0381-21250) 1s now undergoing
preliminary flight rating tests. '.me engine proposed for the ARS .
Orbital Test Vehicles is the same engine except for a small al-

teration required to increase the operation time from 65 to 100 seconds.

~--For. this“engine,,,Bell has proposed a delivery date of lO months after

contract date.

The engine proposed for the Ploneer and Ea.rly Advanced vehicles
is a modified Hustler engine (changes in fuel, nozzle expansion ratio and
control system) ' Thege modifications can be considered minor ones, and.
Bell has proposed a delivery date of 18 monthsg after contract date.

For the Later Advanced vehicles, the proposed engines must be
developed, but there is sufficient backgrou.nd for them to ensure comple~
tion within the required time.

- Under the sponsorship of the Air Force contract AF 33(616)-21311»,"A
the Rocketd.yne Division of North American Aviation, Inc., has been en-
gaged continuously since July 1952 1in an experimental evaluation of rocket-
engine oxidizers containing fluorine. Thig program is being conducted to
advance the state of the art and to demonstrate the engineering fes.sibility
of such highly reactive materi

'K t[powered -migsiles.

‘ A,
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Rocket experimentation bas been conducted with excellent re-
sults at up to 5,000 pounds thrust with fluorine a.nd ammonia and with’
fluorine-oxygen mixtures and Jet fuels. B:l.propellant gas genera.tion
vith a fluorine oxidizer ha.s been explored, and various physical prop-
ertiea of the oxid.izers have been measured. |

Under & supplemental agreement to the above contract, experi-
mental studies of the problems involved in operating & high-speed,
light-veight centrifigal pump for-use with liquid fluorine or liquid-
oxygen solution' have been intensified. In sddition » corrosion s*l:.ud.ies
of construction materials have- been conducted and physical data of

,,,,, M@:@qm mixtures were determined..

Recently, North American Aviation > Inc., and lBell Aircraft
| "Corporation have rece:lved. Air Force contracts to investiga,te the pos-
sibilities of using fluorine propella.nt for the second and third stages
of missiles, includ:l.ng experimental work on mll vernier units , pumps,
- and a.lterna.tive Pressure systems. A
This background is deemed adequa.te by: Rocketdyne personnel
to permit the pred:lction of performence of fluorine engines and to

"begin prototype design and development in the areas of injector design,

performmce, operational techniques and fluorine aupply and storage.

In all other areas, prelimina.ry design and development can be initiated
except in the pa.rticula.r fields of thrust cylinder, gas éenera.tor » pump
and shaft seals, turbine a.nd hot gas sea.ls » and valves. In-these latter
instances, some research is sti11l required.

A ‘ .
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For the alternate development of the 10X JP fuel engine sufficient
background 1s available with different potential contractors to ensure com-

Pletion of g development brogram within three years.

C.  Development and Tegt Program

actions of the various subsystems cdnstituting,t_'.he propulsion system

—————

be conducted either by the Rocketdyne Division of North American Avistion,
Inc., or by Bell Aircrest Corporation. If by July 1957 investigation
Proves this program 1s not femsible , then & LOX-Jp.h Program may be inii:;-
ated vhich will result in an engine after three Years of develomment.

ammonia propellant ‘system will require approximately two and one-half
years of research and development. fThig Program will meinly consist of
research in the fields of materials, especially for seals and gaskets. In
addition, investigations will be made to esteblish the design requirements

for bropellant systems using fluorine oxidizer,

The control engines require dévelopment since no engineg of
suitable size ang Performance are avallable. Hovever, the performance

eem IBEI““'& o B-Tab1l, pak
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, ' of this 'sifbsystem 1s not critical with respect to the.éverall perfor-
mance of the ARS vehicles. Cdnsequently, state-of-the-art désigns can
be used for the first phases snd thus leave sufficient time for the
development of more refined engines and subsystemé and subsystem com-v
bonents for the lster ‘high-performance vehicles.

' ' The unusually high costs of flight testing inherent to the ARS

| brogram require that Special emphasis mist be pla.ced on a vigorous

ground test program. This is reflected in an unusually large h\mber
of components a.nd subsystem unitg required for ground testing.
D. TFlight Test Program |

| The propulsion system for the Orbital Test Vehicles (Altered

..——____.‘_*..‘—_.._‘

J‘ To develop the bropulsion sybsystem, the Missile Systems

Division of Lockheed Alrcraft Cox-pqration will establish a Systems
I Test Pacility which is described  1in Subsystem J Ground Support
- The Late Advanced Engine Frogram will require new facilities

‘ for the potential contractor. This program will a.ls‘o‘ require that the

Missile Systems Division erect g facility in some >a.rea remote from

’ LOCKHEED AIRCRAFT CORPORATION
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inhabited areas for p"ropu.lsicn systems dé#elopnent‘ teéting

The LOX-JP-4 'back-up program for the late Advanced Systems

will require no new fac:l.lities for the potential contractor.
handling facility will, however,

A 10X

have to be added to the contractor's
System Test Facility.
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