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The final report of this study is
presented in three volumes:
I Summary Report
II Technical Repozrt
III Appendixes.

Use of Metric and English Units
in this Report

The results of this study are reported in metric and
English units. The metric notation generally is quoted
first. However, since in the present transition phase
most of the engineering work is still being performed in
terms of English units, some of the supporting calcula-
tions are reported only in these units. In other instances
English units are stated first, with mefric units in
parentheses, e.g., in reference to a 12-foot {3. 66 meter)
antenna digh.
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APPENDIX A

STATE OF PROPULSION TECHNOLOGY

L. BACKGROUND

Propulsion systems to be used in the multi-mission propulsion
module must satisfy criteria that are unique to the missions considered

in this study, including the following:
® Mission life may approach 10 years ’L

e Fluorine may be required as oxidizer to provide the high
performance essential to the missions (high specific
irmnpulse) .

¢  Multiple restarts are required with long dormant périods,
€.g., major AV impulse at earth departure is followed by
the planctary orbif insertion maneuver many years later

° The system must be compatible with different thermal
"conditions in extremely hot (Mercury orbiter) or cold
{outer-planet orbiter) mission environments

¢ The system must conform with strict safety requirements
of the Shuttle orbiter as launch platform, i.e., safety of
propellant handling and storage; remote leak detection:
rapid disposal of propellants by overboard dumping. etc.

© Multi-pur};;ose use of propellants is desired,‘\‘:vith_ main-’ -
thrust and auxiliary thrust engines to be supplied by 2 -
commeon tankage and pressurization system.

A prudent design approach must be taken which satisfies the long -
mission life requirement without demanding extraordinary advances in
technology. It must minimize risk due to possible component unreliaw -
bility by adding component redundancy and functional redundancy and by

avoiding sources of wearout failure.

A system with a 10~year lifetime cannot be tested practically in
real time. Accelerated life tests may be performed in some instances -
at elevated operating temperatufes, higher than normal pressure, in-
creased cycle rates or other intensified conditions that tend to expose
design weaknesses, improper materials selection, or faulty fabrication
techniques. Howéver, such a test approach may not be truly re‘pre-'

sentative of failure mechanisms and combined degradation effects that

. A-1
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occur under prolongéd use in actual missions. Therefore, it is obvious
that the problem of developing systems for extremely long life missions
without prohibitive demonstration cost will continue to be a technical

challenge.

0

For systems using earth-storable propellants, a primary objective
is extension of the demonstrated capability from about 2 years up io
about a decade. Propulsion systems using earth-storable bipropellants
'("NZO 47\MMH) ‘have demronstrated lifétimes on the order o=£ Z years in
actual flight programs. Monopropellant hydrazine {N"ZH 4) propulsion

systems have a somewhat longer demonstrated life.

For space -storable systems with fluorine oxidizers the technology
base is guite limited and a considerably greater advancement in the state -
of the art is necessary. Although technology efforts and advanceéd de-

velopments have been started, no fluorine system has flown thus far.

An important question relates to long-term storage and isolation of
the flu_orine oxidizer. -A properly passivated elemental {ﬁon——alloy)
metallic tank containing pure fluorine should be capable of indefinite
storage. Practical considerations include effects of alloy materials in

the tank, impurities in the tank and imperfections of manufacture.

Planetary orbit missions with total impulse requirements in the -
3000 to 4500 m/sec class, suchas the missions -considered here, may
well be the first missions to justify flight application of flugrine pro-

pulsion. Other applications may then follow.

The applicable technology, including materials, components, engine
characteristics, cooling techniques, and feed systems will be reviewed

here, Areas where additional development is required will be indicated,

2., TECHNOLOGY STATUS

Table A-1 summarizes the technology status, or state of the art, .

that existed as of 1974 and forms the basis of this study.

‘For earth-storable systems, the state of the art is represe_ﬁ’ced

by systems using cold-gas pressurized NZO4 and MMH with pressure-fed
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Table A-1. Initially Assumed Specific Impulse and Propulsion
Module Inert Weight Data

Item ..

farrasm sy s o

Propellant Type ;

‘N,0 4/ MMH,

F2/N2H4 .

Specific impulse

(For ¢ = 52.° h
F =600 lbr‘n, 2730 N)

‘296 sec

363 sec (demonstrated)

376 sec (alnticipa.te.d) '

-

Propulsion module
inert weight

(for total mass between
1000 and 6000 lb,,;

. 441 and 2720 kg)

"Mass fraction.

W; = 0.163 W +27.2 ke

=0, 82

W, = 0.163 W +36.3 ke

Does not include mission-peculiar equipment
such as sun ghades, etc.
(see later revision, Section 7} .

~0.82 ..

‘thrust force '

..F

=1}_T’0't_e,‘: € = nozzle expansion ratio




ablative, conduction or radiation cooled engines operating at 100 to

200 psi (7 to 14 bar) chamber pressures. BSpacecraft propulsion systems
utilizing this propulsion technology include TRW's Multi~Mission Bipro-
pellant Propulsion System (MMBPS); Mariner and Viking propulsion
systems of the Jet Propulsion Laboratory (JPL); NASA's Apollo Service
Module, Lunar Descent {LMDE) and Lunar ascent propulsion systems; the
Titan Transtage and sevéral reaction control systems {RCS}. The
MMBPS, Mariner, and Viking are those most similar to the systems con-
sidered in this study.

No space-storable propulsion systems have been flown or even
qualified, Much of the recent interest in such systems has been at the
Jet Propulsion Laboratory, where in~house and sponsored work aimed

at planetary retropropulsion applications has been conducted for several

yvears,

JPL has sucessfully tested a complete (although not flight-weight)
fluorine propulsion system at their facilities at Edwards Air Force Base,
California, with good success (Refexence 1),

The technology baselines used in this study are defined as follows:

i) Earth-storable (N204/L4MH)

a) TRW MMBPS

b) JPL Mariner (Reference 16)

2} Space-storable (LFZINZH 4) _

a) JPL Flz/NzHé test propulsion system (Reference 1) ©

b) TRW design or in NAS7-750 (Reference 4}

¢} F,/N_H, engines as described in "Comparison Study of
Ffuorine/Hydrazine Engine Concepts’ performed for JPL
NAS7-100 PO 953943 (Reference 17)

d) - FZ/N2H4 engine experience at TRW

e} T compatibility as described in '"Compatibility Testing of
Spacecraft Materials and Space-Storable Liquid Propel-

lants' performed for JPL by TRW under NAS7-100 task
order RD-31 and 93 (Reference 18}

f)  Other liquid fluorine experience as described in the
literature.

A-4



Table A-2 summarizes applicability of the data base. Pertinent
characteristics of the baseline technology for N,0,/MMH and LF,/ N,Oy,

are summarized in Tables A-3 and A-4, respectively.
3, ENGINE TECHNOLOGY

3.1 Typical Characteristics

The staté of the art in NZO4/ MMH engines includes both radiation-
cooled and regeneratively-cooled engines in the size and chamber pres-
sure range of 100 to 1000 1bf (445 to 4450 N) and 80 to 200 psi (5.5 to 13.8
bar), Radiation-cooled engines, in general, are lighter than ablative

0., s
engines, Five examples of existing engines are given in Table A-5.

Characteristics of a rocket engine under development by Marquardt
for the Space Shuttle RCS application are also shown in Table A-5. Its
film~cooled columbium combustion chamber operates at a throat tem-
perature of 1800 to 2200°F (980 to 1200° C) and is designed for very long
life, Operating parameters are optimized for the Space Shuttle mission
and are not typical of an engine designed for a planetary orbiter

mission,

Radiation-cooled columbium chambers have been successfully used
In vacuum with throat temperatures of at least 25 00°F (1370°C) at a
chamber pressure of around 100 psia (7 bar)., One engine with a molyb-
denum chamber is quoted as operating at 100 lbf {445 N) thrust at
170 psia (11,7 bar) chamber pressure, with specific impulse of 290
seconds and z throat temperature of 2500°F (1370°C), Operating tem-
perature of up to approximately 2500°F (1370°C) is thus considered the
state of the art of 1974 for radiation-cooled N204/MMH engines,

3,2 Cooling Techniques

Combustion chamber cooling techniques on engines in the range of
interest are embodied primarily by two types of chambers: radiation-
cooled or silica-phenolic ablatively~cooled chambers, with or without
throat inserts. The lightar radiation cooling approach is preferred if
suitable for the configuration. In both cases boundary-layer film

cooling is used as a supplementary cooling method but with a resulting



Table A-2, Spacecraft Propulsion System Data Base Used in. Study. .

Earth-Storable Systems
(N204!MMH)

Space-Storable Systeras
(F2/N2H4)

Propulsion system

Flight experience

Engines

Materials

Ground operations

MMBPS™ (TRW)
Mariner Mars '71 (JPL)

Apolio lunar module descent stage
{TRW)

Publighed literature

Extensgive {TRW, JFPL, and others)

TRW family of scalable engines:
lunar medule descent engine,
MMBPSE

Mariner '71

Egtablished technology

TRW flight programs
Mariner

No F,fN,H, flight systems
Published literature

TRW space-storable thermal con-~ .

trel technology study (under JPL,
contract) .

0

TRW propellant isolation shutof{ - ’

valve study (under JPL contract)

Cxidizer
Fo negligible
Other cryogemic: extensive
with LO,
Fuel
NZH4: extensive
Other amine bipropellants:
extensive :
TRW advanced developments
JPL advanced developments

TRW Fz materials compatibility
tegt program {under JPL contract)
TRW test site experience

TRYW and JPL monopropellant
flight programs {{uel side, nol LF,)

Published literature

*MMBPS ~ Multimission bipropellant propulsion system (TRW)
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Table A-3., Characteristics of-State-of-the-Azrt N204/MMH Propulsion System Technology

Component Area

Mariner Mars '71

Other Avallable Technology

i. Propellant containment
material

2. Pressurant containment

3. Pressurant isolation

4. Propellant igolation

5, Propellant acquisition

6. Engine operating modes

7. Engine cooling method

8, Thermal control

9. Micrometeoroid protection

10, Structure

Heal treated 6Al-4V titanium
Uy = 160 -~ 175, 000; SFB =2

Annealed 6Al~4V titanium
4000 psig, a, = 135, 000 pai;
UY = 125, 0007psai; SF = 2

Pyrbtechnic actuated shears
parent metal

Pyrotechnic actuated shears
parent metal

Bladders and standpipe
Bipropellant

Boundary layer/conduction —
radiation nozzle; Isp = 288 gec

Absorptivity/emissivity
control

Beryllium tube truss; mag-
nesium and steel fittings

Aluminum; cryoformed stainless
steel

Centrifugal action; surface ,
tension

Bipropellant/monopropellant
dual mode {bimodal)

Radiation cooled, ablative; re-
generative; Iﬁp = 296 sec

Electric heaters; radioisotope
heating units

Metal honeycomb; quartz fabric

Titanium truse; aluminum fittings

Note: Oy = yvield strength
o, = strength ultimate
SFB = buragt safety factor
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Table A-4, Technology Applicable to (or in Advanced Development for)
Space-Storable (FZ/N2H4) Propulsion Systems™

Propulsgion System
Component Area

Assumed a3 Baseline

Other Techneology

1. Propellant containment

Z. Propellant isolation

3. Propellant acquisition

4. Engine operating modes

5. Engine cooling method

6. Propellant thermal control

7. Thermal control

8. Micrometeoroid protection

9. Insulation

CRES stainless steel,
6AL-4V titanium - alloy

Aluminum and geld metal-
to-metal seals

Active expulsion devices not
applicable to LF; tank;

use settling rocket (non-
spinner} or centrifugal
action (apinner)

Bipropeliant {liquid-liquid)
Ablative with throat ingert

Thermal shielding for LF,
tanks (insulation alone not
sufficient)

Absorptivity/emissivity con-
trol by zones on tank

Silica fabric cover (Beta
cloth)

Closed-cell PBI foam on LFp
tanks, multilayer insulation
on NpHy4 tanks

6A1-4V titanium alloy
2219 aluminum or nickel liner

Dual mode (gas-liquid combustor)

possible

Radiation~-cooled graphite with
barrier cooling

Metal honeycomb or feils

“Entries apply to LFz {oxidizer) part of system, exceptions noted
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Table A-5, Characteristics of Existing Earth-Storable Bipropellant Engines

MBB

Weight kg (lbm)

MMEBPS . Shuttle RCS Symphonie Mariner 71 P-50 ISPS
#*
Propellant N204/MMH N204/MMH NZO4/A 50 N204/MMH HDA/USO
Thrust, N (lbf) 391 - (88) 2880 (872) 391 ° (88) 1317 {296) 396 (89)
Specific Impulse (sec) 295 290 303 287 272
Chamber Pressure 6,2 (91) 10,3 {152} 7 (102) g8 (115) 6.4 (94)
Bar {psi)
Nozzel Area Ratio 52:1 22:1 77:1 40:1 52:1
4,54 (10) 6,6 (14.5) 1.95 (4. 3) 7.8 (17.1) 3.5 (7.7}

% HDA (High-Density Acid)

USO (Lockheed designation)

- 54% HNO3/44% N,0,

- 99% UDMH/1% silicon oil




loss in specific imp;.tlse performance. These engine;s' have used earth-
storable propellants (N JO‘%/MMH or similar). Radiation-cooled engines
have been limited to about 100-psia chamber pressure. Cooling of

LF, / N,H, is acdomplished predominantly with carbon or graphite liners,
often with addition of silica-phenolic hackup layers.

3.3 LF /N H4 Engines

Considerable expenience with the LI / ]\ZH 4 Propellant combination
has been accumulated. However, this ca.nnot compare with the experi-

" ence gained on the many ﬂight'systems_which use earth-storable propel-

lants. A considerable amount of testing with. LF?,/NZHé was conducted

in the 1950's and 1960's. Recent tests have used heat-sink and carbon-

containing liners such as pyrolytic graphite or carbon fibers (e.g.,

Carb-i-tex combinations). These are more durable under exposure o

the reaction products of LFZINZH4 than are silica materials,

3.4 Dual Mode Engines

Dual mede, also called bimodal, engines are also considered in
this study. A dual mode engine operates either on bipropellants or
alternatively, on NzH 4 ThOnOpT opellant, Flexibility achieved by bimodal
operation offers such advantages as: 1) small impulse maneuvers can be
accomplished accurately, 2) propellants can be settled without acquisi-
tion devices in the oxidizer tank, and 3) in the case of systems using
)

velocity or attitude maneuvers without advance apportionment to either

H, as fuel, reserve propellant can be tanked and used either for

mode of engine operation. For the propulsion systems considered in
this study, the conventional bipropellant {or liguid-liquid) engine is
adopted. Principal reasons for this selection are design conservatism

and unceriainty regarding prospects of dual-mode engine development,

3.5 Auxiliary Thruster State-of~the~Art

Several auxiliary thrusters are presently available in the size
range of interest (see Table A-6), Monopropellant hydrazine is the
state-of~the-art propellant for low thrust engines, although a flight

system using NZOélAerozine—SO has been developed in Europe.

A-10
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Table A-6, Examples of Candidate Auxiliary Thrusters

<

Bipropellant Thrusters

Monopropellant
Thrusters Symphonie Technology
(European) Program
Propellant N,H, NzO4/A.-5O N,O,/MMH
Status Qualified Qualified Under
Development
Thrust levels (1bf) 0.35t0 1.2 2tc3 2tob
(N) {1.6 to 5.5) (9.1 to 13,6} (9.1 to 22.7)
Minimum impulse bit (lbf-sec) 0.03 0.04 0. 04
Specific impulse {sec) ' 212 to 230 293 290 to 300
at steady state (typical) {sec) 220 290
with minimum impulse bit (sec) 110 200 to 220




- Pf:rfcrr‘nwce oI the auxiliary thrusters in the pulsed mode is a

fL'thlO”l 0f puise uratlon as illustrated in Figure A-1 and A-2 for

_mono*oropc lant and bipropellant, respectively. Selection of appv*oprla.te
a,u_xz.lla::y Lhrugters for the mission in question depends on the state of -

:development ar\o on, system performance tradeoffs,

In the thrust cla.ss of less than 5 lbf {22.2 MY and for near-term
applications, with a development cycle of only a few years, the flight
proven NZ 4 monopropella,nt thrusters are'the best choice. AN 04/
- MMH blpropellant system with a 2 to 5 lb, thrust level (8.9 to-22.2 N)
has undergone a considerable amount of testing and may become opera-
tional within a few y;aa,rs. A similar Eufopean—developed 2.2 lbf (10 N)
bipropellant thruster using N,O,/Aerozine 50 is being used on the
German-French Symphonie satellite.

In the class of less than 1 lbf (4.5 N) of thrust, monopropellant
N2H4 thrusters are the best choice, considering their low costl and . high
reliability, even at the low Isp level (200 to 220 sec) characteristic of
2H4, the hydra- .

zine can serve a8 monopropellant for the auxiliary thrusters. For the

these thrusters, In the propulsion module using FZ/N
earth-storable (N204/MMH) systems, auxiliary thrusters of the bi-

‘propellant type can be used ifa 2 to 5 1bf (8.9 te 22,2 N) thrust level is

acceptable.

A-12
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APPENDIX B

SUMMARY OF FLUORINE SYSTEM SAFETY
CONSIDER.ATIONS AND LAUNCH SITE ASSEMBLY SEQUENCE

This appendix pre‘sénts a summary of results of related ‘studies
dealing with Shuttle safety implications with regard to l‘oa-,ding, trans-
porting and launching of payloads that include liquid fluorine as pro-
pellant, and with launch site assembly procedures. This material
augments the discussion of LFZ. ha.ndlmg and stora,ge presented in
Section 5 of Volume IL . }

1, SAFETY IMPLICATIONS

Results of a concurrent study of Shuttle safety implications per-
formed by TRW (Reference 8) are directly applicable to this study and
were used in assessing safety characteristics and providing safety
features of the space-storable propulsion system. The following para-
graphs give a brief summary of the objectives of that study and the
results obtained. ° . .

The study objectives were:

1) To identify any unique system requirements and constrzaints
imposed by the use of LF, as oxidizer in the propulsion sys-
tem of a planetary spacecrait launched by Shuttle orbiter,

-

2} To compare the safety interfaces between the Shuttle {(crew
and hardware) and the spacecraft propulsion system when
LFZ’ instead of NZOA’ is used as oxidizer.

The primary hazard to personnel is leakage of LF ;:luring pro-
pellant loading operations. Loading is similar to routlne transfers of -
Ly, from tanker trucks to industrial user facilities. The operations
involved should be isolated from 1ocat10ns where personnel ; and fac111tles

are concentrated.

Transportation and installation of thé loaded proPulsmn mod’ule
rank next in the list of potential hazards. Safety of these 0perat10ns ca.n :
be mproved by applying stricter regulations and standards fha'a thase
currently adhered to when transporting the chem1ca1 on publm .',ughwavs- -

Regardmg the installation of the 1oa.ded propu151on modnle onma..rd the



Shuttle cargo bay, regular safety reguirements rnust be enforced and

careless handling (e.g., high shock loads) is ruled out.

) If the prc;pu].Sion system has been loaded, transported, and installed
“in accordance with strict safety requirements and procedures, and if
" external hazards from other systems in the Shuttle cargo bay are mini-
mized, any residual hazards dﬁring normal flight operatione; appear low.
Clearly, the risk of performing a Shuttle.aboxrt and emergency landing
with a large quantity of liguid fluorine onboard would be too high and
dumping provisions must be made available to disPos;e: of the fluorine
along with the other propellarts (e.g,, those carried b:)r the Shuttle uppex
stage) that also must be dumped prior to an abort. To handle the dumping
procedure of LFZ during Shuttle orbital operations is comparable to
dumping of other hypergolic propellants eaxcept for requiring a specially

treated (passivated} dump line.

‘The overall rationale for acceptling the risks inherent in using I_.".E‘2
as oxidizer in Shuttle-launched interpalahetary spacecralt compared with

NZOAL is summarized as follows:

1) The likelihood of accidents involving N O is comparable to
and at least not higher than when this ox1§1zer is carried for
other uses, particularly for the Shuttle orbit maneuvering

system (OMS Kits), because in the spacecraft propulsion
module there are fewer and smaller tanks, and no external
lines containing the oxidizer.

2) The likelihood of accidents involving LF.,, can be ma.de com-
parable to N204 or even lower through Zﬁrlcter safety ¢
provisions.

3} In both cases the chance of accidents can be made remots by
adhering to strict safety standards in all phases of handling
and operafion,

Key safety recommendations of the referenced study are summar- )

in éd as follows:

© Isolate oxidizers by confinement in tanks only, i,e.,
eliminate oxidizers from pipes while in transit

® Use all-welded construction and double-walls for
propellant tanks

o Provide appropriate remote propellant loading facilities

B-2



e Automate leak detection and warning at the launch site

¢ Institute appropriate safegusrds and handling procedures
at the launch site and during flight

¢ Provide appropriate safety features on the Shuttle orbiter,
' especially to prevent hazards from other systems

@ Provide liquid nitrogen cooling of the LF, tanks until
) liftoff :

e Provide iaropellant status instrumentation and display
to the Shuttle crew

¢ Provide a dump system for immediate safe disposal of all
propulsion module propellants in the event of leak or other
un_sa.fe“conditions; also, if integrity of the LF, or N 2O 4
tanks is threatened by malfunction of other systems]
and in preparation for a mission abort.

A second study recently completed by TRW Systems under contract
with NASA, Kennedy Space Center {Reference 31) covered the various
phases of ground processing of Shuttle payloads that use fluorine propul-
sion stages. The study confirmed the feasibility of processing such sys-
tems for launch by the Shuttle orbiter without undue safety hazards and
without significant immpact on the environment (ecology). The study defines
ground processing and ground safety criteria that must be adhered to
when- handling the toxic, corrosive and highly flasnmable chemical, and
compares these requirements with the conventional safety provisions that
apply in handling nitrogen tetroxide (Nzo4)' It recommends development
of caution-and-warning senscors to be installed at the assembly and load-
ing stations and onboard the Shuttle orbiter and the further development

of protective clothing for ground support personnel.

2, FPROPELLANT LOADING

Loading of propellant presumably occurs at a location remote

from the Space Shuttle launch pad 39. The loading operation consists of;

@ Receiving the propulsion system from the point of manu-
facture and inspecting it for damage. o

o Ensuring that the fluorine components are "fluorine~-clean"

¢ Pasgsivating the system with first diluted and then pure
fluorine gas



e ‘Chili'i‘ﬁ'g_- down the tank with LNZ in the cooling coil

& {Jo(':‘;.'ding LF,; by gra.vity feed or by cryopumping as the
. fank is, chilled by LN,

o The loaded propulsion system is capped and transported
"+ te a storage shed pending installation into the Shuttle
© orbiter, ' )

Stor:ag_e should be at a temperature near the LF, normal boiling -
point of ~306°F. - The normal boiling point of LN, is -321°F, which

allows a convenient margin.
3. ILLAUNCH SITE ASSEMBLY SEQUENCE

The selected baseline sequence corresponds to Option 3 identified
in previous JPL and TRW studies (References 8 and 32), This option,
even though the most difficult to implement, was selected because it is

the safest, The specific sequence is as follows {also see Figures B-1
s and B-2):

1) Either the interim upper stage or Tug (IUS/Tug), or whatever
upper stage is used, is installed horizontally in the orbiter
cargo bay. This is done in the Orbiter Processing Facility
{OPF), The orbiter will then be erected in the Vehicle
Assembly Building {VAB) and transported in a vertical posi~
tion to launch pad 39A or B. Also, the upper stage has an
interstage truss installed in the OPF.

2} The Pavload Changeout Facility (PCF) is used to install
solid propellant kick stages to eliminate safety hazards to
the OPF or VAB, This may affect the timeline ‘as the PCF
will not be available to accommodate the spacecrafl and its
propulsion until after the solid rocket is installed. The kick
stage is attached to a thrust case which is mounted te the

" interstage truss.

3} When the Shuttle upper stages are ready, the Pioneer or.
Mariner type spacecraft and integrated propulsion module(s)
will be tiransported to the pad, disconnected from their
coolant supply in the case of LI, and hoisted into the PCF.
Cooling will then be reconnected.

4} The flight spacecraft will be installed within the cargo bay,
and cooling reconnected through the lines which enter the
cargo bay via the umbilical.

5} The spacecraft will be joined at all disconnect points and

through its field joint (interface) to the IUS/Tug. (Resume
LN, cooling and check out the GHe prechill cooling mode. }
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6) _ When cooling of the fluorine tanks has resumed, checkout of
the spacecraft to IUS/Tug interface will be performed.

7). Flights using fluorine and carrying Dufnp Kit Peculiar
Fluorine (DKPT) -lines from the spacecraftl interface through
_ the orbiter are passivated with gaseous fluorine,

8) The Shuttle cargo bay doors are closed.

9) Other operations preparatory io launch are accomplished as
‘shown in Figure B-1 (Reference 5, JPL Study) m_ludung
cabin closeout, orxbiter external tank propellant servicing
(loading) and IUS/Tug hypergolic propellant servicing {loading),
etc., prior to launch,

10} After doors are closed and prior to the scheduled launch the
L¥, cooling may be changed from normal LN, to GHe pre-
Chl%l mode to provide.greater heat soak capability in the
propellant,

A possible variation to thé above is currently being investigated
to provide more convenient access to separation joints on the flight
spacecraft and interstage adapter. This involves steps 1 through 4
of the sequence. Instead of mating the flight spacecraft to the inter-
stage adapter {and possibly solid propellant motor) alfeady-insfalled
on the IUS/Tug in the Shuttle orbiter bay, these units are mated first.
outside the bay, and then installed in the bay together,



APPENDIX C

STRUCTURAL ANALYSIS
This appendix presents the structural analysis documentation
including stress analyses and preliminary weight assessments for four
configurations: L
1} Tandern Pioneer 1. This configuration includes a
750-pound Pioneer spacecraft supported by a pair

of tandem propulsion modules that use earth-storable -
propellants for an inbound mission,

2) Tandem Pioneer 2. Same configuration as Pioneer 1
except that it is sized for the lower-volume :
space-storable propellant,

" 3) Tandem Mariner 1, This configuration includes a
1210-pound Mariner Spacecraft supported by a pair
of tandem propulsion modules that use earth-storable
propellants for an inbound mission, Also included is
an adapter between the spacecraft and upper module,

4) Tandem Mariner 2. Same configuration as Mariner 1
except that it is sized for the space-storable propellant,
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