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MCDONNELL DOUGLAS Space Exploration Initiative 

Drop Tank ation with Mini-Depot 

Mini-Depot Replenishes 
LTV Core & Drop Tanks 

Drop Tanks Integrated 
directly to LTV 

LTV Tanks 
(Shuttle-C) Propellant stored in LTV 

and Mlni-Depot 

- LTV propellant drop tanks 
delivered to SSF via three 
Shuttle-C launches. 

- Drop tanks mated to LTV 
core immediately upon arrival 
at SSF. 

- Mini-Depot resupplied. 

- LTV core and drop tanks 
replenished by Mini-Depot 
prior to SSF departure. 

- Two drop tanks jettisoned after 
TLI burn. 

- LEV resupplied from LTV in 
low 

lunar orbit. 

- Remaining two drop fmks 
jettisoned prior to TEI burn. 

- Residual propellant bslioff 
control upon return to SSF. 

- - STV Fueling Options 



























Shuttle External Ta History 

The Shuttle Problem Report and Corrective Action (PRACA) database was examined for the 
first three ETs and the first lightweight ET (LWT). All problem reports (PRs) and discrepancy 
reports (DRs) written against the ET during ET to Orbiter mate, ET to Solid Rocket Booster 
(SRB) mate, and interface testing operati 

The problems were sofled into the three 
2 
a that would be required if the problem had occurred during an on-orbiiassembly of drop 

tanks to the LTV. Problems were also s are system affected: 
electrical, fluids/pneumatics, or structure 

Excluded from the analysis were PRs an t the Orbiter and SRBs during 
mate. ET propellant load was also not in us problems documented 
against the ET thermal protection system nce the LTV drop tanks are 
not expected to use foam insulation. 
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ET Mate Problem Distribution by Hardware System 

The ET mating problems were also sorted according to three hardware categories: 
electrical, fluids/pneumatics, and structural/mechanical. As expected, all systems reflected a 
downward trend as the Shuttle program gained maturity. 









Comparison of Propellant Interface Disturbances 

The increased mission risk inherent with the use of drop tanks is a significant concern. The 
in-flight jettison and subsequent installation of four drop tanks per mission over the course of 
a five mission vehicle lifetime will result in a minimum of 160 cryogenic propellant interface 
disturbances per vehicle. In comparison, a LTV utilizing permanent, reusable propellant 
tankage will experience only 40 such disturbances. 

The use of drop tanks greatly increases the number of failure modes and critical items. 
Cryogenic quick-disconnect couplings have a history of leakage, and isolation and repair of 
cryogenic leaks at KSC have proven at times to be an operational nightmare. Complex 
assembly operalions by their very nature incur problems requiring paes rework or 
replacement. Such problems may prove to be insurmountable to processing crews in space. 

The question remains to be satisfactorily addressed: Is the mass savings gained by 
jettisoning depleted propellant tanks in flight justify the increase in mission risk? 





Conclusions 

Five proposed propellant management facility (PMF) concepts were analyzed and compared in order to determine the best 
method of resupplying reusable, space-bsed Lunar Transfer Vehicles (LTVs). 

LW Processing - The processing time needecj ai ins Space Station io prepare an i T v  for its next lunar mission was 
estimated for each of the PMF concepts. The somewhat surprising result was that there is little difference in the estimated 
processing timelines among the concepts. The estimates vary less than 4% from the Drop Tank baseline of 188.5 shifts. 
The shortest estimate of 1 86.0 shifts was for the Co-Orbiting Depot - Tanker Storage facility. 

PMF Assembly - The estimated times required to assemble and maintain the different PMF concepts were also compared. 
The distinguishing factor between the concepts is the orbital location of the facility. Co-orbiting depots will require 
significantly more time (200-600%) to assemble than the SSF-attached architectures. However, even the longest assembly 
time (75.5 shifts for the Co-Orbiting Depot - Tanker Storage) constitutes less than 10% of the total processing time for one 
LTV's life cycle of five missions. 

PMF Maintenance - The results of the maintenance analysis were similar, with co-orbiting depots needing 100-350% more 
annual maintenance. The Drop Tank and Mini-Depot concepts were estimated lo  need only 2 shifts per year, whereas the 
co-orbiting depots required 8-9 shifts. This is quite significant in light of the remote location of a co-orbiting depot. The 
logistics infrastructure and readily available repair crew is a major benefit for SSF-anached PMF architeaures. A co-orbiting 
depot could potentially require a dedicated Shuttle mission to repair a critical failure. 

Shuttle ET Mating History - The first few ET mating operations at KSC encountered numerous problems that would, if 
experienc,ed on orbit during Drop Tank Installation, cause serious lunar mission schedule delays. The grounding of the 
Shuttle fleet in the summer of I 990 due to hydrogen leaks at the ET disconnect is especially disturbing in that it occurred on 
a mature launch system. Ground processing methods to prevent such flight hardware problems must be developed to 
enable space-basing of LTVs. 

The Problem with Drop lank Installation - The use of Drop Tanks on lunar vehicles increases by a factor of four the 
number of critical propellant interface disturkaances. The increased mission risk (many more failure modes and critical items, 
as well as the lkelihood of interface damage and requisite repair) must be satisfactorily addressed before being baselined 
into LTV designs. 

Key Technologies - The key cryogenic propellant management technologies that require further development are common 
to all proposed architectures, and therefore are not a discriminator between the concepts. The development of these 

g technologies should be pursued agg 






