Lunar Exploration Architecture
Using Space Shuttle Hardware
Concept:  Convert one of the three space shuttle orbiters into a lunar transfer vehicle.  The converted orbiter would carry crew and lunar lander from low earth orbit to lunar orbit, and would carry the crew back from lunar orbit to low earth orbit using hypergolic orbital maneuvering engines.

On the converted vehicle, the orbiter hardware needed for launch and on-orbit operations would be retained (see Appendix A), but vehicle weight would be reduced by removing the hardware normally used for re-entry and landing (see Appendix B).  The converted vehicle would look like a shuttle-C concept vehicle, but it would carry a crew in the crew module, and the lunar lander in the payload bay.  The vehicle would be reusable as long as the hypergolic propellants can be refueled and the vehicle serviced in orbit.  The vehicle would initially be launched into low earth orbit without a crew (no escape capability).  The crew and lunar lander would be launched using one of the two remaining standard orbiters.  The two orbiters would dock, shuttle-to-shuttle, to transfer crew and the lunar lander.

Most of the existing design and launch and mission profile would be used.  Required hardware changes are outlined in Appendix C.  This concept would not require development of the Orion CEV or a new launch vehicle.
Mission Profile:  Launch converted orbiter without a crew (no escape capability).  Test orbiter systems from the ground.  Launch one of the two remaining winged orbiters, with a crew, and with a lunar lander in the payload bay using the standard space shuttle launch profile.  Two orbiters rendezvous and dock.  Crew uses robot arms to transfer lunar lander from the payload bay of the winged orbiter to the payload bay of the lunar orbiter.  Lunar crew stays with the lunar orbiter.  A crew of one or two stays with the winged orbiter.  Vehicles separate.  Lunar orbiter fires hypergolic engines to put vehicle into lunar transfer orbit.  Upon arrival at the moon, fire engines to put vehicle into circular lunar orbit.  Crew uses robot arm to remove lunar lander from the payload bay and dock it to the docking mechanism.  A crew of one or two stays with the orbiter.  Landing crew enters the lunar lander, undocks, and lands on lunar surface.  At the completion of surface operations, lunar lander ascent module lifts off from lunar surface.  Lunar orbiter and lunar ascent module rendezvous.  Crew uses robot arm to grasp ascent module and dock it to docking mechanism.  Lunar orbiter fires engines to put vehicle into earth transfer orbit.  Upon arrival at earth, fire engines to put vehicle into a circular low earth orbit.  Rendezvous and dock with waiting winged space shuttle.  Crew hibernates orbiter systems so they can be maintained by mission control until next mission.  Vehicles separate.  Winged orbiter re-enters and lands normally.

An unmanned refueling tanker would launch to replenish the hypergolic propellants.
Conclusion:  At the end of the Apollo program, leftover Apollo hardware was used to launch Skylab.  The Skylab itself was a converted Saturn V third stage, filled with scientific equipment.  The advantage of using space shuttle hardware is that it is mature and well tested.  The operational characteristics are well known.  Supporting infrastructure is in place.  The space program should make maximum use of the hardware that has been paid for by the American tax payers.
Appendix A
Retain Existing Space Shuttle Hardware
Keep:

Crew module

Payload bay

OMS pods

FRCS module

External airlock

Docking mechanism (or replace with new design)(see Appendix C)
RMS - robot arm

Life support systems

Communication systems

Guidance, navigation, and control systems

Electrical power distribution wiring

External tank (no change from existing design)

SSMEs (no change from existing design)(see Appendix C)

4 segment SRBs (no change from existing design)(see Appendix C)

Appendix B
Hardware Removal For Weight Savings
Assess the orbiter from front to back, top to bottom, and remove anything not needed for launch or on-orbit operations.

Remove:

Wings

Landing gear

Vertical tail

Drag chute

Body flap

Thermal Protection System (see Appendix C)
ET doors

Air data probes

Crew escape pole

Crew escape slide

Ammonia boiler

unused wiring

GSE attach points

GSE servicing ports

Payload bay doors - replace with payload fairing (see Appendix C)
Radiators (see Appendix C)
Mechanical vents - if not required for launch
Launch redundancy (see Appendix C)
PRSD system (see Appendix C)
Wire trays
Window #8 emergency escape system

Ballast boxes
Option - SSME(s) (see Appendix C)

Appendix C
Design Considerations, Changes, and Additions
Addition of hardware and systems should use existing design as much as possible.

Add:

OMS pod to FRCS cross feed (previously proposed)

Refueling ports on docking mechanism (previously proposed)

Alternate electrical power generation system

Hypergolic propellant storage tanks

Additional/more powerful hypergolic engines

OMS pod to FRCS cross feed:  A cross feed for hypergolic propellants between the OMS pods and the FRCS has been previously proposed.  Preliminary design considerations have been completed.
Refueling ports on docking mechanism:  Installation of hypergolic refueling ports on the orbiter docking mechanism was considered when NASA wanted to launch an American made propulsion module to the ISS.  The space shuttle orbiter would have been used to refuel the propulsion module.  Plans were dropped when the presidential administration decided to wait until the planned Russian propulsion module was launched.  Preliminary design considerations have been completed.
Electrical power generation:  Re-supply of cryogenic reactants for PRSD system not practical.  Replace Fuel Cells and PRSD system with alternate electrical power generation system.
Nuclear sterling:  NASA’s Glenn Research Center has developed a nuclear sterling generator designed to power a lunar outpost.  Nuclear Research Manager Dr. Mike Houts and a team at Marshall Space Flight Center are testing the generator.  The system is designed to generate 40 kilowatts of electricity (enough to power 8 homes).
Solar panels/batteries

Hybrid - one or two fuel cells and one or two cryogenic tank sets for launch, then alternate system for on-orbit operations

Propulsion options - ascent:  SSMEs would be used only for initial launch of the converted orbiter (same as now).  In orbit, SSMEs are a weight liability.  If possible, the converted orbiter should fly with less than 3 SSMEs.  Some shuttle-C concept vehicles were designed to use less than 3 SSMEs.  Using five segment SRBs might provide enough lift to be able to launch with less than 3 SSMEs.

Hypergolic propellant storage tank options:

Sides of fuselage using wing attach points

Nose landing gear cavity

PRSD tank locations (ten locations)

Option - SSME(s) cavity

Additional/more powerful hypergolic engine options:

New OMS pods

Sides of fuselage using wing attach points

Option - SSME(s) cavity

Thermal Protection:  Some thermal protection may be required for launch and ascent heating.
Payload Bay Doors & Radiators:  Replace payload bay doors with a payload fairing that can be jettisoned after ascent for weight savings.  However, radiators are attached to the payload bay doors.  If an alternate method of dissipating heat cannot be easily designed into the converted vehicle, then the payload bay doors with radiators would need to be retained.
Launch redundancy:  Since the converted orbiter would initially launch without a crew, launch redundancy does not need to meet man rated standards.  If weight savings can be gained, then launch redundancy should be reduced.  Man rated redundancy must be maintained for on-orbit operational hardware and systems.

Docking mechanism:  NASA has developed an American made replacement for the Russian docking mechanism.  A docking extension would be required to provide clearance for orbiter-to-orbiter docking.

Toilet:  Replace space shuttle toilet with ISS design.

ISS Control Moment Gyros:  Optional to install ISS-type control moment gyros for attitude control and propellant conservation.
