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Project Definition

Space transportation systems development requires the earliest possible insight into the expected duration of the process to prepare the system for flight. This duration, from landing to launch, is referred to as the turnaround time, or the ground processing time. The Space Shuttle turnaround time is on average 130 calendar days. It is the mission of NASA to develop technology and approaches that will lead to reusable launch vehicles (RLV’s) with shorter turnaround times. It is expected that as designs mature, providing abundant details on a given RLV, that such estimation is likely to be readily possible with high confidence. It is also known that determining such an estimate in the later phases of such a complex development effort may be inconsequential. The consequences of earlier decision making would be manifest as a consequence, the turnaround time, at a point in development when truly significant changes in direction would no longer be easily feasible. It is also known that abundant detail into future RLV designs is not readily available in the earliest phases of decision making. Yet it is during this earliest decision making phase – the “conceptual level” phase - that turnaround time insight is most required. This sole factor, turnaround time, affects operational costs, as time is money, as well as up-front first order acquisition costs such as the number of vehicles, the number of major facilities required and the amount of ground support equipment (GSE) required for achieving a desired flight rate per year. This flight rate per year is driven by a desire for a certain tonnage per year to orbit, as well as individual per flight payload capability.

It is the objective of this project to develop the capability to generate turnaround times for RLVs based on a conceptual to slightly more detailed definition of the RLV flight and ground system. The generation of lower level estimates which may be rolled up to form the broad turnaround time estimate is also desirable; however, it is a requirement that such lower level duration values not be treated as inputs themselves. Any lower level estimation must also be generated based on system characteristics and not “a priori” as inputs. System RLV system characteristics include choice of technology, reliability, design, or operational approach.

Requirements

1. Duration times shall not be used as inputs in such a capability, except at that level where results generated at one level are rolled up into a next level. It is not desired here to develop a calculator that adds up lower level assumptions. The capability to generate a turnaround time must be a meaningful estimation based on system design characteristics (for example, a system characteristic of being a Shuttle Hydraulic system versus being an electrically actuated system; or of being RP-1 versus being LH2).

2. Data that is required to achieve a turnaround time estimation capability shall be readily available or derivable from existing sources. Readily available existing data sources include high-level Shuttle cost and turnaround time, and lower-level system, sub-systems and labor data to varying degrees. Previous such efforts to develop a turnaround time estimation capability have been unsuccessful to the degree they required data that was not readily available, derivable, or applicable to the design phase and level of concept information being addressed. Other data sources available that may be required shall be addressed by the proposing entity.

3. The needs of such a tool or capability, as regards inputs, shall be limited to those system characteristics traditionally available during an RLV concept definition. Figures 1.0 and Figures 2.0 are a sample of such typically available information. More detailed information may be considered in specific instances as regards specific technology, sub-systems and concept information availability.

4. The capability to be developed should be user friendly, providing a graphic user interface, automating the task of calculating the desired variables based on a definition of system design characteristics described previously.

5. A basic understanding of the level of fidelity or uncertainty of the tool capability shall be addressed in this phase. The degree to which absolute values versus comparative values have confidence shall be addressed.

Deliverables

1. (2) CD Master copies of all materials, including:

a. briefings

b. monthly reports

c. final tool capability (“software”)

d. user guide.

2. Source code and documentation to any tool deliverable.

3. Any required capability (described previously) not already available to the government technical representative for the government to use the final product (negotiable upon submittals).

Year:

2002-2003
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Figure 1.0
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ISAT SOTA technology (Mach 7 reference vehicle)

New Concept

Stage 1 LO2-RP1

Stage 1 LO2-RP1

Airframe structures

Wing

Gr-Ep exposed wing and carry-through, primarily stiffened skin 

construction.  Gr-Ep elevon control surfaces.

Gr-Ep exposed wing. Al 2219 carry-through.

Tail

Wing-tip vertical tails constructed of Gr-Ep stiffened skin.  

Conventional rudders.  Sized for directional stability at low 

speeds.

Titanium wing-tip vertical tails and canards.

Body

Gr-Ep stiffened skin construction for nose, intertank, and aft 

body.  Gr-Ep carrier panels for TPS attachment in tank areas.  

Thrust structure is Aluminum.  Body flap is Gr-Ep.

Gr-Ep for nose, aft body, and aeroshell (TPS carrier panels 

over tank and intertank areas). Intertank is Al 2219. Thrust 

structure is Gr-Ep with metal fittings. Body flap is ACC hot 

structure. Stage attachments are Gr-EP and titanium.

Main propellant containment

RP1 tank

Al-Li 2195, stiffened skin structure with external ring frames.

Al 2219 tank. No insulation.

LO2 tank

Al-Li 2195, stiffened skin structure with external ring frames.  

Spray-on foam insulation (SOFI).

Al 2219 tank. SOFI SF-1171 insulation.

Thermal protection

Wing and verticals

Titanium hot structure leading edges.  AFRSI blankets on all 

other surfaces.

C-C leading edges. High temperature AFRSI blankets on wing 

lower surfaces and Titanium multi-wall panels on upper 

surfaces. High temperature AFRSI on vertical tails. No tiles.

Fuselage

Titanium nose cap.  AFRSI blankets on upper and lower 

surfaces.  AETB TUFI tiles on base.

C-C nose cap. Combination of high temperature and standard 

AFRSI blankets. No tiles.

Body flap

AETB TUFI tiles.

No TPS (hot structure)

Undercarriage

Steel struts, Aluminum wheels, hydraulically actuated

Same

Main propulsion

Engines

RD-180 engine (LO2-RP1)

New kerosene engine. Engine is somewhat based on some 

RD180 tech, however also is based on Rocketdyne's models of 

an oxidizer rich stage combuster that follows their work on their 

RS76 engine into the RS86 (RS86 being the delineater for the 

Kerosene engine development). O/F=2.70

Engine-mounted heat shields

Inconel honeycomb

Same

Gimbal and valve actuation

Hydraulic TVC and engine valves (pneumatic backup for valves)

Same

Feed system

Stainless Steel and Aluminum

Same

Press., pneumatic and purge system

Helium system, Ti tanks with Kevlar overwrap

Same

Cruise back propulsion

GE F118 non-afterburning engine (JP-8 fuel)

P&W 135 (based on GE F118 thrust-to-weight)

Reaction control

MMH-N2O4 pressure fed system, Titanium tanks, independent 

fwd and aft modules

RP1-H2O2 pressure fed system, Titanium tanks. Room 

temperature storable propellants.

Orbit maneuver

N/A

N/A

Prime Power

Power

Rechargeable Ag-Zn batteries (28 VDC).

Uses auxiliary power system

Conversion & distribution

28 VDC/115 VAC system, Copper cabling, Teflon insulation.  

Mil-std 1553 bus.  Fiber optic network for IVHM.  Composite 

wire trays and brackets.

Same

Auxiliary Power

Power

Hydrazine fueled APUs, Titanium tanks.

LOX-LH2 fueled Electric APU's

Conversion & distribution

3000 psi hydraulic distribution system

N/A (hydraulics for gimbals bookkept with engine)

Actuation

Surface controls & engine gimbals

Quad redundant hydraulic actuators, jack type for elevons and 

rudders, rotary type for body flap. Linear displacement 

hydraulic actuator for engine gimbal.

EMA's for surface controls, hydraulics for engine gimbals

Avionics

X-33 Based technology: Data System (conduction cooled VME 

based hardware, quad redundant architecture, 1553 data 

buses, Power PC 603e processor), IVHM (Remote Health 

Nodes connected with FDDI fiber optic bus, not used for flight 

control), GN&C (differential GPS, L-band radar automated 

landing sys), Range Safety (UHF receivers, C-band tracking 

sys); Plus the following systems not based on X-33: RF 

Communications (S-band and Time Division Multiple Access 

UHF)

No description, assume state-of-the-art

IVHM

Limited application only. Multiple sensors for data gathering but 

not integrated.

Same

Environmental/thermal control

Nitrogen-based cooling system for avionics. Water spray boiler 

for APU lube oil and hydraulics. 

Shuttle-type technologies: cold plates, freon coolant loops, and 

flash evaporator.  Bulk fibrous and multilayer blanket internal 

insulation.  

Purge, vent, and drain

Shuttle technologies: Kevlar-Epoxy purge and vent ducts, 

electromechanically actuated vent doors.

Same

Personnel provisions

N/A

N/A

Flight termination

Electrically initiated pyrotechnic destruct charges

Same


Figure 2.0

