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NASA Strategy Recommendation: “Use of Standard Modules for Construction of In-Space Systems”

Strategic Focus Area: No. 9 Exploration of the Sun-Earth System
To meet the president’s space exploration goals in the expected time frame and within NASA’s budget, this white paper proposes a series of missions utilizing standard modular components that result in the establishment of In-Space Systems, hereafter known as spaceports, at the Earth, Moon, and Mars.  

These modular components will support Project Constellation initiatives for Crew Transport, Cargo Transport, Surface Systems, and Ground Systems.  A concept for crew habitation utilizing a crew module unit (CMU) design and a concept for crew support utilizing a support module unit (SMU) design will accommodate launch constraints, achieve interoperability, maximize mission flexibility, and achieve long-term cost-savings through modularity and volume production.

Modular components allow missions to be tested progressively with the same type of equipment thus saving design time and cost.  Each mission progresses toward sustainability through use of the standard modules.  And as these modules are tested through a number of smaller test missions, the end result produces a sustained lunar/Mars presence. Each CMU is a stand-alone crew habitat module capable of sustaining human life and performing manned/unmanned rendezvous and docking with other CMUs, SMUs, and on-orbit transportation vehicles. Each SMU is a stand-alone crew support module capable of providing core services such as power generation, attitude control, and propulsion; amenities such as laboratory facilities for science and research; and stowage facilities for unassigned CMUs, SMUs, etc. and supporting manned/unmanned rendezvous and docking with other SMUs, CMUs, and on-orbit transportation vehicles. 

The roadmap for advanced space exploration envisions multiple constellations of these modules docked in appropriately sized clusters that provide In-Space Systems located in orbit as well as Surface and Ground Systems on the surface of planets/moons within our solar system.

A significant challenge in the concept for the CMU will be the capability to foresee and identify all docking and “plumbing” requirements to achieve “one design” for the CMU. The design of the CMU must be robust for crew comfort and safety during long deployments; however, the design must embrace simplicity, as it will be required to be both extremely reliable and capable of withstanding the rigorous demands of space. The CMU concept is expected to be applicable to accommodate crew requirements on-orbit, as well as on the surface of the moon, Mars, et al.

While the CMU concept establishes one design for all crew habitat requirements, the SMU concept acknowledges the need for several variants of its design, based upon the unique mission requirements the SMU will perform. The goal for the SMU concept is a common design for the outer shell of all SMUs, consistent and compatible with the CMU design for docking and plumbing, with only the “payload” being unique to accommodate each SMU design variant.

Expendable launch vehicles (ELVs) offer one method for placing these standard modules into orbit and maintains the goal of a cost effective approach to future space exploration. The availability of existing and proven ELVs to place modules into orbit for rendezvous and assembly to build In-Space Systems around the Earth, moon, or Mars, or to build Surface/Ground Systems on the surface of the moon or Mars will mitigate the requirement for heavy launch vehicles - making more funding available for investment in robotics development and other technologies required to support extended space travel and space exploration throughout our solar system.

The CMUs and SMUs will be launched as payloads within a launch package – one or more CMUs/SMUs will be inserted into a protective cylinder-shaped shell. The shell will act as a cocoon for its respective launch package. This approach will enhance commonality for the launch configuration, as well as mitigate radiation effects, launch vehicle debris, and MMOD risks during ascent.

One of the fundamental tenants of the CMU/SMU design is the ability to dock with other CMUs/SMUs and on-orbit transportation vehicles. The clustering of several CMUs and SMUs, strategically located in space are intended to form honeycomb-like reconfigurable structures that can be located (and moved) to support all required space activities. 

Among the applications, features, and benefits of this approach are the following:

1. Standard modules will be constructed to allow attachment and configuration in either an end-to-end or side-by-side. 

2. Standard modules offer a simpler challenge for robotic operations performed during assembly and disassembly efforts thereby limiting the need for sophisticated robotic requirements for this purpose. 

3. Once established, a spaceport will be used as a warehouse (collection point for module accumulation and logistics), garage (for structure and vehicle assembly), laboratory (for life sciences and medical research), hotel (for on-orbit habitation), and launch site to propel modules/structures to other destinations.

4. Standard modules could also double to support Surface/Ground Systems such as warehouses and habitation facilities on the surface of the Moon and Mars.  Construction/assembly characteristics would offer the same protection afforded in orbital use.

5. Spaceport access can be transitioned to utilize emerging technologies such as the integration of space elevators (use spaceports as space anchors once the technology is proven). 

6. Standard Environmental Control and Life Support Systems and Electrical Power Systems connectivity would be afforded for habitation to support life support and power needs.

This approach to space exploration provides basic building blocks to facilitate habitation and exploration of space in support of NASA’s Project Constellation.
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