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Abstract

The new U.S. National Vision for Space Exploration requires many new technologies to accomplish the goals of returning to the Moon and going to Mars.  To accomplish these goals, humans plan to inhabit the Moon in order to learn about the environment and become capable of going to Mars.  One part of inhabiting the moon is having the capability to build structures.  Autonomous Assembly of Modular Space Structures (AAMSS) is one proposed project to make this possible.  AAMSS is a safe, reliable, and low cost technology that could enable humans to build structures in space.  This technology uses a sensor, motor, and actuator combination to connect components together.  The success of this project will allow humans to build on the Moon without necessarily being there.  
Introduction

 SEQ CHAPTER \h \r 1The new U.S. National Vision for Space Exploration is to go back to the Moon and to Mars.  To fulfill this vision, the U.S. is going to have to develop many new technologies.  Some of these technologies will help us to inhabit on the Moon.  In doing this we can learn more about the environment so that we can successfully travel to Mars.  To inhabit the Moon, we are going to need to build many structures.  The challenge that we face is to find a way to build these structures in the harsh environment of space.  My summer research project was called Autonomous Assembly of Modular Space Structures (AAMSS), which is one new technology that may lead to the opportunity of inhabitation on the Moon. 


The AAMSS project is to develop a way to build large structures in space using innovative sensor technology.  The main objective of this proposal is to develop a technology that is low cost, low risk, and safer for humans.  This project allows humans to not be the main contributor in the construction of the space structures.  AAMSS will allow us to develop an autonomous structure that will provide initial data through demonstration and testing, leading to possible implementation of the technology.  A representation of the project is shown in Figure 1.  AAMSS technology will enable humans to build low level beam structures and high level integrated structures made of panels.  
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Fig. 1  Autonomous Assembly Conceptual Application

AAMSS
As a Research Associate, my contribution to the AAMSS project pertained to the capture mechanism.  My job was to aid in the design and fabrication of the mechanism which would be used to assemble two units together.  The mechanism needed to be capable of capturing the second beam and pulling the two beams flush.  The beam that will be housing the mechanism will be considered the active side because it uses power, and the one being captured will be the passive side.  The beams are only allowed to have a maximum of a one inch gap between them for the mechanism to be activated.  To accomplish this, there are many electrical components that will be implemented.  

Electrical Components

The main electrical component is the sensor that will be used.  We will be implementing a Single Coil Absolute Position Sensor (SCAPS).  This sensor can monitor minute and large motions.  It is also very redundant, reliable, and miniature enough for multiple units operating simultaneously.  Figure 2 shows the relative size of a prototype sensor, and Figure 3 shows the basic internal components of these sensors.  The project will also use Light Emitting Diodes (LEDs) and photo receptors for identification purposes.  The LEDs and the sensors will be on the active side, where as the photo receptors and the coil will be on the passive side.  Currently the design calls for two of all four electrical components.  
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Fig. 2  Sensor Size Comparison
Fig. 3  Sensor Internal Components

Mechanism
As shown in Figure 1, the other key components of the AAMSS project are the motor and the actuator.  The motor/actuator component makes up the mechanism that structurally joins the components together.  The mechanism is generally comprised of a motor that turns a screw, in turn actuating a “T” that extrudes out of the active component.  This autonomous assembly process is performed once the two components recognize that the joints are in appropriate, precise position and orientation required for assembly.  Each component will have a unique identification (ID) that recognizes its counterpart’s ID on the adjacent structural member.  If these IDs do not match, assembly is prevented, but if components are interchangeable then a manual override can be performed.  Once orientated, the joining mechanism activates.  Figures 4-7 show the sequence of operations that the mechanism performs to capture the other component.  Once the capture is complete, the electrical components are connected through the “T”.  
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Fig. 4  Rotates 90 degrees to allow for extension


Fig. 5  Extends into the passive side
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Fig. 6  Rotates 90 degrees  for capture

Fig. 7  Captures the passive side and attaches the two components together


Another requirement for the mechanism was to be retractable.  This would allow for modifications or replacements on existing structures without replacing the entire structure.  This would include any testing, repair, rework or servicing purposes.  The main modifications to existing components would be from the possible damage that may be incurred due to the extreme environments of space, such as micrometeorites.   
Conclusion


The success of this project is an important step in the progress of constructing future space structures.  Having the sensor technology available allows for extremely precise alignment, in turn, enabling the mechanism to be successful.  There is still more to be designed for the mechanism.  Currently, there are some conceptual ideas for the rotation of the “T”, but one has not been chosen.  Once the design is complete, a prototype can be fabricated.  Then the concept can be demonstrated and tested.  Only the results of the tests will be able to conclude if this concept is feasible for space applications.
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