Gravity Gradient Boom

Design Team

Art Inglot, Jack Rafalowski, Gene Rossov

Steve Souza, Jason Stricker

Design Advisor

Prof. Gregory Kowalski

Abstract

[image: image5.png]


Attitude control systems have become a very important aspect in satellite design.  The ONYX designed by Santa Clara University in collaboration with NASA is a micro satellite with a specific mission.  During its 45 day mission, the ONYX space system will operationally test autonomous computer control techniques while conducting an Earth observing mission and providing educational services.  The objective of the design team is to develop a gravity gradient boom for passive attitude control of the ONYX satellite.  The boom must be designed to specifications and requirements provided by NASA.  The design team examined the different boom systems including: coilable booms, telescoping booms, wire deployers, and tethers.  Considerations such as thermal control, electrical interface, space collisions, vibration profile, and integration in the ONYX satellite were included in the analysis.  Based on the trade studies conducted by the design team a wire deployment system has been chosen.

The Need for Project 

	The need for the project is to design a passive attitude control system for satellite stabilization.

	Attitude control and stabilization is essential to the mission operations of most micro-satellites.  The purpose of a gravity gradient boom is to control the orientation of a satellite in three axes; roll, pitch, and yaw.  Most satellite missions have a specific required orientation which is important for successful completion of the mission.  The project design is based around the ONYX satellite developed by Santa Clara University.  The ONYX satellite’s mission is to take photographs of the earth during its 45 day orbit, for research purposes.  Photo imaging missions require precise stabilization and high pointing accuracy so the camera can take clear pictures.  A well designed boom, when successfully deployed will orient the satellite’s imaging face towards the Earth enabling the satellite to carry out its intended mission.

Currently, many different gravity gradient boom design types exist in the market.  Santa Clara University expressed the need for a gravity gradient boom that is relatively compact and lightweight, adaptable to other satellite missions, has low power consumption, and can be operated passively once deployed.




The Design Project Objectives and Requirements

	The main design objective is to design a gravity gradient boom that will stabilize a satellite in orbit within an angular tolerance of ±5 degrees.
	Design Objectives

Objectives for the Gravity Gradient Boom design include: developing an adaptable design able to withstand the satellite launch conditions and hold the orientation of the satellite within a specified angular tolerance of ±5 degrees.
Design Requirements

The design specifications that the gravity gradient boom must satisfy are; mass, volume/dimensions, and power limitations. The final gravity gradient boom design will fall into a 5-10kg mass range. The entire gravity gradient boom in its stowed state is restricted to a volume of 10cm X 10cm X 15cm.  Power required to deploy the system is limited to 30 watts. The final significant requirement is the pointing angle precision. The precision of orientation must be held to ±5 degrees with respect to the normal vector pointing towards earth. 

The final design is required to withstand the vibration profile of the launch as well as shock characteristics experienced.  In order to encompass a vast majority of launch profiles, a minimum resonance frequency of 500 Hertz has been specified.  The design must be able to endure shock characteristics of ±20g’s in each axis.  



Design Concepts considered

	Three design concepts were considered including a telescoping boom, coilable boom, and wire deployer.
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Telescoping Boom
	A design matrix (Rep. 3.0.0) was used to determine the most viable design concept for the design group to pursue.  Based on the scores determined from the design matrix, the design team selected the wire deployment system. 
The telescoping boom (see 1st sketch on the left) scored very high in the design matrix. However, some of the design parameters that held it back were size, mechanical complexity, thermal characteristics, and mission adaptability. The stored configuration of the telescoping boom does not represent a small compact system. The tubular telescopes are bulky and long.  Telescoping booms do provide structural rigidity and good dynamic response characteristics at the expense of the overall weight and size of the system. The tubing would need to be larger in diameter and thicker which would increase the weight of the whole system. 
The coilable boom design scored third highest in the design matrix but had a few major drawbacks.  Coilable booms are affected by thermal shock and thermal distortion.  Parts of the boom block the sunlight to the other parts of the boom causing varying temperature gradients. When one part is getting hit with direct sunlight and the other part remains cold, the whole coilable boom may begin to experience a harmonic oscillation. In addition, the coilable boom has an elastic nature so these vibrations may also be amplified and destabilize the whole satellite.  Considering the design requirement of ±5 deg. orientation angle tolerance, the coilable boom was not chosen.




Recommended Design Concept 

	The design is based around a wire deployment system.
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	Through the design matrix (Rep. 3.0.0) the wire-drum deployer was chosen because it satisfies the design requirements set forth by NASA and Santa Clara University better than the other systems (see sketches to the left). 

The design consists of a base to secure the tip mass, with four spider arms.  The arms have built in torsion springs which deploy of the mass.  The mass is secured to the frame of the system using a Frangibolt non-explosive actuator.  A titanium wire attached to the bottom of the mass and to a spool that is bolted on to the frame of the system.  Once the satellite is in a suitable orientation for deployment an electrical current is run through the Frangibolt which breaks the notched bolt connecting the tip mass to the frame.  The torsion arms gently push the mass out of the system, and the spool slowly unspools the wire.  Black delrin plastic blocks are secured to the frame of the system for vibration and thermal isolation of the system from the satellite.  Calculations performed showed that the Frangibolt will be able to easily hold a 5 kg tip mass in place even with ±20g’s acceleration in each axis.

Due to the wire’s small thickness, relatively long amounts of wire can be spooled up on a drum and then unwound into space. The size of the deployer will be small, only the drum/spool, deployment spider, housing, and tip mass will take up space.  The size of the final design is 10cm X 10cm X 14.6cm.  The mass of the total system without a tip mass is 3 kg which allows the user to utilize a tip mass of up to 7 kg and still meet the design requirement of 5-10 kg total system mass. Physics calculations have been performed to determine orbital parameters that affect the length of the wire as well as tip mass.

The wire deployer is an optimal choice for adaptability of the system to other satellites.  The ability of the wire deployer design to utilize many different tip masses as well as wire lengths allows it to adapt to almost any satellite size/mission.  The design team developed a matrix in which a user can input specific orbit and satellite parameters and determine what length of wire to use as well as tip mass.




Financial Issues 
	The estimate total cost of the prototype including materials and fabrication is estimated to be $4000.
	The total cost of the project is estimated to be about $4000.  The most expensive component in the wire deployer system being the Frangibolt Non-explosive acutuator, at an estimated cost of $2700.  The rest of the components amount to around $1300 which includes the cost of materials (aluminum, springs, titanium wire, dowel pins) and fabrication.  A comparable telescoping boom would cost around $50000.




Recommended Improvements 
	A couple recommended improvements include designing a device to dampen the forces that occur during wire unspooling and adding a DC motor for more control and retractability.  
	One concern that could be improved upon is a dedicated damping device for the spool during deployment.  When the wire has completely un-spooled there is a force exerted on the satellite as the mass comes to an abrupt stop.  Forces have been calculated and are negligible for the ONYX, but in the case of a satellite with a much lower mass it might have an effect.

Another facet of the design that could be improved is the addition of a DC motor to control the movement of the spool.  The addition of a DC motor will also allow the wire/mass system to be retracted in the event that the initial deployment is unsuccessful.  An unsuccessful deployment is unlikely due to the fact the ONYX has sun sensors to detect when the gravity gradient boom should be deployed but having a backup system would be beneficial.
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