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Multi-Discipline Senior Engineering Design Project

1 Introduction:

The Balloon Satellite Experiment is intended as a multidisciplinary project that will incorporate the use of system engineering skills as well as a wide array of technical skills.  The technical aspects will involve creating a balloon satellite that will fly up to 100,000 feet.  The satellite will be capable of on-board information storage as well as real-time data transmission to a ground crew.  This project will involve students from the disciplines of Electrical Engineering, Computer Science, Civil Engineering and Mechanical Engineering.  Every person will have the opportunity to utilize their field of expertise in the one of many aspects of the project.  Students will have a personal opportunity to explore space!

2 Mentor/ Research Group ID:

Tony Kim was born in South Korea. His parents moved to the United States. Kim has a bachelor's degree in aeronautical and astronautical engineering from the University of Illinois at Urbana-Champaign and a master's degree in material science from Auburn University. He also completed a summer session program at the International Space University hosted by Rice University in Houston in 1997. After Tony Kim graduated from University of Illinois at Urbana-Champaign; he went to work for NASA. He is a project manager at the National Space Science and Technology Center (NSSTC) in Huntsville, Alabama. A recent project managed by Kim was the Altus Cumulus Electrification Study (ACES), a project for which researchers investigated thunderstorms using an uninhabited aerial vehicle.  Mr. Kim is currently at Texas A&M-Kingsville (TAMUK) on the NASA Administration Fellowship Program.

3 
Collaborative Efforts
In an effort to make the balloon satellite better, team members made outside contacts for resource information.  Team members engaged in a teleconference with Ed Myska, Dennis Galleger, and Mark Adrian who have experience in sending payloads on balloons.  Ed Myska works for the National Space Science Technology Center (NSSTC) as a computer information systems support and hobbies in higher amateur radio (HAM) and amateur video.  Dennis Galleger is a scientist at NSSTC, studies the spacecraft’s electrical environment and the charging effects on electronics.  Mark Adrian is a contractor supporting Dennis Galleger’s research.  These three also have had experience in sending a balloon at night to obtain video of the Leonid meteor shower at a high altitude.

Our instructor Mr. Tony Kim contacted Jason Dunn at the National Oceanic and Atmospheric Administration located at the Corpus Christi International Airport.  Mr. Kim was able to observe the launch and recovery of a weather balloon and learned more about weathersonde.  Additionally team members have made contact with the HAM Radio Club on campus.
4 Team Identification / Members Profile
4.1 Team Leader                                                          

Neth, Barbara             

Electrical Engineering 
Senior
4.2 Team Members

Alaniz, Gabriel


Electrical Engineering 
Senior

Easter, Charles


Mechanical Engineer
Senior

Gallegos, Alain


Computer Science

Senior

Hinojosa, Anthony 

Computer Science

Senior

McConnell, Michael

Electrical Engineer

Senior

Najera, Jesus


Computer Science

Senior

Quintero, Jr. Baldemar 

Electrical Engineer

Senior

Rice, Brandon


Mechanical Engineer
Senior

Rios, Rene



Electrical Engineer

Senior

Saenz, David


Civil Engineer

Senior

Terrazas, Juan


Civil Engineer

Senior
Wang, Yung-Chang

Electrical Engineering
Senior

5 Team Patch Design / Description
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 Although the team’s designated name is Balloon Satellite 2, the team has designated itself as the Space Hogs.  The satellite team patch consists of several features that were relevant to the team. The patch consisted of the outline of the Javelina (hog) which is TAMUK’s mascot. To the left of the hog, there is a balloon satellite, which represents the team’s project.  The state of Texas drawn on the balloon signifies TAMUK’s geographic location.  Also, a shuttle is soaring across the sky which represents the team’s connection with NASA.  The shooting star represents all of the goals which the Space Hogs are striving to accomplish! 
6 Topic Background


The Balloon Satellite experiment began as a multidisciplinary senior design project, at Texas A&M University - Kingsville.  The class decided to undertake the task of building a Balloon Satellite to fly test equipment to the outer edge of the atmosphere, a minimum of 100,000 feet.  The experiments flown shall provide data for the following topics; the effects of solar radiation on various equipment, the performance of hardware at extremely high altitudes, and the efficiency of various insulating materials.   The project is divided into two systems. The first team is Balloon Satellite 1: Ground Control.  The responsibility of this team is Satellite data retrieval, tracking, and recovery.   The second team is Balloon Satellite II: Satellite Team.  This team is tasked with satellite construction and data transmission.  One reason for choosing this project is that it incorporates aspects from all disciplines involved, which include Electrical Engineering, Civil Engineering, Mechanical Engineering, and Computer Science.  The Electrical Engineering aspect of the project includes designing the communications and power systems.  The Computer Science major’s task is designing the data acquisition and manipulation systems and interfaces for the data retrieved.  The Mechanical and Civil Engineers are concerned with the design of the physical structure for the balloon.  In addition to utilizing our learned knowledge to construct the needed systems, the satellite can be outfitted with additional payloads capable of performing various experiments and taking various measurements.   The payload shall be designed in such a way that the invitation for others to construct payloads to be flown to the outer edge of space, via our satellite, will be offered.
7 Design Objective


The Satellite Team shall design and construct a reusable satellite that will travel to the outer-most edge of the atmosphere and return safely to the earth’s surface.  The satellite shall be able to withstand the harsh conditions of the ascent and descent for multiple launches (at least 10).  The process of sending, receiving and recording of telemetry and vital data shall occur during the entire flight.     

The satellite shall consist of a payload, weighing no more than 12 pounds, a latex balloon, and a parachute.  The balloon shall lift the satellite to at least 100,000 ft. (30.48 km), and it will have an estimated ascent time of 60-100 minutes.  Upon reaching a minimum of 100,000 feet the ascent shall conclude either by the pressure limitations of the balloon or by remote termination.  The payload shall be gently carried to the earth’s surface by a parachute.   The approximate descent time is 60-100 minutes.  The satellite shall contain equipment that will remain functional throughout the entire flight.  The satellite must also be capable of being outfitted with an entirely new payload within one day.

The data shall be stored locally (onboard the satellite) and transmitted to a ground control center.  The data that shall be recorded and transmitted to ground control includes:  temperature, pressure, calculated ascent and descent rate, video, location coordinates, and the satellite’s vitals (internal temperature and battery consumption). 

The experimental data obtained shall be used to present conclusive reports of the efficiency of hardware, equipment, and insulating materials at extremely high altitudes.   The reports also shall express the concerns associated with flights to the outer-most edge of the atmosphere.
8 Project Requirements and Restraints
8.1 Need Statement

To become space explorers inexpensively and to fulfill the TAMUK requirement for senior design for graduation, we will go to the edge of space remotely in real-time to collect scientific data on a balloon-bourn satellite

8.2 Requirements
I. The balloon shall meet all Federal Aviation Administration (FAA) requirements.
II. The balloon-satellite shall meet all Federal Communications Commission (FCC) requirements.

III. The satellite shall provide provisions for a payload that shall be a minimum of twelve pounds, able to send data to the ground via the satellites, and command able from the ground.

IV. The satellite shall broadcast real-time telemetry which shall include temperature, pressure, position and altitude data.

V. The launch system (balloon) shall carry the satellite and payload to a minimum altitude of 100,000 ft.

VI. The satellite shall be reusable.

VII. The satellite shall be reconfigure-able with a new payload and launched within one day.
9 Design Plan / Methodology
Each member of the Balloon Satellite Team has chosen a desired trade to study.  A Work Breakdown Structure (WBS) diagram is in the appendix.   The diagram represents the breakdown of the Satellite II Group.  Background research will be done to evaluate the most suitable components as well as the relevant information pertaining to the individual trades.  Requirement review sessions will be set up to evaluate the interfaces between the subdivisions.  Design reviews will be conducted to ensure that the designs are meeting all requirements and not exceeding any constraints given.   Equipment will be procured to begin the evaluation and fabrication process.  Testing will be preformed on individual components before the entire satellite is built to ensure the suitability and functionality.  The entire system will be tested to show that the requirements will be met.  The testing will be used to further verify that all requirements will be met.   Requirements will be used to verify that the needs have been successfully met.   Validation of the systems will prove that the systems work efficiently and realize the appropriate response.   Operations will commence after a sufficient amount of testing have been successfully completed.      
9.1 Work Breakdown Structure:
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10 Concept Variants

The concept variance is an evaluation of several sub-systems within the satellite.   The sub-systems submit reports on the validity and reasoning behind their selection of certain components.  The following sub-systems are reporting on the following: Data Systems report on Processor Selection, Stamp models; Communications System, Global Positioning System (GPS) vs. Automatic Position Reporting System (APRS) with GPS; Structure, Environmental, and Thermal System, Styrofoam vs. Polyurethane Foam vs. Carbon Fiber.  
10.1  Processor Selection
The Data System sub-component is responsible for managing, storing and sending data between instrumentation, removable payload, GPS and the ground team.  The selection of a suitable processor had to meet certain criteria.  These include ease of programming, speed and the availability to have resources to use when programming.

Parallax, Inc. provides several different types of processors, each with their own pros and cons.  The table below represents the concepts of each different Stamp Processors, which are the pros and cons of each stamp.

	Stamp Processor
	Pros
	Cons

	Stock#:  27100

Basic Stamp Rev. D Module
	Low price and can hold nearly as many programs as the better stamps
	Has a low processor speed and a low RAM size

	Stock#:  BS1-IC

Basic Stamp 1 Module
	Interpreter chip format is the most popular OEM solution by parallax.com
	Has tight space limitations

	Stock#:  BS2-IC

Basic Stamp 2 Module
	Most popular Basic Stamp module and has many resource tools
	Not as powerful as some of the other stamps

	Stock#:  BS2P24-IC

Basic Stamp 2p 24-Pin Module
	Is 3 times faster than a BS2-IC
	It has a high price

	Stock#:  BS2P40-IC

Basic Stamp 2p 40-Pin Module
	Is 3 times faster than a BS2-IC and has 32 input/output pins
	Has extra features that are not really necessary with a higher price


10.2   Concept Evaluation and Selection
The processor chosen for our data systems board is the Basic Stamp 2 Module. This stamp is the popular Basic Stamp Module, which has been used in educational, hobby, and industrial applications.  The Random Access Memory (RAM) size is normally adequate for programming space and the number of input and output pins are usually adequate too for users.  The programming language used for the stamp is PBASIC which should not be difficult. There is also a serial Personal Computer (PC) interface that can allow a user to use their computer debugging features.  This stamp is suggested for first-time users of Basic Stamps.  There are also many resources available, such as documentation, source code, and customer projects for this particular stamp.
10.3   GPS vs. Automatic Positioning and Reporting System (APRS)


The Balloon Satellite team has two main choices when it comes to balloon tracking.  The first is to use a stand alone GPS unit that transmits position data through an ATV overlay board.  The second is to use the GPS transmitter with the APRS network to receive position data.  This case study is intended to discuss the use of GPS as a stand alone system and the APRS system.

To make the comparison, it is necessary begin with an explanation of the APRS.  Bob Bruninga, the inventor of the APRS, calls it “a real-time tactical digital communications protocol for exchanging information between large numbers of stations covering a large (local) area.”  The APRS is a large network of users.  This is advantageous when tracking a balloon because a large group of people can simultaneously track the object of interest.  HAM radio operators are interested in tracking objects.  There is also a preexistent software base that can be used when using the APRS.  The software includes maps that can update the position of the balloon in near real-time.  To use the APRS, the balloon needs to send out an the APRS formatted signal.  This requires a packet radio setup that is formatted to transmit the APRS data.  This will add an extra cost as well as an added weight to the balloon.


Using a standalone GPS can make it more difficult to find the balloon.  A standalone GPS will be transmitted through an ATV overlay board.  The ground control team will be able to track position data effectively with the standalone GPS, but GPS software will be needed to track the balloon on a map.  Also, using standalone GPS will limit the balloon trackers to those people directly involved in the project or to people who happen to wonder onto the channel that the GPS is being transmitted over. Using standalone GPS will also simplify the design of the Balloon Satellite since all the software involved will be on the ground control end of the project.


To conclude, it is of the utmost importance to ensure the recovery of the balloon.  Using the APRS will make it easier to ensure the balloons recovery.  For this reason, the Balloon Satellite team has decided to use the APRS.  Although this will make the project more complicated, it is necessary to guarantee that all the design requirements are met.

10.4   Structural Materials Selection

10.4.1 Material Name: Polystyrene Rigid Foam (Styrofoam)

Pros:

Low density (1.04 -1.07 g/cc), Good hardness properties (Rockwell Hardness R = 104 -120), High compressive strength (90 – 95 MPa), High electrical resistivity (1e+015 – 1e+017 ohm-cm), Low moisture permeability rating (0 – 0.1%), Good temperature insulating properties, Easy to work with, Relatively inexpensive and easy to find

Cons:

Overly rigid (may break easily), Low in tensile strength (25-69 MPa), Somewhat difficult to form mold, Somewhat unreliable in impact strength

10.4.2 Material Name: Polyurethane Rigid Foam 

Pros:
Low density (1.23 -1.37 g/cc), Good hardness properties (Rockwell Hardness R = 120 -124), High compressive strength (90 – 95 MPa), Decent tensile strength (55 – 248 MPa) High electrical resistivity (2 – 1e+007 ohm-cm), Low moisture permeability rating (0 – 0.01%), Very good temperature insulating properties, Easiest to form any design (mix and pour method), Relatively inexpensive

Cons:
Somewhat rigid but sturdy (may break easily), Somewhat unreliable in impact strength, Somewhat more difficult to find and work with

10.4.3 Material Name: Carbon Fiber Mat or Weave

Pros:
Low density (1.40 –2.00 g/cc), Decent electrical resistivity (0.0012 – 0.0014 ohm-cm), Very high tensile strength (1400-1450 MPa), Repels minor radiation (radiation shielding), Will easily be bonded with either polyurethane or polystyrene, Easy to find

Cons:

Somewhat expensive with respect to overall selection of materials ($30.00 – $80.00), Does not add appreciably to the rigidity of the structure    

10.4.4 Concept Evaluation and Selection:


The basic structure for the payload box in this operation calls for resistance to drastic temperatures and pressures as well as radiation shielding, low moisture permeability, and sturdiness.  Observing the Concept Variants section of this report one can see that the better choice for the interior of the structure is the polyurethane rigid foam.  This foam has excellent thermal insulating properties, extremely low moisture permeability ratings (for protection of vital equipment from moisture or condensation damage), and high hardness and compressive strength properties for sturdiness.  Ease of fabrication with the option of the mix and pour polyurethane foam mix also adds to the positive aspects of this choice.  The drawbacks of the polyurethane rigid foam are quickly offset by the choice of exterior coverage for the payload box, the carbon fiber mat or weave.  This will be mixed with resin and epoxyed to the outside of the box to add its unique features to the system.  Seeing as a pressure system at 100,000 ft. would tend to cause outward expansion of the payload box, a material with extraordinarily high tensile strength would be needed, which is the major role of the carbon fibers.  As far as radiation shielding goes, the carbon fiber cloth should act as a deflector.  

11 Conclusion

The disciplines of Electrical Engineering, Computer Science, Civil Engineering, and Mechanical Engineering each require a student to complete a design course for graduation.  This project meets the design requirement and offers many more benefits to the student participants.  Students are provided the opportunity to explore space and get real, first hand experience with system engineering!  This project also helps build a close relationship between students and faculty.

By May 2004, the Balloon Satellite 2 team’s goal is to collaboratively (with the Balloon Satellite 1 team) design, develop, and launch a balloon satellite capable of recording relevant system and payload information.  Both teams will develop invaluable professional skills throughout the project!  Team members will obtain skills in communication, teamwork, leadership, and learn the skills necessary to overcome time and budget constraints.  The completion of this project will secure bonds in academia and give them a chance to share the knowledge and fascination of space exploration to future generations.

12 Reference / Bibliography

“An Introduction to APRS.”  2 October 2003.   <http://216.239.41.104/search?q=cache:LqliqCcdhMQJ:web.usna.navy.mil/~bruninga/aprs.html+gps+aprs+navy&hl=en&start=1&ie=UTF-8>

Automatic Position Reporting System.  3 October 2003.  <www.aprs.org>.

CarbCom.  27 September 2003.  <www.carb.com>.

Detroit Amateur Television Society.  1 October 2003.  <www.detroitatvrepeater.com>.

FiberGlass World.  19 September 2003.  <www.fiberglass.com>.

Information Unlimited.  <http://www.amazing1.com/camera.htm>.
Ingram Technologies, LLC.  <http://www.ingram-tech.com/products/135xsc~1.htm>.

MatWeb-Material Property Data.  9 October 2003.  <www.matweb.com>.

“What Is Systems Engineering?”  Sandia National Laboratories.  23 September 2003.  <www.users.erols.com/ee/sysengwi.htm>. 

13 APPENDICES

13.1 Budget

13.1.1 Cost
	Budget

	 
	 
	 
	 
	 

	Category
	Description
	Sub-Category
	Individual Item Cost
	Estimated Cost

	 
	 
	 
	 
	 

	General
	 
	 
	 
	 

	 
	Medium / Presentation Material
	 
	 
	$0.00 

	 
	Travel / Transportation
	 
	 
	$0.00 

	 
	Teleconferencing
	 
	 
	$0.00 

	 
	Licensing
	 
	 
	$0.00 

	 
	Copies / Report Binding
	 
	 
	$0.00 

	 
	Meeting Expenses
	 
	 
	$0.00 

	 
	 
	 
	 
	 

	Satellite
	 
	 
	 
	 

	 
	Structures
	 
	 
	$200.00 

	 
	 
	Satellite Construction Materials
	$200.00
	 

	 
	 
	Insulation
	 
	 

	 
	 
	Reflective Material
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Communications
	 
	 
	$1,220.00 

	 
	 
	Antenna
	$300.00
	 

	 
	 
	ATV Transmitter
	 
	 

	 
	 
	GPS 
	$200.00
	 

	 
	 
	Ham Radio License
	$120.00
	 

	 
	 
	Overlay Boards
	$100.00
	 

	 
	 
	Packet Radio System
	$400.00
	 

	 
	 
	Video Camera
	$100.00
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Power
	 
	 
	$0.00 

	 
	 
	Batteries
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Instrumentation
	 
	 
	$100.00 

	 
	 
	Unit 
	$100.00
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Data Systems
	 
	 
	$120.00 

	 
	 
	Microprocessor
	$80.00
	 

	 
	 
	Memory System
	$40.00
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	Total
	 
	 
	$1,640.00
	$1,640.00 


13.1.2 Power Consumption
	Power Consumption (Watts)

	 
	 
	 
	 
	 

	Category
	Description
	Sub-Category
	Individual Item Weight
	Estimated Weight

	 
	 
	 
	 
	 

	 
	Structures
	 
	 
	0.00

	 
	 
	Satellite Construction Materials
	0.00
	 

	 
	 
	Insulation
	0.00
	 

	 
	 
	Reflective Material
	0.00
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Communications
	 
	 
	0.00

	 
	 
	Antenna
	 
	 

	 
	 
	ATV Transmitter
	 
	 

	 
	 
	GPS 
	 
	 

	 
	 
	Overlay Boards
	 
	 

	 
	 
	Packet Radio System
	 
	 

	 
	 
	Video Camera
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Power
	 
	 
	0.00

	 
	 
	Batteries
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Instrumentation
	 
	 
	0.00

	 
	 
	Unit 
	 
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Data Systems
	 
	 
	0.00

	 
	 
	Microprocessor
	 
	 

	 
	 
	Memory System
	 
	 

	 
	 
	ProtoTyping Board
	0.00
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	Total
	 
	 
	0.00
	0.00


13.2 TimeLine

	Timeline

	 

	 
	Project Timeline:
	 
	Balloon Satellite 2

	 

	Week
	Date
	Goal
	Description

	1
	9/8 – 9/12
	Design Brief
	Form teams, choose leaders, brainstorm

	 
	 
	 
	 

	2
	9/15 – 9/19
	Level 1
	Research Topic, Collaborate, Begin Tag-ups

	 
	37883
	Collaboration
	Teleconference

	3
	9/22 – 9/26
	Level 1 - Option 1
	Submit Proposals

	 
	37890
	Party
	Team Building Activity

	4
	9/29 – 10/3
	Level 2 - Option 2
	 

	 
	37897
	Project Report
	Work Breakdown Structure, System Architecture, Cost

	 
	37897
	Satellite-Design
	General Block Diagram,

	 
	37897
	Define
	Requirements Definition

	5
	10/6 – 10/10
	Level 2
	Field Research

	 
	37901
	Satellite-Design
	Refined Block Diagram

	6
	10/13 – 10/17
	Level 2
	Write Mid-Term

	 
	37908
	Satellite-Design
	Component Selection

	 
	37911
	Level2
	Turn in the Level II Report

	7
	10/20 – 10/24
	Level 3
	 

	 
	37914
	HAM
	Take Ham License Test

	 
	37918
	Proposal
	Unsolicited Proposal for obtaining funds for payloads

	8
	10/27 – 10/31
	Level 3
	 

	 
	37923
	Collaboration
	Meet with Ham Radio Operator

	9
	11/3 – 11/7
	Level 3
	Write Final Report

	 
	37929
	Satellite-Design
	System Architecture Presentation

	10
	11/10 -11/14
	Level 3 - Option 3
	Submit Evaluation, Final Presentation

	 
	37939
	Design
	Preliminary Design Review

	 
	37941
	Collaboration
	Fall 2003 Design Team Showcase

	11
	11/17 – 11/21
	Option 4
	Field Trip

	12
	11/24 – 11/28
	Option 3
	Design Website

	16
	12/22 – 12/26
	Christmas
	 

	17
	12/29 – 1/2 
	 
	 

	18
	1/5 – 1/9
	 
	 

	19
	1/12 - 1/16
	Procurement
	 

	20
	1/19 -1/22
	 
	 

	21
	1/26 – 1/30
	 
	 

	 
	37647
	Design
	Final Design Review

	22
	2/2 – 2/6
	Procurement
	 

	23
	2/9 – 2/13
	Fabrication
	 

	24
	2/16 – 2/20
	 
	 

	25
	2/23 - 2/27
	 
	 

	26
	3/1 – 3/5
	Testing
	 

	 
	 
	 
	 

	27
	3/8 – 3/12
	 
	 

	28
	3/15 – 3/19
	 
	 

	29
	3/22 -3/26
	 
	 

	30
	3/29 - 4/2
	 
	 

	31
	4/5 – 4/9
	 
	 

	 
	37716
	Launch
	Launch Satellite

	32
	4/12 – 4/16
	 
	 

	33
	4/19 – 4/23
	 
	 

	 
	37730
	Report
	Final Report and Presentation to TAMUK Staff

	34
	4/26 -4/30
	 
	 

	35
	5/3 – 5/7
	 
	 

	36
	5/10 – 5/14
	Last Week of School
	 


Project Milestones




                      





Design


Fabrication


Testing


Data Analysis

Work Breakdown Structure
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Work Breakdown Structure (WBS) Dictionary

Refer to the previous appendix for pictorial representation. 

1.1 Communications subdivision

The Communications WBS is responsible for transmitting and receiving command data from Ground Control.  This WBS is also responsible for the equipment used to perform these operations.  

1.1.1  Packet Radio Transmission

The command and telemetry data will be transmitted and received, respectfully, on set intervals in “packet radio” format.
1.1.2  Transmission

The transmission procedure will be taking elemctronic signals and converting them to frequencies ready for transmission through a non-conductive medium.   
1.1.3  Ham Licenses

A Ham license will be obtained to conform to the legalities of the Federal Communications Commission (FCC).  
1.1.4  Video 
The video signal will be streamed from the satellite in real time.     

1.1.5  Antenna
Two antennas will be used on the satellite.  One antenna will be used to transmit the video signal, and another will be used in the packet radio transmission.  

1.2  Data Systems
These components make up the core data system used within the balloon satellite.

1.2.1  Processor

The processor handles input and output.  The input will be taken from the sensory devices and the external requests.  The output will be sent to both the on-board data storage and ground team.    
1.2.2  Control (I/O)

Digital signals will be taken and analyzed.  Then the output will be converted into an analog, transmission ready, signal.  
1.2.3  Program

A program is designed to take all variables of the system and analyze them.   The program will synthesize the data into a usable form.  
1.3  Instrumentation

1.3.1Global Positioning System (GPS)

The GPS will be used to report position coordinates and altitudes.  A GPS antenna will also be included.   
1.3.2  Gauges

A basic instrument suite package will include temperature, pressure, and humidity.  

1.3.3  House Keeping Data (Vitals)
The vitals will be sent to the data system for processing.  
1.2.4  Power

The source will be designed to meet the load, size, and weight requirements.   
1.2.5  Structures and Environment
The Structures team will be responsible for constructing the satellite enclosure.  The box will be in two parts (inner and outer shell) and then will be molded together.  The design should withstand the thermal issues and pressure of elevations of 100,000 feet as well as be cost effective and user friendly to the construction staff.  The environmental considerations will include condensation, radiation, and low pressure.  

1.2.6 Payload Allocation
The Payload Allocation subdivision will provide the capability for scientific payloads for the balloon satellite.  Provisions must be made for data transmission, power, commands, and in the structure construction of the satellite. 
K-12 ACTIVITIES

Title:  Creating a balloon rocket

Grade: 3-4

Subject: Science

Brief Description:  In this lesson students will explore the laws of physics of action and reaction, as they inflate a rocket balloon and the force of the air escaping causing forward motion. 

Objective:  -Students choose a particular size and shape of the balloon.


        -Students will measure the distance there rocket traveled. 

                    -Students will determine if shape affects the distance a rocket balloon travels.

Vocabulary:   -force

                        -stored energy

                        -mechanical energy

                        -air pressure

Materials: -Balloons of different sizes and shapes

                   -masking tape 

                   -fishing line

                   -plastic drinking straws

                   -Tape measure

                   -a pad of paper and pencil for writing measurements and observations

Lesson Plan:  Students will tape one end of the pre-cut and pre-measured fishing line on the wall. They will put the other end of the string through the straw. The students will pull the end of the string tight. They will choose a size and shape of balloon for there rocket. They will blow up the balloon pinching the end of the balloon and tape it to the straw. They will let it go and watch the rocket fly. The students will measure the distance the rocket traveled. 

Fall 2003





Spring 2004





Full Functional Test





Preliminary Design Review





Final Design Review





Launch
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