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Abstract

The performance of maneuverable reentry vehicles depends on afundamentd tradeoff
between the wing' s leading edge radius, materiad thermal properties and aerodynamic
performance. The NASA SHARP program is developing new Ultra High Temperature
Ceramic materids to increase the toleration of heat on sharper leading edgewings. The
SHARP vehicle has been defined as an experimental test bed to enhance sharp reentry
vehiclewings. Our senior design project isaninitid step in developing a prototype
vehicle of the SHARP test bed.
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1. Introduction

1.1 The Sharp Program

Responsive control and accurate maneuverability of spacecraft isimportant for
today’ s space programs. When a spacecraft reenters the atmosphere of the Earth, having
the ability to manage and fly the vehicleis aprimary concern for safe landings while &
the same time diminishing risks of reentry missons. The NASA space program currently
has 6 landing Sites dretching from Spain to Hawaii (reference). Increased
maneuverability of current spacecraft designs would alow for both improved reiability
during reentry flight, as well as providing a cos effective mechanism in reducing the
amount of necessary landing Sites around the world. This enhancement of controlled
gpacecraft can be accomplished by providing wings and control surfaces that conform to

traditiond aircraft desgn.

However, this design criterion does not alow for optimum aerodynamic stability
and contral. In the overdl study of aeronautics, it isided for an arcraft to have
relatively thin, sharp edged wings for smooth, laminar airflow. This provides two
important factors, one being to improve the lift of the aircraft, and the other being to
increase overal maneuverability of the aircraft as previoudy stated. Likewisefor a
Spacecraft upon reentry into the Earth’s atmosphere, these same traits would be
advantageous. Y et given the thermd loading that is seen on reentry vehicles, amore
desirable aerodynamic shape must be compromised in order to safely reduce the
temperatures experienced on the spacecraft. Empirica testing and physics research has
proven that if blunt, rather than sharp shaped designs reenter the atmaosphere, than heat

will be disspated more efficiently. An excdlent design paradigm for this characteridtic



of reentry vehicles can be seen in the NASA Apollo Program. The reentry capsules for
the Apollo space missions were designed as a blunt cone shape with a high radius
sphericad section to be the part facing the Earth during reentry. This was designed
specifically for the purpose of dissipating heat so that the capsules, aswell asthe
adronauts ingde them, would not “burn up” upon reentry. Similarly, on today’ s space
shuttles, the wings are rdaively blunt to prevent high thermad loading. On today’s space
shuttles such as the Endeavour, the maximum wing thicknessis 5 feet, leaving a front
radius of roughly 2 feet. Such agronautica properties are not the best for the full
potentia of space shuttle flight. So given the important design considerations of aircraft
aerodynamics, the temperature limitations alow only for current space shuttles to have

relatively blunt wings, a property that is not desirable for ided atmaospheric flight.

Figure 1.1: Thermochemical Nonequilibrium flow over Apollo reentry capsule



This heat concentration must be taken into account during the design of new
gpacecraft that will reenter Earth’ s atmosphere. On current space shuttles, the heat
resstant shingles on the front leading edges of the wings can tolerate temperatures up to
3000°F. Confronting these extreme temperatures is vital to space exploration. But just as
in any engineering task, the safety and integrity of human life is the primary focus of
design and implementation when building a new system for severe conditions. Finding
new, innovative, and proven ways to increase the safety of space missionsis atopic that
reaches the pinnacle of engineering endeavors and motivations. Thermd loading of

reentry spacecraft most definitely pertains to this significant role in aerospace

enginesring.

Better ultra-high temperature ceramics (UHTC's), would be agreat asset to
increasing the capabilities of spacecraft. Research into therma protection of spacecraft
has been carried out dmost exclusively by NASA sincethe 60°'s. In recent years, the
Thermd Protection Materids and Systems Branch at NASA Ames Research Center have
engineered many new UHTC' s for spacecraft applications. These new materias have the
capability to withstand temperatures of up to roughly 5000°F. The emergence of these
new materids has alowed for the possibility of utilizing new leading edge profiles.

Tedting facilities for these UHTC' sinclude the NASA ARC Jet Divison, a sub-branch of
the Thermd Protections Materias and Systems Branch in which ceramics can be tested

to very high temperatures.



1.2 The SHARP Program

Among the many research projects involved in this area of aerospace engineering,
oneincludes the SHARP program. SHARP is an acronym for Slender Hypervelocity
Aerothermodynamic Research Probe and it is a project specifically for research into
reentry spacecraft. SHARP is a defined shape by NASA that takes on awedge-likeform
to create a sharp leading edge in which materias can be tested in true environmenta
conditions. The SHARP project was initiated in 1996 to research these new ultrahigh
temperature ceramics aong the front leading edge tip of the probe. Currently, NASA has
a uitable amount of theoretical and smulated data on the shape of the SHARP vehicle.

In Figure 1.1, aCFD modd of the SHARP concept is given.

Figure 1.2: NASA Ames, Thermal Protection Materials & Systems Division, SHARP CFD model



There have aso been previous atemptsin recent years to test the SHARP modds
in reentry conditions. The SHARP program was initidly broken down into two separate
teams known as the SHARP B series, and the SHARP S series. The B series focused on
adifferent geometry than the S series. The SHARP B involving a cone shgped prototype,
while the SHARP S series were “knife’ shaped to introduce wing like structure. The S
series was then broken down into two groupings, the S series, which would be continued
research conducted by NASA and it’ s research teams and subcontractors, and the L
series, which would be low cost sounding rocket research contracted out to universties
and small businesses. Thefirgt L series team was assembled in 1997, and was a unified
effort between NASA Ames, Wickman Spacecraft and Propulsion, Stanford Universiy,
Santa Clara University and Montana State University. Wickman was to develop the
sounding rocket to take the SHARP prototype to an dtitude of 270,000 ft., Stanford’s
Space Systems Development Laboratory and Santa Clara University engineered the
avionics and data acquigition systems, while Montana State and their Composite
Research Group were contracted to build the SHARP structure out of composites and
metd aloys. NASA Ameswould be the project coordinator. Unfortunately, the
sounding rocket failed during the test flight, and the project has since been postponed due

to funding limitations.

1.3 The Santa Clara SHARP Senior Design Team

Thisyear’s Santa Clara SHARP Senior Design Team wished to make alow cost
but compelling contribution to the SHARP program and expand on arelationship with

NASA Ames and their research teams. For this project, our goa was to design, build,



and test an initid SHARP prototype reentry vehicle cgpable of collecting data relevant to
the naturd flight dynamics and pressure distribution related to the unique aerodynamic
geometry. In this manner, the team could offer empirica datato compare with

researched data and analysisin an effort to better understand the motion of this probe.

Our Senior Design Team is an interdisciplinary team that conssts of two
Mechanica Engineers, three Electrical engineers, and one Computer engineer. Dueto
the complexity and variation within the project, our team had to be interdisciplinary to
manage and our specified gods. However, because there was no financia support from
NASA Ames, aswdl asalack of graduate student assi stance and advanced facilities, our
prototype had to be designed and implemented with limited resources and capabilities.
Initidly, the teeam brainstormed numerous idess such as launching the probe on a
sounding rocket, or even using reall NASA space shuttle heet resstant tiles. However,
these proved to be beyond the scope and aptitude of the team. For the find overal design
specifications, the team decided to build ardativey smal SHARP prototype for ahigh
dtitude test drop. Thisintuitively meant that our probe would not go into low orhbit
gpace, but remain within the aamosphere. Building and implementing this SHARP
vehideisthe amdl role that Santa Clara and the School of Engineering can offer in the

larger SHARP program.



2. Project Overview

2.1 Our Partin SHARP

The SHARP team is an interdisciplinary team that conssted of two mechanica
engineers, three eectrical engineers, and one computer engineer. We came together to
build an initid prototype sharp angle reentry vehicle. Because we do not have financid
support from NASA Ames, our prototype is not designed to be released from orbit.
Rather, the vehicle was designed to be dropped from a high-dtitude balloon that would
reach a speculated height of 80,000 feet. The dtitude that it would achieve isavery cold,
low-dengty, low-pressure region of the atmosphere. These extreme conditions would
affect the vehicle s velocity, pressure, and temperature upon descent.

We targeted our goals and specifications to match the limited resources available
to the team. As specified by NASA, we constructed a SHARP vehicle capable of doing
two primary functions for data interpretation. The firgt function of our project was to
sense and record pressure digtribution exerted on the vehicle whileit isin flight. This data
is currently unknown to NASA, and could be analyzed and interpreted as needed by their
engineers and scientists. The other function of our project was to sense and record
dynamic motions of the vehicle while in flight. These data, Smilar to the pressure
digtributions, are unknown, and could be a great asset to further research in the SHARP
program.

Our sponsor aso suggested that we provide a control vehicle for our experimenta
SHARP vehicle. This control vehicle would be of smilar geometry to the Apollo reentry
capsule so that our data could be compared to a known and extensively studied geometry.

However, this would have required us to design and manufacture two vehicles, such a



mission would by far exceed our cgpabilities and funds. Therefore, we focused only on

the SHARP vehicle development and Ieft the control vehicle idea for future design teams.
Overdl, one of the primary purposes of this project was to show NASA the

capabilities that an undergraduate SCU team of engineers obtain. We were eager to

provide NASA with relevant data to further advance the SHARP project.

Figure 2.1: The designed SHARP vehicle



2.2 System Overview

Mechanica System Electrical Sysem
Front Tip Subsystem Power Subsystem
Outer Shell Subsystem Sensor Subsystem
Recovery Subsystem Communications

Subsystem
Internal Frame Subsystem

Computer System

Hardware Subsystem

Software Subsystem

Figure 2.2: System Level Functional Block Diagram

The SHARP project at SCU was partitioned into three primary systems, one for
each enginesring discipline. Each of these three mgjor systems was then partitioned
further into subsystemsto aid in design and implementation.

The mechanica system was broken down into subsystemns representing the mgjor
parts that together formed the vehicle. These conssted of the custom machined
auminum front tip, home oven thermoformed outer shell, acrylic and sheet meta back

door, and the parachute based recovery system.



The éectrical system was too broken down aong the lines of the mgjor
components. The power system, which included batteries and power regulation
hardware, was of great importance because it supported the other eectrica systems
including the complex sensor subsystem which included al of the pressure sensors
attached to the outer shell and back pandl, the accelerometer, the interna temperature
sensor, and the very usefull GPS receiver. The communication subsystem dso resided in
the eectrical system and contained an off the shelf HAM radio with adirectiona
antenna.

The computer system acted as a hub between the mechanica and dectrical
systems. It read and interpreted data from the various sensors, including the GPS, and
acted upon other systems in the vehicle such as the parachute based recovery subsystem.
For design purposes it was divided into a hardware and software subsystem. The

hardware included the microcontroller chip and its supporting proto-board hardware.
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2.3 Flight Plan

Figure 2.3 Flight plan

Before many parts of SHARP could be designed, aflight plan had to be
edablished. Thisflight plan condsted of Sx major phases: power on sdif test, ascent,
release, active descent, parachute release, and recovery. Each of these phases
corresponded directly with the phases listed in the software sate chart and the eectrica
power budget.

In the first phase, power on sdf test (1), the vehicle sat on the launch pad for a
few minutes after the balloon had been filled and ran through various diagnogtics to
ensure that the sensors, GPS, data storage, power supply, batteries, and communication
systems were operating specifications. After about five minutes, dl the tests completed
and SHARP proceeded to takeoff. During ascent (2), the vehicle released from the
ground tether and it rose rgpidly for about 90 minutes until it reached 80,000ft. At this
point, the balloon release mechanism was activated (3). After the vehicle began to fal, as
verified by GPS, active descent began (4). During active descent, the sensors sampled at

their highest possible rate and information was selectively transmitted down to the base
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sation aswell as stored in the onboard flash memory card. This phase lasted only 90
seconds as the vehicle fell asfast as 200 miles per hour. Once these 90 seconds had
passed, or GPS reports that the vehicle has reached 20,000 ft, the parachute was released
(5). Thiswas an important syslem which required redundancy at some levels for safety
reasons. Once the parachute was released, as verified by a deceleration on the vehicle
and GPS, the recovery phase of the mission begins. During this phase, the vehicle
retransmitted its GPS location over and over to aid in recovery efforts. Even if the
recovery window of an hour was exhausted and SHARP powered down, the last possible
location was gill known. Also, SHARP took advantage of the dow descent time to
retransmit alarger sdlection of important data to the base gation. At the termination of

this phase the vehicle was recovered and preparations began for its next flight.
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2.4 Major Objectivesand Constraints

The first mgor congraint of the SHARP vehicle wasiits prescribed shape. The
entire purpose of this project was to investigate this unique geometry, but because of this,
we had to accommodate dl interna components accordingly. The shape itsdf was of
wedge-like geometry, as shown in Figure 2.1, with the leading edge at approximately 10-
12 degrees. The other dimensions weren't prescribed exactly, only that the width tapered
outward dightly as it went to the back of the vehicle to about 25% greater than the
leading edge width. The length was an adjustable variable that could be varied to meet
weight requirements. This shagpe severdy limits the amount of workable volume near the
front edge.

This was coupled with the second mgor constraint, the location of the center of
gravity. It was desired that the vehicle fal with its sharp edge pointing downward at dl
times. This required that the center of gravity be as close to the front leading edge as
possible and that it stay below the center of pressure. From previous NASA testson
SHARP geometries a various speeds, it was known that the center of pressure was
approximately 50% of the length away from the leading edge. This meant we were
required to achieve a center of gravity within 5-40% of the length from the tip, with a
safety margin. This was somewhet of a chalenge because of limited usable volumein the
front of the vehicle where the most weight distribution was needed. From this, the first
designs of the vehicle were made, which consisted of a solid tip and hollow back to push
the center of gravity toward the leading edge. The heaviest components, specificaly the
batteries, were then placed in the hollow region closest to the tip. The heaviest item that

we had to place in the back of the vehicle was the parachute recovery system.
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Theweight of the vehicle was the most chalenging congtraint of the project.
Because the vehicle was designed to be dropped from a high-dtitude baloon, it needed to
meet weight requirements impaosed by the FAA. The high-dtitude balloon requirements
specified that anything dropped must be under 6 |b in one release compartment or under
12 b in two release compartments. It also specified that there could be up to 12 |b or
more in one compartment with specia permits depending on what weight range the
vehiclefdl into. In essence, the heavier the vehicle, the more costly and complicated the
necessary FAA paperwork. Origindly, we were designing the vehicle to be less than 12
Ib. However, in the event that we discovered that we could not get the approval for the
drop, we didn’t want to be completely out of luck. Thus, we had a backup design that met
the less than 6 |b requirement. In this, there were fewer sensors that reduced the power
requirements and thus the battery size. Also, the front leading edge, instead of being
made out of ametd dloy, would be constructed from wood.

The vitdlity of the vehicle before, during, and after the flight was dso amgor
concern for the success of this project. We wanted to be able to gather useful data
pertaining to the dynamic motion and pressure digtribution of the vehide. While this
information would be transmitted red time viaHAM Radio, the datawould also be
collected and stored on-board, making the recovery of the vehicle criticd. In addition,
accurate pressure sensors and accel erometers were critica to the quality of the gathered
data dong with sengng correct atitudesto initiate the drop and recovery.

The limited funding and high cost of the vehicle were dso mgor condraints.
Mogt of the financia support came from SCU’ s Robotics Systems Laboratory with the

ingtructions to be as economicd as possble. Thislimited the materids sdection for the

14



hardware components, the quaity of the pressure sensors and accel erometers, and the
facilities to design, manufacture, and test the vehicle. Consequently, the hardware, circuit
boards, and system integration were entirely congtructed usng SCU fadilities.
Unfortunady, this evoked problemsin manufacturing and sensor calibration.

The last congtraint of the project was time. There was eight months to design,
implement, congtruct, integrate, and test the vehicle. This god was definitdy atest of our

cgpability to work under time pressure, and in the end, proved to be highly significant.
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3. Mechanical System
3.1Fronttip
3.1.1 Introduction

The front tip of the SHARP vehicle was separated as a specific part primarily to
enhance weight distribution and the location of the CG (center of gravity). In order that
the pressure digtribution and flight dynamics of the SHARP vehicle can be tested
properly, the probe mugt remain stable whilein flight. Therefore, it isaprimary
objective to keep the CG as far forward towards the front part of the vehicle as possible.
A cone or wedge shape tends to have the CG near the wide part of the geometric object,
which is contradictory to the desired properties of the vehicle. Therefore, afront tip
made of ardativey high-density materia coupled with alow-dengty aft portionis
necessary for proper aerodynamics.

The front tip is the mogt difficult part of the assembly to manufacture. Ultimately,
the three most important factors for creating and building the front leading edge tip of the
SHARP vehicle are the shape and sizing of the part, the dengity of the part, and
manufacturability. The form of the front tip is significant in thet the prescribed shape of
the SHARP vehicle needed to be maintained as specified by NASA. The dengty isvitd
as dated previoudy based on the fact that the SHARP vehicle must remain
aerodynamicaly stable. Findly, the part had to be easy to manufacture and inexpensive
with regard to materid sdlection. This then equates to usng a materia that could be

manufactured in the Mechanica Engineering Machine Shop.
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3.1.2 Design Selection

Thefind design selection for the front leading edge tip materia was swiftly
chosen to be duminum. The reasoning in choosing this materid rdaesto the fact thet dl
of the design and manufacturing criteria are satisfied. Aluminum is both heavy in
relation to the rest of the vehicle, and it has the capability to be readily manufactured in
the machine shop. In addition, it isimportant to note that duminum was aso used by the
previous SHARP team for the same reasons of weight ditribution. The cost of the
aduminum “block” for machining came to $100 as purchased from the Aluminum REM
Center.

Another ement of key importance in designating the front tip materid wasit's
interface to the rest of the SHARP vehicle. Primarily, this meansthe front tip's
attachment to the interna frame and the outer shell. Two designs for interfacing were
investigated. One being that on the back part of the front tip, there be a protrusion to fit
within the interna frame, while the other is machining a pocket so that the outer shell can
fit ingde the pocket of the front tip. 1t was finaly reasoned that in manufacturing the
outer shell, the dimensions may not come out to exact specifications. Therefore, it would
be easier to design away to form the outer shell to go within the pocket of the front tip,

and this was then implemented.
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Figure 3.1 Front Tip Final Design

The only other materia considered by the Mechanical Engineers of the team for
the front tip was carbon ged. Although heavier than duminum, sted is much more
difficult, and holds with it higher risks, when machining. The benefit of extra densty of
ged did not exceed the detriment in manufacturability of the materid.

3.1.3 Analysis

The leading edge tip was proven as a reasonable and successful means to sabilize
the SHARP probe. Dimensioning of the part would be difficult, but manageable to the
team. It was aso important to maintain a smooth surface aong the externa faces of the
front tip for accurate data gathering
3.14 Implementation

The implementation of the duminum front tip was one of the most chalenging
agpects of the mechanical syssem. With Aluminum 6061 as the materia choice, the front
tip had to be machined to exact dimensions. However, the front tipisa highly
unconventiona form as compared to most other mechanica parts. The generd form of

the front tip is aflying wedge shape geometry with rounded edges dong the sdesand a
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pocket on the back face. The existence of rounded edges and the sharp front edge created
difficultiesin manufacturing of the part.

The origindly purchased auminum block had to first be machined to the outsde
dimensions of the part, given from the detailed drawingsto be 10.5" x 6.75" x 2.25".
After completion of “squaring” the part (making al sdes perfectly pardld and al angles
90°), the pocket was machined during the course of one day. The pocket is1” deep while
maintaining ¥4’ thickness to the outside of the part.

After discusson of machining the front face angles of the front tip with
meachining experts, it became evident that it would be necessary to manufacture a fixture
for thefront tip. Thiswas alarge block of duminum manufactured to hold the front tip
in place in order that machining of the angles could take place. Consequently, machining
of the front tip had to be temporarily halted to make afixture. Thiswas eventualy
designed to have a protrusion into which the front tip could fit firmly, aswell asto hold
three 3/8” bolts that would attach into the front tip. Dimensions of the fixture are 6.75” x
4" x 3" including the 1" protruson. Then, the front tip, ill in block form, was drilled

and tapped to hold these screws, and the fixture was attached.
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Figure 3.2: Machining Front Tip Fixture

Findly, the angled cuts to the front tip could be completed. Manufacturing of the
faces was done carefully, and had to be completed in one Sitting to optimize machine
shop time. If the angles were nat cut in one Sitting, than careful mounting of the front tip
and fixture would have be done again. The front tip, attached to itsfixture, wasplaced in
the milling machine vice & an angle of 6°. Thisalowed for the cutting of each face with
a2’ carbide end mill hafway across the short 2.25” distance of the part. Thelast layer of
auminum to be removed was done dowly to create a smooth surface finish. In order that
the outer shell could be fastened to the front tip, four thru-holes on the pocket edges and
perpendicular with the outer faces had to be drilled and chamfered. This alowed for
flathead screws to be used in interfacing the outer shell. Hat head screws were used to
maintain the smooth surface of the SHARP vehicle. Thefrontd angle, as Sated

previoudy, wasfindized a 12°, dlowing for a sharp angle while maintaining a

20



reasonable amount of space to provide for interna avionics and components in the aft

body of the vehicle,

Figure 3.3: Front Tip before rounding of edges

Next, angled cuts had to be completed on the sides that would eventualy become
the rounded edges of the front tip, also a 6°. However, in continued discusson with
experts on machining of the front tip, there were more chalenges to be dealt with.

Origind specifications of the SHARP geometry specified that the edges of the vehicle be
rounded to come out tangent with the frontal faces asin Figure 3.4b. This proved to be
impossible to manufacture in the Santa Clara Machine Shop.  Although arotary index for
amilling machine could have offered a smdler radius than was implemented, an extra

fixture would have had to be made, and was not time effective with the project.
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Figure3.4:
a) Front Tip as manufactured
b) Original prescribed shape

In the end, it was decided by the team and machining experts to round the edges
on alathe. The primary setback to this machining technique was that the front tip edges
could only have aradius equd to that of hdf its outside dimension in the long plane as
shown in Figure 3.4a. Therefore, the front tip was machined in this fashion asin Figure
3.5 during the course of one day. Overdl, the machining of the front tip took an

estimated 30 hours.
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Figure 3.5: Front Tip in lathe machine

Interfacing of the front tip to the outer shell and internd frame was successful. In
addition, the central 3/8” tapped hole holds the I-bolt necessary to attach the parachute
system.
3.1.5Testing

The tegting of the front tip consisted of measuring for the angle achieved. Thisis
findized & an angle of 12.2?. This was a reasonable dlowable error of the origina 12
goda since machining anglesis adifficult task (See PDS).

3.1.6 Future Work

Future work on the front tip could include making the side edges rounded to
become tangent with the front faces as previoudy stated. Thiswould be morein
conjunction with the actuad SHARP form. Different designs could aso be devised

depending upon the rest of the vehicle.
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3.2 Outer-shell

Thefunction of the outer-shell wasto provide the outer covering for the main
body of the vehicle. It was the outer-shell and front tip union that created the prescribed
SHARP wedge-like geometry. The outer-shell provided no structura support for the
vehicle, only acovering for the interna eectronic components. The main objectives of
the outer-shdl were to be (1) lightweight so that the center of gravity would be as close to
the front leading edge as possble, (2) very precise in dimensiond tolerances so that the
interface between it and the front tip would be perfectly continuous—meaning the
interface within 1 cm of perfect aignment, (3) high impact strength to withstand the load
exerted when the vehicle landed on the ground, (4) economic because of the tight budget,
and (5) easly manufactured within the means of the students.

The shape of the outer-shell was designed to be a continuum of the front tip to
produce the desired wedge-shape. Thus, it conssted of aflat surface on the front and
bottom and curved edges dong the sides. Initidly, the Sides were shaped as semi-cones as
shown in Figure 3.6(a). When the manufacturability congtraints of the front tip, as
discussed earlier, forced a change to its original shape, the outer-shell geometry had to be

modified accordingly as shown in Figure 3.6(b).

36(a)
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Figure 3.6: (a) Original outer-shell design with semi-conic edges;
(b) Modified outer-shell design to be continuous with front tip

Origindly, the outer-shell was designed to be manufactured as one piece out of
fiberglass from an outside contractor (see Figure 3.6(b)). Thiswas an option because a
single, continuous, thin covering was desirable for a smooth, aerodynamic vehicle
profile. However, due to further discussion and research about this method, it was
decided that the fiberglass was not the best option for two main reasons. First, fiberglass
was heavier than anticipated, and second, the dimensiond tolerances upon manufacturing
were less than desirable. Considering the entire objective of the SHARP project wasto
build a vehicle that was of precise geometry and was lightweight, fiberglass was smply
out of the picture.

Consequently, the materia chosen for the outer-shell was acrylic. This materid
was selected because of its lightweight and thermo-formable properties. Using this
materia allowed us to congruct it with the aid of a home oven. The shell was constructed
out of four main portions: two flat pieces and two rounded edges. To congtruct the
rounded edges of the outer-shell, amold was formed out of modeling clay. To do this,
templates were made for cross sections of the rounded sides, and modeling clay was

formed accordingly as shown in Figure 3.7.
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Figure 3.7.: Forming the mold using modeling clay and templates

The mold was dlowed to dry overnight, and then two smdl nails were inserted
aong its centerline. These were used to place the acrylic precisdly on the mold where it
was needed. The acrylic was cut usng a pattern for the Sde pieces, and smdl holes were
drilled for placement upon the nails. Preliminary experimenta tests reveded that the
acrylic needed to be heated in the oven at atemperature of about 375°F for about 20-30
minutes for it to become soft and moldable without forming bubblesin the plagtic. This
was the temperature and time used for the find forming. As shown in Figure 3.8, the
acrylic was placed directly on top of the mold and the entire setup was heated in the oven.
Once heated, the mold and acrylic were removed from the oven, and with the use of two

wooden 2x4's, the acrylic was clamped to the mold and alowed to cool (see Figure 3.9).
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Figure 3.9: The thermoformed acrylic was clamped and allowed to cool

Once the two side pieces were successfully constructed, they were adhered to the
top and bottom flat plates using acrylic cement. Once this had been assembled, the
adjoined edges were filled in with additiona adhesive and then sanded down for a
smooth finish. To connect the outer-shell to the front tip, two acrylic plates were adhered

to each of the top and bottom plates so as to fit precisaly within the pocket of the front
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tip. The assembly could then be bolted to the front tip. The outer-shdl assembly is shown

in Figure 3.10.

3.10(b)

Figure 3.10: Outer-shell final design: (a) exploded and (b) assembled views
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3.3 Internal frame

The purpose of the interna frame was to provide structura support for the vehicle
aong with housing the e ectronic components. The frame needed to be as lightweight as
possible and dlow as much usable interna volume for the necessary eectronics. The
internal frame was designed to be modular. Thét is, it should be easly removable from
the vehicle for easy access to and maintenance for the electronic components. It was
designed to dip into the outer-shell from the backend and connect directly to the front tip.
To provide structurd support to the vehicle, the frame was tapered in shape, fitting
sugly into the outer-shell.

In the early stages of design, the frame was shaped like an I-beam: atop and
bottom plate with a single support plate in the middle (see Figure 3.12 (). Thisdesign
was congdered at atime when there were conceptually two parachutes in the vehicle.
The I-beam design alowed for structura support and the placement of the parachutes on
both sides of the support plate. When it was decided that there would only be asingle
parachute, the interna frame geometry was modified to suit the new specification.
Similarly, the internd frame consisted of atop and bottom plate, but rather than only one,

a second support plate was introduced.

3.11(a)
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Figure 3.11: (a) Original internal frame design for dual parachute system;
(b) Modified internal frame for single parachute system

As shown in Figure 3.11(b), this produced a hollow cavity in the middle of the
vehicle, dlowing sufficient volume for the parachute. The support plates were placed
pardld to one another, providing usable volume both between the plates aswell as
outside aong the outer-shdl wall. The support plates were of considerably shorter length
than the top and bottom plates. Thiswas to alow sufficient room for the placement of the
batteries, the ATMEL, and the HAM Radio. These were the heaviest of the electronic
components, and with the center of gravity location in mind, it was decided that they
should be placed as close to the front leading edge as possible. Thus the shorter support
plates were introduced to maximize usable volumein this critica area.

As noted previoudy, the entire geometry of the vehicle had to be modified when
the manufacturability congtraints of the front tip changed its origina shape. This affected
the internd frame, but not too dramaticaly. Instead of having the top and bottom plates
of uniform cross sections, they were tapered outward to be continuous with the outer-
shell. The support plate’ s shape aso needed to be modified to correct for the new angle

of the wedge.
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The materid of the interna frame needed to be lightweight, Sructurdly strong to
support the vehicle geometry, and with high impact strength to resst any loads exerted
from the parachute deployment or vehicle landing. Origindly, honeycomb duminum was
chosen for the interna frame. This materid is used extensvely in aerogpace gpplications
for its high Structurd strength-to-weight ratio. From this and the fact that a sgnificant
amount of the materia was dready available in the lab, honeycomb auminum seemed to
be the idedl option for this gpplication. However, the manufacturability of this materid
was found to be too complex, requiring the use of avacuum injector to place metd
insertsfor al fasteners. This was a necessary tool that the university did not have, soa
different material was employed. Wood was decided upon for the find internd frame
design. It proved to be an excdlent choice: very lightweight, economicd, easily
manufactured, and structuraly strong.

Thefind desgn of the interrd frameis shown in Figure 3.12. The top, bottom,
support, and front plates were al made out of Y4-inch plywood and were connected
together at specific points using L-brackets to produce the desired angle between the top
and bottom plates. An |-bolt was used to connect the interna frame directly to the front
tip. ThisI-balt is connected directly to the parachute chords, and its connection directly to
the front tip was implemented to produce as little stress on the outer shell as possible
upon parachute detonation. Brackets were placed on the back end of the support platesto

alow the connection of the backend plate and thus the enclosure of the vehicle.
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Figure 3.12: Fina design of internal frame
Once, the interna frame was manufactured, the usable volume of the vehicle was
measured. The usable volume is defined as the volume available ingde the vehidle for
electronic components. Thisis the volume insde the outer-shell minus the volume of the
internd frame. This was found by measuring the dimensions of the outer-shdll and
internd frame and then caculaing the appropriate volumes. The resulting vaue was

387.90in> (see Appendices A and H).
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3.4 Backend Plate

The Backend Plate of the SHARP vehicle is perhaps the most important
mechanica component of the probe with respect to data acquisition and anayss. NASA
engineers and scientists know the least about the aerodynamic flow at the aft part of a
SHARP vehicle. That is primarily why the Santa Clarateam decided to focus on that
area of the probe, and place the mgority of the pressure sensorsin that location. Dueto
the fact that the frontal surfaces (front tip and outer shell) of the SHARP vehicle must
remain smooth, any components of the probe that need to protrude or intrude must be
placed on the backend plate. At the same time, the weight considerations of the
mechanica design had to be taken into consideration.

The primary NASA contact for the SCU SHARP project specified that 5 pressure
sensors be placed on the backend part of the vehicle, with 4 dong the centerlines a the
top, bottom and each sde of the plate, and 1 directly in the center. In the detailed

drawing below, 5 holes can be seen in these locations.

Figure 3.13: Backend Plate with pressure sensor locations at holes

Thiswas the first objective with respect to this part.
Although the backend plate would house many components, a the same time

there existed the design criteria of having the least amount of weight near the back. After
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redlizing that pressure sensors would be extremely lightweight (less than 1/10 oz. each),
the materid sdection quickly converged onacrylic, like the outer shell. Sheet metd was
the other design consideration, but it was more than was necessary strength and weight.
Acarylicisrdatively lightweight, but Hill srong enough to sustain light loads with screws
and bolts.

A strong materid for the parachute door had to be selected. There were many
design condderationsfor this part. The team came up with idesas ranging from “blowing
off” the entire backend plate, to just expelling a container with the parachute in sde. The
team, on the other hand, sought to find the method that would be the least complicated
with the avionics and pressure sensor components. Blowing off the entire backend plate
waan't possible due to wiring and valuable sensing equipment. So, a hinged parachute
door was deduced as the most effective mode to do thistask. Findly, amateria for the
parachute door itself had to be selected. Mechanicaly, if the door was going to be
hinged, rationdly it would be best to have a“flat” materid to blend smoothly with the
backend plate. To optimize the strength and flat geometry needed for the door, the team
selected thin sted sheet metd of athickness of roughly 500 microns. Thiswould have to
be afairly strong materia to keep the parachute from prematurely releasng.

Implementation of the Backend System had to be delayed until completion of the
outer shell. Obvioudy, it would have been inefficient to manufacture the backend plate,
only to find out thet it did not interface with the outer shell properly.

Manufacturing of the Backend System was rlatively smple. A piece of acrylic
was cut to a square shape in the outside dimensions of roughly 10" x 53/8”. Thenthe

rounded edges were basicdlly “ sculpted” using a sander. The square cutout in the middle



was done usng a¥%4’ end mill on amilling machine, and a sander to smooth out the edges
asseenin Figure 3.13.

The parachute door was made from sheet metd and using a sheet metd cutter.
Holes were punched so that the hinge could be fastened to the door and the backend plate
itself. A tab wasleft on the opposite side of the door from the hinge in order thet the
solenoid release mechanism could “punch” open the door.

The door on the backend system was tested with a parachute release in dtatic
conditionsto seeif it would interfere with parachute deployment. The parachute released
successfully.  Although this was not completed in true environmenta conditions, it

showed that it had the potentia to be a good system.
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3.5 Parachuterecovery system
3.5.1 Introduction

The parachute system is crucid in the overdl system assembly. The parachuteis
the solitary meansin bringing the SHARP vehicle safely to the ground. It was never the
intention of the team to manufacture a parachute, so it was purchased after caculations
were performed with respect to terminal velocity and acceptable g loading as seen in the
Appendix calculations section. Dueto the lack of experience with parachutes on the part
of the team, outside expertise was sought in conjunction withinterna research.
3.5.2 Design Selection

In order to bring the vehicle safdly to the ground along with the data, adesign
specification for maximum ve ocity at touchdown was implemented at 20 ft/s. Not only
was the effect of material impact on the Structure considered, but more importantly, it
was vital to protect the data stored onboard. This helped the team to make a clear
decison on szing and materid of the parachute. Although a dow decent speed would
have been the most desirable, there was a tradeoff with the problem of drift of thefaling
vehicle. Any more velocity, and the SHARP might fail during impact, and any less
velocity would cause the probe to drift too far in the horizonta direction. The parachute
had to have the capability to withstand the high loading, and had to take up aminimum
amount of volume.
3.5.3 Analysis

After extengve caculaions, the team concluded that a parachute diameter of at
leest 35.5in or roughly 1000 in? would be appropriate (See Appendix A). Wealso

included afactor of safety sncethe system iscritica to success. This selection aso
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seemed to satisfy drift concerns for a reasonable decent speed. From a volumetric
standpoint, the parachute occupied a sgnificant portion of the available internd space. It
was evident that the parachute would take up nearly 60% of the internd volume.

Shock due to the opening of the parachute was also considered as a hazard to the
project. A nylon/Kevlar cord was aso purchased to release a sgnificant amount of
impact force on the SHARP vehicle. The nylon cord from company specifications, could
gretch up to 3 times the unforced length. All calculations on the parachute cord shock
were done without taking into account this nylon cord. The nylon cord was
manufactured specificaly for high mass, high velocity space applications, which
coincided well with the project pecifications. 1t was primarily implemented for the
overal protection of sengtive onboard equipment.

The parachute is connected to the front tip of the SHARP vehicle through the
subassembly. This was done because the impact loading would be too high for the
internd frame or outer shell materids. The front tip, being made of duminum, would
have the capability to withstand thisloading. A diagram of the parachute subassembly

interfacing order is given in Figure 3.14.
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Parachute

Nylon Cord

Caribeaner

I-bolt

Front Tip

Figure 3.14: Parachute subassembly interfacing connections

The release mechanism of the parachute system was difficult to both design
conceptualy, aswell as manufacture. Initid parachute release mechanism idess varied
from using the explosive power of black powder, to usng adrogue parachute. In
consulting with outside sources and rocket hobbyidts, it was gpparent that black powder
was the mainstream meansin rleasing a parachute. However, due to the valuable and
sengitive equipment onboard, this idea was scrapped for safety purposes. Findly, the
mechanical engineers on the team chose a solenoid to “push” the back door open asthe
most effective and safest means.

3.5.4 Implementation

The parachute implantation has been successful up to this point. The activation of

the solenoid is dependent upon the completion of the Electrical assemblies. The solenoid

requires a high voltage, high current spike in order to release the parachute.
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Due to the extreme conditions that the parachute will see upon release during
flight, there was no available way to Smulate that environment. Therefore,
implementation can not be completdy assessed until the flight. The static properties of
the entire parachute system, however, fully met the design specifications (See PDS). A
minimum amount of volume was used, while maintaining a release mechanism and a sfe
means to bring the SHARP vehicle to safety.
3.5.5Testing

Tedting of the parachute was completed in order that the ultimate yield stress of
the parachute cords could be examined. Thiswas focused primarily on the momentum
change a the point of parachute deployment as it is fdling through the aaimaosphere. This
point of release is gpecified for optimum safety at 15,000 ft so that the probe has enough
timeto dow it's gpeed, while at the same time minimizing the amount of drift.

In order to test the integrity of the parachute, the ingtantaneous momentum change
had to be caculated. Since mass remains congtant the entire duration of the drop, the
cdculation relied solely on velocity. The velocity change was then calculated to go from
265 ft/sto 20 ft/s. However, it was soon redized that these impact conditions were
virtualy impossbleto smulatein atest. Therefore, the team fdll back on the idea that if
%4 of the momentum is calculated, than each cord of the parachute could be tested
individually for strength, since the parachute came with 4 cords.

The crude test involved smulating a means to cregte an indtant momentum shift.
The easiest way to create this scenario was to drop heavy objects from a specific height
while connected to arope by using gravitationa potential energy to create kinetic energy.

Simulation of the momentum shift could then be completed by usng aweight of 22 [bs a
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aheight of 30 ft. This provided the %2 momentum change, and the test was completed on
the third floor of the Santa Clara University parking structure (See Appendix A).
3.5.6 FutureWork

The parachute system, as far as the mechanica assembly of the probeis
concerned, must sill undergo a sgnificant amount of work and improvement. The
release mechanism, up to this point, has not had sufficient testing to be used in an actud
high dtitude test drop. Smulating these conditions will be very difficult for any tesam
that wishes to continue this project. The dectrical system for the solenoid power must
also be engineered to give enough power to open the back door holding the parachute

back.

40



4. Electrical System

4.1 System Overview

The god of the dectrica system of SHARP was to creste a system to monitor

accurady the flight environment the prototype would be tested. As seenin our block

diagramin Figure 4.1, SHARP consisted of seven component subsystems.

SHARP ELECTRICAL SYSTEM

l Data Record and Transmission
Subsystem

Battery Pack Il Flash Drive I Ham Antena |
+B8W
[11 [

IDE Interface | |I-IAMRa-:Iio |——

*

Yoliage GPS Subsystem
Reg(+5)

1
Power Subsystem GPS Antenna

Power Lines include voltage
and ground

GPS Receiver

Sensor Subsystem

T Pressure Sensors

B Mux

Temperature Sensor

Accelerometer
3 outputs: X.¥.Z axis)

Serial Port

Ascant Subsystem

Balloon

ATmegal28

AVR Mini vl

AD Converter 1O

“Wehicle Deployment

Recovery Subsystem

Parachute
Deployment Device

Device

Figure4.1 SHARP internal electrical subsystems.

Out of the saven subsystems the Atme AVR mini board with the Atme Atmega

128 processor was the centerpiece and orchestrated al the data and positioning

information that would be transmitted to the ground tation.

The sensor subsystem was critica for delivering flight data The

subsystem consisted of one accelerometer, one temperature sensor and 7 pressure
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sensors. The seven pressure sensors were sent through an 8:1 multiplexer which dlowed
sampling pressure one point a atime on the prototype. The GPS subsystem is used to
track and operate flight plan phases accurately through the data transmission and Sorage
subsystem. This syssem would dlow for on-board flash card storage of the flight data
and positioning aswell asred time data to aground station viaHAM radio.

The ascent subsystem consists of a baloon drop mechanism currently in
development by Randy Stuart, our balloon expert. The recovery subsystem includes a
parachute deployment system developed by our group to alow for safe recovery of the
prototype.

The power subsystem congsts of batteries and a voltage regulation system that
alocates 5V to the sensor and GPS subsystems.  The other subsystems will use power
graight from the battery pack.

The dectricd system of SHARP is developed for both low temperature and low
pressure conditions with the added factor of limited funding and available space on the
prototype to house these components. The results of these products and integration will

be explained in the upcoming sections.
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4.2 Power System
4.2.1 Overview

The power system of SHARP was designed to accommodate each subsystem’s
needs. A quality power system not only provides adequate power for the duration of the
test flight but the syslem must sustain the required current and voltage for the
gpproximate two and a haf hour flight. Congraining the capability of the system were
two main factors. one being the lack of space that would house the battery system and
two, the temperature that SHARP would be operating in. To decide on a system and
proper batteries, first, a power budget (see Appendix 1) was created mocking our desired
flight plan. The budget dlowed us to gauge energy capacity that needed to power

SHARP for the length of theflight. Thisisillustrated in Figure 4.2.

*all values represent a
max power needed

Components V(v) I(ma) P(w)
Ham Radio(transmit) 6 1100 6.600
GPS 5 100 0.500
Accelerometer 1 5 1.66 0.0083
Pressure Sensor 5 10 0.050
Parachute deployment 6 3000 18.000
Balloon Drop

Mechanism 6 3000 18.000
AtmelAVR mini board 5 8 0.040
Temp Sensor 5( 0.158 0.00079
Miscellaneous 5| 0.001 [ 0.000005
Totals 43.199

Power Required(mwh)
Battery Supply: 16316.13548
Figure 4.2 Estimated Power Budget
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The estimated power is considered over the span of an entire test flight. Based on these
values batteries were chosen, and then a voltage regulation system was then developed to
provide accurate voltage of 5 volts to the on board sensors and GPS system. The
voltages, both regulated and unregulated with a common regulated ground were
connected to a power bus that alowed for power transfer to al subsystems aboard the
SHARRP prototype.
4.2.2 Design Selection

From our power budget we determined that we needed approximately 16,316
mAh of energy capacity to provide for SHARP for that time. This powers everything,
including the HAM radios. We needed at least 6V for the HAM radio so we decided on a
total voltage of 6V for our batteries. We dso did not want to use rechargeable batteries
for our flight, as energy capacity isless over asustained amount of time. Since we
needed primary (non-rechargeable) batteries that worked both for the energy needed and
the temperature characteristics we chose Lithium Batteries. The AA sized battery
worked properly from temperatures of -40 degrees Celsus to 80 degrees Celsius. Each
battery produced 1.5 volts and had energy of 2900 mAh. From our vaues in the budget
we decided to arrange the batteries with the arrangement of four, four cell batteries
aranged in pardld configuration for atotal 16 batteries. This provided us with 6V and
approximately atota energy supply of 11600. While thiswas not sufficient for the
complete system, we origindly did the caculations intending on using the provided
HAM radio battery.

Regulation was a key factor to the power syslem. We wanted to maintain a

congtant voltage supplied to the sensors so readings would be accurate throughout the



flight. Since the sensors al required approximately +5V DC the chip we chose for
regulation was Nationa Semiconductor’s LM2594-adj. Thiswas an adjustable switching
regulator where the voltage could be set to any nomind voltage depending on the
arrangement of the circuitry. The chip provided .5A max of current which would be
adequate for our sensor and GPS circuits. After completing calculations (see data sheet)

for the voltage regulation circuit we designed it for 5.14 volts DC. Figure 4.3 illudtrates

the schematic for the circuit.
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Figure 4.3 VVoltage regulation circuit diagram.

A switching regulator was chosen because the sensors used on board had very
high impedance. This dlowed for the regulator to adjust the current to supply an
gppropriate voltage to each sensor. Our first option wasto use alinear regulator to
provide +5 volts to the sensors, but due to the high impedance nature of the sensors that

was not feasble.
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4.2.3 Implementation

The fabrication of power system consisted of three phases: housing of the
batteries, creation of the voltage regulation system and assembling of the power bus.
Once the lithium batteries were chosen we needed to make sure they were able to fit into
the internal frame of SHARP. Battery cases were bought, with wire adapters. The cases
held 4 AA batteries in series configuration. Using four of the battery packs we were able
to connect the dl the positive terminals together and dl the negative terminds to replicate
our design. Two of the packs were taped together using electrica tape. Each set of the
two packs were places on either Sde of the parachute hook where they fit tight into the
interna frame.

The voltage regulation system design was firgt implemented on the prototyping
bread board. The circuit on the bread board was hooked up to the DC power supply at
first to get the approximate vaue. Using the DC power supply at 6 valts, the regulated
voltage was gpproximately +5.13 volts. Once this value was checked with our design,
the regulation system was hooked up to the battery pack. Using AA akaline batteries for
testing, we measured a vaue of +5.13 volts. Once are vaues checked out with the design
vaues, we then completed afina circuit that was soldered on a square of proto-board.
The find product is pictured in Figure 4.4 and when connected to the battery back
provided a +5.13 voltage.

The power bus was created using the same type of proto-board that the regulator
circuit was soldered on. The power bus had wires for al the components, including a
+6V line for the parachute and deployment subsystems, a+5.13 V linefor the GPS,

sensors and compact flash drive. There was aso aregulated common ground that was
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provided from the regulator circuit. Asfor powering the Atmd AVR board, the battery
pack was connected directly to the board through an adapter plug. The Atmel had a

LM7805 linear adapter which took the battery voltage and created a +5V sgnd.

Figure 4.4 V oltage regulation circuit

The battery pack provided aninitid voltage of 6.32 volts measured by a multi-
meter. Thisis more than the +6V in the design but the voltage will drop due to the length
of theflight.

4.2.4 Testing

Tegting for the power system consisted of testing the load that the regulator
supplied. 1dedly, based on the specification sheet the regulator could provide a
maximum current of .5 amperes. To test thisload, various low ohm resistors were
connected to a breadboard. The regulated power was connected to the breadboards bus,
aong with the ground. From there multiple resstors were added until either the chip or

the components became too warm. Figure 4.5 illustrates our results. Asthe load drew
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approximately .43 amperes the chip became warm, but gill provided the required voltage.

We did not load more resistors after that due to the fact we did not want to destroy the

chip.
total resistance(ohms) | Voltage provided(V) | currentdrawn(mA) | comments
10,000 5.13 0.512
1000 5.13 5.1
100 5.13 50.3 | resistors begin to warm
47 5.13 109 | resistors still warm
235 5.13 215 | chip heats a little
15.67 5.13 326
11.75 5.13 436 | chip too hot

Figure 4.5 L oad testing of Regulation system

Whilethe results didn’'t max at .5 amperes, we were still able to connect our
accelerometer, temperature sensor and GPS subsystems to the power supply and we
received a constant 5.13 volts supplied to the system.

4.2.5 Future Work

Future work on the power subsystem will include for groups to come: a stable
power source for the HAM radio transmission, atest with al components connected that
will last for the duration of the test flight and atest with the high drain subsystems such
as the recovery and deployment system. The most important power test isthe flight plan
test, where the system would do a run through for 2.5 hours dlowing checking if it would
operate for that amount of time. Another test is alow temperature test operated under
extremely low temperatures that will affect SHARP. These tests and implementations

will be completed by the next SHARP group that takes over this yearly project.
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4.3  Sensor System

Figure 4.6: Samples of the onboard sensors (from top to bottom):
Pressure sensor, Temperature Sensor, Accelerometer

431 Overview

Sharp required three primary sensors. pressure, temperature, and acceleration.
Each sensor needed to meet certain guiddines that the customer had in mind and
specifications for our anticipated flight conditions. We will be testing each sensor for
their features, anticipating each will function properly for their requested specification.
Asauming they al meet the criteria, we will then proceed with cdlibration and findly

integration.
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4.3.2 Sensor Selection

There were many factors that played an important role in our decison for each
sensor, one being sze. We had to fit our whole eectricad system indgde our vehicles
inner shell. In the beginning of our design we noticed that our Ham Radio, GPS
Trangmitter, and Batteries, or power supply, would take up the mgority of space so we
had to find the mogt efficient yet smalest sensors possible. Other factors that influenced
our decison were mass and cost. We wanted our vehicle to weigh less than 121bs and had
to do thiswith asmdl budget. Little funding was obtained, so money had a huge
influence on determining what sensors we could purchase. Thiswas very difficult
because while researching individual components, we noticed that as Sze and mass got
amdler the price of the sensor increased. However, the obstacles we faced when
purchasing components, taught us how to be creative and economical.
4.3.2a Temperature Sensor

The temperature sensor we decided to use for Sharp was the LM 135. There were
many reasons this particular sensor was chosen over other sensors. One was because
unlike other sensors the LM 135 has alinear output. There are many applications for this
particular sensor. The LM 135 operates over a-55°C to +150°C temperature range which
isanided rangefor our anticipated flight conditions. Also the low impedance and linear
output make interfacing to reedout or control circuitry especialy easy. The schematic of
the temperature circuit and its spec sheet are located in the gppendix.
4.3.2b Accelerometer

Sharp’ s accel erometer was the Crossbow CXL. We chose a tri-axid

accelerometer to obtain the velocity in a 3-dimengond range a any point intime. The
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wide dynamic range, has excellent frequency response, operates on asingle +5VDC
power supply, and is easy to interface to standard data acquisition systems. Also, the
Crossbhow Series with its standard 5-pin female connector proved to be highly flexible
and its low mass cable prevents disruption to provide accurate data transmission. Its
entire gpec sheet and schematic are located in the gppendix.
4.3.2c Pressure Sensor

Our pressure sensor was a XFGN model made by Fujikurathat has a surface
mount package, whose circuit needed few additional components. Each sensor had a
voltage level output with an on-chip amplification and temperature compensation feature.
Therange for this particular sensor was 0-25 kPamaking it an idea sensor for our
project, and the fact that it was very inexpensive made our selection process even easer.
It had a voltage output of 0-5 Volts with an accuracy range of +/-5 degrees. Thefind
circuit and its spec sheet are dso located in the gppendix.
4.3.3 Implementing and Testing

The LM 135 had ametd can package with a three-pin layout; postive termind,
negative termina, and an adjustment pin. Its dimensions were 1x1x1 inch and had amass
that proved to be negligible, conditions that were ided for our project. This sensor was
very precise and was eadly cdibrated. Operating as a 2-termind zener, the LM 135 hasa
breakdown voltage directly proportiona to absolute temperature a +10 mV/°K. With less
than 1W dynamic impedance the device operates over a current range of 400 A to 5 mA
with virtualy no change in performance. When cdlibrated at 25°C the LM 135 has

typicaly lessthan 1°C error over a 100°C temperature range.
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Once we completed wiring up the LM 1335 to a breadboard, we began to test and
cdibrate. From the spec sheet, we saw that the output of the device (calibrated or

uncaibrated) can be expressed as.

1
Vowry = YouTy, = T

where T is the unknown temperature and To is areference temperature, both expressed in
degrees Kevin. By calibrating the output to read correctly at one temperature the output
a dl temperaturesis correct. Nominadly the output is cdibrated a 10 mV/°K. We hooked
it up to an oscilloscope and the firgt reading we got from the sensor was approximately

2.7 Voltsthat we calculated to be 295 Kelvin, room temperature. We tested the output
voltage to see it vary by using ahair dryer to see its voltage increase, or by applying ice
packs to the circuit to see the output voltage decrease. Once we knew the sensor worked,
we cdlibrated it for accuracy, soldered the find circuit to a plastic soldering board, and
integrated it with our microcontroller.

Sharp’ s accelerometer was the CrossbowCXL. It had a high temperature standard
package and it contained a.75 x 1.875 x 1 inch case. Together with an 8” lead and a 5-pin
fema e connector the whole device weighed under 1.62 oz. Other reasons we chose this
particular accelerometer rather than its competitors was because of the fact that the
CrossbowCXL Series acceerometers are low cost, generd purpose, linear acceleration
and/or vibration sensors availablein rangesof £+ 4 g, + 109, + 259, + 50 g, and = 100 g.
The sensing emert in this sensor is a silicon micro-machined capacitive beam. The

cgpecitive beam is hdld in force baance for full-scale non-linearity of lessthan 0.2 %.
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The Crosshow accelerometer was fairly easy to implement and cdibrate since it
supplied a 5-pin female connector for our microcontroller. Once again, Since our sensor
gave out avoltage leve output, we hooked it up to an oscilloscope to see its amplitude
vary. Sinceit'satri-axia acceerometer, by moving it Sde to sSide we were able to change
its x-axis velocity and the by moving it perpendicular to the x-axis we were able to see
the change in its y-axis veocity. By flipping it over and moving it up and down, we
noticed a changein its zaxis velocity. By observing the output voltage through an
oscilloscope, we were able to interpret its sengtivity using this equation given:

VouT = [VY2 + (SENSTIVITY X VS/5 X ACCEL)]
This particular sensor had a+/- 200mV sengtivity with arange of +/- 10G’s, and ided
accelerometer for Sharp.

We had atotal of 7 pressure sensors, five on the back plate and one on each of the
sgdes of theinternd frame. It had avoltage output of 0-5 Volts with an accuracy range of
+/-5 degrees. Our pressure sensors were extremely hard to implement because we did not
have a sufficient test environment to test and to calibrate them. The XFGN pressure
sensors we purchased have a range of 0-25kPa and operate in an environment that is less
than 1 atmosphere, ided features for our anticipated flight conditions. While waiting for a
test bed, we completed the sensor circuit and later actually soldered all seven sensors,

meaking it easy to mount and integrate with the vehicle.
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4.3.4 Future Work

Now that we have a sufficient test bed to obtain an environment of 1 atmosphere,
the next group should have no trouble testing and calibrating each soldered pressure
sensor. We left long leads for the Vout pin on each sensor, hopefully making it eesier for
the next group to test. Also with this newly provided environment, future groups should
condder testing the temperature sensor and accelerometer in it to see the how big of an
effect low pressure has on each sensor. Another test future groups should consider isa
low temperature test with each sensor. Our anticipated flight temperature gets aslow as
-70 degrees Celsius and together with a non-insulated vehicle may cause data to be very

inaccurate.



4.4 Communication and Positioning
4.4.1 Overview

Location tracking of SHARP will be done by a Trimble ACE, GPS system, which

isinternaly mounted in our vehicle. The GPS information, dong with al of our sensor
readings (i.e. pressure sensor, temperature sensor, and accelerometers) is then transmitted
viaaKenwood TH-D7AG HAM radio, in packet form, to our ground station where the
information is then recelved by a second HAM radio. The Kenwood TH-D7AG radios
are an FM dua-band (144/440 MHz) handheld transceiver equipped with a built-in
1200/9600 baud TNC compliant with AX.25 protocal.
4.4.2 Design Analysis

The position coordinates of the vehicle recelved at the ground station can be used
to get the exact location on the vehicle in relation to the base station through the use of
smple software, which can be downloaded for free. The software we found to fit our
needsisamply titted INVERSE. What this software essentidly does is take the
coordinates given by the GPS, and the coordinates of our ground stetion (which idedlly is
gationary) and calculates the angle and azimuth between the two. These coordinates are
needed for two reasons, first of al we need to know the location of the vehicle a dll
times so we know where to point our receiving antennain order to get the best sgndl.
Secondly we are going to have to track down the vehicle after it lands, and assuming it
will be greetly affected by wind, both on the accent and on the decent, the vehicleis most
likely to be some distance away from where it Sarted.

Our HAM radio communication system was primarily chasen for its smplicity.

The HAM radios dlowed usto transfer dl of the datawe needed at the sametime,
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dlowed usto transfer that data over the required distance and only required asimple
HAM radio licensefor their use. Modificationsto the HAM radios only conssted of
switching out the stock antennas with ones more suted to our needs in this project.

The transmitting antennalocated on the HAM radio insde the SHARP vehicle
was a shorter, stub, omni-antenna. This shorter, stub antenna was chosen over the
origind, longer whip antenna for a better transmission sgna pointing downwards. The
shorter the antenna the less gain it has and therefore more of the sgna will be passed
downward (if you are holding the antenna straight up) insteed of having the Sgnd go
radidly outward. For most HAM radios use of these longer antennas are desired because
the recalving radio is usudly horizontaly a distance avay. The SHARP vehiclein our
caeistraveling verticaly upwards and for the most part will be directly above our
receiving antenna, which iswhy it is desred thet our antenna have alow gain and project
the Sgnd down.

The recelving antenna at our ground stetion radio was alarge, directiond, yaggi
antenna. Thedirectiona antenna gives us a much better received sgnal then we would
be able to get from an omni-antenna a the ground ation. The directiona antenna
concentrates more of the received signd on asmaler area and therefore will have a
higher gain, and better received signd.

4.4.3 Implementation

Implementing the HAM radio into our vehicle was not too complex. The needed
trangmisson datais dl run through the microcontroller and is then trangmitted via the
HAM radio. Once activated, the radio transmitsall of the data from the sensors. A

Separate power source is needed to power the HAM radio on-board the vehicle as most of
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our sensors only take a 5-volt power source. Implementing this separate power source
was not difficult though and only required the use of voltage regulator for the sensors.
The origind plan was to Smply use the battery that came with the radio, but adecison
againg that was made for afew reasons. First of dl that battery was fairly large (about
the same Sze asthe radio itsalf) and secondly it was decided that the use of only asingle
power source would create less chance for error, and would integrate our system better
and more efficiently. Even without the HAM radio battery pack mounting the HAM
radio on-board the vehicle was still a concern. Theradio isthe largest piece of hardware
on-board, and space was a big concern asthe size of our vehicle wasfarly limited. Inthe
end mounting the radio didn’t cause any problems and we were able to find enough room
within the vehicle for the radio and antenna.
4.4.4 Testing

Through field tests and theoretical analysis of the Link equation(eg. 4.1), we
found that because of our transmitting power, receiving power, choice of antennas, and
due to the fact that the test is to be conducted in a open space with no obstructions, we
will have avery strong, and stable communications link. The Link equation gives an idea
of the received power taking into account the transmission power, free space |0ss,
recalving and transmitting antenna gains, and losses due to obstructions. Obstructions
blocking the path between the two antennas can creste many harmful effectsto asignd.

Reflections due to an obstruction will smply redirect the Sgnd, ruining the line of sght
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are receive and transmit powers in watts

are receive and transmit antenna gains
is the distance between transmitter and receiver in metres
is the attenuation along the transmission path

is the wavelength
figure. 4.7: Link equation

tranamisson and resulting in elther awesker Signal or no recelved Sgnd at dl. Multi-

path due to obstructions can distort that signa and create many problems. Luckily our

test has to be done in an open area, not just for these reasons above but aso due to safety

reasons, so when anayzing the Link equation the only loss that has to be taken into

account is free space loss.

A smple fidld test helped with our choice of antennas and gave us an idea of just
how good our communications link was. Our test was quite Smple and was done manly
to find out how much room for error we had in pointing our directiona antenna and
which, of two transmitting antennas would be more powerful. In our fidd test the two
radios were agpproximately 8 miles apart. For the first part of the test we had the
receiving, directiond antenna pointed directly a the transmitting radio and had the
transmitting radio aigned so that the antennawas pointing straight up. Wethen
transmitted a short Sgnd and were able to judge the recaived sgnd strength from a

sgnd drength meter built right into the radios. Then, kegping the transmitting antennaiin
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the same pogition we rotated the receiving antenna 45 degrees and transmitted again.
Lastly we turned the receiving antenna anther 45 degrees so it was now 90 degrees off,
and transmitted again. For the second part of the test we rotated the transmitting antenna
45 degrees downward and then repeated the above steps for part one. For the last part of
the test we rotated the transmitting antenna another 45 degrees so that the bottom of the
antenna was pointing directly at the receiving antenna, and then repested the steps for

part one again. We did this entire process for two transmitting antennas, one was the stub
antenna that we eventualy chose to use and the other was alonger antenna with grester

gain. Our results for the antenna we chose are summarized below (tables 4.1 and 4.2).

Transmitting | Receiving Signal Transmitting | Receiving Signal

Antenna Antenna Strength Antenna Antenna Strength

0 0 9 0 0 9

0 45 7-9 0 45 89

0 90 7-9 0 90 9

45 0 9 45 0 7

45 45 9 45 45 5

45 90 9 45 90 7-9

90 0 9 90 0 5

90 45 9 90 45 S

90 90 7 90 90 S5-7
Table 4.8: HAM radio transmitting at high power Table4.9: HAM radio transmitting at low power

We were able to find that there was some variation in the received sgnd. The
worgt case was when we had the directiona antenna pointed 90 degrees away and the
transmitting antenna pointed straight up. There were variaions in the data when the
HAM radio was transmitting between high and low power, but the changes were not
drastic and we did expect adrop in the received signa strength when the tranamitting

power was lowered. Although this case was the worst we were il able to receive the
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data unflawed and were getting a pretty solid Sgnd.  Thistest gave usalot of

confidence in our communications link, showing to us that even with poor pogtioning of

the directiond antenna because of our entire communications system we would not be

risking a communication drop.

4.45 Future Work

Future work includes testing the Trimble GPS in coordination with the INV ERSE
software. Work has to be done to make sure the software gives accurate coordinates for
the vehicle asit’s moving, and to ensure it can process the information at the needed rate.
Along with the testing of the software, some sort of measuring device (dlong the lines of
alarge scale compass) must be congtructed. This gives ameans of accurately moving the
receiving antennato the coordinates received from the GPS and software. Sufficient

testing has been done on both the receiving and transmitting antennas. No further testing

Is required for the antennas as long as there are no drastic changes in the test drop plan.
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5. Computer System
5.1 Introduction

At the center of the SHARP vehicle, both physicdly and logicdly, resdesthe
computer system. At the lowest levels, the SHARP computer system is responsible for
the gathering of information from the various sensors onboard, maintaining knowledge of
and reporting the location of the vehicle, and operating the release and recovery
mechanisms. Asaresult of these respongbilities, the computer acts as a hub between dl
other mgjor systems within the vehicle. Since the computer acts as the hub, no other
system can function properly without it, placing the computer very high in importance.
To complicate this further, the computer system is dso the most dynamic system on the
vehicle and must respond gracefully to various emergency situaionsincluding the loss of
operation of other parts of the vehicle; however no system exists to recover from a
computer failure, and as aresult the quality in this syssem must be as close to perfect as
possible. The design decisions leading up to development represented this god of great
qudlity in both the hardware and software components of the computer system.

The computer system overal has many important congtraints. The computer has
to survive at very low temperatures, as well as great changes in acceleration and vibration
upon parachute rlease. Furthermore, it must accomplish dl of its basc functiondity
usng only the minimal power available.

It was decided early on that separation in desgn and implementation between the
hardware and software subsystems would achieve these goas with the greatest ease and

efficiency. Asaresult they are presented here in separate subsections.
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5.2 Hardwar e Subsystem
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Figure5.1: AVRMini Proto-board

The hardware subsystem had two mgjor parts. the Atme AVR microprocessor
and the circuit board on which it is mounted. The hardware solution decided upon was a
sngle centrd Atmd microcontroller supported by externd flash ram for data storage. It
was mounted on an AVRMini 3.1 development board, with an integrated power
regulation system.

The single central microcontroller was picked over an array of pecidized ASICs
and microcontrollers, because a sngle microcontroller uses less power and leaves fewer
thingsto go wrong. Also, having a centra computer aids greeily in the programmability

and resulting flexibility of later projects using the same equipment. The Atme chip was
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picked over the many other brands because members of the team were aready
experienced with the line of microcontrollers.

Within the family of Atme microcontrollers, many were availadble. Some had
less functiondity, but more software support, while others had cutting edge performance,
but were more difficult to use. In the end, the Atmd Atmega 128 microprocessor was
chosen. It hasdud serid UARTS, abuilt in 10 bit 8 input analog to digita converter,
numerous digital input-output ports, and can run at frequencies up to 16MHz. Inthefind
implementation, the UARTs were used to communicate with the GPS and HAM radio,
the digita ports were used to control parachute and vehicle release, and the built in
anaog to digital converter was used to read data from the various onboard sensors.

The AVRMini 3.1 development board was chosen for the flight vehicle aswdll as
development. Thisboard' s integrated power supply alowed for the power of the
microcontroller to function independently of the rest of the vehicle. Thisalowed the
microcontroller the ability to monitor the power state of the rest of the system and react
accordingly.

Two mgjor design decisions were made during the hardware design: the choicse
of the Atme Atmega 128 chip, and the choice of the AVRMini 3.1 board. The Atmd
Atmega 128 chip was specificaly purchased due to its technica capabilitiesin spite of
the fact that less software support existed for it within the RSL environment. The
technicd abilities were decided to be more important because success required them. If a
lesser microcontroller had been used, more complex switching schemes would have been
needed such that multiple devices could share one UART. Alsp, its higher maximum

frequency would alow the development team to be able to add more software
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functiondity with only the change of asingle clock crystd. In the end, the decison to
use the Atmega 128 was clear.

The more difficult dilemma was that concerning the board on which to mount the
Atmega 128 chip. The AVRMini 3.1 development board was chosen as the flight board,
rather than separate flight eectronics, for severd reasons. Since the design verification
occurred on the AVRMini board as the software was devel oped, much testing was done
dready. Thisdiminated the need to do as extensive software testing would be required
for new hardware circuitry. The power draw of the AVRMini board was greater than
custom circuitry would be, however this power loss was judtified because it alowed the
Atmd to monitor the power of other systems onboard the vehicle independent of its own
power source. This gave the Atmega more time to react in the case of a power failure.
The fina mgor issue consdered was temperature. The custom circuitry could be built
out of components al designed to operate a the very low temperatures that the SHARP
vehicle would encounter at drop dtitude. This became less of an issue onceit was
decided that therma coupling would be sufficient to kegp most of the important
electronics on the vehide functioning during flight.

The testing conducted on the hardware portion of the computer system consisted
mainly of expected usagetesting. This conssted of running the software on the hardware
while it was connected to various sensors to verify that the hardware did indeed function
properly. Dueto lack of smulation equipment and facilities no temperature or pressure
testing was conducted on the hardware to guarantee proper functioning in extreme cases.

Later sharp teams can build upon this moduar hardware system easily. The

mgority of future work focuses on quaity assurance and testing. To begin with, a



smulation microcontroller should be developed in pardld with the continuing
development of the primary avionics microcontroller. Since they will have the same pin
configuration, the smulation microcontroller would be able to Smulate any possible set
of inputs to the primary microcontroller. Thiswould dlow exhaudtive Smulation testing
of everything from failed components, to dow power failure of the main power supply
due to temperature drop. Furthermore, testing should be conducted with the other
electrica components integrated in pressure or temperature chambers to the point of
falure. Thiswould redidicaly smulate possible unexpected failures that may occur that
the computer hardware would be forced to recover from.
5.3 Softwar e Subsystem
5.3.1 Introduction

This data collection, storage, transmission, and recovery will be the job of the
software subsystem. Thelow cost Atmel AVR microcontroller is directed by the
software to collect the data from the various array of sensors, as well as GPS location
data, and record al of this data onto flash memory, and transmit critica data back to the
base gation. The software subsystem will meanwhile manage events such asthe
detachment from the balloon and the parachute deployment. 1t will dso be the only
intelligence avalable to react to falures in other systems on the vehicle in agraceful
manner. If the computer system isthe logica hub of sharp, then the software subsystem
isthe logica hub of the computer system.
5.3.2 Design

During the design andysis phase, various Sandard analys's exercises were

conducted to determine the requirements of the software subsystem to the greatest extent
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possble. Thiswasthe mogt vita component of the software life cycle. Thefirst
exercises conducted included system stories and their trandation into a system state chart
in coordination with the SHARP flight plan and dectrica power budget. See appendix L
for these system Stories.

Requirements Andyss

?? Tranamit dataat maximum rate dlowed by tranamisson device

?? Capture data and store data at maximum rate alowed by sensors and recording
device

?? Meet hard deadlines including release of module from balloon and deployment of
parachute

?? Maintain continuous contact with base sation

Subsystem Specifications:

?? Inputs
0 Air pressure and temperature readings over the duration of a high dtitude
descent
0 GPSdatafrom module
0 Acceeration readings from onboard accelerometers
?? Intermediates
0 Knowledge of modul€ slocation and dtitude
?? Functions
0 Storeonly pertinent data
0 Tranamit only critical data
0 Reeasefrom ascent vehicle
0 Deploy recovery system
0 Trangmit location after landing
?? Outputs
0 Petinent data Sgnas sent to nonvolatile sorage device
Criticd datasgnds sent to transmitter
Signa sent to release device
Signd sent to recovery system
L ocation data transmitted to base station

© O 0O
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Figure 5.2: Subsystem state chart

By the end of the design andlyss phase it was evident that dthough initia
requirements could be known, they would be very volatile and fluid throughout the
software subsystem development.  This was an obstacle that none of the other disciplines
on the project would have to ded with, and as aresult raised the risk associated with the
software development significantly. Specid precautions would have to be taken to
ensure that rework risk was dealt with.

The main software design of the computer system is very sgnificant to the
function and maintenance of the project. If the system errors on the side of function,
some part of the sysem will fail to function, passibly by missing a hard deadline, and
disaster will result; however, if the fallure is on the Sde of maintainability the project will
gtill gppear to be a success until the next group attempts to take it to the next level and
finds amass of spaghetti code. To find a balance between these two extremes, three
options were considered for the software architecture of the system: object oriented,

multithreaded sequentia, and Straight sequential.
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Object oriented architectures, even in smple embedded systems, have been very
popular snce the 1980s for their strong positives in maintainability and devel opment.
This system could be very easly objectified from the functiond block diagram and
development would be very fast, and modular. Also, testing is much easer with this
system. However, the limited CPU cycles of the embedded microcontroller dmost
completdy diminate this option. Even though it does run C++ code well, the overhead
that comes with objects a dl isfar too high for this project. For this reason object
oriented is not aviable architecture.

The next logica option is sequentia code with multiple threads. Thiswould
alow the systlem to manage a transmission thread while it Smultaneoudy manages adisk
writing thread. Thiswould aso befairly easy to develop. Threads could be terminated
or spawned upon state changes of the overal system, and they could use shared memory
eadly with minima need for semaphores and other protection code. However even the
overhead of a context switch may be too much. Also with only one CPU inddled, true
Smultaneous execution, which iswhat would be necessary, cannot be attained. Also,
testing of such asystem is very difficult because the order in which ingtructions are
executed cannot be predicted. A deadlock between any two threads would result in
disaster.

Thefind option, which is usudly the hardest to improve and maintainisasmple
program of sequential code. This would have the lowest overhead and would alow for
maximum data collection. Also, with proper documentation the maintenance it can be

scalable and managesble.
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5.3.3 Design Analysis

The design architecture phase of the SHARP software subsystem progressed
naturaly from the design andyss. An architecture had to be devel oped that was easy to
change, easy to test, and efficient. Thiswasadifficult set of requirementsto ded with.
Asaresult, for the decison of design architecture, the decison matrix was used.
Sequentia code won the contest, just ahead of object oriented architecture. Thiswill
dlow for maximum efficiency, which is the most important requirement of the project, as
well as adequate testing, which is equaly important. Both the sensors and the transmitter
can be easlly utilized to their maximum abilities. The hard deadlines can dso be easly
met since only smple switching code is required to execute them. This Smple switching
code will be very easy to test completely.

Thiswas the architecture sdected for this systlem dueto itsraw efficiency. 1t will
be made up of sequentialy executed blocks of code each corresponding to aphase. They
will be separated by condition statements to determine when the phase switch is to occur.
If even greater gpeed is required the code blocks can be written in assembly fairly easily
yielding extremely high performance out of dow amicrocontroller. Thiswill dso dlow
usto utilize alower power microcontroller thereby saving battery weight or energy for
incressed transmission time.

5.3.4 Implementation

Asaresult of the design architecture decided upon, the implementation lowered
in risk and became much easier than the dternative options, however, sgnificant risk ill
had to be dedlt with. To respond to thisrisk, a development process was picked

specificaly to ded with fast changing requirements. Only one development process
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exigs that is designed to handle Sgnificant changes in requirements at any time, and that
development processis eXtreme Programming. Coincidentdly, it is known to work well
on smal projects, however | was still not sureit was best. | gpplied the decison matrix
again to ensure that this was the right development model for the project. 1t was put up
againg various development modds | had used in classes previoudy. These
development model s include the chaotic method, most commonly used in programming
labs, the iterative development modd, taught in many programming labs, and the
eXtreme Programming mode, which worked very well in one programming lab.

The matrix yielded eXtreme programming as the victor in this smal competition.
Asareault this development model will be used. The milestones are fairly clearly laid
out, 0 the initid planning will be smple. Weekly meetings dso suggest aweekly
development cycle may be agood idea. See Appendix E for afurther description of the
eXtreme Programming plan induding alist of milestones and their component tasks.

In eXtreme Programming there are four variables, one of which must not be fixed.
These four variables are qudity, time, effort, and feastures. Qudity is obvioudy fixed,
snce any failure will result in fallure to the entire project. Timeisrdatively fixed as
well, since the project must be completed &t the end of the winter quarter. Effortisas
well fixed snce | was the only engineer developing the software sysem. The only
vaiable remaining is features. Featuresthat can be implemented later in the project
include performance improvements and more advanced communications agorithms.
Also pushed on to the backburner at this point was the secondary microcontroller test

bed.
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The actua development proceeded in paralel with the dectrica system
development. This alowed design verification to be conducted as the software was
developed and dso dlowed any changes to be made before the impact of such change
became great. The time spent properly choosing a process and using it to the fullest
extent possible paid off at thistime.

5.3.5 Testing and Quality Assurance

The software system was tested at the same time as the hardware portion of the
computer system. The various sensors and other eectrica systems were connected to the
microcontroller and the system was run as awhole. Specia software prototypes were
developed that compressed the phases of the flight, or ignored some completely. This
alowed the tegting to be conducted in atimely fashion and only of the functionsin
question. Thistesting was by far inadequate for aflight, but proved suitable for design
verification purposes.

5.3.6 FutureWork

Much remains to be done in the software portion of the computer system. Future
groups may wish to demand more stability in software system requirements as
requirement fluctuation proved to be the mogt difficult part of the software system. This
will be more feasble for future projects because a mgority of the design work has
aready been completed. In addition to this, the next software team should devise pure
software methods for testing various functions of the vehicle. Thiswould dlow even

fagter testing than the simulation microcontroller described in the hardware section.
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6. Other Issues

With an engineering project of this magnitude the focus can't be made just on the
work of the project. In any engineering endeavor certain issues will arise that are
effected by a project. In this section some of these issues will be explained in relaion to
the SHARP project.
6.1 Social

SHARP hasthe potentid to be avery high profile project. Aswith any space
program project thereis an effect on not only those involved with the project but those
people of the country or countries where the module is produced. These projects create
excitement among the society and stimulate the job market. SHARP has the potentid to
improve immensdly the safety and performance of our space explorations. By changing
the aerodynamics and using ultra: high temperature tiles this will vastly decrease chances
of disaster on re-entry. With less disaster and turmoil there will be more support from
citizens, paliticians, €etc., to endorse space programs.
6.2 Political

Since NASA is a government funded organization, SHARP must be paliticaly
driven. By developing a prototype of are-entry vehicle usng SHARP technology, we
created an example and evidence that could be used to get proper funding from
government agencies to increase awareness of the space program. With this, further
research could be done on SHARP and other space related projects to advance knowledge
of our space system. |f community interest in SHARP and NASA is heightened,
lobbyists and the voting public will seeto it that politicians in favor of improving our

Space program are elected.
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6.3 Economic

Funding for our project was contributed from the research grants that Professor
Kitts has obtained. With a project with high complexity such as SHARP, funding will
become ahugeissue. Inthe initid prototype sensors, materids and testing will be
affected due to the funding, but with a proposed test flight and prototype, NASA could
become a sponsor and contributor to the Santa Clara University divison of SHARP.
6.4 Health and Safety

SAfety and hedth are key problemsin developing our prototype. While we are
not preparing atest flight in space, we are planning on doing a baloon drop in the desert.
Here arises a problem: we are dropping from gpproximately 80,000 ft and the leading
edge of the vehicleis metd and very sharp. If the parachute does not open it becomes a
flying wesgpon that could cause serious injury to any bystandersincluding oursdves. If
we want to drop we have to go through rigorous quality assurance. Since the liability is
high, FAA forms were completed to make sure that it isnot only lega but safe to
continue with testing.
6.5 Manufacturability

Manufacturing of our vehicle was a very difficult problem especidly for our
mechanica engineers. Condructing the front tip and the outer shell were very long and
arduous processes that they had to ded with. If we had adequate funding, we could
idedlly have had the front tip and outer shell professondly crested. While we haven't
dropped the vehicle yet, thislack of perfection in manufacturing the tip and outer shell
will affect our dynamic data. Asfor the dectricd side of manufacturing, we would have

most likely created PC board circuitry instead of the soldered circuits we created for the
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sensor and power systems. With more knowledge and funds we could have produced a
more efficient wiring system ingde of SHARP that would alow for optima space
consumption.
6.6 Sustainability

With any prototype, it is not expected that it will be used for along duration. Our
SHARRP prototype is designed to get further funding, not to be the final design for mass
use. We anticipate improvements, including; added sensors, higher quality sensors, video
capabilities, and flaps added to the shell to increase control of the ship from the ground
gation. Also, unknown new technology that could ultimately replace SHARP s design
could be in development.
6.7 Environmental | mpact

Our project has no immediate environmentd effect, but if future versons of
SHARP are funded, the use of resources to creste these vehicles could have a smal
impact. The materids are used to manufacture the vehicle will ultimately influence the
environmenta impact it has such as the duminum shavings from manufacturing the tip
and the fumes from the acrylic cement used to create the shell.
6.8 Usability

Usahility is not akey factor with our product. The persons using our technology
would be scientigts, researchers and astronauts al of whom would be technicaly
proficient in the design and uses of our vehicle. Asfor our prototype, the ground stations
consigting of alaptop and antennawill be used to track our prototype and to collect data.
The wiring housing insde SHARP is easy to remove dlowing for access to change and

update the components and wiring aboard the prototype.
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6.9 Lifelong L earning

This project taught us lifelong learning on severd levels Fire, we learned the
vaue of our education as undergrads when entering the project. Much of the preliminary
research and analysis was using knowledge from previous engineering classes, teaching
us that the classes build upon one another. Secondly, our SHARP project isa small
portion of NASA’s SHARP project, making research of their previous work essential
before starting to design our own vehicle. Also, we have the hopes of our vehicle
contributing to the overadl SHARP project, making subsequent vehicles/experiments
more va uable because of the previous work of which they are based.
6.10 Compassion

The overal purpose of the SHARP program is to make space travel safer by
further advancing reentry vehicle development. While our part in SHARP isavery smdl
factor in the overdl purpose, we have provided NASA atesting vehicle with which they
are able to obtain useful empirica data. Our contribution for the project was essentialy
voluntary considering we received no funds from NASA, the primary customer. We did
this project to devel op ties between the university and NASA, hoping that NASA will
recognize the value of undergraduate engineering teams, and consequently, benefiting
future senior-desgn teamsfinancaly.
6.11 Theintegrated natur e of engineering, math, and science topics

Because the purpose of the project was to obtain and record data pertaining to
pressure distributions and dynamics of the vehicle, an extensive amount of physics theory
was used to andyze the flight. This physics theory included fluid mechanics, and generd

dynamics. On severd occasions, we were referencing old text books from past generd
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engineering classes, and were happy to be getting some use out of them. Math, of course,
was used frequently throughout al applications, and very heavily in the moments of
inertia calculations of dl vehicle parts. To say the least, the project definitely acted asa
culminaing experience to an entire engineering educationa program.
6.12 The importance of building prototypes

The most important lesson that we learned from building a prototype of the
vehideisthat the manufacturing processis dways alot more time consuming than
expected. A full-scade prototype of the vehicle housing, front tip, frame, and parachute
was made after the firgt two months of design. By making it full-scale, we saw how much
limited internal volume we had to house the e ectronic components, and made us rethink
some of the smdll design detalls. The prototype taught us the importance of extensve
preliminary design in an engineering project. The more early detail design, the eesier the

manufacturing process becomes.
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7. Summary and Conclusion
7.1 Summary

In conclusion, the SHARP team a Santa Clara University took on the difficult
task of designing, building, and testing an initid SHARP L prototype reentry vehicle
cgpable of collecting data relevant to the naturd flight dynamics and pressure ditribution
related to its unique aerodynamic geometry. This was accomplished without graduate
student assistance, and on alimited budget. Thiswork involved specid focusesin each
of the disciplines making up our SHARP team.

The Mechanica Engineers on the project were given a set of physical condraints
including the idedl shape of the vehicle aswell as direction in which it should fall. From
this smd| data set a vehicle was designed that not only had a proper aerodynamic
geometry, and properly located center of gravity, but aso was manufacturable with great
cog effectivenessin ardatively short time frame. Thiswas accomplished by partitioning
the module into the mechanica subsystems of the front tip, outer shell, internd frame,
backend plate, and parachute recovery subsystem. The front tip was machined in house
out of asolid block of duminum, while the outer shell was thermoformed out of acrylic
in ahome oven over hand made clay molds. Theinterna frame was constructed out of
avidions oldest frame materia, wood, to save weight and manufacturing costs, the back
end plate, congtructed largely out of the same acrylic used to form the rest of the outer
shell, was designed to finish off the geometry and mount the most critical sensor array in
the vehicle while till alowing room for a parachute release, and findly the parachute
recovery system, designed using prefabricated, off the shelf components, was designed

and tested to withstand even the harshest shocks of deployment.
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The eectrical system had different set of important congraints including the very
low temperatures and pressures of upper atmosphere flight, the extremely low power
consumption required for welght saving reasons, and of course the limited funding felt by
every member of the project. The power system was required to use affordable, off the
shelf components to power the various eectronics on the vehicle. Thiswas further
complicated by the sub-industrid temperature ranges that the vehicle would be exposed
to at dtitude and the limited power budget. The power supply had to operate at
extremdy high efficiency. Also, the onboard sensors, many of which would be directly
exposed to the environment, must gather accurate data with minima energy and financia
impact. Thiswas accomplished through in depth searching for the best possible
component available. Furthermore, the sensor system was additiondly responsible for
many of the health monitoring capabilities of the vehicle including battery temperature.
Communication and pogitioning presented difficult design decisonsaswell. The SCU
Robotics Laboratory supplied radios that had aready been tested on other projects at very
high dtitudes. The SHARP team was then responsible for determining the optimal
antenna configuration and location that would alow communication to the base station
which could be aon the order of thirty miles awvay using minima eectrica power. Link
equations and real world testing in the local mountains proved adequate to select proper
antennas and guarantee a satisfactory communication link to the base gation.

The onboard computer system, which acted as the hub between the other two
systems, required great care in engineering due to the fact that it was required to handle
possiblefalures of other systlems gracefully. This meant thet it could have no error itself

or this graceful recovery could be compromised. It was responsible primarily for the
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gathering, storage, and transmission of collected data as well as operation of vehicle
recovery and release systems and secondarily for hedth monitoring and emergency
mitigation. The hardware portion of the computer system was sdected due to familiarity
and codt effectiveness, consigting of an Atme Atmega 128 microcontroller chip coupled
with an AVRMini 3.1 proto-board. It alowed the reuse of design modules and source
code from previous school projects. On the other hand, the software portion of the
computer system presented no immediate financia cost and therefore was designed to
adapt to changesin other parts of the project. Thisalowed for maximum financid
flexibility of the other systems on the vehidle. Such flexibility of a software system at its
very roots, the externa requirements and input specifications, was no trivia task. Focus
was placed on qudity assurance through rigid process. eXtreme Programming was
chosen early on dueto its ability to adapt to changing requirements and input
specifications without disastrous results. The software was then implemented dongside
the dectrica system to minimize rework required due to requirements change.
7.2 Conclusion

With the completion of these systems, the first year of the SHARP project at SCU
concluded; however the story does not end there. Much was learned over the duration of
the project. The mechanica engineers learned that outsourced components, such asthe
planned fiberglass outer shell, may not aways be the best. 1t was dso learned that
manufacturability resources do limit the design such as the shape of the front tip. From
the dectricd sandpoint it was learned that testing should be considered from the
beginning as problems were encountered when it came time to test and calibrate the

pressure sensors. The computer engineer learned that no matter how much effort is put
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into requirements variation management, it sill posestoo much risk to dlow. Just asa
bridge must be given extremely precise requirements before it isto be designed, so too
much a software system be given requirements before design or coding isto begin.

With the knowledge of these and other lessons learned under their belts, a new
team of students will continue the SHARP project at SCU next school year. Thisyear's
team has left suggestions for the next team to continue the project. These future work
products include a front tip to be machined with more rounded edges that are tangent to
the flat surface, and a mechanism or method to properly test the parachute and recovery
systems without risk to the vehicle. Also, suggestions from the dectricd engineering
discipline include integration testing of the entire dectrical systlem over the duration of a
smulated flight. Thissmulation should include redigtic pressures and temperatures that
the SHARP vehicle would experience during thered flight. Then too, further work
needs to be completed to efficiently integrate the HAM radio into the rest of the onboard
controlled power system. Lastly, the computer engineer recommended to next years
group that a second AVRMini board coupled with an Atmegal28 chip could be used to
smulate every single output of the specified dectrica sysem. Thiswould dlow
extensve and exhaudtive testing of every possible failure and misson contingency.

In the end, thefirst year of the SHARP project was a success. The module was
designed, constructed, and tested to a great extent. It should also be noted that an
ongoing relationship between NASA and the SCU robotics |aboratory concerning the
SHARP mission has been initiated and will be sure to continue for many years. Many
lessons were learned and future suggestions passed on to later teams. The SHARP

project is sure to be an exciting and productive project at Santa Clarafor years to come.
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Appendix B: Detail Drawings

Designed/Manufactured Components

sta one io Part # Qty Material
Internal Frame FA1 1
Top plate FO1 2 Vi'ood
Support plate FO2 2 Wood
Frant plate A FO3 1 \VWood
Frant plate B FO4 1 Wood
Outer Covering CA1 1
Top shell Cco1 2 Acrylic
Side shell co2 2 Acrylic
Shell-tip A c03 2 Acrylic
Shell-tip B Cc04 2 Acrylic
Leading Edge LA1 1
Front tip LO1 1 Aluminum
Back End BA1 1
Back plate A BO1 1 Acrylic
Back plate B B2 1 Acrylic
Door BO3 1 Acrylic
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Appendix C: Assembly Drawings

Bill of Materials

Subsystem | Component Description | Part # Qty Material
Internal Frame FA1 1
Top plate F01 2 Wood
Support plate FO02 2 Wood
Front plate A FO3 1 Wood
Frant plate B Fo4 1 Wood
Outer Covering CA1 1
Top shell C 2 Acrylic
Side shell coz 2 Acrylic
Shell-tip A co3 2 Acrylic
Shell-tip B Ccog 2 Acrylic
Leading Edge LA 1
Frant tip L0 1 Aluminum
Back End BA1 1
Back plate A B0 1 Acrylic
Back plate B B2 1 Acrylic
Door B03 1 Acrylic
Miscellaneous
14" long, 4" dia, Flat-head bolt ek 20 Slainless steel
3" lang, 4 dia, Flat-head bolt hAO2 12 Stainless steel
12" long, 4" dia, |-bolt hA03 1 Aduminum
L-bracket M4 12 Aluminum
Mt K05 32 Stainless steel
Mylon bolt MW0G 2 Mylon
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Appendix D: Project Design Specification

Design Project: SHARP Reentry Vehicle

Team: SHARP

Date May 24, 2003 Revison: 4

Datum Description: NONE—SHARP is a pioneering project

PARAMETERS

ELEMENTS/REQUIREMENTS | UNITS DATUM* | INCREMENTAL | BEST
Communication Link
# of data channels #of pins 8 12
Data sampling rate Hz 2 5
On-board data storage KB 30 50
Transmit data rate bit/sec 1200 2500
Data sample resolution bit 8 16
Duration of data gathering Sec 95 120
Transmission range Mi 30mi 50mi
Physical Properties

%length
Center of mass from tip 35 15

%length
Center of pressure from tip 70 85
Target drag coefficient 0.45 0.3
Mass Kg 6.67 2.75
Angle of tip degree 11.3* 12 9.5
Volume m3 0.03 0.025
Usable volume m3 0.015 0.02
Length M 1.00* 0.67 0.75
Width M 0.425* 0.33 0.4
Thickness M 0.165* 0.11 0.2
Environmental Factors
Max winds km/hr 100 150
Drifting distance M 2000 500
Max lateral acceleration m/s2 10 15
Altitude achieved M 24,000 30,000
Max temperature of air deg. C 20 35
Min temperature of air deg. C -60 -80
Max temperature of surface deg. C 50 70
Max atmospheric pressure Pa 101,325 110,000
Min atmospheric pressure Pa 2800 1100
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Operational Factors

# of accelerometers 3 5

# of pressure sensors 7 20
GPS accuracy range M 5 0.002
Time to deploy parachute Sec 5 3
Ascension time Min 90 60
Total system power watts 50 40
Operational lifetime #of drops 2 10
Shock from parachute

deployment G 8 4
Shock from ground impact G 2 1.5

*angle value from Montana SU SHARP vehicle—thisis the only datum taken from this project
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Appendix E: Decision Matrices
M echanical System Design Decision M atrix

CRITERIA TOTAL |[FACTOR
1/Cost 5.0 5.5
2|Weight 3.0 3.5
3|Vehicle Safety 5.0 5.5
4|Aesthetics 0.0 0.5
S|Stability 2.0 2.5
6|/Accessibility 4.0 4.5
/|Data Gathering 55 6.0
8|Reliability 35 4.0
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Design Ideas

Parachute recovery
systems Balloon drop systems Basic geometry
Pre-
Multi-  |deploy
stage |ment
CRITERIA parach [stream [Single . Carriage/ Minor.
FACTOR |ute ers parachute [Hot wires [trap door |explosion [Slender |Fat Flat Rounded
Cost 55| 3 17[ 4 22| 4 22| 3 17 2 11 2 11f 3/16.5 3165 3 17 2 11
Weight 3.5 3 11| 4 14 4 14 11 13 3.5 3 11f 3105 20 7 3 11 3 11
Vehicle
Safety 5.5/ 3 17{ 1] 5.5 1 5.5 3 17] 3 17 1] 5.5 3165 3165 3 17 3 17
Aesthetics 05 315 3 1.5 3 15 3 15 2 1 3 15 3 1.9 2 1 3 1.5 4 2
Stability 25 375 2 5 2 50 38 75 3 75 3 75 375 22 5 3 75 4 10
Accessibility 45 3 14| 3 14 3 14| 3 14| 2 9] 2 of 3135 4 18 3 14 3 14
Data
Gathering 6.0 3 18 18 3 18| 3 18| 3 18| 3 18/ 3 18 3 18 18 3 18
Reliability 4.0 3 12 4 8 3 12| 3 12| 2 8 3 120 3 120 3 120 3 12
TOTAL | }mj [ 84” 88” 96” 79” 71” 96“ 94'! 96” 94
RANKING 1 3 2 1 2 3 1 2 1 3
Internal frame
CRITERIA FACTOR |[l-beam Hollow interior | Simple supports
Cost 5.9 3 17 3 17, 3 17
Weight 3.9 3 11 2 7 4 14
Vehicle Safety 5.5 3 17] 2 11 2 11
Aesthetics 0.5 3 1.5 3 1.5 3 1.5
Stability 259 3 7.5 2 5 2 5
Accessibility 4.5 3 14 2 9 2 9
Data Gathering 6.0 3 18] 3 18 3 18
Reliability 4.0 3 12| 3 12 2 8
TOTAL M 96” 80“ 83
RANKING 1 3 2
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Softwar e System Design Decision Matrix

CRITERIA TOTAL |[FACTOR
1|Performance 3.5 4.0
2|Maintainability 15 2.0
3| Test Ease 3.5 4.0
4|Development Ease 0.0 0.5
5|Scalability 1.5 2.0

Design Ideas
Development Architectures Development Model
Object Multi- eXtreme [ltterative
CRITERIA FACTOR |Oriented [threaded |Sequential [Chaotic|Pgrmg. |Dev.

Performance 4.0 1 4 3120 5 20/3 120 3 12| 3 12
Maintainability 2.0 5 10 2l 4 3 6|1 2 4 8 3 6
Test Ease 4.0 4 16 1 4 4 16/1 5 20/ 4] 16
Development
Ease 0.5 4 2 2| 1 3 155 2.5 2 4 2
Scalability 2.0 4 8 316 2 4|1 2 4 8 3 6

ey B OE 4750 22. 49 42

rankine [ T 3 1 3 1 2
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Appendix F: Timelines

Mechanical Engineering Timeline

Fall Quarter:

Week of:

9/23

9/30

10/7

10/14

10/21

10/28

11/4

1111

11/18

-Entire project team meets

-Deveop athess satement
-Rough block diagram of our system

-Begin designing more detailed block diagram of system and listing parts and
materids

-Begin designing layout within SHARP vehicle and braingorming timdline
-Determine aloose weight gpproximation for vehide

-Braingorm subsystem tests with repect to communication link and data
acquistion

-Create detalled functiond block diagram of entire system and al subsystems
-Contact sponsor and relay project layout and refine customer needs of project
-Tradeoff andlysis of borderline design parameters

-Research for needed and necessary partsin system that aren’t available in RSL
-Debug detailed functional block diagram after meeting with advisor

-Begin discusson of outer fusdage materid for vehidle

-Project planning, rapid prototyping

-Print copy of customer needs and turn in report

-Functiond analysis of block diagram/system layout and review
-Initid analyss of prototype, product architecture and planning
- Determine component communication and functiondity

- Selection matrices for design, QFD

-Finite dement andysis of vehicle and research FEA with past vehicles
-More development of mock up and initid drawings

-Determine in more detail cost and budgeting

-Continue andysis of prototype

-Begin conceptud design of vehicle
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-More FEA
- Continue development of mock, drawings, and andysis

11/25
-Thanksgiving Holiday Week

12/02
-Continue mock up and initid drawings of vehicdle
-Conceptual design report and andys's report
-Findize cogt edimating
-Clean up design notebook

12/11
-Turn in design drawings
-Turn in mock up

Winter Quarter:

112
-Purchase Al for front tip
-Meet with machine shop managers about tip machining procedure
-Contact fiberglass manufacturers for outer shell
-Weigh and measure purchased control/communication components
-Obtain necessary honeycomb

/19
-Begin machining front tip
-Begin drawings
-Discuss outer shell materid and manufacturing

1/26
- Continue machining front tip
-Continue drawings
-Review budget and make report
-Revise product design specification
-Plan a the independent conceptua design review for sponsor

2/2
-Continue drawings
- Continue meachining front tip
-Begin machining some honeycomb
-Decide on shdl manufacturing
-1f necessary, continue FEA of more parts

2/9
-Finish drawings
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-Decide on details of outer shell manufacturing
-Continue tip machining

2/16
-Continue tip machining
-Begin outer shell purchasing of components
-Meet with parachute and high dtitude balloon expert

2/23
-Continue tip machining
-Begin outer shdl manufacturing
-Begin parachute design and placement

3/2
-Begin design of placing interna componentsingde vehicle
-Decide on wood for internd frame meateria
- Continue assembly drawings
-Continue tip mechining
-Write Progress Report and plan a presentation
-Purchase parachute

3/9
-Finish front tip
-Begin assambly of internd frame
-Complete any overlooked details and fine-tune vehide
-Finish assembly drawings
- Refine budget

3/16
-Turn in assambly drawings
-Finish assembly of internd frame
-Purchase a high dtitude baloon

Spring Quarter:

3/30
-Write table of contents and introduction to Thesis
4/6
-Interview with Alumni Association for funding
-Begin manufacturing of back end system

4/13
- Continue fastening interna components
-Update PDS and do an experimental protocol
- Continue manufacturing backend system
-Parachute purchasing
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4/20

4/27

5/4

5/11

5/18

5/25

6/1

6/8

-Turn in updated PDS and experimenta protocol
-Finish back end plate
-Parachute arrives

-Begin preparation for Senior Design Conference
-Finish back end door for parachute

-Senior Design Conference presentation

-Busness Plan

-Begin writing Thess
-Takedigitd pictures

- Parachute experiments

-Turnin Busness Plan
-Continue working on Thess

-Finish up adraft of the Thessand turnin
-More parachute, CG and weight testing

-Continue working on Thesis for improvements
-Open House for hardware

-Finish find draft of Thessand turnin
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Electrical Engineering Timeline

Fall Quarter:
Week of:

9/23

9/30

10/7

10/14

10/21

10/28

11/4

11/11

11/18

11/25

12/02

12/11

-Entire project team meets

-Develop athess statement
-Rough block diagram of our system

-Begin designing more detailed block diagram of system and listing parts and
materids

-Begin desgning layout within SHARP vehicle and brangorming timdline

-Braingorm subsystem tests with repect to communication link and data
acquistion

-Create detailed functional block diagram of entire system and al subsystems
-Tradeoff andlysis of borderline design parameters

-Research dectrica components necessary for prototype
-Debug detailed functiona block diagram after meeting with advisor
-Project planning, rapid prototyping

-Functiond anayss of block diagram/system layout and review
- Determine component communication and functiondity

-More development of mock up
-Determine in more detail cost and budgeting
-Continue andysis of prototype

-Begin conceptual design of vehide
- Continue development of mock, drawings, and andyss

-Thanksgiving Holiday Week

-Continue mock up and initial internal eectricd drawings of vehicle
-Conceptua design report and anaysis report
-Findize cogt edtimating

-Search for sensor components
-Pick up components available at RSL 1ab.
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Winter Quarter:

112
-Purchase Accelerometer, Pressure Sensor
- Familiarize with communication sysem
/19
-Begin work on power budget
-Research possible power sources
1/26
-Communication System equations devel oped
-Review budget and make report
-Revise product design specification
-Plan an independent conceptua design review for sponsor
2/2
- Purchase communication components. antennas and connectors.
-Prepare for communication test
2/9
-Finaize power budget
-Select and purchase batteries
2/16
-Create awiring diagram
-Conduct communications test on Mt. Hamilton
2/123
- Research voltage regulation system and purchase components
- Purchase temperature sensor
3/2
-Begin implementation of sensors
-Write Progress Report and plan a presentation
3/9
-Implement power and voltage regulation system
-Research possible test bed for pressure sensors
-Continue cdibration for internd sensors
3/16
-Begin System leve tegting of dl components
-Implement GPS and HAM radio system
Spring Quarter:
3/30
-Write table of contents and introduction to Thesis
4/6
-Findize dectricd system including fabrication of dl circuits
-Ted the findized system with computer architecture
4/13

- Continue fastening internal components
- Continue testing components
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4/20

4/27

5/4

511

5/18

5/25

6/1

6/8

-Begin work on presentation for Senior Design Conference
-Continue testing and cdlibration

-Continue preparation for Senior Design Conference
-Finish presentation level prototype for demonstration

-Senior Design Conference presentation

-Begin writing Theds
-Takedigitd pictures

-Continue working on Thesis
-Finish up adraft of the Thessand turnin
- Continue working on Thess for improvements

-Fnish find draft of Thessand turnin

121



Computer Engineering Timeline

Fall Quarter:
Week of:

9/23

10/14

10/21

10/28

1111

11/18

11/25

12/02

12/11

-Entire project team meets

-Software Analyss Begins

-Create detailed functiona block diagram of entire system and al subsystems
-System Story Defined

-Hight Plan Defined

-AVR Family Chosen

-Thanksgiving Holiday Week

-AVR training sesson
-Atmegal28 Microprocessor and AVRMini 3.1 Proto-board Chosen

- Software Architecture Chosen

-Atmega 128 Microprocessor Acquired

-eXtreme Programming Chosen as Software Devel opment Model
-Fal Design Report Due

Winter Quarter:

V12

-Initid Software Requirements Defined

-AVRmini 3.1 Proto-board acquired
/19

- Software Development Schedule Defined
1/26

-Computer Engineering Design Review
2/2

-AVR Microcontroller and AVRMini 3.1 Proto-board Integrated
3/9

-Base Station Implementation Completed
Spring Quarter:
4/6

-AVRMini Fully Functiona
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-AVR Coding Begins
-Interview with Alumni Association for funding

4/13
-A/D Converter Analyzed and Calibrated
-Initid integration with Electrical System
4/20
-GPS and HAM Integration Begin
4/27
-Firg round of Integration Testing with Electrical System
5/4
-Senior Design Conference presentation
-S Design Conference
5/11
-Begin writing Thess
5/18
-Continue working on Thes's
5/25
-Finish up adraft of the Thessand turnin
6/1
- Continue working on Thesis for improvements
6/8

-Fnish find draft of Thessand turnin
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Appendix G: Budget

Partsin Possession and provided by RSL:

GPS

HAM radio

ATMEL Microcontroller

Parts Purchased:

Aluminum dab (for front tip) $100
Interna Frame Wood $15
Crosshow Accel. Sensor $377
Digikey Pressure Sensor x 5 $108
ATMEL memory chipsx 3 $33
SHARP sl $20
Comm./Electrica modifiers and connectors $50
Parachute $75
Internal fasteners $20
Total Expenditures $798

All funding for the SHARP project is provided by Dr. Kitts and the Robotic Systems
Laboratory. Other funding may be provided by NASA at alater point.
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Appendix H: Data Sheets

slalauwoia|aiie

Accelerometers

GEMERAL PURFOSE, LP SERIES

L

High Performance, 1-Axis and
A-dns Accekeromelens

Smiall, Lone-Cost

Relable Fackaging with
Serew-Dowen Mounting

Factory Calibrated

Applications

¥

¥

L4

e

12

Automotive Testing
Instrumentation

Equipment Monitoring

Sarclard Package

o

SIDEWIEW

1 oper

TOP VIEW

M

[.h

# g b
sarecia 11" sgace
o ewmaw

o L
B 5

Docwrani Part Blusnbssr S020.000 .01

New
DigCal Optiony

LP Series

The LP Series accelerameters ang o
cost, general purpase, linear accelera-
tion andfar vibration sensors available
mrangesof £ 49, £ 10 g, 2 25 q,

+ 50 g, and £ 100 g. Common
appleations are automotive lestng,
instrumentation, and equipment
manatoring. The LP Series <ensng
glement is a silicon micrg-machined

capacitive beam. The capacitve beam

i hedd in force balance for full scale
non-linearity of kess than 0.2 %.

The LF Series otfers wide dynamic
range, has excellent frequency
response, aperates on a single +5
WD poweer supply, and is easy to
interface (o standard data acquisition
systems. The scale tactor and the O g
autput level are both raticmetnic to
the power supply so the accelerometer
and arvy fallovang circuitng will rack
each other if the supply voltage varies
Alternatrvely, by specifying the -R
aption, an unregulated 8-30'V power
supply can be used

Compared 10 traditional piezoelectrc
and piezaresistive accelerometer
technolages, the slicon microe-
machined sensors affer equivalent per-
formance at a significanthy knaer cost
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The LP Senies is offered with a stan-
dard 5-pin fernale conmectar. The
highly flexible, low-mass cable
prevents disruptian of the measure-
et

in addition, Crossbow offers it rew
DigiCal cable and connector opticn
Thee DigiCal connector allows the wses
to read the sensar 10, serial number
and calibratian infarmation wsing an
12C bus commanly available on
macrocontrollers. This news option
furctions as a TEDS o Transducer
Electronic Datashest, allowing
customers Lo automatically readout
the SENS0e parametens uEon pawer up,

Crosshaw recommends is new
ACCEL-WIZARD data acquisition
systerm for use with the LP Series and
DigiCal . The ACCEL-WIZARD data
lagger and real-time data acguisitian
system is described on page 25, The
ACCEL-WIZARD is a capable high-
speed data acquisition system that
works with personal computers and
laplops via R5-232. The new DNgiCal
LP sensors plug into the &CCEL-
WIZARD. ACCEL-WIZARD recognizes
the sensors, their measurement range,
and calibration data. The ACCEL-
WIZARD and LF Series combinaton
allows tor turn-key test and measure-
ment that can be et up and canfig-
ured in a matter of minutes

ta 85134.2109
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Appendix |: Mass Budget

SHARP Mass
Budget 8/5/2003
Part Weight (Ib.) Dimensions (in.) Accuracy
Front Tip 5.69 10.5 x 6.25x 2.25 measured
Shell 2.02 16.75 x 8.42 x 5.63 measured
Frame (totals) 1.53 460.7 cubed measured
I-bolt 0.18 6 length measured
Batteries 0.5 .75 x.75x 1.25 measured
Ham radio 0.8375 55x2.25x%x2 measured
Antenna 0.275 cord measured
GPS 0.05 3.7x1.8x .54 measured
Accelerometer 0.1 1.75x 1.07 x .78 measured
Temp Sensor 0.007 125 x .125 measured
Pressure Sensors
(7) 0.04 bS5 x.5x.5 measured
4.25 x 3.0625 x
Microcontroller 0.333 .5625 measured
Parachute 0.441 60" diameter measured
Range for
unknowns 12 to 13
Average Total 12.0035
Max Total 13

127




Appendix J: Power Budgetx

Stages and
*all values represent Power
a max power needed Required
1 2 3 4 5 6 | Comments
Parachute
Components V(v) | I(ma) P(w) | Ascent Balloon Drop | Free Fall Dep. Par. Flight | Recovery
Ham Radio(transmit) 6 1100 6.600 6.600 6.600 6.600 6.600 6.600 6.600
GPS 5 100 0.500 0.500 0.500 0.500 0.500 0.500 0.500
Accelerometer 1 5 1.66 0.0083 0.0083 0.0083
Pressure Sensor 5 10 0.050 0.350 0.350 7 sensors
Parachute
deployment 6 3000 18.000 18.000
Balloon Drop
Mechanism 6 3000 18.000 18.000 Estimate
AtmelAVR mini
board 5 8 0.040 0.040 0.040 0.040 0.040 0.040 0.040
Temp Sensor 5 0.158 0.00079 0.00079 0.00079 0.00079 0.00079 0.00079
Miscellaneous 0.001 | 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005
Totals 43.199 7.141 25.141 7.499 25.141 7.499 7.140
Time Per Stage(h) 15 0.0014 0.25 0.0014 0.25 0.25
Energy
Required(wh) 10.7111925 0.035197113 | 1.87477375 0.035197113 | 1.87477375 | 1.78500125

Power Required(mwh)

Battery Supply:

16316.13548
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Appendix K: Moments of Inertia

Center of Gravity / Moments of Inertia 6/1/2003
Part Weight X Y z
(Ibs.) (in.) (in.) (in.)
Front tip 5.69 21 0 0
Shell 2.02 7.75 0 0
top plate 0.247 8 0 -1.785
bottom plate 0.247 8 0 1.785
right side
plate 0.062 5.24 3.735 0
left side plate 0.062 5.24 -3.735 0
back plate A 0.12 1.125 0 0
front plate A 0.17 15.325 0 0
back door A 0.2 1 0 0
parachute 0.441 3.5 0 0
Press. Snrs.
) 0.04 2 0 0
HAM radio 0.8375 12 1.5 0.5
MCPU 0.333 5.5 -3.9 0
GPS 0.05 7 3.9 0
Accel. 0.1 12 -1 0.5
I-bolt 0.18 15 0 0
Batteries 0.5 16.5 0 0
CG 11.2995 14.425 0.016 0.013
Actual CG 15.425 0.016 0.013
Distances
from 6.575 -0.016 -0.013
CG -6.675 -0.016 -0.013
-6.425 -0.016 -1.798
-6.425 -0.016 1.772
-9.185 3.719 -0.013
-9.185 -3.751 -0.013
-13.3 -0.016 -0.013
0.9 -0.016 -0.013
-13.425 -0.016 -0.013
-10.925 -0.016 -0.013
-12.425 -0.016 -0.013
-2.425 1.484 0.487
-8.925 -3.916 -0.013
-7.425 3.884 -0.013
-2.425 -1.016 0.487
0.575 -0.016 -0.013
2.075 -0.016 -0.013
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Mass

(slugs) X2 YN2 "2
CG distances 0.17670807 43.23063 0.000256 0.000169
squared 0.06273292 4455563 0.000256 0.000169

0.00767081 41.28063 0.000256 3.232804
0.00767081 41.28063 0.000256 3.139984
0.00192547 84.36423 13.83096 0.000169

0.00192547 84.36423 14.07 0.000169
0.00372671 176.89 0.000256 0.000169
0.0052795 0.81 0.000256 0.000169

0.00621118 180.2306 0.000256 0.000169
0.01369565 119.3556 0.000256 0.000169
0.00124224 154.3806 0.000256 0.000169
0.02600932 5.880625 2.202256 0.237169
0.01034161 79.65563 15.33506 0.000169

0.0015528 55.13063 15.08546 0.000169
0.00310559 5.880625 1.032256 0.237169
0.00559006 0.330625 0.000256 0.000169
0.01552795 4.305625 0.000256 0.000169

Individual

parts 7.51E-05 7.63923 7.639246

Moments of 2.67E-05 2.795115 2.79512

Inertia 0.0248 0.341454 0.316658
0.024088 0.340742 0.316658
0.026631 0.162441 0.189071
0.027092 0.162441 0.189532
1.58E-06 0.659218 0.659218
2.24E-06 0.004277 0.004278
2.64E-06 1.119446 1.119446
5.82E-06 1.634655 1.634657
5.28E-07 0.191777 0.191777
0.063448 0.15912 0.21023
0.158591 0.82377 0.982357
0.023425 0.085607 0.109031
0.003942 0.018999 0.021469
2.38E-06 0.001849 0.00185

about axis X axis Y axis Z axis

Moments of 0.352134 16.14014  16.3806
Inertia measured in (Ibs mass * inches squared)
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Appendix L: Software System Stories
Primary Sysem Story:

The craft will be turned on and loaded into the gondola of a balloon as the balloon
isfilled with hdium. The vehicle will complete a sef test upon power up to ensure that
al the sensors and communications systems operate correctly. This tests conssts of the
Sensors powering up, recording data a the ground level, recording that data, and
transmitting a copy of that data to the base gtation. Upon completion of thistes, the
computer system onboard will go into standby mode, except for the GPS system and the
accelerometer which will detect when ascent has begun. Once the craft is released, the
change in GPS readings and initiad acceleration will tell the onboard computer that the
ascent has begun and atimer will begin to count to 90 min. The only systemns on during
ascent are GPS and the onboard timer.

When the vehicle reaches 80,000ft, or the timer goes off, the computer will enter
release mode. Inthismode al of the sensors are powering up again and the release
mechanism is activated beginning the active descent phase. During this criticd time, the
HAM radio will begin tranamitting select data from the sensors, aswell asthe craft's
location aswell as recording data to onboard flash memory a a much higher frequency.
This phase will continue until the craft reaches 20,000ft, or the timer goes off. Thiswill
cause the sensors to power down and the chute to be deployed. GPS location data will
dill be transmitted. This phase will end when the craft is recovered.

Secondary System Story: (GPS failure at takeoff)
System powered up and runs through power on sdlf test. System transmits sensor

data and GPS data to base station and recorded onto local storage. Video camerais
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turned on and video stream transmitted to base dation. System passestest and is
prepared for launch. System lifts off and GPS failsto collect new data. System timer
passes 5 min and system shifts into begin ascent phase. Sensors are powered down to
standby mode.

System begins ascent and turns on camera for atakeoff shot of the ground crew.
GPSfailsto record location data, but false GPS data is transmitted to base station and
recorded to local storage anyway. Video isrecorded and transmitted to base station.
Timer expires (5 min) and system shifts into ascent mode.

GPS 4ill failsto record new atitude data, but false GPS data is sent down and
recorded anyway. Sensors and video arein standby to reduce power consumption. GPS
never reaches 80ft, but the timer expiresin 90 min so the vehicle deployment phase
begins.

During the vehicle deployment phase the sensors are sarted up and begin to
record at full speed. Thisdata, dong with the ill false GPS data, is recorded on local
storage. Samples of this data are transmitted down as fast as the connection dlows. The
video hardware is adso turned on and powered up now. The vehicleisthen dropped from
the parachute viathe sdf-destructing tether attached. The vehicle deployment phase ends
due to timeout Since the GPS cannot tdll if it has begun fdling yet.

The active descent begins and the sensors and GPS are dlill running at full speed.
Thiswill continue until the timer times out after aout 5 min of fal time. The sensors
will then power down, but GPSis till recorded and transmitted back to the base station.

The video hardware is now turned off. The active descent is over and the recovery phase

begins.
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In this recovery phase the system will attempt to deploy the parachute. It will
repeat this procedure until it can tell that the system has decdlerated. Since the GPSis
not functioning, it will continue to attempt to deploy until the timer expires5 min later.
Fdse GPS datais gill being transmitted back to the base station.

During the dow descent and recovery phase, the system will continue to tranamit
abad location; however we will be able to use multiple ham radios to triangulate its

location based on sgndl strength.
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