OVERVIEW



The purpose of the 2003 CSU Aerosat was to demonstrate the effectiveness of using adjustable “strakes” for controlling roll at high angles of attack.  A lifting body design, based closely on the M2-F1 lifting body, was chosen as the test vehicle.  This design needed a high angle of attack to provide enough lift to fly at lower air speeds.  Conventional control surfaces, such as ailerons and elevons, are not very effective at high angles of attack, due to the resulting flow separation of the air near these control surfaces.  Strakes, however, become more effective at higher angles of attack, making them ideal for stability control at these high angles.  The Aerosat used a flat, swinging plate which acted as an adjustable strake (Fig. 1).
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Figure 1

The lifting body was mounted on a shaft, running parallel with its longitudinal axis.  The body was free to move along this axis only.  The shaft was then attached to a frame, which held the body away from the other projects on the balloon tether and in the relatively undisturbed airflow (Fig. 2).

MATERIALS


The body was made of polystyrene foam (better known as “Styrofoam”), with a chassis built of balsa and bass wood for mounting the electronics.  This chassis was glued together using ordinary wood glue, then coated with an epoxy resin.  The frame was secured to the body by cutting holes into the Styrofoam, inserting the wood frame into the hole, then filling the foam with GreatStuff ™, an expanding polyurethane foam made by DOW.  The expanding foam was sticky and would expand inside the hole, effectively gluing and “squeezing” the wood into place. 


 The electronics were then bolted to this wooden frame using tiny machine screws and nuts (ANSI #4-40).  The inside surfaces of the Styrofoam body were lined with aluminum foil to help reflect radiated heat back into the electronics.


The vertical fins and strake plate were cut out of perforated circuit board, due to its low weight and relatively high stiffness.  These were then covered with orange “Econo-Kote,” a heat-shrinking plastic film used by R/C Model builders.  The body was also covered with this film.   This gave the body a smooth, protective coating.

RESULTS


Unfortunately, when the projects were recovered, the Kevlar frame was all that remained on the tether.  The main body, with all of its electronics, was lost during the flight.  The bearing was still attached to the frame, indicating that the bearing cap failed to provide enough clamping force to keep the body attached to the bearing during flight (see figure below).
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The bearing cap design relied solely on friction between the bearing’s outer surface and the bass wood cap, with a normal force provided by the screws clamping the caps together.  Designing the cap with a groove that the round bearing would fit in, resulting in an actual interference fit, would probably have prevented the bearing from slipping out of position and causing the body to detach from the Kevlar frame.  Ultimately, this failure was due to inadequate strength testing of the design prior to launch.  


The only testing that occurred was approximately 36 hours before launch, just after final assembly was completed.  Using Jeff’s car, the entire assembly was held by hand outside of the passenger window, at an angle roughly 30 degrees above the horizon.  Driving at 25 to 30 mph, the body attempted to maintain a level roll attitude while switched on.  The body would continually “overshoot” past the horizontal position, attempt to correct itself in the other direction, overshoot again, and so on.  This resulted in an oscillating roll back and forth, which did not diverge or converge but stayed fairly constant in speed and magnitude.  With the control system switched off, the body would roll uncontrolled to one side or the other.  This at least shows that the control method was providing some degree of stability, though crudely.

IMPROVEMENTS / THINGS LEARNED

Improvements to the initial Aerosat design would be:

1) A stronger way to secure the body to the frame and wire, and

2) Housing the data gathering equipment on the frame itself, instead of inside the body.

  This way, even if the body was lost sometime during the flight, the data could still be recovered.  

The two biggest problems encountered with this project were time management and a lack of testing.  The Aerosat was still being assembled the night before the Launch Readiness Review, and as a result, very little testing was done.  Structurally, virtually no testing was done other than running stress evaluations using Pro/Engineer software.  


To improve time management, a second structure mimicking the one to be used for the flight could have been constructed, so that destructive testing could have been used.  The frame and body used on the flight could not be fully completed until the electronics were finished, due to the close fit of all internal parts.  As a result, I found myself wasting time because I was waiting on other parts to get finished.  However, while waiting for the electronics to be finished, a second frame and body could have been made with dimensions at least very similar to the final design.  This would have allowed for structural testing, which among other potential problems would probably have identified the weakness in the bearing cap design.  


This project was very enlightening for me in learning proper project management.  The importances of testing on a new prototype, as well as making effective use of time, were really illustrated with this project.  While the results of the flight itself were a failure, I did learn a lot about airfoil design, using Kevlar-epoxy composites, and better methods of project management.  This was most definitely an opportunity I am grateful to have been given.

AeroSat Electronics

Introduction:


The electronics of the AeroSat project are broken down into two major components; the sensor board and the micro-controller.  The sensor board contains an altimeter as well as a servo control circuit.  A pressure sensor circuit was used to construct the altimeter and the circuits output is connected directly to the micro-controller.  AeroSat’s servo control circuit uses a potentiometer to determine the amount of roll the project is experiencing and its output is connected directly to a servo that controls the project’s wing.  The node before the potentiometer is connected to the micro-controller in order that the voltage change can be recorded to determine the roll of the vehicle.  A micro-controller acts as the brain of the system and runs a basic program that collects data from both the altimeter and the servo control circuit for analysis of the AeroSat’s effectiveness during flight. 

Micro-Controller:


The micro-controller we chose for the AeroSat’s brain was the MiniDragon+ from EvbPlus.  We chose this controller for many reasons.  It uses Motorola’s MC9S12DP256 micro-processor which resides in the HC12 family and has a 16MHz crystal that operates a bus speed of 24MHz.  There is 256k of flash memory available, so it can be used as a flash memory programmer.  Many extras are also included in the evaluation board that could be implemented in later experiments.  However, the main reason for using the MiniDragon+ is its extremely compact size and its light weight.  The board itself is only 2.2” x 3.2” and weighs a mere 45g.
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The program for the AeroSat was written in assembly language and assembled and complied using MiniIDE provided by MGTEK on their website.  The program first sets up basic functions and waits checks to see if the project is ready for flight.  Once the project is ready the program goes to the flight subroutine and sets up the needed functions in order to complete its tasks.  It then clears the memory where data will be stored and goes into a loop that takes measurements from the pressure sensor to determine if the desired altitude has been reached.  Once the altitude has been obtained the micro-controller begins the data collection.  Data is collected every 10s until the memory is either full or the program is manually interrupted.  Finally, the data is downloaded from the memory of the processor and analyzed.  The Program and Data were both stored in the ram section of memory due to the fact that I could not get the Flash memory and EEPROM to work correctly.  Given more time the program would auto start on power up using the EEPROM and store the data in Flash memory there for there would be no possibility of the data being lost due to loss of power.

Altimeter Circuit:


The altimeter was built using a Motorola MX4115AP integrated absolute silicon pressure sensor and three capacitors for power supply decoupling and output filtering.  This pressure sensor can measure a range of 15 to 115 kPa outputting a voltage of .2 to 4.8 volts respectively.  It is temperature compensated from -40° to 125°C and amplified internally.  This pressure sensor was chosen due to its light weight and small size.  Once this circuit was tested it was soldered onto the sensor board.
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Servo Control Circuit
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The servo control circuit was built in order to make the programming a little bit easier.  The micro-processor could have been used to control the servo; however, this would have made the software portion of the project much more complex.  To build the circuit a single 555 timer is used to generate the pulse width needed to move the servo.  The 555 timer is used in astable mode with a slight change to the charging and discharging portion of the circuit.  This circuit uses a potentiometer to vary the pulse width from approximately 1 to 2 ms.  This pulse variation is what drives the servo and moves the wing.  The potentiometer is orientated in such a way that as the AeroSat rolls the potentiometer turns moving the wing in response to the roll.  This response corrects the project back to its center and the servo and wing move back to their idol position.   The circuit that was used was chosen because of the use of the potentiometer.  It can be found at the Servo Driver website.  The resistance value R2 was modified to specifically tailor the output to our needs.  Once this circuit was tested and the appropriate resistance was found it was soldered onto the sensor board with the altimeter.
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The servo that was used was a Cirrus CS-10 BB.  It is a micro-miniature ball bearing servo that weighs only 5g and sports 7-8 oz-in of torque.  The transit time of the servo is .12sec/60°.  The small size and weight made this an ideal choice for our purpose.   It connects directly to power and ground as well as the output of the servo control circuit through the connector.  No additional circuitry was needed.  A three pin socket was built on the board for direct connection of the servo to the sensor board.

Power:
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Power was supplied to the electronics via three 9V batteries in parallel.  We chose the UltraLife 10year Lithium Batteries because they provided the most amp hours of any 9V battery.  The UltraLife batteries have a capacity of 1,200mAh at 900Ω up to 5.4 volts, thus three batteries in parallel are supplying 3,600mAh.  They operate at a large temperature range varying from -20° to 60°C and weigh 36.4g each; accounting for most of the electronics weight.  The micro-controller required a 9V supply voltage and had an integrated 5V regulator to drop the voltage down where needed.  The components on the sensor board needed a 5V operating voltage so a 5V regulator was soldered onto the board and used to supply these components with the correct operating voltage.

Heater:


Due to the small space for all the electronics to occupy, the AeroSat was not able to accommodate a conventional heat source.  Instead, three Christmas light bulbs powered by two UltraLife Batteries were utilized.  This setup allows the bulb to be placed in the exact location where heat is needed.  Also, due to the low resistance, the batteries output is pushed to their maximum so they too heat up slightly helping to keep the internal components warm during flight.

Final Product:


Once everything was tested and the altimeter and servo control circuits were soldered to the sensor board, a switch was built and power was supplied to the sensor board.  A power cable was created to supply the micro-controller with power and is attached to the sensor board before the voltage regulator.  A data cable was also constructed to connect the micro-controller with the sensor board so the analog to digital converter could input the data and store it in memory.  The program can then be loaded into the processor and run via a connector cable from the micro processor to a computer terminal.  The circuit schematic and connection schematic are seen below.
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The Electronics Circuitry
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The Two Boards and Connections

Program Code:


This is the program that was written to control the AeroSat.

******************************
*Register Equates            *
******************************
PORTAD0

equ
$8F

ATDCTL2

equ
$122

ATDCTL3

equ
$123

ATDCTL4

equ
$124

ATDCTL5

equ
$125

ATDSTA0

equ
$126

ATDSTA1

equ
$12b

ADR0H

equ
$130

ADR1H

equ
$132

ADR2H

equ
$134

******************************
*Symbol Definitions          *
******************************
SW3

equ
$20

; AN5
REGBLK

equ
$0000

; Register Block
CLRSTRT

equ
$2000

; Memory Clear Starting Location
CLREND

equ
$3B00

; Memory Clear Ending Location
MASK0

equ
%10000000
; AtoD Control Register 2 Mask, Both
MASK1

equ
%00001000
; AtoD Control Register 3 Mask, Altitude Check
MASK2

equ
%10000101
; AtoD Control Register 4 Mask, Both
MASK3

equ
%00000000
; AtoD Control Register 5 Mask, Altitude Check
MASK4

equ
%00010000
; AtoD Control Register 3 and 5 Mask, Data Collection
STACK

equ
$1800

; Stack Pointer
******************************
*Data                        *
******************************


org
$1500

clrchk

fcb
00

; check to see if memory has been cleared
altchk

fcb
00

; check to see if altitude has been reached
first

fdb
$2000

; memory block starting location
last

fdb
$3B00

timing1

fdb
1

; outer counter for 10ms delay
timing2

fdb
1000

; outer counter for 10s delay
timing3

fdb
500

; outer counter for 5s delay
inncnt

fdb
59999

; inner counter for all delays
******************************
*Startup Program             *
******************************
; The Startup Program sets up the micro-controlers basic functions.
; It also senses if we are ready to enter the Flight Program sequence.


org
$1000



lds
#STACK

; load the stack pointer


ldx
#REGBLK

; load the register block
begin

ldaa
portad0,x
; get AD0 value.


anda
#SW3

; mask switch bits


cmpa
#SW3

; check to see if a switch is toggled


beq
begin

; no key down


pshx


; wait to make sure its not noise


ldx
timing1

; 10ms timing


jsr
delay





pulx


ldaa
portad0,x
; get AD0 value.


anda
#SW3

; mask switch bits


cmpa
#SW3

; check to see if a switch is toggled


beq
begin

; key is not down it was noise


tab


anda 
#SW3

; test switch 3


beq
go



bra
begin

; must have been a glitch
go

jsr
flight



jmp
finish

******************************
*Flight Program              *
******************************
; The Flight Program sets up the functions needed during the launch and runs the needed subroutines.
flight

ldab
clrchk

; Check to see if memory has already been cleared


cmpb
#$00



bne
clrskp

; Memory has already been cleared


jsr
memclr

; Clear Memory



inc
clrchk

; Set memory cleared location
clrskp

ldaa
#MASK0

; Power up A to D Converter


staa
ATDCTL2,X





pshx


; Wait for Power Up


ldx
timing1

; 10ms timing


jsr
delay





pulx


ldab
altchk



cmpb
#$00



bne
again

; Memory has already been cleared


jsr
alttest

; Check Altitude


inc
altchk

; set altitude reached location
;

ldab
#$05
again

jsr
data

; Take Data



pshx


; Wait for next collection


ldx
timing2

; 30s timing


jsr
delay





pulx
;

decb
;

bne
again


ldy
first



cpy
last



beq
done



bra
again

done

rts
******************************
*Memory Clear Subroutine     *
******************************
; The Memory Clear Subroutine clears all the memory locations to FF.
; This is done incase of a stoppage or an error in the data collection so we know what data is real data and what is not.
memclr

pshx


pshy


ldx
#CLRSTRT
; Load 1st location


ldy 
#$FFFF

repeat

sty
0,x

; Clear Memory


inx


; Move to next clear location


inx


cpx
#CLREND

; Check to see if finished


bne
repeat



puly


pulx


rts
******************************
*Altitude Check Subroutine   *
******************************
; The Altitude Check Subroutine will check the altitude to determine if the project is gaining or losing altitude.
; Once the project is losing altitude the Data Collection Subroutine will be powered up.
alttest

pshx


psha


pshb


ldx
#REGBLK

; load register block
chkagn

ldaa
#MASK1

; initiate Control Register 3



staa
ATDCTL3,X



ldaa
#MASK2

; initiate Control Register 4



staa
ATDCTL4,X



ldaa
#MASK3

; initiate Control Register 5



staa
ATDCTL5,X

testa

ldaa
ATDSTA0,X
; wait for AtoD sequence complete


bpl
testa



ldaa
ATDSTA1,X
; clear flags


ldaa
ADR0H,X

; load Pressure Sensor


cmpa
#$A0

; Check to see if pressure sensor is maxed out (aprox. 45,000ft)


bpl
chkagn

; If not equal check again, if equal re-check


pshx


; Wait for next reading


ldx
timing3

; 5s timing


jsr
delay





pulx


ldab
#MASK1

; initiate Control Register 3



stab
ATDCTL3,X



ldab
#MASK2

; initiate Control Register 4



stab
ATDCTL4,X



ldab
#MASK3

; initiate Control Register 5



stab
ATDCTL5,X

testb

ldab
ATDSTA0,X
; wait for AtoD sequence complete


bpl
testb



ldab
ATDSTA1,X
; clear flags


ldab
ADR0H,X

; load Pressure Sensor


cmpb
#$A0


; compare two altitudes


bpl
chkagn

; If re-check not equal there was a glitch in reading one


pulb


pula


pulx


rts
******************************
*Data Collection Subroutine  *
******************************
; The Data Collection Subroutine sets up the A to D converter system.
; It then collects the necessary data and stores it in memory.
data

pshx


pshy


psha


ldx
#REGBLK

; load register block


ldy
first

; load memory save location


ldaa
#MASK4

; initiate Control Register 3


staa
ATDCTL3,X



ldaa
#MASK2

; initiate Control Register 4


staa
ATDCTL4,X



ldaa
#MASK4

; initiate Control Register 5


staa
ATDCTL5,X

test

ldaa
ATDSTA0,X
; wait for AtoD sequence complete


bpl
test



ldaa
ATDSTA1,X
; clear flags


ldaa
ADR0H,X

; load and store Angle Location 


staa
0,Y



iny


ldaa
ADR1H,X

; load and store Pressure Sensor


staa
0,Y



iny


sty
first

; save memory location


pula


puly


pulx


rts
******************************
*Delay Subroutine 
     *
******************************
; 10ms Delay Subroutine, used for Switch Test.
delay

pshy
outer

ldy
inncnt

; outer loop - 4 cycles
inner

dey


; inner loop - 4 cycles


bne
inner




dex


bne
outer



puly


rts
******************************
*Program End                 *
******************************
finish

swi 



end
Testing:


Testing occurred through out the design phase of the project.  Code was tested and debugged as it was written as well as through its many changes.   The altimeter was tested by attaching a syringe to a small tube and placing it on the pressure sensor’s port.  Pressure was reduced by pulling the air out of the tubes via the syringe.  The servo control circuit was tested by attaching the servo and rotating the potentiometer to make sure it was working correctly.  Small adjustments could then be made to the resistance values to create the needed behavior of the system.  Once all the individual systems were tested they were put together and tested as a unit with small test programs to make sure everything was working as expected.  If time had permitted a few function tests would have been employed.  A cold test would have been used to make sure the heat system kept the circuit in operating temperatures, a pressure test using a vacuum chamber would have been utilized in order to better test the functionality of the altimeter, and roll tests would have been designed to test the exact response of the wing in certain situations in order to tweak the response of the system to appropriately correct AeroSat’s roll during flight.

Conclusion:


This project was a real eye opener and a great experience.  If I had the chance to do this project again there would be a few things I would do differently.  The biggest change would be to figure out how to work the EEPROM and Flash memory on the micro-controller.  This change would increase the probability of the projects success greatly as data recovery would be much more probable given that the system functions correctly.  I would also try to research a different pressure sensor.  The one we chose was chosen because of its light weight and small size, however it could only take readings up to about 50,000ft.  A pressure sensor that could read up to 100,000+ft would be better suited for the project.  A thermister would also have been a nice sensor to implement in the project, both inside the fuselage and outside as well.  This sensor would help us determine how the AeroSat’s insulation and heat source held up during flight.  Given more weight it also might have been nice to add a camera or video recorder to the boom in order to give us some visuals during flight of the projects effectiveness.  Also, with more time the servo controller could have been fine tuned to more accurately correct the roll of the AeroSat.  All in all, the entire project turned out fairly well and a lot was accomplished.


Through out this experience I learned a great deal.  The sensor board was my first soldering experience and required a lot of de-soldering braid to fix my many mistakes.  My programming experience was limited making the code a very difficult part of the project.  However, the program I wrote seemed to work well for what we wanted except for the fact that it was not downloaded to the EEPROM and did not utilize the Flash memory.  I also learned a great deal on systems and how to get different circuits to work with one another as well as how to supply them with enough power.  I have a great deal more to learn on most of these concepts, but what I did learn will help me in the future.  The biggest concept I learned through this whole experience is that everything that can got wrong, will go wrong.  Therefore plan extra time to make everything right.  Overall I had a good time with this project and I will be able to take the knowledge I gained with me for future experiences.
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