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Background - CubeSat

AubeSat is 10cm x 10cm x 10cm
ASolar Powered
AUtilizes GPS and Celestial Navigation Techniques
ATransmits Information from Sensors
ACamera, UV/IR Spectrometer, Electron Flux




Background — CubeSat

Lunar Lander Booster 3D Solid Model of
Rapid Prototype Models CubeSat Structure



Background — Ground Station

% VTC developing CubeSat, transmits data
U Continuing where previous groups have left off

¥, Have to follow CubeSat to receive data
(2.4gH2z)

v, EXisting 3-meter parabolic dish antenna

¥, Low orbit satellite revolves around  Earth in
minutes, seen for short time per orbit

P



Problem — Ground Station

% Track a low orbit satellite such as a CubeSat
from horizon to horizon in as little as 30
seconds with an accuracy of  +0.5°

0 180° /30 seconds=6 ° /sec

¥, Move a 3 meter satellite dish
U 360° Azimuth (left/right)
U 180° Elevation (up/down)

7 Interface to PC running SatPC32 (Satelllte
Tracking Program)



AziImuth and Elevation

To object
In sky %

Elevation.

180
Sauth

Compass »

bearing

¥, Azimuth

U A left to right angle
measurement from a
fixed point (north in
navigation)

0

[North

¥, Elevation

™ it U Angle between the flat

plane and the object in
the sky (satellite).



Solution

SatPC32

RS232 EL- Motor
Controller
Micro - AZ - Motor
Controller Controller
I Limit Switches |
Position

Encoders




Mechanical Areas of Interest

% AXIS orientation (EL/AZ or AZ/EL)

%, Weight of dish and Center of Mass

%, Moment of Inertia of the dish

¥, Torque needed to spin/flip the Dish

-
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Choosing a Mount Design

Choosing a Solution:

¥, Two choices: Fork Mount
Equatorial mount

v, Equatorial is accurate
v, Fork is versatile




AXIs Mounting Design

v, Equatorial Mount:
U The movement of the Azimuth
(here the Declination Axis)
makes an arc in the sky.

(i The Elevation () is set parallel -\
. . a = Latitude 88 W
to the earths axis of rotation. N

This system is much more accurate than the Fork
and needs a much less complicated control

system.
// 11



AXis Mounting

¥, Fork Mount

A Smple left-right/up/down
characteristics

A Allows the dish to go over
backwards if it needs to

A Dish can track large range
of orbit paths.

We chose this configuration
because of the versatility in what
we can track




Final Proposed
Design

v, 180 degree EL
Motion

v, 360 degree AZ
\ilelile]g

v, Approx weight:
1100 lbs




FiInite Element Analysis (FEA)

Tripod stand FEA

Fork design FEA




Moftion Study In Solidworks
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https://www.youtube.com/watch?feature=player_embedded&v=2kRUUtEJ4WI

Elevation Azimuth
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Simple shaft and Bearing setup Load bearing Thrust and Ball Be ng setup
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https://sites.google.com/site/vtcgroundstation/home/documentation/progress-photos/waterjet/P1000216 Resized.jpg?attredirects=0

Mechanical Design

Statics and Dynamics:
Key Points of Interest :
v.Center of Mass - The mean location of all system masses.

».Moment of Inertia - A measure of an object's resistance to
changes to its rotation. It is the inertia of a rotating body with
respect to its rotation.

.Dynamic Torque- The torque encountered by a system that is
not only in motion, but accelerating.

v, Static Torque - The torque produced at constant velocity (rest
or running).

P



Center of Mass: Solid Works

D Assigned mass properties

&
L This point is where we want our center of mass
i

Mass properties of Dish Assembly ( Assembly Configuratio
Qutput coordinate System: -- default --
One or more components have assigned mass propetties:
hew Dish
Cone
Cone Base v2
Mass = 203,00 pounds
Yolume = 309387 cubic inches
Surface area = 32352,62 inches"2

Center of mass: { inches )
% =000

¥ = 20,35 €
2=0.00




Forces and Foot Pounds

Having a balanced
mass Is very important
In @ motion system

Ballast puts center
of mass on
Elevation axis

Balance ( R,M = Rm)

Reduces driving torque
that the motor has to
produce

21



Ballast Manufacturing

Simple shaft and Bearing setup



A

D;\/ mic Torque Curve (Elevation)

Max Torque needed = 8.7 ft Ibs
EL Torque Data

8.0
= 7.0
é 6.0
o 5.0




Dynamic Torque Curve (Azimuth)

Max Torque Needed = 3.3 ft Ibs
AZ Torque Graph

3.5
3.0




Focal Point

Focal point calculated to be 37.5 inches from vertex of dish
with a tolerancdd.wBiOtOlbi n 0. 150
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Focal Point




AC Power
— DC Power
— Signal
— Serial
* Indicator Light

Electrical




Electrical - Sensors

Absolute Magnetic Shaft Encoder

% 1° step size = at least nine bit resolution
29 = 512 steps 360 deg/512 steps = .7 deg/step

v, 6°/sec =1 rpm
180°/30sec=6 °/sec=360 °/60sec

¥, Magnetic shaft encoder

U Max 15,000 rpm

U Absolute position sensing

U Small size, large operating temperature range
U Analog output from 10 -bit DAC

1 1024 steps or .35° /step ,,
/ 28




Electrical — Motor Modeling
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Igle

Motor Model

Electrical —

Time Constant 0 67ms
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Software — Pl Conftroller '

Pole-Zero Diagram:

X

X ® — Saxis
-13.3  -6.67

Z- Transform Equation:

- 1.466%- 7
Z-1

Ge(2)

Difference Equation

Y, (n)=7.4669X.(n)- 7X.(n- D) +Y,(n- 1)



Software — SatPC32: Video

% SatPC32-Ya [Standard D:FD-20] s B3
File  Tracki Satelites CAT  Botor ionz
OTH:89/51 Ciownling. Com: +/- 0 Uplnk. 20 100 500 Ak D-Corr: Upl/Diwnl

R+ LC+ 435849,933 145948,154 i Bt B Bt i 24.01.2002
M+ 22 Ob S+ D+ 433 _0. age v/ v|>|~]|~] 22:47:50 L

Frograms  [nfo

2,9 177 ,7 1499 4336 IS ta xxxxx D LY



../../SatPC/CubeSat SatPC32 Example.avi

Software — Serial Communication

Time (sec) Logic Placer AZ Value ELValue Azimuth Elevation CR Desired Track Time 180 Sec

0 0 0 0 AZ000.0 ELOOO.O Desired AZ Displacement 360 Degrees
1 1 8 4 AZ008.0 ELOO4.0 Desired EL Displacement 180 Degrees
2 0 8 4 AZ0D08.0 ELOC4.0 Divisor Value 4 Secto hold
3 0 8 4 AZ008.0 ELCO4.0
4 0 8 4 AZ008.0 ELOOA.0 AZ Increment Value ) Degreez,f[]iviﬁnr
3 1 16 8 AF016.0 ELOOE.0 EL Increment Value 4 DegrEES,fDiviSUr
] 0 16 8 AZ016.0 ELOOS.0
7 0 16 8 AZ016.0 ELCOS.0
8 0 16 8 AZ016.0 ELOOS.0 Be sure to copy ONLY AZ, EL AND CR fields into HyperTerm
9 1 24 12 AZ024.0 ELO12.0

10 0 24 12 AZ024.0 ELO12.0

11 0 24 12 AZ024.0 ELO12.0

12 0 24 12 AZ024.0 ELO12.0

13 1 32 16 AZ032.0 ELO16.0

14 0 32 16 AZ032.0 ELO16.0

15 0 32 16 AZ032.0 ELO16.0

16 0 32 16 AZ032.0 ELO16.0

17 1 40 20 AZ040.0 ELO20.0

18 0 40 20 AZ040.0 EL020.0

19 0 40 20 AZ040.0 ELO20.0

20 0 40 20 AZ040.0 EL020.0




Software — Serial Communication

/" satPC32 4

Transmitted Format —l—

AZ360.0 EL180.0

Has A or E been

Serial Transmit Rate < maar >

o

1 Data point/Second l

—

- o
.

Has Z or L been

received?

o

S

Store AZ and EL Accordingly

34



Software — Serial Communication

void check_serial oid){
CALLcheck serial =0;
switch( Serial State  ){

case 3:
if ( Serial_Error == ERR_OK){
if ( Buffer_In =="A}{ //Look for ‘A’
Serial_State = 4,
}

else {




if ( store_serial AZ ==1){

store_serial_AZ =0;
for( i =NumPos 1; i>0; i-- ){
Serial_ AZ [i]= Serial_ AZ [i -1];
}
[*Pull Float from Incomming , put into Serial_AZ [O]*

Serial_AZ [0]=0;
Serial_AZ [0]=(float)((

(( Incomming [0] - 48)*100)+ //convert from ASCII to decimal, 100's place

(( Incomming [1] - 48)*10 )+ //convert from ASCII to decimal, 10's place

(( Incomming [2] -48)*1 )+ //convert from ASCII to decimal, 1's place

/I Incomming [3] = decimal point

(( Incomming [4] - 48)*.1)+ //convert from ASCII to decimal, .1's place

(( Incomming [5] - 48)*.01)+0.48));//convert from ASCII to decimal, .01's place
[*Pull Float from Incomming , put into Serial_AZ [0]*

/[ADD TO THE TIMER ARRAY TOO

for (i =NumPos 1; i>0; i--){
Serial_ AZ_TIME [i ]= Serial_AZ_TIME [i -1];
}
Clock_Error =Clock_GetTimeMS (&current_time );
Serial_ AZ TIME [0]=(((float)( current_time  ))/1000);

//ADD TO THE TIMER ARRAY TOO

CALLcheck_interpolate  =1; & Start Interpolating

Serial_State =3



SatPC32
Serial

r,
i
s

Store as first there a previou

position (P1) \_ “~._ Pposition?

~ Store as second /7
position (P2)

Software .
Serial
Interpolation

. — Decrement
Wait 100ms > | counter (INIT:9)

Wait 100ms




Software — Interpolation

void interpolate_serial (void){

switch( interpolate_state
case O:

if ( Serial_AZ [1] > 0){
dP =( Serial AZ [0] - Serial AZ *0.1f; //IDEFINE CHANGE IN UNIT TIME HERE

interpolate_out = dP + Serial_AZ [0];
interpolate_state =1,
}else interpolate_state =0;
break;
case 2:
interpolate_clock_GetTimeMS (& interpolate_time );
if (  interpolate_time >= INTDELAY){

interpolate_time =0;

.- NO a Nne




Calibration Techniques — True AZ and EL

¥, Azimuth

U Align one leg of
tripod to true
north

¥, Elevation

U Inclinometer
(Shown here)

. W, s L R,

1110 4= \m\m\\\ W

‘\?

5’%"' .‘.0- 4



Calibration Technigues - Repeatabillity

Wall

%, Mount laser on transceiver location
¥ Point to given spot and record location

v, Attempt to recreate position
v, Adjust accordingly /0
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Subsystem Videos

!
L’/ Click Film /'
J [ |


https://sites.google.com/site/vtcgroundstation/home/documentation/progress-photos/system

Total
$3326.47




