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•CubeSat is 10cm x 10cm x 10cm (10cm ≈ 3.94 inches) 

•Solar Powered 

•Utilizes GPS and Celestial Navigation Techniques 

•Transmits Information from Sensors 

•Camera, UV/IR Spectrometer, Electron Flux 
 



4 

3D Solid Model of     

CubeSat Structure  

Lunar Lander            Booster 

Rapid Prototype Models 



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

 

 Have to follow CubeSat to receive data 
(2.4gHz) 

 

 Existing 3-meter parabolic dish antenna 

 

 Low orbit satellite revolves around Earth in 
minutes, seen for short time per orbit  
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 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° 
› 180°/30 seconds=6°/sec  

 

 Move a 3 meter satellite dish 
› 360° Azimuth (left/right)  

› 180° Elevation (up/down) 

 

 Interface to PC running SatPC32 (Satellite 
Tracking Program) 
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 Azimuth 

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

› Angle between the flat 

plane and the object in 

the sky (satellite). 
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Micro-

Controller 

EL - Motor 

Controller 

AZ - Motor 

Controller 

Limit Switches 

RS232  

SatPC32 

Position 

Encoders 



 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 

 

9 



10 

 

Choosing a Solution: 

 

 Two choices: Fork Mount and 

Equatorial mount 

 

 Equatorial is accurate 

 Fork is versatile  
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 Equatorial Mount: 
› The movement of the Azimuth  

(here the Declination Axis) 

makes an arc in the sky. 

 

› The Elevation (a) is set parallel  

to the earths axis of rotation.   

 

This system is much more accurate than the Fork 
and needs a much less complicated control 
system.  
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 Fork Mount 
•  Simple left-right/up/down 

characteristics 

• Allows the dish to go over 

backwards if it needs to. 

• Dish can track large range 

of orbit paths.   

 

 

We chose this configuration 

because of the versatility in what  

we can track 

EL Axis 

AZ Axis 



 180 degree EL 

 Motion 

 

 360 degree AZ  

Motion 

 

 Approx weight: 

1100 lbs  
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Fork design FEA 

Tripod stand FEA 
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https://www.youtube.com/watch?feature=player_embedded&v=2kRUUtEJ4WI
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Simple shaft and Bearing setup Load bearing Thrust and Ball Bearing setup 
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Load bearing Thrust and Ball Bearing setup 
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https://sites.google.com/site/vtcgroundstation/home/documentation/progress-photos/waterjet/P1000216 Resized.jpg?attredirects=0


Statics and Dynamics: 
 

Key Points of Interest: 

 

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. 

 
Static Torque- The torque produced at constant velocity (rest 
or running). 
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This point is where we want our center of mass 
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Balance (RoM = Rm) 

   Reduces driving torque 

that the motor has to 

produce 

Having a balanced 

mass is very important 
in a motion system 



22 Simple shaft and Bearing setup 
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Focal point calculated to be 37.5 inches from vertex of dish 

with a tolerance within 0.150” – 0.300” 
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Transceiver Mount Must be Level 
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AC 
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Absolute Magnetic Shaft Encoder 

 1° step size = at least nine bit resolution 

 29 = 512 steps      360 deg/512 steps = .7 deg/step 

 6°/sec = 1 rpm 

 180°/30sec=6°/sec=360°/60sec 

 Magnetic shaft encoder 
› Max 15,000 rpm 

› Absolute position sensing 

› Small size, large operating temperature range 

› Analog output from 10-bit DAC 
 1024 steps or .35°/step 
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Time Constant – 67ms 
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../../SatPC/CubeSat SatPC32 Example.avi
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 Transmitted Format  

› AZ360.0 EL180.0 

 Serial Transmit Rate 

› 1 Data point/Second 
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void check_serial(void){ 

  CALLcheck_serial=0; 

  switch(Serial_State){ 

    

     case 3: 

 

       if (Serial_Error == ERR_OK){                           

        if (Buffer_In == 'A'){           //Look for 'A'   

          Serial_State = 4;                                    

        } 

        else { 

          Serial_State = 3;     

        } 

       } 

        break; 
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 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[0]*/ 

        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 

          //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; 

        Serial_State = 3 
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Start Interpolating 
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void interpolate_serial(void){ 

    

   switch(interpolate_state){ 

       case 0: 

     

       if (Serial_AZ[1] > 0){ 

     dP = (Serial_AZ[0] - Serial_AZ[1]) * 0.1f;    //DEFINE 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; 

        interpolate_clock_Reset(); 

        interpolate_count--; 

        interpolate_out = dP + interpolate_out; 

        interpolate_state = 1;  

       } else interpolate_state = 2; 

          

    break; 
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 Azimuth 

› Align one leg of 

tripod to true 

north 

 Elevation 

› Inclinometer 
(Shown here) 
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 Mount laser on transceiver location 

 Point to given spot and record location 

 Attempt to recreate position 

 Adjust accordingly 40 

Wall 
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Click Film 

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


Total 

 $3326.47 



Timeline (Rev 1.0) 



 Mechanical 

› Weatherization 

› Calibration 

 Electrical 

› Hardware User Interface Box 

 Software 

› Further (Redundant) Control Algorithm Testing 
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Areas of Responsibility  
 Hodge (300+ Hours) 

› CAD and FEA 

› Torque Calculations/Measurements 

› Ballast Implementation 

› Motor Specifications 

 Lyford (300+ Hours) 
› Sensors and Electrical 

› Fork Design w/ Motors 

› Drive Mechanisms and Implementation 

› Material Manager / Budget 

 Schreiber (300+ Hours) 
› Project Manager 

› Mechanical Analysis and FEA 

› Interpolation Implementation 

› Communications 

› Motor Controllers 



Vermont Technical College Staff 

John Kidder - Use of Catamount Building Space 

Bryan Carroll - Use of Catamount Building Space 

Carl Wolf - FEA, General Project Guidance 

Andre St. Denis - Software Support, General Project Guidance 

John Murphy - Controller Development, Software and Hardware Support 

Ingred Van-Steamburg - Ordering Parts, Budget Allocation, Financial Assistance 

Preston Allen - Supplying Tools and Machinery, Assembly and Construction Assistance  

Joan Richmond-Hall - Materials Safety Precautions 

Roger Howes - CNC Support 

Mike Wright – Machine Shop Assistance 

 Scott Sabol - Green Structural Building Analysis 

Sam Colwell - LCD Software Support 

 

Vermont Technical College Students 

Aaron Minard - Briefing from previous years  

Ben (Student in Design Comm. Class) - Solidworks Models of Motors 

 

Outside Vermont Technical College 

David Durgin of Mainly Metals - Water-jet parts 

K BeBee Plumbing - Supplying Free Material 

Vermont Wireform - CNC/Machine Shop and Machine Time 

Mark Schreiber of Granite City Electric - Delivering Material, Providing Dish Heater 
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We will be leaving in 15 minutes 

 - From VTC, Continue down Rte.66 

 - Take a Left at the Aadco Medical    

   sign (VTC’s logo also on the sign) 

 - Enter the door by the garage door  

    with VTC’s logo 


