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Where:  
D is the drag force in Newtons 

Ρ (rho) is the density of the atmosphere at flying level in 3 

V is the velocity of the airflow impac�ng the hepta-sat in the x axis in  
Cd is the coefficient of drag of the hepta-sat 
A is the effec�ve area of the reference side of the hepta-sat in m2 
 

 

Drag Equa�on: 

Calcula�on: 

Ρ = 1.2 3 

V = 1.0  (Theore�cal predic�on) 
Cd = 1.05 
A = 0.01 m2 (No wings) 
A = 0.03 m2 (Wings) 
 

 



Theore�cal Drag Force 
18.9 X 10-3 Newtons 

Theore�cal Drag Force 
6.3 x 10-3 Newtons  

Theore�cal drag force with 1   wind



No Phase Requirement
Required 
Func�on Verifica�on Way Result

MR-1 Send uplink ok command to Hepta-Sat GRND Observa�on OK
MR-2 Receive uplink confirma�on from Hepta-Sat GRND Observa�on OK
MR-3 Sense angular accelera�on SENSOR Check MBED Ok
MR-4 Sense posi�on SENSOR Check MBED Ok
MR-5 Sense ba�ery voltage COMM Check MBED Ok
MR-6 Sense Hepta-Sat temperature COMM Check MBED Ok

MR-7
Transmit Housekeeping data con�nously
(voltage & posi�on) COMM Check GRND Ok

MR-8 Transmi� angular accelera�on data con�nuously COMM Check GRND Ok
MR-9 Store angular accelera�on data in SD C&DH Check SD SD Malfunc�oned
MR-10 Store GPS data in SD C&DH Check SD SD Malfunc�oned
MR-11 Send Wing Deployment Command GRND Check MBED Ok
MR-12 Receive Wing Deployment Command COMM Check GRND Ok
MR-13 Deploy Wing SERVO Observa�on Ok
MR-14 Send Deploy Wing Confirma�on COMM Check MBED Ok
MR-15 Receive Deploy Wing Confirma�on GRND Check GRND OK
MR-16 Send Wing Stowing Command GRND Check MBED Ok
MR-17 Receive Wing Stowing Command COMM Check GRND Ok
MR-18 Stow Wing SERVO Observa�on Ok
MR-19 Send Stow Wing Confirma�on COMM Check MBED Ok
MR-20 Receive Stow Wing Confirma�on GRND Check GRND Ok
MR-21 Process Gyro Data LOG Analysis Analysis
MR-22 Yaw Rate Decreased? LOG Analysis Analysis

Prepara�on 
Phase

Flight
Phase

Mission
Phase

Analysis
Phase
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#include "Servo.h" 
Servo myservos[]={p21,p22}; 
     
//Command 1 = Stow Wing 
    if (rcmd == '1') { 
    posi�on = 1.0;  
    xbee.prin�("Command Stow Wing¥r¥n"); 
    xbee.prin�("posi�on = %.1f¥r¥n", posi�on);   
    myservos[0] = posi�on; 
    myservos[1] = abs(posi�on - 1);    
                     }  // Close if rcmd==1 
      
//Command 3 = Open Wing 
    if (rcmd == '3') { 
    posi�on = 0.0;  
    xbee.prin�("Command Deploy Wing¥r¥n"); 
    xbee.prin�("posi�on = %.1f¥r¥n", posi�on);   
    myservos[0] = posi�on; 
    myservos[1] = abs(posi�on - 1);    
                     }  // Close if rcmd==3 
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Accelera�on Data For 1st Flight 
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Accelera�on Data For 2nd Flight 
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Angular Velocity Data For 1st Flight 
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Angular Velocity Data For 2nd Flight 
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Drop 1: Wings Deployed   
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Since  

=  

• I also plo�ed the rate 
of change of yaw rate, 
in other words the 
angular accelera�on. 

 

• Angular accelera�on 

remains below 50 2  
in both flights, except 
possible cases of strong 
wind gust. 
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* However, Gyro and GPS data was successfully transmi�ed to the ground sta�on. This 
func�on was added as a backup because my SD card malfunc�oned during pre-flight tests. 

** yaw rate reduc�on was observed, but more tests need to be done to conclusively 
determine if deploying wings reduce yaw rate. Yaw accelera�on, was observed to reduce. 

Parameter Criteria Evaluation
(1) Receive housekeeping data ok
(2) Receive angular accelera�on data ok
(3) Receive uplink confirma�on ok
(4) Deploy wings during flight ok
(5) Store Gyro Data in SD Card no*
(6) Store GPS Data in SD Card no*
(7) Confirm Mission Hypotesis inconclusive**
(8) Landing without breaking wings ok

Minimum Success
< 100%

Full Success
100%

Extra Success
> 100%



Further Work 

� Will do a 6dof numerical simula�on of an hepta-sat flight 
� By adding wings to hepta-sat and adding feedback control, the flight trajectory 

could be moderately controlled.  
� Even be�er using a paraglider and trying the “land on target” compe��on. 

 
� Hepta-sat provides limitless opportuni�es to use our imagina�on.  



Recommenda�on for Future CLTP  

� Allow one day of launching, then one day of re-do and another day of launching. 
� Make launching prepara�ons faster, by having the hepta-sats ready in batches.  
� Find a bigger launch area to allow for higher al�tude releases.  
� Consider launching with rockets to simulate real launch condi�ons more accurately. 
� Consider more thorough one-to-one verifica�on & valida�on tests to correct 

problems on spot.  
� Consider preparing a pre CLTP manual to teach basics of coding and give coding 

examina�ons to ensure par�cipants know how to code basic programs.  

Just as a thought 

� Consider a more advanced and in depth training to teach cubesat development, 
because many programs lack the “hands on” part and that is were CLTP excels, so 
adding a more in depth training with hands-on philosophy will surely allow 
par�cipants more advanced level of competence in satellite design & development.   



UNISEC/Prof. Yamazaki: Please come to El Salvador, we need your help in establishing 
a space systems engineering program. We want to become a spacefaring na�on.  



どうもありがとうございます
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