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2 Study of feasibility of Attitude Control System for a 3U cubesat based on gravity-boom

1 Introduction

In this report the annexes that have been referred in the main document will be presented.
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Annex A: maincode.m



4 Study of feasibility of Attitude Control System for a 3U cubesat based on gravity-boom

SATTITUDE SIMULATOR

5 FHEEHELEEHEEEHHHEEEEY INITIALIZE SCRIPT 3353453355545 5595585 545%%%

% Close all matlab figures, clear workspace variables and command window.

close all; clear all; clc;

% Start simulation execution timer.
tic;

time = 0;

Add all the subfolders (and its own subfolders) within the current
folder to the path.

GeneralPath = genpath(pwd);

addpath (GeneralPath);

o
o
o

o

The configuration files needed for the simulation will be loaded in this

o
o
o

o

section.

inertia c;

%% Mass Moments of Inertia and Stability Chart

% The glcocbal wvalues for the MOI are generated:

global Ix
global Iy

% The global wvalues for the Smelt parameters are generated:

global K1
Kl = ((Ix) - (Iv))/(Iz)
global EZ
K2 = ((Iy) - (Iz))/(Ix)

&
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The stability chart used in the report (Kane, Likinsand Levinson’s
Spacecraft Dynamics) is generated in order to check that the satellite

d? e oe

needs its stability reguirements.

®x1 = linspace (-1,1,1000);
for i=l:length(xl)
T y1l(i)=—x1(i);
end
% The chart is plotted taking into account the Smelt parameters values:
figure (1)
plot(xl, v1, El, K2, 'xr', 'Markersize', 10)
axis([-1 1 -1 11)
grid off
hold on
line([-1, 11, [0, 0O1)
line([0, 01, [-1, 11}
hold off
title('Stability Chart')
xlabel ("E1l")
ylabel ("E2'")

%% Orbital Parameters

The orbital parameters for the Earth are defined (could be changed in

[ I=I =]

case anothe celestial body was to be used as a center):

R = 6378 + 500; %Earth radius [km]

mu = 398600; % Gravitational parameter [km~3/5"2]

omega = sqgrt(mu/(R*3)); % Mean motion

T = ((2*pi)/sgrt(mu))*(R~(3/2)); %Calculation of the period [s].

%% Initial position (Euler Angles)

In this section, in order to obatain the quaternions given the Euler

[ I=I =]

angles, the function previusly defined will be used:

&
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phi = 0; % Phi initial wvalue.

theta = 0; %Theta initial wvalue.

psi = 0; %Psi initial wvalue.

% The function is used:

[g si, g xi, g y3i, g _z4i, A, E] = dcm2guat (phi, theta, psi);

%% Time interwval
%2In this section the time interwval for the simulation will be stablished.

ti = 0; % Initial time.
tf

16 * T; %This propagation will take about 24 hours.

%% Gravity Gradient simulation

sangular velocity + guaternion matrix.
x = [0.01*cmega, 0.0l*omega, omega, g si, g Xi, g y31, g z4il;

options = odeset('RelTol', le-10);

[t, ¥v] = oded5('dynamic', [ti, tfl, %, options); %Diferential eguation
% solver for the wvariations on time.

-] for i = 1l:length(t)
g sn = y(i, 4); %Quaternion s variation w/ time.
g ¥xn = y(i, 5); %Quaternion X variation w/ time.

g yn = y({i, 6); %Quaternion y variation w/ time.

a_

a_

a_
g_zn y{i, 7); %Quaternion g z variation w/ time.
%5Validity check caculation for the quaternions.

B(1) = sgrt(((y(i,4))"2)+((y(L,5))*2)+((¥(L,6))"2)+((y(1,7)"2))) "

%Quaternions matrix calculation.

E=[(1 - 2*¥({g_®xn"2 + g yn*2)), 2*¥(g sn*g xn + g yn*qg zn),...
2% (g sn*g yn - g xn*g zn); 2* (g _sn*g xn - g yn¥*g zn),
(1 -2*({g_sn"~2 + g yn*2)), 2*¥(g xn*g yn + g sn*g zn);...
2% (g _sn*g yn + g xn*g zn), 2* (g xn*g yn - g sn*g zn), ...
(1 - 2%(g_sn*2 + g xn"*2))];
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yaw(i,1l) = acos(E(3,3)) * 180/pi; %Yaw (REM) calcution trough time.

pitch(i,1l) = acos(E(2,2)) * 180/pi; %Pitch (Crosstrack) calculation
f(trough time.

roll(i,1) = acos(E(1,1)) * 180/pi; %Roll (Nadir) calculation
ftrough time.

- end

o

% Yaw variation trough time plot.

figure(2)

plot (t,vaw)
title('Yaw (REM)'")
xlabel ('Time [s]')
yvlabel ("Degrees')

o

% Pitch wariation trough time plot.

figure(3)

plot (t,pitch)

title('Pitch (Crosstrack)')
xlabel ('Time [s]')

yvlabel ("Degrees')

o

% Roll wariation trough time plot.

figure (4)
plot(t,roll)
title('Roll (Nadir)')
xlabel ('Time [s]")
vlabel ("Degrees')

%Validity check for guaternions plot.

figure (5)

plot(t,R)

axis ([0 tf .99 1.011)

title('Validity check for guaternions')
xlabel ('Time [s]")

vlabel ("Sum of the sguares')

tocy
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Annex B: inertia_c.m
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INERTIA CALCULATICNS

The objective of this function is to calculate the inertial matrix for
gach one of the elements that are part of the CubeSat. Once this MOIs
are calculated for them, the parallel axis will be used in order to

obtain the final inertia matrix, which will be needed in other scripts.

INPUT:
* mb, hb, wb, db -> Cubesat body parameters.

- hch, rch, mch -> Cubesat cable connection parameters.
- mgh, rgb -» Cubesat gravity boom parameters parameters.
sat m -> Total cubesat mass.

OUTPUT :
Ibecc_tras -> Cubesat body MOI (second one 1s traslated).

chflcb_tras ->» Cubesat connection cable MOI
(second one is traslated).

Igbh/Igb tras -> Cubesat gravity boom MOI (second cne is traslated).

P AP AP @ @ A A @ @ @ Y P @ @ @ @ g @ @ g @ @ @ @ @

Itotal -> Total inertia matrix (obtained w/parallel axis theorem).

fe ]

sat m = 4; %Spacecraft mass (maximum 3U cubesat mass) [kg]
SCUBESAT BODY MOI CALCULATION [kg/m~2]

mh = 2; Fcubesat mass [kg]

hb = 0.1; %cubesat height [m]
wbh = 0.3; %cubesat width [m]

db 0.3405; %Zcubesat depth [m]

Ib [(1/12) *mb* (hb~2+db~2) 0 0; 0 (1/12)*mb* (wb~2+hb~2) 0;

00 (1/12)*mb* (wb~2+db~2)1; % Inertia matrix (body)
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%This MOI wont be changing since no parameters will be modified during
%calculations.

%CONNECTION CABLE MOI CALCULATION [kg/m*~2]

hch = 0.5; %Initial cable length [m]
rch = 0.0175; %Cable radius [m]
mch = 0.045; %Cable mass [kg]

Ichb=[(1/12)*mcb* (3*rcb~2+hcb~2) 0 0; 0 (1/12)*mcb* (3*rcbhb~2+hcb"2) 0;
00 (1/2)*mcb*rcbh~2]; %Inertia matrix.

%GRAVITY BOOM MOI CALCULATION [kg/m”~2]

mgb = 0.25; %Initial gravity boom mass [kg]
rgb = 0.5; %Gravity Boom radius [m]

Igb=(2/5)*[mgb*rgb~2 0 0; 0 mgb*rgh~2 0; 0 0 mgb*rgb~2]; %Inertia matrix.

FCOORDINATES OF THE CENTER OF ERCH OBJECT

%For this calculation x=0 and y=0 are always considered at the center:

cc pos = [0 0 0]'; %Body cube coordinates
cb pos = [0 0 —(db/2)-(hcb/2)]'; %Connection cable coordinates

cgb pos = [0 0 -(db/2)-hcb-rgbl'; %Gravity boom coordinates
%CENTER OF MASS OF EACH OBJECT [m]

sat cm = (mb*cc pos+mcb*cb pos+mgb*cgb pos)/sat m; %Spacecraft CoM
CC_cm = sat cm-cC pos; %Body cube CoM

cb cm = sat cm-cb pos; %Connecton cable CoM
cgb cm = sat cm-cgb pos; %Gravity boom CoM

&
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ZPLREALLEL BRXIS THECREM:
%Considering that the Mol of the main body (cube) suffers no changes:

Icc _tras = Icbtmcbh* (dot(cc_cm, cc_cm)*eye(3)-cc_cm*cc cm');
%Translated inertia body

Icb tras = Icb+mcb* (dot(cb _cm, cb cm)*eye(3)-cb cm*cb cm');

%Translated inertia connection cable

Igb tras = Igb+mgb* (dot(cgb cm, cgb cm)*eye(3)-cgb cm*cgb cm'});
%Translated inertia gravity boom

Ttotal=Icc_tras+Icb tras+Igb tras; %Total inertia matrix.

E2MOI for each axis:

Ix = Itotal(l,1);
Iy = Itotal(2,2);
Iz = Itotal(3,3);
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Annex C: dem2quat.m
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ol®

EULER ANGLES TO QUATERNION
The objective of this function is to convert the given Euler Angles
(phi, theta and psi) to guaternions (g s, g %, 9 ¥, g z), following the

'¥ Convention'

INPUT:
Phi -> First rotation angle about the z-axis (pitch).

- Theta -> Second rotation angle between [0, pi] about the y-axis.
(roll)

Psi -> Third rotation angle about the x-axis (yaw).

QUTPUT :
(g s) -> First gquaternion value.

(g %) -> Second quaternion value.
(g y) -> Third gquaternion value.
(g z) -> Fourth guaternion value.

- B ->» Validity check for quaternions.

- BE ->» Quaternion matrix.

L T - - - L T - T =1L - L T - I -1 - L - B - -]

[l function [g s, g %X, 9 ¥, 9 _Z, A, E] = dcm2quat (phi, theta, psi)

[F1% Construction of the direction cosine matrix (DCM) baed on Euler angles

-% following the 'X convention':

DCM1 = [cosd(phi) *cosd(psi)-sind(phi) *cosd(theta) *sind(psi),
cosd (phi) *cosd(theta) *sind (psi)+sind (phi) *cosd(psi),
sind(theta) *sind(psi)]»

DCM2 = [-cosd(phi) *sind(psi)-sind(phi) *cosd(theta) *cosd(psi),
cosd (phi) *cosd(theta) *cosd(psi)-sind (phi) *sind (psi),

sind(theta) *cosd(psi)]:
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DC

M3 = [sind(phi)*sind(theta), -cosd(phi)*sind(theta),
cosd(theta)l:

%0btaining the matrix:

DCM = [DCM1; DCM2; DCM3];

o
-

[lafyie RTe o]

ol ol

el

ol ol

Extraction of the quaternion wvalues from the DCM:

z = (1/2)*sqgrt(DCM(1,1)+DCM(2,2)+DCM(3,3)+1);
s = (DCM(2,3) - DCM(3,2))/(4%q_z);
x = (DCM(3,1) - DCM(1,3))/(4%q_z);
y = (DCM(1,2) - DCM(2,1))/(4%q_z);

Check of the wvalidity of the quaternions, giving that 'A' must
have a wvalue equal to 1 or really close to it:

= (g s)"2 + (g x)"2 + (g y)"2 + (g_z)"2;

Construction of the quaternion matrix given the values el, 2, 3
ed (MATRIX E):

and

El = [(1 - 2% (g x"2+g y"2)), 2%(g s*g x + o y*qg z), 2% (g s*q y - g x*qg z)];
E2 = [2% (g s*g x - g y*g z),(1 - 2%(g_s"2+g y"2)), 2% (g x*q y + g s*qg z)];
E3 = [2% (g s*g y + g x*qg z), 2% (g x*q y - g s*qg z), (1 - 2%(g_s"2+g x"2))];
E = [El; E2; E3];

—end
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Annex D: dynamic.m
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ol®

L L - - L L T - == = - = o]

ol®

E

o
=l

ol® @ o\@

R
m

DYNAMIC ANALYSIS

The objective of this function is to calculate the dynamic analysis
of the satellite, in order to obtain the equations of motion, which
means the angular rates for the cubesat and the variation of the
quaternions with time, using supplied mass moments of inertia.

INPUT:
El, K2, K3 -» Smelt parameters (three constants of proportionality)

QUTPUT :
- wl, w2, w3 (as wdot) -> Rngular rates for sach one of the axis of the
reference frame (body).

el, e2, e3, e4 (as wdot) -> Quaternions wvariation w.r.t. to time and
orientation.

unction wdot = dynamic(t,x)

Global paramenters needed from the main file:

global El
global EZ
global K23

Orbital parameters (assuming Earth, if another celestial
body was to be used as reference, this parameters should be
changed) :

= 6378 + 500; %Earth radius [km]
u = 398600; % Gravitational parameter [km~3/s5"2]

omega = sgrt(mu/(R~3)); % Mesan motion
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(hngular wvelocities and quaternion matrix is generated:

El = [(1 - 2% (x(3)"2+x(6)~2)), 2% (x(4)*=x(3) + =(e)*=x(T)),...
2¥(x(d)*=(6) —(x(3)*x(7))): 2% (x(4)*x(3) - =(8)*=x(7)),...
(1 - 2% (=x(4)~2+x(6)"2)), 2% (x(3)*x(6) + =x(4)*=(T7)),;...
2R (x(4)*x(6) + = (3)*x (7)), 2% (x(3)*x(6) - =(4)*x=(T7)),...
(1 - 2% (x(4)"2 + =(5)"2))]1;

Calculation of the equations of motion for both angular rates and

Q
)
Q
)

quaternions variation w.r.t. time.

wdot (1)= (E1* (x(2)*x(3) - 3*omega”~2*E1(2,1) * E1(3,1))); =wl

wdot (2) = (E2* (x(1)*x(3) - 3*omega~2*E1(3,1) * B1(1,1))); %w2

wdot (3) = (E2*(x(1)*x(2) - 3*omega™2*E1(1,1)*B1(2,1))); %w3

wdot (4) = —(1/2) * (—(x(3) + omega)*x(3) + x(2)*x(6) - =(1)*x(7)):
(el (p_s)

wdot (5) = —(1/2) * (-x(1)*=x(6) - x(2)*x(7) + (x(3) + omega)*x(4)):
%22 (p_x)

wdot(6) = —(1/2) * (x(1)*=(5) - =(2)*x(4) - (x(3) - omega)*x(7));
2e3 (p_y)

wdot (7) = —(1/2) * (x(1)*=(4) + x(2)%*x(5) + (2(3) - omega)*x(6));
%ed (p_z)

wdot = wdot';

~end
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Annex E: unwinding.m
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UNWINDING PHENOMENA CORRECTION

The objective of this function is to correct the problem derivated
from the quaternion unwinding phenomena. As stated in the project
report, the function will compare two consecutives quaternions,
and the difference betweeen them is greater than a threshold

(i.e. 90 degrees), it will be considered that the quaternion has
suffered the unwinding, so the alternative set of guaternions

will be chosen.

INPUT:
- B -» 4xN double matrix, with each column of which containing
the guaternion at a time t.
- E prev -> 4xN double matrix which in each column contains
the quaternion matchning the previous time (t-1).

OUTPUT:
- B -» 4xN double matrix, each column containing the quaternion
obtained after undergoing the unwinding correction.

In order to use this script, both [E] and [E prev] must be defined.

unction [E] = unwinding(E, E prev)
ancrit = 90 * pi/180; % Criterio of %0 degrees converted to radians

vecpart = E(2:4);

prevvecpart = E prev(2:4);

vecpart = vecpart/norm(prevvecpart);
cosang = dot(vecpart, prevvecpart);
ang = acos (cosang);

if ang > ancrit
E = -E;

end

nd
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