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% script for lunar injection problem

% constants

G = 6.67e-11; % MKS
ME = 5.97e24; % Kg
MM = 7.35e22; % kg
reM = 3.84e8; % m

% perigee and apogee for translunar injection orbit
rpe = 6.71e6; S m
ra = 4e8; % m

a
]

0.5%(rp+ra);
(ra-rp)/(ra+rp);

fprintf('a = %g m, e = %1.3f\n', a, e)

% calculate initial and final velocities (at perigee)

vi = sqrt(GxME/rp);
vp = sqrt(GxMEx(2ka-rp)/(rpxa));
dv = vp-vi;

% alternative caculation of vp
Svp = sqrt(2*GxME/(rpx(1+rp/ra)));

fprintf('vi = %g m/s, vp = %g m/s, deltavee = %g m/s\n', vi, vp, dv)

% calculate time to apogee

P = sqrt(4*pi~2*a~3/(GxME)); % kepler's 3rd law (ignoring mass of
spacecraft)

Ta = @.5%P;

Ta_days = Tax(1/3600)x(1/24);

fprintf('time to apogee = %1.3f days\n', Ta_days)
% calculate initial and final velocities (at apogee) for lunar orbit

insertion
d = ra - rEM;

vf = sqrt(G«MM/d);
va = sqrt(GkMEx(2xa-ra)/(ra*a));
dv = vf-va;

% alternative caculation of va
%va = sqrt(GHMEx(1-e)/(ax(1+e)))

fprintf('va = %g m/s, vf = %g m/s, deltavee = %g m/s\n', va, vf, dv)
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function freereturn(scale_angle, scale_v)

: script for integrating free return lupar orbit
: example: freereturn(.98,1.0001)
2%%%%%%%%%%%%%%%%%%%%%%%

close all

% constants

G = 6.67e-11; % MKS
ME = 5.97e24; % kg
MM = 7.35e22; % kg
r % m

= 6.4e6; % m (earth radius)

= 74e6; % m (moon radius)

ega = 2xpi/(27.32%24%3600); % rad/s (lunar rotation rate)
™ = Z*pi/omega; % period of lunar rotation

E
M
EM = 3.8488:
re
™
ome

% do the calculation in corotating coordinates

% NOTE: all variable initially refer to these coordinates
% but we will drop the primes

% earth at (9,0)
% moon at (rem,Q)

% perigee and apogee for simplified analysis

rp = 6.71e6; % m

%ra = 4e8; % m (a little beyond the moon's orbit)

ra = rEM + 2%rM; % m (2 moon radii beyond moon's orbit)
a = 0.5k(rp+ra);

e = (ra-rp)/(ra+rp);

inn

% velocity and time needed to get to apogee

vp = scale_vksqrt(2+«GxME/ (rpk(1l+rp/ra)));

vp = vp - rpxomega; % compensate for corotating velocity

P = sqrt(4xpi~2xa~3/(G*ME)); % kepler's 3rd law (ignoring mass of
spacecraft)

Ta = 0.5%P;

theta® = scale_anglex(pi+ 2%pixTa/TM);

% initial conditions (in circular orbit around earth)

x@ = rpxcos{theta0);
y@ = rpxsin(theta0);
vx@ = -vpxsin(thetad);
vy® = vpxcos(thetad);

% discrete times
Nt = le5;



t = linspace(@, P, Nt);
dt = t(2)-t(1);

% loop over discrete times

for ii=1:Nt

if ii==1
% initial values
x(ii) = x@;
y(ii) = yo;
vx(ii) = vx0;
vy(ii) = vy@;

else

% calculate accelerations at previous values
[ax, ay]l = cal_a(x(ii-1), y(ii-1), wvx(ii-1), vy(ii-1));

% calculate values at mid points
xmid = x(ii-1) + vx(ii-1)*dt/2;
ymid = y(ii-1) + vy(ii-1)*dt/2;
vxmid = vx(ii-1) + axxdt/2;
vymid = vy(ii-1) + ayxdt/2;

% recalculate accelerations at midpoint
[axmid, aymid] = cal_a(xmid, ymid, vxmid, vymid);

% update position and velocity of spacecraft
X(ii) = x(ii-1) + vxmidxdt;
y(ii) = y(ii-1) + vymidxdt;

vx(1i) = vx{(ii-1) + axmidxdt;
vy(ii) = vy(ii-1) + aymidxdt;
end

end

% plot orbit in corotating frame
figure(1)

plot(x,y)

hold on
plot(@,0,'r+',rEM,Q,'r+')

axis equal

06% %% % % %6 %6 6 %656 %656 %696 %696 %695 %6 %5 %655 %556 %5 %6 %656 %% %% %% %% %%
% plot orbit in inertial frame

theta = omegaxt;

XM = rEMxcos(theta);

yM = rEM%sin(theta);

for ii=1:Nt



x(ii)xcos(theta(ii)) - y(ii)*sin(theta(ii));

xi(ii) )
x(ii)xsin(theta(ii)) + y(ii)*cos(theta(ii));

yi(ii)
end

figure(2)
plot(xi,yi)
hold on
plot(xM,yM,'r")
plot(Q,0, 'r+')
axis equal

%% %% %% %5 % % % 555 % 5 % % 5555 6% % 6 % %6 5% 655 5 % 6 6 %6 5%
% animation in interial frame

figure()
Na = 200;
fac = ceil(Nt/Na);
for ii=1:Na
%for ii=floor{Na/2)-20:floor(Na/2)-10
pause(.01)
plot(@0, @, 'r+')
hold on
plot(xM(fack(ii-1)+1), yM(fack(ii-1)+1), 'r."')
plot(xi(fack(ii-1)+1), yi(facx(ii-1)+1), 'b."')
x1im([@ 1.2%rEM])
ylim([@ 1.2%rEM])
axis equal

F(ii)=getframe;
end

fname = ['freereturn.avi'];
movie2avi(F, fname)

return



function [ax, ay] = cal_a(x, y, vx, vy)

%

% calculate x, y components of acceleration for free return lunar
orbit

%

65566 66765 66 5 60 6 6 666 6506 66 6 666 66 0 6 6 66 060 66560666 606766 667676 666667666766 66

% constants

G = 6.67e-11; % MKS

ME = 5.97e24; % kg

MM = 7.35e22; % Kg

reM = 3.84e8; % m

omega = 2%pi/(27.32%24x%3600); % rad/s (lunar rotation rate)
%SMM=0;

somega=0;

r=sqrt(x™2 + y*2);
™ = sqrt((x-rEM)"2 + y~2);

ax = (-GxME/r~3 - G*MM/rM~3 + omega”2)*x + (G*MM/rM"3)*rEM +
2xomegaxvy;
ay = (-GKME/r"3 — G#MM/rM”3 + omega”2)kxy — 2xomega*xvx;

return
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