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Problem 5(a)
L Rasponse to 10 deg Step Commmand on'y
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Note that (1) the surface deflections are constant, and (ii) after a very long

underdamped eigenvalue.

L]

go to their commanded values. The open loop system is

transient the outputs
stable, but there is a very slow



Problem 5(b)
CL Respense to 10 deg Siep Commmand on 'y, G=C'5 0;0 5]C, R=(10G,010]
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Note here that the control inputs go through very slight transient deviations
from their trim values to damp out the underdamped modes, and achieve
nice command-following properties. Note also that nz does not seem to
achieve the desired steady-state value. This is due to a transmission zero
near the origin! Over a very long time scale, nz does in fact converge, as it
must. To eliminate this problem, an integrator in the feedback loop, or
some other form of low-frequency compensation, is necessary. We've
done all we can with full-state feedback!



nz_com = .1; % Input nz magnitude
gam_com = 10*pif180; % tnput-gamma mag.

% System Matrices states are (g v alpha theta)
A=1{-08 -0.0344 -12 3

o -0.014 -0,2904 -0.562

1 -0.0057 -15 1]

1 0 0 oL

B=[-19 -25
-0.0115 -0,0087
016 0.6

0 o

C={0 0 -t 1
0.0 07330];

D=[0 0
0.0768 .1134 ];

%-(a) Compute Feedforward matrices
M=[A B
CDJ
M= in¥{M);
Mx = M(1:4,5:6);
My = M(5:6,5:6);

% (a) Create O.L. system, simulate with nz and
% gamma steps

sys=s5s{A,B*My,C,D*Mu);

T ={0:.01:5007";

U = [gam_com®*ones{length{T),1)
0*nz_com*ones{’ength(T),1)];

y = Isim{sys,U,T,zeros{4,1));

figure(1)

subpiot(311), plot(T, 180/pi*y(;,1))

xiabel{'time, t {sec)'), viabel("gamma {deg}"), grid
title{"OL Response to 10 deg Step Commmand on
\gamma"}

subplot(312), plot(T,y(:,2))

xiabel(time, t (secY’), ylabel'nz {g"s)"), orid
dedf=(Mu*Ur)*189/pi;

subplot(313), plot(T,dedf(:,1),T,dedf(:,2),~');
xiabel('time, t (sec)), viabel'surf. defl. (deg)),
grid

legend{'\delta_e (deg)’,"\delta_f {deg))

O/O ey

U = [8*gam_com*ones(length(T},1)
nz_com*ones(iength(T),1)];

y = lsim{sys,U,T,zeros(4,1));

figure(2)

subplot(311), plot(T, 180/pi*y(:,1))

xlabel('time, t (sec)"), ylabel{\gamma (deg)", grid
title('OL Response to C.1g Step Command onn_z')
subplot(312), plot(T,y(:,2)}

xlabel('time, t {sec}"), vlabel('nz {g"s)"), grid

dedf=(Mu*U"Y*180/pi;

subplot(313), plot(T,dedf(:,1),T,dedf(:,2),'—');
xlabel(’time, t (sec)), ylabel('surf, defl. (deg)"),
grid

legend("\delta_e (deg)’,"\delta_f {deg}")

% (b} Compute LOQR gains and create CL.
system, then re-simulate

Y%

Qy= diag(f5 5]);

Q = CHQy*C;

R = diag({[10 10]);

K = Igqr(A,B,Q,R};

sys = sS{A-B*K, B*{(Mu+K*Mx), CD¥K,
D*(MUHRC*MX));
T = [0:.01:5];

U = [gam_com*ones(lenagth{T},1)
O*nz_com*ones(length(T),1);

fy,t,X] = Isim{sys,U,T,zeros(4,1));

figure{3)

subplot(311), plet{T;180/pi*y(:;1))
xlabel('time, t (sec)), viabel{\gamma (deg)'),
grid

title('CL Response to 10 deg Step Commmand
on \gamma; Q=C"[5 0;0 51C, R=[10 0,0 107"
subplot(312), plotT,¥{:,2)}

xlabel{'time, t {sec)?), ylabel('nz {g"s)"), grid
dedf={ {{Mu+K*Mx}*U"Y-(K*Y Y*180/pi;
subplot{313), plot(T,dedf{:,1),T,dedf(:,2),~'};
xlabe¥ time, t (sec)), ylabel('surf. defl. {deg)"),
qgrid

legend("\defta_e (deg)’,"\detta_f (deg)’)

O/o —

U = [0*gam_com*ones(length{T),1)
nz_com*ones(length(T),13];

[y,t,x] = Isim{sys,U,T,zeros(4,1));

figure(4}

subplot{311), plot(T,180/pi*y(:,1))
xlabel('time, t (sec)), ylabel("gamma (deg)),
grid

title{’Cl. Response to .1g Step Commmand on
\gamma; Q=C"[S 0;0 5]C, R=[10 0;0 101"
subpiot(312), plot(T,y(:,2})

xlabel{'time, t (sec), viabel('nz (g"'s)), grid
dedf={ ({(Mu+K*Mx}*U'Y-(K*x")' }*180/pl;
subplot(313), plot(T dedf(:,1),T,dedf(:,2),"~":
xlabel("time, t (sec)"), vlabel('surf. defl. (deg)'),
gric

legend(*\delta_e (deg),"\dalta_f (deg))



