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Appendix B. LabVIEW and MATLAB Code
MATLAB Code for Voltage to Force, Torque, and Cp conversion: Pages

MATLAB Code for calculating aerodynamic coefficients and plotting: Pages
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Calibration MATRIX from ATI for the newer Nano25 (FT18962)

CalMat = ...
[ 0.15346 -0.01697 -0.01582 2.87077 -0.03571 -2.96696;
-0.38481 -3.33084 0.09813 1.62079 0.07247 1.72610;
5.71675 0.04764 5.47653 0.02115 5.63704 -0.18079;
-0.13441 -1.10252 2.19394 0.53490 -2.12916 0.62782;
-2.54867 -0.01872 1.20386 -0.96034 1.37114 0.95817;
-0.05067 -1.04394 -0.13412 -1.01168 0.04208 -1.05521 ];

Missile and wind tunnel properties

Fahrenheit = 68.4;
Inches_Hg = 29.6660;
Bay_Length = 2; % weapon bay length (ft)
Dia = 1.29/12; % missile Dia converted to ft
Ref_Area = (pi/4)*Dia™2; % Model refference Area (ft"2)
P_psi = Inches_Hg*0.49115420057253 ;% Inches Hg converted to psi
P_psf = P_psi*1272; % psi converted to psf
T = Fahrenheit + 459.67;% temp deg F converted to Rankine
R = 1716; % (Ib*ft)/(slug*R) Imperial Gas constant for Air
rho = P_psf/(R*T); % density from ideal gas law [slug/ft"3]

File names

filename_0O “bb8 0 _Missile_P_0.1vm*;
filename_60 = "bb8 0 Missile_P _60.1vm~;
filename_90 “"bb8 0 Missile P _90.1vm*;
filename_120 “"bb8 0 Missile P_120.1vm*;
Initial_AoA = -0; % 0 -5 -10 % degrees

Model = " Missile, °;
Material = " Plastic, °;
Test_Number = 1;

StorePos = " , Back of Bay *;

Figure_Handle=[Model ,Material, "Trajectory Number: *,num2str(Test_Number), " , AOA:
,hum2str(Initial_AoA), StorePos ];

delimiterin = "\t";

headerlinesln = 21;
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Jvm column handles

Time_col = 2
Fx_col =4
Fy_col =5;
Fz_col = 6;
Tx_col =7
Ty_col =8
Tz_col =9;
Vimu_col = 10;
PT1_col = 11;
PT2_col = 12;
PT3_col = 13;
PT4_col = 14;

Test, 0 mph

DATA_O importdata(filename_0, delimiterin, headerlinesin);
Data_0 = DATA_O.data;

time_O = Data_0(:,Time_col);
N_O = length(time_0); % number of data points

VFx_0 Data_0(:,Fx_col);
VFy_0O Data_0(:,Fy_col);
VFz_0 = Data_0(:,Fz_col);

VTx_0 = Data_0(:,Tx_col);
VTy_0 = Data_0(:,Ty_col);
VTz_0 = Data_0(:,Tz_col);

Vimu_O = Data_O0(:,Vimu_col);

PT1 0O Data_0(:,PT1_col);
PT2_0 = Data_0(:,PT2_col);
PT3_0 Data_0(:,PT3 _col);
PT4_0 = Data_0(:,PT4_col);

for i = 1:N_O
Voltages_0 = [VFx_0(i); VFy_0(i); VFz_O0(i); VTx 0(i); VTy 0(i); VTz_0(i)]:
Forces_0(:,i) = CalMat*Voltages_O;

end
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Tare values: from 0 MPH case

Tare_Fx = Forces_0(1,:);
Tare_Fy = Forces_0(2,:);
Tare_Fz = (-1)*Forces_0(3,:); % -1 is for AIAA convention

Tare_Tx = Forces_0(4,:)*(1/12); % converted to ft*lbs

Tare_Ty = Forces_0(5,:)*(1/12); %
Tare_Tz = Forces_0(6,:)*(1/712); %

Test, 60 mph

DATA_60 importdata(filename_60, delimiterln, headerlineslin);
Data_60 = DATA 60.data;

time_60 = Data_60(:,Time_col);
N_60 = length(time_60); % number of data points

VFx_60 = Data_60(:,Fx_col);
VFy_60 = Data_60(:,Fy_col);
VFz_60 = Data_60(:,Fz_col);

VTx_60 = Data_60(:,Tx_col);
VTy_60 = Data_60(:,Ty_col);
VTz_60 = Data_60(:,Tz_col);

Vimu_60 = Data_60(:,Vimu_col);

PT1_60 = Data_60(:,PT1_col);
PT2_60 = Data_60(:,PT2_col);
PT3_60 = Data_60(:,PT3_col);
PT4_60 = Data_60(:,PT4_col);

for i = 1:N_60
Voltages_60 = [VFx_60(i); VFy_60(i); VFz_60(i); VTx_60(i); VTy_60(i); VTz_60(i)];
Forces_60(:,i1) = CalMat*Voltages_60;

end
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Test, 90 mph

DATA_90 = importdata(filename_90, delimiterln, headerlineslin);
Data_90 = DATA_90.data;

time_90 = Data 90(:,Time_col);
N_90 = length(time_90); % number of data points

VFx_90 = Data_90(:,Fx_col);
VFy_90 = Data_90(:,Fy_col);
VFz_90 = Data_90(:,Fz_col);

VTx_90 = Data_90(:,Tx_col);
VTy 90 = Data_90(:,Ty_col);
VTz_90 = Data_90(:,Tz_col);

Vimu_90 = Data_90(:,Vimu_col);

PT1_90 = Data 90(:,PT1_col);
PT2_90 Data_90(:,PT2_col);
PT3_90 = Data 90(:,PT3_col);
PT4_90 = Data_90(:,PT4_col);

for 1 = 1:N_90
Voltages_90 = [VFx_90(i1); VFy_90(i); VFz_90(i); VTx_90(i); VTy 90(i); VTz_90(i)];

Forces_90(:,i1) = CalMat*Voltages_90;

end
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Test, 120 mph

DATA_120 = importdata(filename_120, delimiterln, headerlinesin);
Data_120 = DATA_120.data;

time_120 = Data_120(:,Time_col);
N_120 = length(time_120); % number of data points

VFx_120 = Data_120(:,Fx_col);
VFy_120 = Data_120(:,Fy_col);
VFz_120 = Data_120(:,Fz_col);

VTx_120 = Data_120(:,Tx_col);
VTy_ 120 = Data_120(:,Ty_col);
VTz_120 = Data_120(:,Tz_col);

Vimu_120 = Data_120(:,Vimu_col);

PT1_120 Data_120(:,PT1_col);
PT2_120 = Data_120(:,PT2_col);
PT3_120 Data_120(:,PT3_col);
PT4_120 Data_120(:,PT4_col);

for j = 1:N_120

Voltages_120 = [VFx_120(j); VFy_120(j); VFz_120(j); VTx_120(j); VTy_120();
VTz_120()1;

Forces_120(:,j) = CalMat*Voltages_120;

end
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Plot All Pressure Coefficients, Cp, 1 2 3 4 for all speeds, for Trajectory #1 experiment

V_fps = [60 90 120]*(1/60)*(1/60)*(5280/1); % velocity (# MPH) converted to ft/s
q = (1/2)*rho*V_fps."~2; % dynamic pressures
gl = 2.9883;092 = 2.9879;093 = 2.9874;g4 = 3.0041; % gains
% Freestream Pressure from Bernoulli
P_inf_60_1 = mean(PT1_0)*gl1*144 - 0.5*rho*V_fps(1)"2;
P_inf_60_2 = mean(PT2_0)*g2*144 - 0.5*rho*V_fps(1)"2;
P_inf_60_3 = mean(PT3_0)*g3*144 - 0.5*rho*V_fps(1)"2;
P_inf_60_4 = mean(PT4_0)*g4*144 - 0.5*rho*V_fps(1)"2;

P_inf 90_1 = mean(PT1_0)*gl1*144 - 0.5*rho*V_fps(2)"2;
P_inf 90_2 = mean(PT2_0)*g2*144 - 0.5*rho*V_fps(2)"2;
P_inf_90_3 = mean(PT3_0)*g3*144 - 0.5*rho*V_fps(2)"2;
P_inf_90_4 = mean(PT4_0)*g4*144 - 0.5*rho*V_fps(2)"2;

P_inf_120_1 = mean(PT1_0)*g1*144 - 0.5*rho*V_fps(3)"2;
P_inf_120_2 = mean(PT2_0)*g2*144 - 0.5*rho*V_fps(3)"2;
P_inf_120_3 = mean(PT3_0)*g3*144 - 0.5*rho*V_fps(3)"2;
P_inf_120_4 = mean(PT4_0)*g4*144 - 0.5*rho*V_fps(3)"2;
P1_60 = mean(PT1_60)*gl; P2_60 = mean(PT2_60)*g2; P3_60 = mean(PT3_60)*g3; P4 60 =
mean(PT4_60)*g4;
Cp_60 = ([P1_60 P2_60 P3_60 P4_60]*144- [P_inf 60_1 P_inf_60_2 P_inf _60_3 P_inf _60_4
D/7a);
P1_90 = mean(PT1_90)*gl; P2_90 = mean(PT2_90)*g2; P3_90 = mean(PT3_90)*g3; P4 90 =
mean(PT4_90)*g4;
Cp_90 = ([P1_90 P2_90 P3_90 P4_90]*144-[P_inf 90_1 P_inf 90 _2 P_inf_90_3 P_inf 90 _4
D/7a@;
P1_120 = mean(PT1_120)*gl; P2 120 = mean(PT2_120)*g2; P3_120 = mean(PT3_120)*g3; P4_120 =
mean(PT4_120)*g4;
Cp_120 = ([P1_120 P2_120 P3_120 P4_120]1*144-[P_inf_120_1 P_inf _120_2 P_inf_120_3
P_inf_120_4 1)/9(3);
PT_Positions = [6.5, 12.5, 18.5, 24]/(Bay_Length*12); % (inch/inch)
figure("Name*® ,Figure_Handle, "NumberTitle","off", "units”, "normalized”, "outerposition®,[0 O
.5 .5])
plot(PT_Positions, Cp_60, "s","LineWidth",2); hold on
plot(PT_Positions, Cp_90, *d","LineWidth",2)
plot(PT_Positions, Cp_120,"~","LineWidth",2)
xhim([0 11)
legend("60","90","120", "location”, "northwest™)
grid minor
title(Figure_Handle)
xlabel (("\fontsize{14} Streamwise position x/L"),"interpreter”, "tex")
ylabel (("\fontsize{14} Pressure Coeffectient C_p "),"interpreter”, "tex")

Mach = [V_fps]/sqrt(1.4*R*T); table(Mach)

mu = 3.82e-7; % Ibf*s/ft"2
Re = (rho*V_fps*Dia)/mu; table(Re)
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Calculate Aerodynamic Coefficients and Plot Results

Test_Speed = 90; % CHANGE 90 and _90 to #MPH case with “ctri+F”

Fx = Forces_90(1,:); % corresponds to Nano25 Fx

Fy = Forces_90(2,:); % corresponds to Nano25 Fy

Fz = (-1)*Forces_90(3,:); % corresponds to Nano25 Fz. (-1) is for AIAA convention
TX = Forces_90(4,:)*(1/12); % Corresponds to Nano25 Ty converted to ft*lb
Ty = Forces_90(5,:)*(1/12); % Corresponds to Nano25 Ty converted to ft*Ilb.
Tz = Forces_90(6,:)*(1/12); % Corresponds to Nano25 Ty converted to ft*Ilb.
Vimu = Vimu_90;

time = time_90;

PT1 = Data_90(:,PT1_col);

PT2 = Data_90(:,PT2_col);

PT3 = Data_90(:,PT3 col);

PT4 = Data_90(:,PT4_col);

Test_Number = 1; % Trajectory #1

Model = " Missile, °;

Material = " Plastic, °;

StorePos = " , Back of Bay *";

Figure_Handle=[Model ,Material, "Trajectory Number: " ,num2str(Test_Number),", WT Speed: ",
num2str(Test_Speed), " , AoA: " ,num2str(Initial_AoA), StorePos ];

% % Get indices for the tare
% Match by aligning initial peaks

figure("Name*® ,Figure_Handle, "NumberTitle","on", "units”, "normalized”, "outerposition”,[0 .5
.5 .5])
legend_str_index = [ num2str(Test_Speed), " MPH"];
subplot(2,1,1); hold on; title("F_x signals®);ylabel("from this plot.")
plot(Tare_Fx); hold on; plot(Fx); % Tare Fx is from "Grab_"
legend("0 MPH",legend_str_index); grid minor
subplot(2,1,2); hold on; title("F_y signals®);ylabel("Get your Index...")
plot(Tare_Fy);plot(Fy);xlabel("data points*®)
legend("0 MPH",legend_str_index); grid minor

F_ signals

from this plol.

F, signals

Gel your Index...

o L L I L |
o 500 1000 1500 300 2600

data peints
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Declare the indices

switch Initial_AoA; % cases

case 0 % O AoA case

switch by the Initial AoA

index_0 = 124;
if Test_Speed == 60
index_MPH = 125;% /
elseif Test _Speed == 90
index_MPH = 134;% /
elseif Test_Speed == 120
index_MPH = 134;% /
end
case -5
index_0 = 128;
if Test_Speed == 60
index_MPH = 102;% /
elseif Test _Speed == 90
index MPH = 121;% /
elseif Test_Speed == 120
index MPH = 112;% /
end
case -10
index_0 = 112;
if Test_Speed == 60
index_ MPH = 119;% /
elseif Test _Speed == 90
index MPH = 114;% /
elseif Test_Speed == 120
index_ MPH = 132;% /125

end

end

time_diff = abs( time_0(index_0)-time(index_MPH) );

race = time_0(index_0)-time(index_MPH); % determines lead vs lag race

if race > 0
a = -1;
else
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Always make sure the TARE run goes the LONGEST when acquiring data!!!
Cut the tail-end off of the 0 MPH data.

o_MPH_end = length(Fx(index_MPH:end))+length(Tare_Fx(1:index_0-1));%1542;
% % % Align the data sets

% % % Fx Tare
Tare_Fx_align = Tare_Fx(index_0:o0_MPH_end); % Tare data, O mph
Fx_align = Fx(index_MPH:end); % Normal Force data, # mph

X
X

% Fy Tare
Tare_Fy_align = Tare_Fy(index_0:o0_MPH_end); % Tare data, O mph
Fy_align = Fy(index_MPH:end); % Normal Force data, # mph

% % % Fz Tare
Tare_Fz_align = Tare_Fz(index_0:o0_MPH_end);
Fz_align = Fz(index_MPH:end); % Moment data,

% Tare data, O mph
# mph

X
X

% Tx Tare
Tare_Tx_align = Tare_Tx(index_0:o0_MPH_end);
Tx_align = Tx(index_MPH:end); % Moment data,

% Tare data, O mph
# mph

X
X

% Ty Tare
Tare_Ty_align = Tare_Ty(index_0:o0_MPH_end);
Ty_align = Ty(index MPH:end); % Moment data,

% Tare data, O mph
# mph

% % % Tz Tare
Tare_Tz_align = Tare_Tz(index_0:o0_MPH_end);
Tz_align = Tz(index _MPH:end); % Moment data,

% Tare data, O mph
# mph

TARED_Fx (Fx_align) (Tare_Fx_align); %
TARED_Fy (Fy_align) (Tare_Fy_align); %
TARED_Fz (Fz_align) (Tare_Fz_align); %
TARED_Tx (Tx_align) (Tare_Tx_align); %
TARED_Ty (Ty_align) (Tare_Ty_align); %
TARED_Tz (Tz_align) (Tare_Tz_align); %

% % % Check that the FORCE data lines-up well

figure("Name*® ,Figure_Handle, "NumberTitle", "off", "units”, "normalized”, "outerposition®,[.5
0 .5 1D
legend_str_index = [ num2str(Test_Speed), " MPH"];
subplot(3,1,1); hold on; title("Tared: F_x");ylabel("...from this plot.")
plot( Tare_Fx_align ); hold on; plot( Fx_align );
plot(TARED_Fx)
legend("0 MPH",legend_str_index, "Tared Data®); grid minor
subplot(3,1,2); hold on; title("Tared: F_y");ylabel("...Tare alignment...")
plot(Tare_Fy_align);plot(Fy_align );
plot(TARED_Fy)
legend("0 MPH",legend_str_index, "Tared Data®); grid minor
subplot(3,1,3); hold on; title("Tared: F_z");ylabel("Check for good...")
plot(Tare_Fz_align);plot(Fz_align );xlabel("data points™)
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plot(TARED_Fz)
legend("0 MPH",legend_str_index, "Tared Data®); grid minor

% % % Check that the TORQUE data lines-up well

figure("Name*® ,Figure_Handle, "NumberTitle", "off", "units”, "normalized”, "outerposition®,[.5
0 .5 1D
legend_str_index = [ num2str(Test_Speed), " MPH"];
subplot(3,1,1); hold on; title("Tared: T _x");ylabel("...from this plot.")
plot( Tare_Tx_align ); hold on; plot( Tx_align );
plot(TARED_Tx)
legend("0 MPH",legend_str_index, "Tared Data®); grid minor
subplot(3,1,2); hold on; title("Tared: T_y");ylabel("...Tare alignment...")
plot(Tare_Ty_align);plot(Ty_align );
plot(TARED_Ty)
legend("0 MPH",legend_str_index, "Tared Data®); grid minor
subplot(3,1,3); hold on; title("Tared: T_z");ylabel("Check for good...")
plot(Tare_Tz_align);plot(Tz_align );xlabel("data points")
plot(TARED_Tz)
legend("0 MPH",legend_str_index, "Tared Data®); grid minor

% % % Check that the IMU data lines-up well
figure("Name® ,Figure_Handle, "NumberTitle", "off")
legend_str_index = [ num2str(Test_Speed), " MPH"];
plot(Vimu_O(index_0O:o0_MPH_end)); hold on;
plot(Vimu(index_MPH:end))
plot(Vimu_0(index_0:o0_MPH_end)-Vimu(index_MPH:end))
title("IMU Line-Up*®);
xlabel (" Data Point Index ");
ylabel ("IMU Voltage Data. Check for good alignment®)
legend("0 MPH",legend_str_index, "Subtracted Data®, "location”, "southeast®);grid minor

Tand F, Tama T,
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IMU Voltage Data. Check for good alignment
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Convert Voltage for the IMU to Sweep Angles [deg]

Vimu_start_avg = mean(Vimu(1:500)); % 1:500 is the initial state
Vimu_end_avg = mean(Vimu(1000:end)); % 1000:end is the steady state
SweepAngle = (Vimu-Vimu_start_avg)*(-19)/(Vimu_start_avg-Vimu_end_avg)-19;
SweepAngle = (SweepAngle(index_MPH:end))";

Fs_imu = 100; % sample rate in Hz

cof_imu = 0.1; % cufoff frequency in Hz

order_imu = 20; % -th Order of lowpas Ffilter
Noisy_SweepAngle = SweepAngle-; % noisy data

Fnorm_imu = cof_imu/(Fs_imu/2); % Normalized frequency
df_imu =

designfilt(" lowpassfir®, "FilterOrder” ,order_imu, "CutoffFrequency” ,Fnorm_imu);

Delay_imu = mean(grpdelay(df_imu)); % Filter delay in samples

filtered_imu = filter(df_imu, [Noisy_SweepAngle; zeros(Delay_imu,1)]); % Append Delay
FILTERED_SweepAngle = filtered_imu(Delay_imu+l:end); % Shift data to compensate for delay

Calculate Coefficients

Test_Speed*(1/60)*(1/60)*(5280/1); % velocity (# MPH) converted to ft/s

q = (1/2)*rho*v~2; % dynamic pressure
CN = ( TARED_Fx )/( g*Ref_Area ); % Normal force coeff
CY = ( TARED_Fy )/( g*Ref_Area ); % Side force coeff

CX = ( TARED_Fz )/( g*Ref_Area ); % Axial force coeff

Cn (TARED_Tx)/(g*Ref_Area*Dia); % Yaw moment coeff
Cm = (TARED_Ty)/(q*Ref_Area*Dia); % Pitch moment coeff
Cl (TARED_Tz)/(g*Ref_Area*Dia); % Roll moment coeff
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Filter Coefficient Data Sets

Fs = 100; % sample rate in Hz
cof = 0.1; % cufoff frequency in Hz
order = 20; % 20-th Order of lowpas filter
CN = CN"; % noisy data
CY = CY";
CX = CX";
Ch = Cn";
Cm = Cm";
Cl =CI";
% Design a 20-th order lowpass FIR filter with cutoff frequency of "cof'" Hz.
Fnorm = cof/(Fs/2); % Normalized frequency

df = designfilt("lowpassfir®, "FilterOrder®,order, "CutoffFrequency” ,Fnorm);
Delay = mean(grpdelay(df)); % filter delay in samples

Ffiltered_CN = filter(df,[CN; zeros(Delay,1)]); % Append Delay zeros to the input data
Ffiltered_CN = filtered_CN(Delay+l:end); % Shift data to compensate for delay
filtered_CY = filter(df,[CY; zeros(Delay,1)]);
filtered_CY = filtered_CY(Delay+l:end);
Ffiltered_CX = filter(df,[CX; zeros(Delay,1)]);
Ffiltered_CX = filtered_CX(Delay+l:end);

filtered_Cn = filter(df,[Cn; zeros(Delay,1)]);
Ffiltered_Cn = filtered_Cn(Delay+l:end);
filtered_Cm = filter(df,[Cm; zeros(Delay,1)]);
filtered_Cm = filtered_Cm(Delay+l:end);
filtered_Cl = filter(df,[Cl; zeros(Delay,1)]);
filtered_Cl = filtered_Cl(Delay+l:end);

313



Plot Normal Force Coefficient, C N

figure("Name*® ,Figure_Handle, "NumberTitle","off", "units”, "normalized”, "outerposition®,[0 O
.5 .5])
[ax,k1,k2] = plotyy( time(index_MPH:end),FILTERED_SweepAngle, time(index_MPH:end),CN

hold on
line(time(index_MPH:end),filtered_CN, "parent”,ax(2), "LineWidth",2)
kl.Color = [0 .5 0]; kl.LineWidth = 2;
k2_.Color = [0.3 0.6 .9]; k2_.LineWidth = 0.1;
grid minor
legend({"Sweep Angle®,"C_N", "C_N (Ffiltered)"}, "FontSize",12, "location”,
"northwest")
xlabel (("\fontsize{14} Time (sec)"),"interpreter”, "tex")
ylabel (ax(1), ("\fontsize{14} {\color[rgb]{0 .5 O0}Sweep Angle (deg)}
"), "interpreter”, "tex")
set(ax(l), "YColor", "k")
ylabel (ax(2), ("\fontsize{14} {\color[rgb]{0O 0.4470 0.7410} C_N}
"), "interpreter”, "tex")
set(ax(2), "YColor"®, "k", "FontSize",12)
set(gca, "XMinorTick®,"on", "YMinorTick", "on", "FontSize",12)

title((Figure_Handle), "interpreter”, "tex")
YTICK_left = -20:2:2;
set(ax(1l), "YLim", [min(YTICK_left) max(YTICK_left)] , "YTick" , YTICK left );
YTICK _right = -6:1:5;
set(ax(2), "YLim", [min(YTICK_right) max(YTICK right)] , "YTick" , YTICK_ right);

set(ax(l), "XLim", [2 13]);
set(ax(2), "XLim", [2 13]);

Missile, Plastic, Trajectory Number: 1, WT Speed: 90, AoA: 0, Back of Bay
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Plot Side Force Coefficient, C Y

figure("Name*® ,Figure_Handle, "NumberTitle","off", "units”, "normalized”, "outerposition®,[0 O

.5 .5])
[ax,k1,k2] = plotyy( time(index MPH:end),FILTERED_SweepAngle, time(index_MPH:end),CY );
hold on

line(time(index_MPH:end),filtered_CY, "parent”,ax(2), "LineWidth",2)

kl.Color = [0 .5 0]; kl.LineWidth = 2;

k2_.Color = [0.3 0.6 .9]; k2_.LineWidth = 0.1;

grid minor

legend({"Sweep Angle®,"C_Y", "C_Y (filtered)"}, "FontSize",12, "location”,
"northwest")

xlabel (("\fontsize{14} Time (sec)"),"interpreter”, "tex")
ylabel (ax(1), ("\fontsize{14} {\color[rgb]{0 .5 0}Sweep Angle (deg)}
"), "interpreter”, "tex")

set(ax(l), "YColor", "k")

ylabel (ax(2), ("\fontsize{14} {\color[rgb]{0 0.4470 0.7410}C Y}
"), "interpreter”, "tex")

set(ax(2), "YColor", "k", "FontSize",12)

set(gca, "XMinorTick®,"on", "YMinorTick", "on", "FontSize",12)

title((Figure_Handle), "interpreter”, "tex")

YTICK_left = -20:2:2;

set(ax(1l), "YLim", [min(YTICK_left) max(YTICK_left)] , "YTick" , YTICK left );
YTICK _right = -6:1:5;

set(ax(2), "YLim", [min(YTICK_right) max(YTICK right)] , "YTick" , YTICK_ right);

set(ax(l), "XLim", [2 13]):
set(ax(2), "XLim", [2 13]);

Missile, Plastic, Trajectory Number: 1, WT Speed: 90, AoA: 0, Back of Bay
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Plot Axial Force Coefficient, C_X

figure("Name*® ,Figure_Handle, "NumberTitle","off", "units”, "normalized”, "outerposition®,[0 O

.5 .5])
[ax,k1,k2] = plotyy( time(index MPH:end),FILTERED_SweepAngle, time(index_MPH:end),CX );
hold on

line(time(index_MPH:end), filtered_CX, "parent”,ax(2), "LineWidth",2)

kl.Color = [0 .5 0]; kl.LineWidth = 2;

k2_.Color = [0.3 0.6 .9]; k2_.LineWidth = 0.1;

grid minor

legend({"Sweep Angle®,"C_X", "C_X (Ffiltered)"}, "FontSize",12, "location”,
"northwest")

xlabel (("\fontsize{14} Time (sec)"),"interpreter”, "tex")

ylabel (ax(1), ("\fontsize{14} {\color[rgb]{O0 .5 O0}Sweep Angle (deg)}
"), "interpreter”, "tex")

set(ax(l), "YColor", "k")

ylabel (ax(2), ("\fontsize{14} {\color[rgb]{0 0.4470 0.7410}C_ X}
"), "interpreter”, "tex")

set(ax(2), "YColor", "k", "FontSize",12)

set(gca, "XMinorTick®,"on", "YMinorTick", "on", "FontSize",12)

title((Figure_Handle), "interpreter”, "tex")

YTICK_left = -20:2:2;

set(ax(1l), "YLim", [min(YTICK_left) max(YTICK_left)] , "YTick" , YTICK left );
YTICK _right = -6:1:5;

set(ax(2), "YLim", [min(YTICK_right) max(YTICK right)] , "YTick" , YTICK_ right);

set(ax(l), "XLim", [2 13]):
set(ax(2), "XLim", [2 13]);

Missile, Plastic, Trajectory Number: 1, WT Speed: 90, AoA: 0, Back of Bay
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Plot Yaw Moment Coeffcient, C_n (about Xb-axis)

figure("Name*® ,Figure_Handle, "NumberTitle","off", "units”, "normalized”, "outerposition®,[0 O

.5 .5])
[ax,k1,k2] = plotyy( time(index MPH:end),FILTERED_SweepAngle, time(index_MPH:end),Cn );
hold on

line(time(index_MPH:end),filtered_Cn, "parent”,ax(2), "LineWidth",2)

kl.Color = [0 .5 0]; kl.LineWidth = 2;

k2_.Color = [0.3 0.6 .9]; k2_.LineWidth = 0.1;

grid minor

legend({"Sweep Angle®,"C_n", "C_n (Ffiltered)"}, "FontSize",12, "location”,
"northwest")

xlabel (("\fontsize{14} Time (sec)"),"interpreter”, "tex")

ylabel (ax(1), ("\fontsize{14} {\color[rgb]{O0 .5 O0}Sweep Angle (deg)}
"), "interpreter”, "tex")

set(ax(l), "YColor", "k")

ylabel (ax(2), ("\fontsize{14} {\color[rgb]{0 0.4470 0.7410}C_n}
"), "interpreter”, "tex")

set(ax(2), "YColor", "k", "FontSize",12)

set(gca, "XMinorTick®,"on", "YMinorTick", "on", "FontSize",12)

title((Figure_Handle), "interpreter”, "tex")
YTICK_left = -20:2:2;
set(ax(1l), "YLim", [min(YTICK_left) max(YTICK_left)] , "YTick" , YTICK left );
YTICK _right = -6:1:5;
set(ax(2), "YLim", [min(YTICK_right) max(YTICK right)] , "YTick" , YTICK_ right);

set(ax(l), "XLim", [2 13]):
set(ax(2), “XLim®, [2 13]);

Missile, Plastic, Trajectory Number: 1, WT Speed: 90, AoA: 0, Back of Bay
T T T T T T T T T T

——Sweep Angle
o5 p Angl .
n

-2 | —C,, (filtered) ‘ | L -3
' WIWMIINIM AL I
o3 | A 1 |
T 5 ‘ e Lo | i 1
% F | J“F | ”, H b | ' ‘ J ! A
o 8 A IR i [i| L I 0
2 | ARt | | =
<< f | ©
< A0 -1
o I
L 12
w

-14 - —1-3

-16 14

-18 - -1-5

_20 Il 1 Il 1 1 1 1 Il 1 Il -E

2 3 4 5 6 7 8 9 10 11 12 13

Time (sec)

317



Plot Pitch Moment Coefficient, C_m (about Yb-axis)

figure("Name*® ,Figure_Handle, "NumberTitle","off", "units”, "normalized”, "outerposition®,[0 O

.5 .5])
[ax,k1,k2] = plotyy( time(index MPH:end),FILTERED_SweepAngle, time(index_MPH:end),Cm );
hold on

line(time(index_MPH:end),filtered_Cm, "parent”,ax(2), "LineWidth",2)

kl.Color = [0 .5 0]; kl.LineWidth = 2;

k2_.Color = [0.3 0.6 .9]; k2_.LineWidth = 0.1;

grid minor

legend({"Sweep Angle®,"C_m", "C_m (Ffiltered)"}, "FontSize",12, "location”,
"northwest")

xlabel (("\fontsize{14} Time (sec)"),"interpreter”, "tex")

ylabel (ax(1), ("\fontsize{14} {\color[rgb]{O0 .5 O0}Sweep Angle (deg)}
"), "interpreter”, "tex")

set(ax(l), "YColor", "k")

ylabel (ax(2), ("\fontsize{14} {\color[rgb]{0 0.4470 0.7410}C_m}
"), "interpreter”, "tex")

set(ax(2), "YColor", "k", "FontSize",12)

set(gca, "XMinorTick®,"on", "YMinorTick", "on", "FontSize",12)

title((Figure_Handle), "interpreter”, "tex")
YTICK_left = -20:2:2;
set(ax(1l), "YLim", [min(YTICK_left) max(YTICK_left)] , "YTick" , YTICK left );
YTICK _right = -6:1:5;
set(ax(2), "YLim", [min(YTICK_right) max(YTICK right)] , "YTick" , YTICK_ right);

set(ax(l), "XLim", [2 13]):
set(ax(2), “XLim®, [2 13]);

Missile, Plastic, Trajectory Number: 1, WT Speed: 90, AoA: 0, Back of Bay
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Plot Roll Moment Coefficient, C 1 (about Zb-axis)

figure("Name*® ,Figure_Handle, "NumberTitle","off", "units”, "normalized”, "outerposition®,[0 O

.5 .5])
[ax,k1,k2] = plotyy( time(index MPH:end),FILTERED_SweepAngle, time(index_MPH:end),Cl );
hold on

line(time(index_MPH:end),filtered_CI, "parent”,ax(2), "LineWidth",2)

kl.Color = [0 .5 0]; kl.LineWidth = 2;

k2_.Color = [0.3 0.6 .9]; k2_.LineWidth = 0.1;

grid minor

legend({"Sweep Angle®,"C_I1", "C_1 (filtered)"}, "FontSize",12, "location”,
"northwest")

xlabel (("\fontsize{14} Time (sec)"),"interpreter”, "tex")

ylabel (ax(1), ("\fontsize{14} {\color[rgb]{O0 .5 O0}Sweep Angle (deg)}
"), "interpreter”, "tex")

set(ax(l), "YColor", "k")

ylabel (ax(2), ("\fontsize{14} {\color[rgb]{0 0.4470 0.7410}C I}
"), "interpreter”, "tex")

set(ax(2), "YColor", "k", "FontSize",12)

set(gca, "XMinorTick®,"on", "YMinorTick", "on", "FontSize",12)

title((Figure_Handle), "interpreter”, "tex")
YTICK left = -20:2:2;
set(ax(1l), "YLim", [min(YTICK_left) max(YTICK_left)] , "YTick" , YTICK left );
YTICK _right = -6:1:5;
set(ax(2), "YLim", [min(YTICK_right) max(YTICK right)] , "YTick" , YTICK_ right);

set(ax(l), "XLim", [2 13]):
set(ax(2), "XLim", [2 13]);

Missile, Plastic, Trajectory Number: 1, WT Speed: 90, AoA: 0, Back of Bay
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Plot the Coefficients: C_ N and C_m vs Sweep Angle

figure("Name*® ,Figure_Handle, "NumberTitle","off", "units”, "normalized”, "outerposition®,[0 O
.5 .5])

plot(SweepAngle,CN,"*" ); hold on

grid minor

title((Figure_Handle), "interpreter®, "tex")

xlabel (("\fontsize{14} Sweep Angle (deg)"), "interpreter”, "tex")

ylabel (("\fontsize{14} C_N"),"interpreter”, "tex")

ylim([-10 10])

xIim([-20 1])
plot([-19 -19],[10 -10],"r","LineWidth",2)
plot([0 0],[10 -10],"r","LineWidth",2)
% get(gca) % to pull up the menu items.
set(gca, "XTick®", [-20:1:1] , "XTickLabelRotation® , 45)% , "XTick®" , Xtick );
LegendHandle = legend("Unfiltered C$_N$","Start: -19%™\circ$","End: 0$\circ$");
set(LegendHandle, "interpreter®, "latex", "fontsize",12, "location”, "southeast®)

% Plot Pitch Moment Coeff, C_m vs PitchAngle

figure("Name*® ,Figure_Handle, "NumberTitle","off", "units”, "normalized”, "outerposition”,[0 O
.5 .5])

plot(SweepAngle,Cm,"g*" ); hold on

grid minor

title((Figure_Handle), "interpreter®, "tex")

xlabel (("\fontsize{14} Sweep Angle (deg)®), "interpreter”, "tex")

ylabel (("\fontsize{14} C_m"), "interpreter”, "tex")

ylim([-10 10])

xIim([-20 1])
plot([-19 -19],[10 -10],"r","LineWidth",2)
plot([0 0],[10 -10],"r","LineWidth",2)
% get(gca) % to pull up the menu items.
set(gca, "XTick®", [-20:1:1] , "XTickLabelRotation® , 45)% , "XTick®" , Xtick );
LegendHandle = legend("Unfiltered C$_m$","Start: -19%™\circ$","End: 0$M\circ$");
set(LegendHandle, "interpreter”, "latex”, "fontsize",12, "location”, "northeast”)
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Missile, Plastic, Trajectory Number: 1, WT Speed: 90 , AoA: 0, Back of Bay
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Appendix C. Drawings of Models
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