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%   
%  Aeroelastic model of swept slender wing 
% 
%  Bending-torsional structural model of the swept wing. 
% 
%  ()'     - d/dy, spatial derivative 
%  d()/dt  - time derivative 
% 
%  State variables: 
%   w(t,y)     - vertical displacement of the EA line of the wing [m] 
%   theta(t,y) - twisting angle of the wing [rad]. 
%   y - spanwise coordinate [m] 
% 
%  Equations of motion 
% 
%  m*d^2w/dt^2 + S*d^2theta/dt^2  +  cw*dw/dt      +  kw*w      =  L        

(1) 
%  S*d^2w/dt^2 + I*d^2theta/dt^2  +  ct*dtheta/dt  +  kt*theta  =  My 

+ u   (2) 

  
%  L  - lift force per unit span  [N/m] 
%  My - aerodynamic moment per unit span  [Nm/m] 
%  u - control: aileron's moment 

  
%  Bending equation (1)  
%  Boundary conditions:   w(0) = w'(0) = 0;   w''(SemiSpan) =  

w'''(SemiSpan) = 0;       
% 
  clear 



  
  control = 0;     % 0 - LQR turned off, 1 - on 

  
  %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  [ wingA320 ] = wing_wingA320data(); 
  [ engnA320 , wingA320 ] = wing_engnA320data( wingA320 ); 
  %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  
  % Air data    
  Altitude = 8000.0;         % Altitude of flight [m] 

  
  [ rho , a_sound , Temp ] = wing_Atmosphere( Altitude ); 

  
  % Computing flutter (or divergence) 

  
  sprintf( 'Computing flutter (or divergence) critical velocity U_crit 

by bisection method\n' ); 

  

   
  U_inf =  0.0               % Undisturbed velocity [m/s] 
  d_U_inf = 50.0; 

  
  bisect = 0;  
  iter = 1; 
  %for U_inf = 0.0 : 50.0 : 400.0 , 
  for ii = 1 :100 , 

  
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    [ wingA320 ] = wing_AE_Model( wingA320 , U_inf , rho , a_sound ); 
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  
    nw = wingA320.n; 
    A = wingA320.A; 
    B = wingA320.B; 
    size_A=size(A); 
    size_B=size(B); 
    n = size_A(1); 
    m = size_B(2); 

  
    Q = 1.0*eye(n); 
    R = 1.0*eye(m); 

     
    Ku = zeros( m , n ); 

     
    if( control == 1 ) 
      [Ku,Su] = lqr( A , B , Q , R ); 
      A=A-B*Ku; 
    end 

     
    [v,d] = eig(A); %v-> eigenvectors, d->eigenvalues 

     

     

    %format long 
    %diag(d) 

     
    [ MaxRealEig , iMaxRealEig ] = max(real(diag(d))); 
    ImagEig = imag(diag(d(iMaxRealEig,iMaxRealEig))); 

     



    U_inf_t(iter) = U_inf; 
    MaxRealEig_t(iter) = MaxRealEig; 
    ImagEig_t(iter) = ImagEig; 

  
    sprintf( ' U_inf = %15.11f [m/s]    MaxRealEig =%20.15f   ImagEig 

=%18.12f     it= %4d\n' , U_inf , MaxRealEig , ImagEig , iter ); 

  
    if( bisect == 1 )  
      if( MaxRealEig * MaxRealEig_1 <= 0.0 ) 
        U_inf_2 = U_inf; 
        MaxRealEig_2 = MaxRealEig; 
        %U_inf = 0.5*( U_inf_1 + U_inf_2 ); 
        U_inf = U_inf_1 - ( U_inf_2 - U_inf_1 ) * MaxRealEig_1 / ( 

MaxRealEig_2 - MaxRealEig_1 ); 
      elseif( MaxRealEig * MaxRealEig_2 <= 0.0 ) 
        U_inf_1 = U_inf; 
        MaxRealEig_1 = MaxRealEig; 
        %U_inf = 0.5*( U_inf_1 + U_inf_2 ); 
        U_inf = U_inf_1 - ( U_inf_2 - U_inf_1 ) * MaxRealEig_1 / ( 

MaxRealEig_2 - MaxRealEig_1 ); 
      end 
    end 

  

     
    if( iter > 3 && bisect ~= 1 ) 
      if( MaxRealEig_t(iter) * MaxRealEig_t(iter-1) <= 0.0 ) 
        U_crit = U_inf_t(iter-1) - ( U_inf_t(iter) - U_inf_t(iter-1) ) 

* MaxRealEig_t(iter-1) / ( MaxRealEig_t(iter) - MaxRealEig_t(iter-1) 

); 
        Mach = U_crit / a_sound; 
        U_kmh = U_crit * 3.6; 

         
        sprintf( '\nU_crit = %15.11f [m/s]    Mach =%5.3f   U_kmh 

=%7.2f\n\n' , U_crit , Mach , U_kmh ); 

         
        vr_w = real( v(1:nw,iMaxRealEig) ); 
        vi_w = imag( v(1:nw,iMaxRealEig) ); 
        vr_t = real( v(nw+1:2*nw,iMaxRealEig) ); 
        vi_t = imag( v(nw+1:2*nw,iMaxRealEig) ); 

     
        lam_r = MaxRealEig; 
        lam_i = ImagEig; 
        x_axis=linspace(1,nw,nw); 

         
        plot(x_axis, vr_w  , 'b--o' ,x_axis, vi_w , 'b--x', x_axis, 

vr_t  , 'r--o'  ,x_axis, vi_t  , 'r--x' ); 
%           axis( [ 1  n ] );     
          title( 'Critical flutter mode'); 
          legend('Real part w','Imaginary part w','Real part 

theta','Imaginary part theta'); 
          xlabel('[-]'); 
          ylabel('Modes'); 
          grid on 
          pause 

         

  
        U_inf_1 = U_inf - d_U_inf; 
        U_inf_2 = U_inf; 

  



        MaxRealEig_1 = MaxRealEig_t(iter-1); 
        MaxRealEig_2 = MaxRealEig_t(iter); 

  
        U_inf = 0.5*( U_inf_1 + U_inf_2 ); 
        bisect = 1;  

         
        %bisect = 2;  

     
      end 
    end 

     
    %printf( 'U_inf = %15.11f [m/s]    MaxRealEig =%20.15f   ImagEig 

=%18.12f\n' , U_inf , MaxRealEig , ImagEig ); 

     
    iter=iter+1; 

     
    %[v,d] = eig( A - B*Ku ); 
    %MaxRealEigLoop = max(real(diag(d))) 

     
%     fflush( stdout ); 

     
    if( bisect ~= 1 )  
      U_inf = U_inf + d_U_inf; 
    end 

     
    if( bisect == 1 && abs( U_inf_2 - U_inf_1 ) < 1.e-10 ) 
      break 
    end 

  
  end 

  
  [ U_inf_t , MaxRealEig_t , ImagEig_t ] = wing_sort_vec( U_inf_t , 

MaxRealEig_t , ImagEig_t , iter-1 ); 

  
    plot( U_inf_t , MaxRealEig_t , 'r--o' , U_inf_t , 0.001*ImagEig_t  

, 'b--x' ); 
   legend('Real Part Eigenvalues','Imaginary Part Eigenvalues'); 
   title('Critical Velocity'); 
   xlabel('V [m/s]'); 
   ylabel('Eigenvalue'); 
   grid on; 
   pause 

  

  
  % U_inf  = U_inf + 1.0; 
  % %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  % [ wingA320 ] = wing_AE_Model( wingA320 , U_inf , rho , a_sound ); 
  % %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  % A = wingA320.A; 
  % B = wingA320.B; 
  % nw = wingA320.n; 

  
  % Simulation and plotting 
  dt = 0.005; 

  
  T_max = 100.0; 
  it_max = T_max / dt; 

  



  beta = 0.505;   % Euler integration parameter 
  Ai = inv( eye(n)/dt - beta*( A - B*Ku ) ); 

  
  % Initial conditions 
  x = zeros(n,1); 

  
  %x(1*nw-1) = 1.0e-1;    % w 
  %x(2*nw-1) = 1.0e-1;    % theta 
  %x(3*nw-1) = 1.0e-3;    % dw/dt 
  %x(3*nw-10) = 1.0e-3;   % dw/dt 
  %x(4*nw-10) = 1.0e-3;   % dtheta/dt 
  %x(4*nw-1) = 1.0e-2;    % dtheta/dt 

  
  azimuth = 0.0; 
  azimuth = 70.0; 
  elev = 20.0; 

  
  th_scale = 10000.0; 
  w_scale  = th_scale * pi; 

  
  %w_scale  = 0.0; 
  %th_scale = 0.0; 

  
  u = 0.0;  
  t = 0; 
  for it = 1 : it_max 

  
    u0 = Ku * x; 
    % T u' = -u + u0 
    % u' = ( -u + u0 ) / T 
    % ( un - u )/dt = ( -u + u0 ) / T 
    % un = u + dt*( -u + u0 ) / T 
    %T = 0.05; 
    %u = u + dt*( -u + u0 )/T; 
    u = u0; 
    iflag = 0; 
    u_max = 30.0 * pi/180.0;    % Max aileron deflection [rad] 
    if( abs(u) > u_max ) 
      iflag = 1; 
    end 
    u = min( max( -u_max , u ) , u_max ); 

  
    %%%%%%%  Euler implicit integration %%%%%%% 
    dx = Ai*( A*x - B*u ); 
    x = x + dx; 
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  
    

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
     [ wingA320 ] = wing_plotWing( u , x , w_scale , th_scale , 

wingA320 ); 
    

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  
    

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% 
     [ engnA320 ] = wing_plotEngine( x , w_scale , th_scale , engnA320 

, nw ); 



    

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% 

  
    % Plotting  

  
     x_min = min( min( wingA320.xw ) ) - 1.0; 
     x_max = max( max( wingA320.xw ) ) + 1.0; 
     y_min = min( min( wingA320.yw ) ) - 0.0; 
     y_max = max( max( wingA320.yw ) ) + 1.0; 

  

    % Engine 
     if( engnA320.m_e > 1.0e-10 ) 
       surf( engnA320.x_ean , engnA320.y_ean , engnA320.z_ean ); 
       hold on 
       surf( engnA320.x_ea1 , engnA320.y_ea1 , engnA320.z_ea1 ); 
       hold on 
       surf( engnA320.x_ea2 , engnA320.y_ea2 , engnA320.z_ea2 ); 
      hold on 
       surf( engnA320.x_ea3 , engnA320.y_ea3 , engnA320.z_ea3 ); 
       hold on 
     end 

  
    % Wing 
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
     surf( wingA320.xw , wingA320.yw , wingA320.zw ); 
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  
%     hold on 

  
    % Aileron 
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
     hnd = surf( wingA320.xw_al , wingA320.yw_al , wingA320.zw_al ); 
    %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
     set( hnd , 'FaceColor','red' ); 
%  
%     hold on 

  
    %axis( "square" ); 
    %colormap gray 
    %colormap cool 
    %colormap spring 
    %colormap summer 
    %colormap autumn 
%     colormap winter 
%     if( control == 1 ) 
%       colormap cool 
%       if( iflag == 1  ) 
%         colormap gray 
%       end 
%     end 
    %colormap ocean 
    %shading interp     
%     shading flat 
%  
%     hold off 

      
    %set(hndl,'LineWidth',1) 

  



%     axis( [ x_min  x_max  y_min  y_max  -3.0  5.0 ] ); %, 

'linewidth' , 2 ); 

  
%     En = x'*x; 
%     En = 0.5*x(2*nw+1:4*nw)'*wingA320.M*x(2*nw+1:4*nw) + 

0.5*x(1:2*nw)'*wingA320.K*x(1:2*nw); 
%     txt = sprintf( 'Airbus A320 wing       U inf = %7.3f [m/s]       

Mach = %5.3f      Alt = %7.1f [m]       LQR control = %1d\n\n u = 

%8.4f    En = %12.5e' , U_inf , U_inf/a_sound , Altitude , control , 

u*180.0/pi , En ); 
%     title( txt , "fontname", "Helvetica", "fontsize" , 18 ); 
%     view ([ azimuth  elev ] ); 
    %axis off 

  
    %fflush( stdout ); 

  
    % Controlling plot by keyboard 
%     key = kbhit(1); 
%  
%     % Turn control on/off 
%     if( key == '1' ) 
%       control = 1; 
%       [Ku,Su] = lqr( A , B , Q , R ); 
%     end 
%     if( key == '0' ) 
%       control = 0; 
%       Ku = 0*Ku; 
%     end 
%  
%     % Exciting bending 
%     if( key == '3' ) 
%       x(3*nw-1) = -1.e-3; 
%     end 
%  
%     % Exciting torsion 
%     if( key == '5' ) 
%       %x(4*n-1) = 1.e-3; 
%       x(3*nw-floor(nw/2)) = 1.e-3; 
%     end 

  

  
    % Setting view 
%     if( key == '4' ) 
%       azimuth = azimuth - 5.0; 
%     end 
%     if( key == '6' ) 
%       azimuth = azimuth + 5.0; 
%     end 
%  
%     if( key == '8' ) 
%       elev = elev - 1.0; 
%     end 
%     if( key == '2' ) 
%       elev = elev + 1.0; 
%     end 
%  
%     if( key == 'i' ) 
%       elev = 90.0; 
%     end 
%     if( key == 'o' ) 



%       elev = 0.0; 
%     end 
%     if( key == 'p' ) 
%       elev = -90.0; 
%     end 
%     if( key == 'q' ) 
%       azimuth = 0.0; 
%     end 
%     if( key == 'w' ) 
%       azimuth = 90.0; 
%     end 
%     if( key == 'e' ) 
%       azimuth = 180.0; 
%     end 

  
    %azimuth = azimuth + 0.50; 
    if( azimuth >= 360 ) 
       azimuth = 0.0; 
    end  

  

  
    key = 0.0; 

  
    t = t + dt; 

  
  end 

  

  
return; 

  

 

unction [ wingA320 ] = wing_wingA320data( n ) 

  

  
rad2deg = 180.0/pi; 

  
A320_y = [ 594  595  495  270  270  498  494  533  534  594  594 ]; 
A320_x = [ 182  316  316  383  350  233  156  156  216  182  182 ]; 

  
A320_y = A320_y - 594; 
A320_x = A320_x - 182; 
A320_y = A320_y * -1; 
A320_x = A320_x * -1; 
A320_y = A320_y / 325; 
A320_x = A320_x / 325; 
A320_y = A320_y * 15.07; 
A320_x = A320_x * 15.07; 

  
A320_x = A320_x + 2.5; 

  

  
 sweep = atan( 6.0 / 15.07 )*rad2deg; 
% sweep = 30.0; 

  
%hold off 



%plot( A320_y , A320_x );  
%axis( [ 0 15.0 ] ); 
%grid 
%pause 

  
A320_y_f = [ 340  264  264  283  278  258  240  235  254  16  16  237  

340  340 ]; 
A320_z_f = [  39   53   53   32   15    4   15   30   56  88  92   70   

63   39 ];  

  
A320_y_f = A320_y_f - 340; 
A320_z_f = A320_z_f - 51; 
A320_y_f = A320_y_f * -1; 
A320_y_f = A320_y_f / 324; 
A320_z_f = A320_z_f / 324; 
A320_y_f = A320_y_f * 15.07; 
A320_z_f = A320_z_f * 15.07; 

  

 dihedral = atan( 1.82 / 15.07 )*rad2deg; %atan = inverse tangent in 

radians 
% dihedral = -60; 
% dihedral = atan( 1.82 / 15.07 )*rad2deg 

  
%plot( A320_y_f , A320_z_f );  
%axis( [ 0 15.1 ] ); 
%grid 
%pause 

  
x0_w =  2.50; 

  
x1_w = -3.72; 
y1_w =  4.60; 

  
x2_w = -5.30; 
x3_w = -6.80; 
y2_w =  15.0; 

  
SemiSpan = y2_w; 

  

%%%%%%% 
n = 50       %  Number of wing sections    
%%%%%%% 

  
dy = SemiSpan/(n-1);         %  Section width [m] 

  
i_1 = floor( y1_w / dy ); 
der_le = ( x2_w - x0_w ) / y2_w; 
der_te = ( x3_w - x1_w ) / ( y2_w - y1_w ); 
%pause 
for  i = 1 : i_1 
  eta = (i-1)*dy/SemiSpan; 
  y(i) = (i-1)*dy; 
  x_le(i) = der_le * y(i) + x0_w; 
  x_te(i) = x1_w; 
  %b(i) = b0 - 1.973*eta; 
  chord(i) = x_le(i) - x_te(i); 
end 

  
for  i = i_1 + 1 : n 



  eta = (i-1)*dy/SemiSpan; 
  y(i) = (i-1)*dy; 
  x_le(i) = der_le * y(i) + x0_w; 
  x_te(i) = min( x1_w ,  x1_w + der_te * ( y(i) - y1_w ) ); 
  %b(i) = b0 - 1.973*eta; 
  chord(i) = x_le(i) - x_te(i); 
end 
%y' 
%x_le' 
%x_te' 
%pause 

  

%hold off 
%plot( y , x_le , 'r-o' , y , x_te , 'r-o' );  
%axis( [ 0 15.0 ] ); 
%grid 
%pause 

  
AileronSpan = 3.0;                                % Aileron's span  

[m] 
n_alrn = floor( n * AileronSpan / SemiSpan )      % Number of 

aileron's section 
%pause 
c_alrn = 0.3; 

  
% Structural data 

  
mass = 0.0;  
for  i = 1 : n 
  eta = (i-1)*dy/SemiSpan; 
  psi = chord(i)/chord(1);  
  a(i)    = -0.15;                          % Elastic center (EC) 

position w.r.t. chord center, + backward  (dimensionless) 
  %xcg(i)  = 0.135 - 0.25*eta;               % Position of gravity 

center w.r.t. elastic center (EC), + backward [m] 
  xcg(i)  = 0.060 * psi;                    % Position of gravity 

center w.r.t. elastic center (EC), + backward [m] 

   
  m(i,i)  = 100.0 * psi;                    % Mass distributions of 

the wing (constant) [kg/m] 
  I(i,i)  = 200.0 * psi^2;                  % Moment of inertia of the 

wing    [kg*m^2/m] 
  S(i,i)  = -m(i,i) * xcg(i);               % Static moment [kg*m/m]    

  
  %EI(i)   = 7.0e+06 * ( 1.0 - 0.05*eta );   % Bending stiffness 

distributions of the wing (constant)  [N*m^2]; 
  %GJ(i)   = 1.0e+07 * ( 1.0 - 0.05*eta );   % Torsional stiffness   

[N*m^2/rad] 
  EI(i)   = 7.0e+06 * psi;                  % Bending stiffness 

distributions of the wing (constant)  [N*m^2]; 
  GJ(i)   = 9.5e+06  * psi;                  % Torsional stiffness   

[N*m^2/rad] 

                                            
  cw(i,i) = 0.0;                            % Bending structural 

damping 
  ct(i,i) = 0.0;                            % Torsion structural 

damping 

  
  mass    = mass + m(i,i); 
end 



mass 
%pause 

  
wingA320.n        = n; 
wingA320.x_le     = x_le; 
wingA320.x_te     = x_te; 
wingA320.SemiSpan = SemiSpan; 
wingA320.y        = y; 
wingA320.dy       = dy; 
wingA320.chord    = chord; 
wingA320.sweep    = sweep; 
wingA320.dihedral = dihedral; 
wingA320.a        = a; 
wingA320.m        = m; 
wingA320.S        = S; 
wingA320.I        = I; 
wingA320.EI       = EI; 
wingA320.GJ       = GJ; 
wingA320.cw       = cw; 
wingA320.ct       = ct; 
wingA320.n_alrn   = n_alrn; 
wingA320.c_alrn   = c_alrn; 

  

  

function  [ eig , vec ] = wing_eig_sort( eig , vec ) 
  size_eig=size(eig); 
  n = size_eig(1); 
  do 
    ip = 0; 
    for  i = 1 : n-1 
      if( eig(i) > eig(i+1) ) 
        eigt = eig(i+1); 
        eig(i+1) = eig(i); 
        eig(i) = eigt; 
        vect = vec(:,i+1); 
        vec(:,i+1) = vec(:,i); 
        vec(:,i) = vect; 
        ip = 1; 
      end 
    end 
  until( ip == 0 ) 

 

function  [ x , a , b ] = wing_sort_vec( x , a , b , n ) 

  
%   do 
    ip = 0; 
    for  i = 1 : n-1 
      if( x(i) > x(i+1) ) 
        xt = x(i+1); 
        x(i+1) = x(i); 
        x(i) = xt; 
        at = a(:,i+1); 
        a(:,i+1) = a(:,i); 
        a(:,i) = at; 



        bt = b(:,i+1); 
        b(:,i+1) = b(:,i); 
        b(:,i) = bt; 
        ip = 1; 
      end 
    end 
%   until( ip == 0 ) 

 

function [k,s]=lqr(a,b,q,r,nn) 

  
%LQR    Linear quadratic regulator design for continuous-time systems. 
%   [K,S] = LQR(A,B,Q,R)  calculates the optimal feedback gain matrix 

K 
%   such that the feedback law  u = -Kx  minimizes the cost function: 
% 
%       J = Integral {x'Qx + u'Ru} dt 
% 
%   subject to the constraint equation:  
%       . 
%       x = Ax + Bu  
%                 
%   Also returned is S, the steady-state solution to the associated  
%   algebraic Riccati equation: 
%                 -1 
%       0 = SA + A'S - SBR  B'S + Q 
% 
%   [K,S] = LQR(A,B,Q,R,N) includes the cross-term N that relates 
%   u to x in the cost function. 

  
%   J.N. Little 4-21-85 
%   Revised 8-27-86 JNL 
%   Copyright (c) 1985, 1986 by the MathWorks, Inc. 

  
%error(nargchk(4,5,nargin)); 
%error(abcdchk(a,b)); 

  
[m,n] = size(a); 
[mb,nb] = size(b); 
[mq,nq] = size(q); 
if (m ~= mq) || (n ~= nq)  
    error('A and Q must be the same size') 
end 
[mr,nr] = size(r); 
if (mr ~= nr) || (nb ~= mr) 
    error('B and R must be consistent') 
end 

  
if nargin == 5 
    [mn,nnn] = size(nn); 
    if (mn ~= m) || (nnn ~= nr) 
        error('N must be consistent with Q and R') 
    end 
    % Add cross term 
    q = q - nn/r*nn'; 
    a = a - b/r*nn'; 
else 
    nn = zeros(m,nb); 



end 

  
% Check if q is positive semi-definite and symmetric 
if any(eig(q) < 0) || (norm(q'-q,1)/norm(q,1) > eps) 
    error('Q must be symmetric and positive semi-definite') 
end 
% Check if r is positive definite and symmetric 
if any(eig(r) <= 0) || (norm(r'-r,1)/norm(r,1) > eps) 
    error('R must be symmetric and positive definite') 
end 

  
% Start eigenvector decomposition by finding eigenvectors of 

Hamiltonian: 
[v,d] = eig([a b/r*b';q, -a']); 
d = diag(d); 
[d,index] = sort(real(d));   % sort on real part of eigenvalues 

  
%if (~( (d(n)<0) && (d(n+1)>0) )) 
if (~( (d(n)<1.e-15) && (d(n+1)>-1.e-15) )) 
   printf('Can''t order eigenvalues, (A,B) may be uncontrollable. 

Checking rank C = [B A*B ... A^(n-1)*B ]\n') 
   C = zeros(m,n*nb); 
   c = b; 
   C(:,1:nb) = c; 
   for i = 1 : n-1 , 
      c = a*c; 
      C(:,i*nb+1:i*nb+nb) = c; 
   end 
   %C 
   rank_C = rank(C); 
   if( rank_C < n ) 
     rank_C 
     error('rank_C < n , (A,B) are uncontrollable.') 
   else 
     error('rank_C = n (OK), but there is something wrong with 

ordering - check it out!') 
   end 
end 

  
chi = v(1:n,index(1:n));     % select vectors with negative 

eigenvalues 
lambda = v((n+1):(2*n),index(1:n)); 
s = -real(lambda/chi); 
k = r\(nn'+b'*s); 

  
end 

function [ wing ] = wing_AE_Model( wing , U_inf , rho , a_sound ) 

  

  kw = wing_BendStifMatr( wing.EI , wing.dy , wing.n , wing.m ); 

   
  kt = wing_TorsnStifMatr( wing.GJ , wing.dy , wing.n , wing.I ); 

   



  [ Ka , Ca , M_alrn ] = wing_AerodynamicModel( U_inf , rho , a_sound 

, wing ); 

  
  %          
  %       |  m    S  | 
  %   M = |          | 
  %       |  S    I  |  
  % 
  %       |  cw   0  | 
  %   C = |          | 
  %       |  0   ct  |  
  % 
  %       |  kw   0  | 
  %   K = |          | 
  %       |  0    kt |  
  % 
  %        | L_dwdt   L_dthetadt  | 
  %   Ca = |                      | 
  %        | My_dwdt  My_dthetadt |  
  % 
  %        | L_dwdy   L_theta    | 
  %   Ka = |                     | 
  %        | My_dwdy  My_theta   |  
  % 
  % 
  %        |     0    | 
  %   Bu = |          | 
  %        |  M_alrn  |  
  % 
  %   x = [ w , theta ] 
  % 
  % 
  %   M*d2xdt2 + C*dxdt + Kx = Ca*dxdt + Ka*x + M_alrn*u 
  % 
  % 
  %       |    0    1  | 
  %   A = |            | 
  %       |  -M\K -M\C |  
  % 
  %       |      0     | 
  %   B = |            | 
  %       |  M\M_alrn  |  
  % 
  % 
  % 

  
  n = wing.n; 

  
  M = [  wing.m  -wing.S  ; 
        -wing.S   wing.I  ]; 

   
  C = [  wing.cw   zeros(n) ; 
         zeros(n)  wing.ct  ]; 

   
  K = [    kw      zeros(n) ; 
         zeros(n)     kt    ]; 

   
  Bu = [ zeros(n,1) ; 
          M_alrn'   ]; % Aileron on the n_alrn*dy sections of the wing 

  



  
  A = [  zeros(2*n)   eye(2*n) ; 
        -M\(K-Ka)    -M\(C-Ca) ]; 

   

  B = [ zeros(2*n,1) ; M\Bu ]; 

  

  
  wing.M = M; 
  wing.C = C; 
  wing.K = K; 
  wing.Bu = Bu; 

   
  wing.A = A; 
  wing.B = B; 

 

function [ Ka , Ca , M_alrn ] = wing_AerodynamicModel( U_inf , rho , 

a_sound , wing ) 
% 
% Aerodynamic model: strip, quasi-steady 

  
  a      = wing.a; 
  chord  = wing.chord; 
  sweep  = wing.sweep; 
  n      = wing.n; 
  n_alrn = wing.n_alrn; 
  c_alrn = wing.c_alrn;  

  
  % AOA - angle of attack [rad] 
  % alpha = ( theta - dw/dy * tan(Lambda) + b/U_inf*( 0.5-a 

)*dtheta/dt - (dw/dt)/U_inf ) * cos(Lambda) 

  
  % L  = 0.5 * rho * U_inf^2 * c * dCzdAlpha * alpha 
  % My = 0.5 * rho * U_inf^2 * c * e * dCzdAlpha * alpha + 

c*pi/(8*U_inf)*dtheta/dt 

  
  % L  = 0.5*rho*U_inf^2*c*dCzdAlpha*( theta*cos(Lambda) - 

dw/dy*sin(Lambda) + b/U_inf*( 0.5-a )*dtheta/dt*cos(Lambda) - 

(dw/dt)/U_inf*cos(Lambda) ) 
  % My = 0.5*rho*U_inf^2*c*e*dCzdAlpha*( theta*cos(Lambda) - 

dw/dy*sin(Lambda) + b/U_inf*( 0.5-a )*dtheta/dt*cos(Lambda) - 

(dw/dt)/U_inf*cos(Lambda) ) 

  
  % L_theta =  0.5*rho*U_inf^2*c*dCzdAlpha*cos(Lambda) * theta 
  % L_dwdt  = -0.5*rho*U_inf*c*dCzdAlpha*cos(Lambda) * dw/dt 

  
  % My_theta =  0.5*rho*U_inf^2*c*e*dCzdAlpha*cos(Lambda) * theta 
  % My_dwdt  = -0.5*rho*U_inf*c*e*dCzdAlpha*cos(Lambda) * dw/dt 

  
  % L_dwdy  = -0.5*rho*U_inf^2*c*dCzdAlpha*sin(Lambda) * dw/dy 
  % My_dwdy = -0.5*rho*U_inf^2*c*e*dCzdAlpha*sin(Lambda) * dw/dy 

  
  %dy = 15.0/(n-1); 

  
  Lambda = sweep * pi/180.0; 

  



  dCzdAlpha_0 = 4.0;          % Lift slope          [1/rad] 
  dCzddelta_alrn_0 = 2.0;     % Aileron derivative  [1/rad] 

  
  Mach = U_inf / a_sound; 
  Prandtl = min( 4.0 , 1.0/sqrt( abs( 1.0 - Mach^2 ) ) ); 
  dCzdAlpha = dCzdAlpha_0 * Prandtl; 
  dCzddelta_alrn = dCzddelta_alrn_0 * Prandtl; 

  
  %L_total = 0.0; 

  
  %for  Mach = 0.0 : 0.1 : 2.0  
  %  Mach 
  %  tanh( Mach^3 ) 
  %end 
  %pause 

  
  for  i = 1 : n 
    e(i) = 0.25;         % Aerodynamic center (AC) position w.r.t. 

elastic center (EC), + forward  (dimensionless) 
    %e(i) = 0.25 * ( 1.0 - tanh( Mach^2.5 ) ); 

  
    q = 0.5 * rho * U_inf * chord(i) * dCzdAlpha * cos(Lambda); 
    L_theta(i,i)     =  q * U_inf; 
    My_theta(i,i)    =  q * U_inf * e(i); 
    L_dwdt(i,i)      = -q; 
    My_dwdt(i,i)     = -q * e(i); 
    L_dthetadt(i,i)  =  1*q * 0.5*chord(i)*( 0.5 - a(i) ); 
    My_dthetadt(i,i) =  1*q * ( -e(i)*0.5*chord(i)*( 0.5 - a(i) ) - 

chord(i)*pi/8.0 ); 

  
    %L_total = L_total + L_theta(i,i) * dy; 

  

    M_alrn(i) = 0.0; 
    if( i >= n-n_alrn ) 
      chord_alrn = c_alrn*chord(i); 
      M_alrn(i) = -0.5 * rho * U_inf^2 * chord_alrn * (0.25) * 

dCzddelta_alrn * cos(Lambda); 
      %M_alrn(i) = 0.0001 * M_alrn(i); 
      %My_theta(i,i) =  My_theta(i,i) + M_alrn(i); 
    end 
  end 

   
  %L_total 

  
  for  i = 2 : n 
    L_dwdy(i,i)    = -0.5*rho*U_inf^2*chord(i)*dCzdAlpha*sin(Lambda); 
    L_dwdy(i,i-1)  = -L_dwdy(i,i); 
    My_dwdy(i,i)   = -

0.5*rho*U_inf^2*chord(i)*e(i)*dCzdAlpha*sin(Lambda); 
    My_dwdy(i,i-1) = -My_dwdy(i,i); 
  end 
  L_dwdy(1,1)  = L_dwdy(2,2); 
  My_dwdy(1,1) = My_dwdy(2,2); 

  
  Ca = [ L_dwdt   L_dthetadt  ; 
         My_dwdt  My_dthetadt ]; 

  
  Ka = [ L_dwdy   L_theta    ; 
         My_dwdy  My_theta   ];  



  

 

function kw = wing_BendStifMatr( EI , dy , n , m ) 

  
  %  FD (Finite difference) discretization of bending stiffness 

operator  d^4(w)/dy^4  
  dy4 = dy^4;  
  for  i = 2 : n-1 
    if i >= 3 ,    
      kw(i,i-2) =  EI(i-1) / dy4;    
    end   
    if i >= 2 , 
      kw(i,i-1) = -2.0*( EI(i-1) + EI(i) ) / dy4;    
    end  
    kw(i,i) = ( EI(i-1) + 4.0*EI(i) + EI(i+1) ) / dy4; 
    if i <= n-1 ,  
      kw(i,i+1) = -2.0*( EI(i) + EI(i+1) ) / dy4;    
    end   
    if i <= n-2 ,  
      kw(i,i+2) = EI(i+1) / dy4;    
    end   
  end 

   
  % w(0) = 0 , w'(0) = 0 
  kw(1,1) = 6.0 * EI(1) / dy4;   
  kw(2,2) = kw(2,2) + EI(1) / dy4;          

  
  % w''(SemiSpan) = 0 , w'''(SemiSpan) = 0 
  kw(n-1,n-1) = ( EI(n-2) + 4.0*EI(n-1) ) / dy4;        
  kw(n-1,n)   = -2.0*EI(n-1) / dy4;    

   
  kw(n,n-2)   =  ( EI(n-1) + EI(n) ) / dy4; 
  kw(n,n-1)   = -( 2.0*EI(n-1) + 2.0*EI(n) ) / dy4; 
  kw(n,n)     =  ( EI(n-1) + EI(n) ) / dy4; 

  
  %format bank 
  %kw 

  
  %[vw,d] = eig(kw,m); 
  %dw = diag(d); 
  %[dw,vw] = wing_eig_sort( dw , vw ); 

   
  %for  i = 1 : n 
  %  printf( 'i = %2d   eig = %25.10f\n' , i , dw(i) ) 
  %end 

   
  %% Plot bending mode shapes 
  %hold off 
  %iw = 0; 
  %plot( vw(:,iw+1) , 'r-' , vw(:,iw+2) , 'g-' , vw(:,iw+3) , 'b-' , 

vw(:,iw+4) , 'm-' ); 
  %axis( [ 1  n  -1  1 ] ); 
  %title( 'Bending mode shapes 1-4',  "fontname", "Helvetica", 

"fontsize" , 18  ); 
  %grid; 
  %omega = sqrt(sort(diag(d))); 



  %omega(1); 
  %Tw = 2*pi/omega(1); 
  %Freq_w = 1/Tw; 
  %%printf( 'Bending: Omega= %8.4f [rad/s]   f =%8.4f [Hz]\n' , 

omega(1) , Freq_w ); 

 

function  kt = wing_TorsnStifMatr( GJ , dy , n , I ); 

  
  dy2 = dy^2;  
  for  i = 2 : n 
    kt(i,i) = 0.0; 
    if i > 1 ,   
      kt(i,i-1) = -GJ(i-1) / dy2;    
    end   
    kt(i,i) = ( GJ(i-1) + GJ(i) ) / dy2; 
    if i < n ,   
      kt(i,i+1) = -GJ(i) / dy2;    
    end   
  end 
  kt(1,1) = 2*GJ(1) / dy2;       % theta(0) = 0 

  
  kt(n,n-1) = -GJ(n-1) / dy2;    % theta'(SemiSpan) = 0 
  kt(n,n) = GJ(n-1) / dy2; 
  %kt 
  %pause 

  
  %   Torsional equation  
  %   Boundary conditions:   theta(0) = 0;   theta'(SemiSpan) = 0; 
  %    
  %   Finite Difference discretization of torsional stiffness operator  

d^2(theta) / dy^2  

  
  %format short 

   
  %[vt,d] = eig( kt , I ); 
  %dte = diag(d); 
  %[dte,vt] = wing_eig_sort( dte , vt ); 

   
  %for  i = 1 : n 
  %  printf( 'i = %2d   eig = %25.10f\n' , i , dte(i) ) 
  %end 

   
  % Plot torsional mode shapes 
  %hold off 
  %iw = 0; 
  %plot( vt(:,iw+1) , 'r-' , vt(:,iw+2) , 'g-' , vt(:,iw+3) , 'b-' , 

vt(:,iw+4) , 'm-' ); 
  %axis( [ 1  n  -1  1 ] ); 
  %title( 'Torsional mode shapes 1-4',  "fontname", "Helvetica", 

"fontsize" , 18  ); 
  %grid; 
  %pause 

   
  %omega = sqrt(sort(diag(d))); 
  %omega(1); 
  %Tt = 2*pi/omega(1); 



  %Freq_t = 1/Tt; 
  %printf( 'Torsion: Omega= %8.4f [rad/s]   f =%8.4f [Hz]\n' , 

omega(1) , Freq_t ); 

 

function  [ rho , a_sound , Temp ] = wing_Atmosphere( Altitude ) 

  
rho_0 = 1.225; 
rho = rho_0 * ( 1.0 - abs( Altitude)/44300.0 )^4.256; 
Temp = max( 273.0 - 56.5 , 288.0 - 0.0065 * Altitude ); 
a_sound = 20.05 * sqrt( Temp ); 

function [ wing ] = wing_plotWing( u , x , w_scale , th_scale , wing ) 

  

  
n        = wing.n; 
x_le     = wing.x_le; 
x_te     = wing.x_te; 
y        = wing.y; 
chord    = wing.chord; 
a        = wing.a; 
dihedral = wing.dihedral; 
sweep    = wing.sweep; 
n_alrn   = wing.n_alrn; 
c_alrn   = wing.c_alrn; 

  

  
%Am = 5.e-3;  
%lam_i = abs( lam_i ); 
%fi = 0.0;  
%arg = lam_i*t + fi; 

  
Dihedral = dihedral * pi/180.0; 
Lambda = sweep * pi/180.0; 

  
for i = 1 : n-1  
  %w1  = Am*exp( lam_r*t ) * ( vr_w(1) * sin( arg ) + vi_w(1) * cos( 

arg ) ); 
  %th1 = Am*exp( lam_r*t ) * ( vr_t(1) * sin( arg ) + vi_t(1) * cos( 

arg ) ); 
  %w2  = Am*exp( lam_r*t ) * ( vr_w(i) * sin( arg ) + vi_w(i) * cos( 

arg ) ); 
  %th2 = Am*exp( lam_r*t ) * ( vr_t(i) * sin( arg ) + vi_t(i) * cos( 

arg ) ); 
  w1  = x(i); 
  th1 = x(n+i); 
  w1  = w1  * w_scale; 
  th1 = th1 * th_scale; 
  w2  = x(i+1); 
  th2 = x(n+i+1); 
  w2  = w2 * w_scale; 
  th2 = th2* th_scale; 

  



  z1 = y(i) * tan( Dihedral ); 
  z2 = y(i+1) * tan( Dihedral ); 

  
  xw(1,i) = x_le(i)   *  cos( th1 ); 
  xw(2,i) = x_le(i+1) *  cos( th2 ); 
  xw(3,i) = x_te(i+1) *  cos( th2 ); 
  xw(4,i) = x_te(i)   *  cos( th1 ); 
  xw(5,i) = xw(1,i); 

   
  yw(1,i) = y(i); 
  yw(2,i) = y(i+1); 
  yw(3,i) = y(i+1); 
  yw(4,i) = y(i); 
  yw(5,i) = yw(1,i); 

  
  x0 = y(i)   * tan( Lambda ); 
  x1 = y(i+1) * tan( Lambda ); 

  

  zw(1,i) = z1 + w1 + sin( th1 ) * ( xw(1,i) - x0 ); 
  zw(2,i) = z2 + w2 + sin( th2 ) * ( xw(2,i) - x1 ); 
  zw(3,i) = z2 + w2 + sin( th2 ) * ( xw(3,i) - x1 ); 
  zw(4,i) = z1 + w1 + sin( th1 ) * ( xw(4,i) - x0 ); 
  zw(5,i) = zw(1,i); 

  
  delta = u; 
  delta = delta * th_scale * 0.1; 

  
  %if( 0 ) 
  if( i >= n-n_alrn ) 

  
    if( i > n-n_alrn-2 ) 
      xw(3,i) = x_te(i+1) + c_alrn*chord(i); 
      xw(4,i) = x_te(i)   + 0.5; 
      zw(3,i) = z2 + w2 + sin( th2 ) * ( xw(3,i) - x1 ); 
      zw(4,i) = z1 + w1 + sin( th1 ) * ( xw(4,i) - x0 ); 
    end 

  
    ca = 1.0;  % Aileron chord 

  

    i1 = i - ( n-n_alrn ) + 1; 
    xw_al(1,i1) = xw(3,i); 
    xw_al(2,i1) = xw(4,i); 
    xw_al(3,i1) = x_te(i+1); 
    xw_al(4,i1) = x_te(i); 
    xw_al(5,i1) = xw_al(1,i1); 

              

    yw_al(1,i1) = y(i); 
    yw_al(2,i1) = y(i+1); 
    yw_al(3,i1) = y(i+1); 
    yw_al(4,i1) = y(i); 
    yw_al(5,i1) = yw_al(1,i1); 

              
    zw_al(1,i1) = z1 + w1 + sin( th1 ) * ( xw(3,i) - x1 ); 
    zw_al(2,i1) = z2 + w2 + sin( th2 ) * ( xw(4,i) - x0 ); 
    zw_al(3,i1) = z2 + w2 + sin( th2 ) * ( x_te(i+1) - x1 ) + 

ca*sin(delta); 
    zw_al(4,i1) = z1 + w1 + sin( th1 ) * ( x_te(i)   - x0 ) + 

ca*sin(delta); 
    zw_al(5,i1) = zw_al(1,i1); 



  end 
  %end 

  
end 

  
wing.xw     = xw; 
wing.yw     = yw; 
wing.zw     = zw; 
wing.xw_al  = xw_al; 
wing.yw_al  = yw_al; 
wing.zw_al  = zw_al; 

  

 

function  [ engn ] = wing_plotEngine(  x , w_scale , th_scale , engn , 

nw ) 

  
w_e  = w_scale*x( engn.j_e ); 
th_e = th_scale*x( nw + engn.j_e ); 

  
n_e = engn.n_e; 

  
xp_e1 = engn.xp_e1; 
yp_e1 = engn.yp_e1; 
zp_e1 = engn.zp_e1; 

  
for i = 1 : n_e , 
  xp_ea1(i,1) = xp_e1(i,1)*cos( th_e ) - zp_e1(i,1)*sin( th_e ); 
  xp_ea1(i,2) = xp_e1(i,2)*cos( th_e ) - zp_e1(i,2)*sin( th_e ); 
  xp_ea1(i,3) = xp_e1(i,3)*cos( th_e ) - zp_e1(i,3)*sin( th_e ); 
  xp_ea1(i,4) = xp_e1(i,4)*cos( th_e ) - zp_e1(i,4)*sin( th_e ); 

        
  yp_ea1(i,1) = yp_e1(i,1); 
  yp_ea1(i,2) = yp_e1(i,2); 
  yp_ea1(i,3) = yp_e1(i,3); 
  yp_ea1(i,4) = yp_e1(i,4); 

        

  zp_ea1(i,1) = w_e + xp_e1(i,1)*sin( th_e ) + zp_e1(i,1)*cos( th_e ); 
  zp_ea1(i,2) = w_e + xp_e1(i,2)*sin( th_e ) + zp_e1(i,2)*cos( th_e ); 
  zp_ea1(i,3) = w_e + xp_e1(i,3)*sin( th_e ) + zp_e1(i,3)*cos( th_e ); 
  zp_ea1(i,4) = w_e + xp_e1(i,4)*sin( th_e ) + zp_e1(i,4)*cos( th_e ); 
end 

  
engn.x_ea1 = xp_ea1; 
engn.y_ea1 = yp_ea1; 
engn.z_ea1 = zp_ea1; 

  

  
xp_e2 = engn.xp_e2; 
yp_e2 = engn.yp_e2; 
zp_e2 = engn.zp_e2; 

  
 for i = 1 : n_e , 
   xp_ea2(i,1) = xp_e2(i,1)*cos( th_e ) - zp_e2(i,1)*sin( th_e ); 
   xp_ea2(i,2) = xp_e2(i,2)*cos( th_e ) - zp_e2(i,2)*sin( th_e ); 
   xp_ea2(i,3) = xp_e2(i,3)*cos( th_e ) - zp_e2(i,3)*sin( th_e ); 



   xp_ea2(i,4) = xp_e2(i,4)*cos( th_e ) - zp_e2(i,4)*sin( th_e ); 

                     
   yp_ea2(i,1) = yp_e2(i,1); 
   yp_ea2(i,2) = yp_e2(i,2); 
   yp_ea2(i,3) = yp_e2(i,3); 
   yp_ea2(i,4) = yp_e2(i,4); 

         
   zp_ea2(i,1) = w_e + xp_e2(i,1)*sin( th_e ) + zp_e2(i,1)*cos( th_e 

); 
   zp_ea2(i,2) = w_e + xp_e2(i,2)*sin( th_e ) + zp_e2(i,2)*cos( th_e 

); 
   zp_ea2(i,3) = w_e + xp_e2(i,3)*sin( th_e ) + zp_e2(i,3)*cos( th_e 

); 
   zp_ea2(i,4) = w_e + xp_e2(i,4)*sin( th_e ) + zp_e2(i,4)*cos( th_e 

); 
 end 

  
engn.x_ea2 = xp_ea2; 
engn.y_ea2 = yp_ea2; 
engn.z_ea2 = zp_ea2; 

  
xp_e3 = engn.xp_e3; 
yp_e3 = engn.yp_e3; 
zp_e3 = engn.zp_e3; 

  
for i = 1 : n_e , 
  xp_ea3(i,1) = xp_e3(i,1)*cos( th_e ) - zp_e3(i,1)*sin( th_e ); 
  xp_ea3(i,2) = xp_e3(i,2)*cos( th_e ) - zp_e3(i,2)*sin( th_e ); 
  xp_ea3(i,3) = xp_e3(i,3)*cos( th_e ) - zp_e3(i,3)*sin( th_e ); 
  xp_ea3(i,4) = xp_e3(i,4)*cos( th_e ) - zp_e3(i,4)*sin( th_e ); 

                     
  yp_ea3(i,1) = yp_e3(i,1); 
  yp_ea3(i,2) = yp_e3(i,2); 
  yp_ea3(i,3) = yp_e3(i,3); 
  yp_ea3(i,4) = yp_e3(i,4); 

        
  zp_ea3(i,1) = w_e + xp_e3(i,1)*sin( th_e ) + zp_e3(i,1)*cos( th_e ); 
  zp_ea3(i,2) = w_e + xp_e3(i,2)*sin( th_e ) + zp_e3(i,2)*cos( th_e ); 
  zp_ea3(i,3) = w_e + xp_e3(i,3)*sin( th_e ) + zp_e3(i,3)*cos( th_e ); 
  zp_ea3(i,4) = w_e + xp_e3(i,4)*sin( th_e ) + zp_e3(i,4)*cos( th_e ); 
end 

  
engn.x_ea3 = xp_ea3; 
engn.y_ea3 = yp_ea3; 
engn.z_ea3 = zp_ea3; 

  
xp_epn = engn.xp_epn; 
yp_epn = engn.yp_epn; 
zp_epn = engn.zp_epn; 

  
n_pn = engn.n_pn; 

  
for i = 1 : n_pn , 
  xp_eapn(i,1) = xp_epn(i,1)*cos( th_e ) - zp_epn(i,1)*sin( th_e ); 
  xp_eapn(i,2) = xp_epn(i,2)*cos( th_e ) - zp_epn(i,2)*sin( th_e ); 
  xp_eapn(i,3) = xp_epn(i,3)*cos( th_e ) - zp_epn(i,3)*sin( th_e ); 
  xp_eapn(i,4) = xp_epn(i,4)*cos( th_e ) - zp_epn(i,4)*sin( th_e ); 

                      
  yp_eapn(i,1) = yp_epn(i,1); 



  yp_eapn(i,2) = yp_epn(i,2); 
  yp_eapn(i,3) = yp_epn(i,3); 
  yp_eapn(i,4) = yp_epn(i,4); 

        
  zp_eapn(i,1) = w_e + xp_epn(i,1)*sin( th_e ) + zp_epn(i,1)*cos( th_e 

); 
  zp_eapn(i,2) = w_e + xp_epn(i,2)*sin( th_e ) + zp_epn(i,2)*cos( th_e 

); 
  zp_eapn(i,3) = w_e + xp_epn(i,3)*sin( th_e ) + zp_epn(i,3)*cos( th_e 

); 
  zp_eapn(i,4) = w_e + xp_epn(i,4)*sin( th_e ) + zp_epn(i,4)*cos( th_e 

); 
end 

  
engn.x_ean = xp_eapn; 
engn.y_ean = yp_eapn; 
engn.z_ean = zp_eapn; 

function  [ engnA320 , wing ] = wing_engnA320data( wing ) 

  
n        = wing.n; 
SemiSpan = wing.SemiSpan; 
m        = wing.m; 
S        = wing.S; 
I        = wing.I; 

  

  
A320_x_eng = [  45  45  77  120  120  160  160  119  118   80   45   

45   45  ];  
A320_z_eng = [ 102  82  79   84   90   96  108  115  119  129  122  

103  102  ]; 

  
A320_x_eng = A320_x_eng + -80; 
A320_z_eng = A320_z_eng + -102; 
A320_x_eng = A320_x_eng / 23; 
A320_z_eng = A320_z_eng / 23; 
A320_x_eng = A320_x_eng * 1.1; 
A320_z_eng = A320_z_eng * 1.1; 

  
%hold off 
%plot( A320_x_eng , A320_z_eng );  
%grid 
%pause 

  
L_e  =  5.50; 

  
x_e1 =  1.70; 
R_e1 =  0.95; 

  
x_e0 =  0.0; 
R_e0 =  1.10; 

  
x_e2 = -1.50; 
R_e2 =  0.90; 

  



x_e3 = -2.80;  %  -3.8 
R_e3 =  0.40; 

  
% Original 
 x0_e =  0.0; 
 y0_e =  3.35; 
 z0_e = -1.0; 

  
%x0_e = -1.0; 
%y0_e =  7.35; 
%z0_e = -0.5; 

  
% x0_e = 0.0; 
% y0_e = 3.35; 
% z0_e = -3.0; 

  

  

  

  
j_e = floor( n * y0_e / SemiSpan ) 
j_e*(SemiSpan/(n-1)) 
y0_e = j_e*(SemiSpan/(n-1)); 
%pause 

  

  
n_e = 20; 

  
dalf = 2*pi/(n_e-1); 
alf1 = 0.50*pi; 
alf2 = alf1 - dalf; 
for i = 1 : n_e , 
  xp_e1(i,1) = x0_e + x_e1; 
  xp_e1(i,2) = x0_e + x_e0; 
  xp_e1(i,3) = x0_e + x_e0; 
  xp_e1(i,4) = x0_e + x_e1; 
  xp_e1(i,5) = xp_e1(i,1); 

       
  yp_e1(i,1) = y0_e + R_e1 * cos( alf1 ); 
  yp_e1(i,2) = y0_e + R_e0 * cos( alf1 ); 
  yp_e1(i,3) = y0_e + R_e0 * cos( alf2 ); 
  yp_e1(i,4) = y0_e + R_e1 * cos( alf2 ); 
  yp_e1(i,5) = yp_e1(i,1); 

                    
  zp_e1(i,1) = z0_e + R_e1 * sin( alf1 ); 
  zp_e1(i,2) = z0_e + R_e0 * sin( alf1 ); 
  zp_e1(i,3) = z0_e + R_e0 * sin( alf2 ); 
  zp_e1(i,4) = z0_e + R_e1 * sin( alf2 ); 
  zp_e1(i,5) = zp_e1(i,1); 

  
  alf1 = alf2; 
  alf2 = alf1 - dalf; 
end 

  

dalf = 2*pi/(n_e-1); 
alf1 = 0.50*pi; 
alf2 = alf1 - dalf; 
for i = 1 : n_e , 
  xp_e2(i,1) = x0_e + x_e0; 
  xp_e2(i,2) = x0_e + x_e2; 



  xp_e2(i,3) = x0_e + x_e2; 
  xp_e2(i,4) = x0_e + x_e0; 
  xp_e2(i,5) = xp_e2(i,1); 

       
  yp_e2(i,1) = y0_e + R_e0 * cos( alf1 ); 
  yp_e2(i,2) = y0_e + R_e2 * cos( alf1 ); 
  yp_e2(i,3) = y0_e + R_e2 * cos( alf2 ); 
  yp_e2(i,4) = y0_e + R_e0 * cos( alf2 ); 
  yp_e2(i,5) = yp_e2(i,1); 

                   
  zp_e2(i,1) = z0_e + R_e0 * sin( alf1 ); 
  zp_e2(i,2) = z0_e + R_e2 * sin( alf1 ); 
  zp_e2(i,3) = z0_e + R_e2 * sin( alf2 ); 
  zp_e2(i,4) = z0_e + R_e0 * sin( alf2 ); 
  zp_e2(i,5) = zp_e2(i,1); 

  
  alf1 = alf2; 
  alf2 = alf1 - dalf; 
end 

  

  
alf1 = 0.50*pi; 
alf2 = alf1 - dalf; 
for i = 1 : n_e , 
  xp_e3(i,1) = x0_e + x_e2 + 1.0; 
  xp_e3(i,2) = x0_e + x_e3; 
  xp_e3(i,3) = x0_e + x_e3; 
  xp_e3(i,4) = x0_e + x_e2 + 1.0; 
  xp_e3(i,5) = xp_e3(i,1); 

  
  yp_e3(i,1) = y0_e + R_e2 * cos( alf1 ); 
  yp_e3(i,2) = y0_e + R_e3 * cos( alf1 ); 
  yp_e3(i,3) = y0_e + R_e3 * cos( alf2 ); 
  yp_e3(i,4) = y0_e + R_e2 * cos( alf2 ); 
  yp_e3(i,5) = yp_e3(i,1); 

  
  zp_e3(i,1) = z0_e + R_e2 * sin( alf1 ); 
  zp_e3(i,2) = z0_e + R_e3 * sin( alf1 ); 
  zp_e3(i,3) = z0_e + R_e3 * sin( alf2 ); 
  zp_e3(i,4) = z0_e + R_e2 * sin( alf2 ); 
  zp_e3(i,5) = zp_e3(i,1); 

  
  alf1 = alf2; 
  alf2 = alf1 - dalf; 
end 

  
n_pn = 2; 

  
xp_epn(1,1) = x0_e + x_e0 + 1.6; 
xp_epn(1,2) = x0_e + x_e0 - 0.4; 
xp_epn(1,3) = x0_e + x_e2 - 0.4; 
xp_epn(1,4) = x0_e + x_e2; 
xp_epn(1,5) = xp_epn(1,1); 

        
yp_epn(1,1) = y0_e; 
yp_epn(1,2) = y0_e; 
yp_epn(1,3) = y0_e; 
yp_epn(1,4) = y0_e; 
yp_epn(1,5) = yp_epn(1,1); 



        
zp_epn(1,1) = z0_e + 0.9; 
zp_epn(1,2) = z0_e + 1.47; 
zp_epn(1,3) = z0_e + 1.47; 
zp_epn(1,4) = z0_e + 0.9; 
zp_epn(1,5) = zp_epn(1,1); 

  
xp_epn(2,1) = x0_e + x_e0; 
xp_epn(2,2) = x0_e + x_e2; 
xp_epn(2,3) = x0_e + x_e2; 
xp_epn(2,4) = x0_e + x_e0 - 0.4; 
xp_epn(2,5) = xp_epn(2,1); 

        
yp_epn(2,1) = y0_e; 
yp_epn(2,2) = y0_e; 
yp_epn(2,3) = y0_e; 
yp_epn(2,4) = y0_e; 
yp_epn(2,5) = yp_epn(2,1); 

        
zp_epn(2,1) = z0_e +  0.9; 
zp_epn(2,2) = z0_e +  0.9; 
zp_epn(2,3) = z0_e +  1.47; 
zp_epn(2,4) = z0_e +  1.47; 
zp_epn(2,5) = zp_epn(2,1); 

  

  
m_e = 2270.0; 

  
wing.m(j_e,j_e) = wing.m(j_e,j_e) + m_e; 
%m(j,j-1) = m(j,j-1) - m_e * z_e^2 / (2.0*dy)^2; 
%m(j,j+1) = m(j,j+1) + m_e * z_e^2 / (2.0*dy)^2; 
%m(j_e,j_e)   = m(j_e,j_e)   + m_e * z_e^2 / (dy^2); 
%m(j_e,j_e+1) = m(j_e,j_e+1) - m_e * z_e^2 / (dy^2); 
wing.S(j_e,j_e) = wing.S(j_e,j_e) - m_e * x0_e; 
wing.I(j_e,j_e) = wing.I(j_e,j_e) + m_e * ( x0_e^2.0 + z0_e^2.0 ); 

  

  
engnA320.xp_e1  = xp_e1; 
engnA320.yp_e1  = yp_e1; 
engnA320.zp_e1  = zp_e1; 
engnA320.xp_e2  = xp_e2; 
engnA320.yp_e2  = yp_e2; 
engnA320.zp_e2  = zp_e2; 
engnA320.xp_e3  = xp_e3; 
engnA320.yp_e3  = yp_e3; 
engnA320.zp_e3  = zp_e3; 
engnA320.n_e    = n_e; 
engnA320.xp_epn = xp_epn; 
engnA320.yp_epn = yp_epn; 
engnA320.zp_epn = zp_epn; 
engnA320.n_pn   = n_pn; 
engnA320.j_e    = j_e; 
engnA320.m_e    = m_e; 


