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Pacific Ocean charts (Northern Pacific):

Glebal WW3 Wave Height [ft] and Direction Analysis
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Southern Atlantic:
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Mediterranean Sea chart:
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Significant Wave Height
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Fan diameter: 2.667 [m]

Length: 4.775 [m]

Max thrust: 19.17 [ton]

Dry weight: 3,896 [kg]

TSFC (max thrust) : 0.35 [kg/hr/kgf]
TSFC (cruise) : 0.62 [kg/hr/kgf]

Aircraft applications: DC-10

CF6-6 wyw syun

General Electrics

Fan diameter: 2.794 [m]

Length: 4.343 [m]

Max thrust: 30.617 [ton]

Dry weight: 4,865 [kg]

TSFC (max thrust) : 0.33 [kg/hr/kgf]
TSFC (cruise) : 0.562 [kg/hr/kgf]

Aircraft applications: Airbus A330-300

CF6-80E1A2 ax8am7 “pun

General Electrics
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N3
Range = g-TSiC%CFJpT (ﬁ_\/(Wl _Wf—c))

WK
VYW N9°N2 0N Ypwn - W, =299 [ton]
VYW N INa 0w Ppwn - Wi o = 241 [ton]

nA MY - S =576 [m?]
. 2914 [km] {1573 [nm]} 2wnan 22pnnw “2150pnR0 Ao
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City Range[km] Range[nm]

Antalya v’ 635 343
[stanbul v 1777 960
Napoli v/ 2704 1460
Venice v 2787 1505
Marseille X 3090 1669
Barcelona X 3455 1866
London X 6836 3691
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TP400-D6 »yw spun

Europrop

Prop diameter: 5 [m]
Length: 3.5 [m]

Max power: 13,000 [SHP]
RPMx : 840

Dry weight: 1,830 [kg]
SFC : 0.17 [kg/hr/SHP]

Aircraft applications: Airbus A400M
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Maximum available thrust of 3 TP400-D6 turboprops at N=Ny,ax & P2y=0.9%P,ax

Total drag & maximum available turboprops thrust
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Maximum available thrust of 3 TP400-D6 turboprops at N=Ny,ax & P2y=0.9%Pp0x & 2
CF6-80E1A2 turbofans at 94.7 % of maximum thrust (TO simulation)

Total drag & maximum available turboprops+turbojets thrust
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—— Total drag i
= Maximum available turboprops+turbofans thrust
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Helletah]

(L/D)max V[km/hr] ([knots]) T or D [ton] N [rpm]

19.24 403 (217) 15.6 647

Tlpr'CL In W;
g-SFC-Cp Wi —We .

Range =

SIWRD
VYW NP N2 0N Ypwn - Wi =299 [ton]
VYW NPMNA 0N Ppwn - Wi o = 241 [ton]

anTAn MR- = 0.85

Mpr

nonon P27 no1en - SFC = 0.17[kg/hr/SHP]
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component Weight [Kg] Location [m]
fuel 60000 22
wing 29760 23.1
horizontal tail 7262 61
vertical tail 3157 57|
tail prop 2659 56.3
props, 5317 23.1
jets 12450 10
plant+nacelles power| 16742
fixed equipment| 15970 22
fuselage 43145 26.5
payload 120000 28
crew 280 2.5
TOTAL 300000
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Airplane Design, Part Three:
Layout Design of Cockpit, Fusalge, Wing and Empennange:
Cutaways and Inboard Profiles.
By Dr. Jan Roskam.
Pages 16,18,19,29,31,32
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Normal Pressure [atm]
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Airplane design part 8 by Dr. Jan Roskam pp:21-62 :71nn (1

Aircraft Design: a conceptual approach By Daniel P. Raymer pp:508-9 :7inn (2
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Cost estimation (+5 prototype) (+5 prototype)
RDT&E 1563 M$
Roskam
manufacture 11513 M$ 16968 M$
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Raimer Cost per plane 217.5 M$ 175.5 M$
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Estimation of aerodynamic drag

using component buid-up method.

Input: vector of velocities (or a single value) [m/s]
aircraft weigth (scalar) [N]

Output: vectors of CL, CD, and CD components for every speed.

o o© oo o o°

function [CL,CD,CDp,CDi,CDcomp] = cl_cd_01_12b(Vvec,W,Sw, ARw)
load consts.mat

CLmax = 2.5;
% fuselage
Lfus = 60; fuselage length [m]
Hfus = 6.5; fuselage height [m]
Bfus = 5.5; fuselage width [m]
Sfus = 30.8; % max fuselage section area [m"2]

ffus = Lfus/ (Sfus*4/pi)~0.5;

o° o° oo

o\

fuselage slenderness

% flying surfaces: wing, horizontal tail, vertical tail

S_fs = [Sw—-12*Bfus,230,100]; % exposed areas [m"2]

AR = [ARw, 5.6, 21; % aspect ratios

b = (AR.*S_fs).”0.5; % spans [m]

c = S_fs./b; % mean chords [m]

Lambda = [0, 17, 42]; % sweep [deqg]

IL_fs = c./cos(Lambda/180*pi) ; % "length" [m]

tc = [0.14, 0.09, 0.0971; % thickness ratios

xc = [0.3, 0.3, 0.371; % location of max thickness

Swet_fs = S_fs.*(1.977+0.52*tc); wetted areas [m"2]
% engines: Jjet, prop

Ne = [0,3]; % number of engines

Le = [4.0, 4.07; % nacelle lengths [m]
De = [3.0, 2.0]; % nacelle diameters [m]
fe = Le./De; % nacelle slenderness
Swet_e = Ne.* (pi*De.*Le + pi*De.”2/2)

[)

; % wetted areas [m"2]

% floats
Hfl = 1.5; float height [m]
Bfl = 1.7; float width [m]

Sfl = 1.25; float section area

ffl = c(1)/(Sf1*4/pi)~0.5;

o° o° o° oP

float slenderness

% induced drag - for wing only
h_ep = 1; endplate height

o° o

AReff = AR(1)*(1+1.9*h_ep/b(1));
K = 1/pi/AReff;
e = 2;

effective AR with endplates

o\

"wing efficiency factor" - for GE

134 -



[

% Components for drag estimation:

F1Wang | Hor. tail | Vert. tail | Fuselage | Jet Nacelles | Prop Nacelles |

o\

lengths [m]

L =[L_fs Lfus Le c(1l)];

% wetted areas [m"2]: flying surfaces, fuselage, nacelles, floats

S [Swet_fs, 0.5*4* (Hfus+Bfus) *Lfus, Swet_e, (pi* (Hf1l+Bfl)+4*h_ep)*c(l)];
Ssum(S)

% correction for interference drag

Q:

Vto

for

(1.1 1.2 1.2 1.05 1.5 1.4 1.5];

= (2*W/rhoa/ (CLmax/1.2)/Sw)"~0.5;

i = 1l:length (Vvec)

V = Vvec(i);

CL(1) = 2*W/rhoa/Sw/V"2;

Re = L*V/ni;

M = V/(gama*R*T) ~0.5;

Cf = 0.455./10gl10(Re) ."2.58/(1+0.144*M"2)"0.65;

[

% correction for form drag

1+60FFfasf3+fBu6/480, *te®188* Y €e, 41+80L£84*H42E£13485005 (Lambda/180*pi) .~0.28),

end

CDcomp (i,1:1length(L)) = (Cf.*FF.*Q.*S)/Sw;
CDp (i) = sum(CDcomp (i,l:length(L)));

CDi (i) = K/e*CL(1)"2;

CD(i) = CDp(i) + CDi(i);
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TABLE 1-1
FORMULAS FOR PLANING SURFACES

T ec > 7 kgt f k.t
Normal force =R =q,b? [Z f(A) C,o T+ 5 Cpe T2+ b Fé b Fp’}

_ (added Cross

dynamic) lift
mass flow

+ buoyancy — suction

C,,.- =added mass coefficient = mT

bLs b \?
2

5 P
f(A)=an aspect ratio correction=1/ V1 + (b /47y for a flat plate
=1.0 for non-flat bottoms
do =dynamic pressure = Y2 pu,?
b =beam
T=trim angle
f =nominal keel wetted length
f.=nominal chine wetted length
F=mean wetted length

’

FLAT PLATE Chines always wet:
Cpe=0.88 (provisionally)
~ { 4 ¢
— [ 4 o __ C,,.':1+§TE)
[ Suand ka=1 ~
k=22

WEDGE HULL Chines always wet but Cpe =0 because of
9<71/ %b—#" flow attachment to sides:
/ < . .
—— U r M il .
o D—J C, {\]+'31'k )
Chines wet over portion of wetted length:

PRISMATIC
==y~ <2 A A YA
=2—wug ‘ B (”"':(lin)(l+.’irh)
[Sand

f.=wetted chine length

PRISMATIC Chines dry:
‘/"‘ b Cpe=0
J—%_. = i —‘—27\* j/i—’- G =1~ 1)
7T

[ /

CIRCULAR ARC b Chines dry:
~N E :] Pk | < B b
N B Cpe=0 Cho=1- m(ﬂ<4)
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function[ Cds,Cdw,Ds,Df,Dw,D,LWET]=WaterDragl(h,Tau,V,CL)
W=300000%9.81;
Tau=Tau*pi/180;
beta=25%pi/180;
b=5.5;
L=45;
ro=1000;
Lk=9;
LWET=L-h/Tau;
if LWET>L
LWET=L;
end
h=h+b/2*tan(beta);

if h>(b/2)*tan(beta) && (L-h/Tau)>0

Sfront=(b/2)*2*tan(beta)+(L-h/Tau)*Tau*b;
Swet=(L-h/Tau)"2*Tau+(L-h/Tau)*b/cos(beta)+(b/2)*2*tan(beta)/cos(beta)/Tau;

elseif h>(b/2)*tan(beta) & & (L-h/Tau)<0

Sftront=(L*Tau-h+(b/2)*tan(beta))”*2/tan(beta);
Swet=(L-h/Tau+b*tan(beta)/2/Tau)”*2*Tau/sin(beta);

elseif h<0
Sfront=(b/2)"2*tan(beta)+(L*Tau-h)*b;
Swet=Db/cos(beta)*L+(-2*h+L*Tau)*L;

elseif h<(b/2)*tan(beta) & & h>0 & & (L-h/Tau)<0

Sfront=(L*Tau+b/2*tan(beta)-h)”2/tan(beta);
Swet=(L*Tau+b*tan(beta)-2*h)*L/sin(beta);

elseif h<(b/2)*tan(beta) & & h>0 & & (L-h/Tau)>0
Sfront=(b/2)*2*tan(beta)+(L*Tau-h)*b;
Swet=(b*tan(beta)-h)/sin(beta)*h/Tau+(L-h/Tau)*b/cos(beta)+(L-h/Tau)*2*Tau;
end
if h>b/2*tan(beta)+L*Tau
Sfront=0;
Swet=0;

end

Cdf=0.0035;
Cds=0.09*Sfront/Swet*sqrt(sqrt(Sfront)/2/Lk);

Fr=V/sqrt(9.8*L);
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if Fr<0.2
Cdw=0;
elseif Fr<0.5
Cdw=0.03*(Fr-0.2);
elseif Fr<0.85
Cdw=0.009-0.006/0.35*(Fr-0.5);
else
Cdw=0.003;
end

Df=ro/2*V*2*Swet*Cdf;
Ds=ro/2*V"2*Swet*Cds;
Dw=ro/2*V"2*Swet*Cdw;
D=Df+Ds+Dw;

function [Lift,Xcp,Lc]=Lift_Water2(V,Tau,h)

h=-h;

L=45;

b=5.5;
beta=25*pi/180;
ro=1000;
hO=b/2*tan(beta);
q0=1/2*ro*V~2;

if h>0
h0O=h;
Tau=Tau*pi/180+atan(h00/L);
Lc=L-h0/Tau;

Cm_tag=1-beta/pi;

h2=L*Tau;

b2=2*h2/tan(beta);
Lift=q0*b2/2*(pi/4*Cm_tag*Tau);

else
h00=0;
Tau=Tau*pi/180;
Lc=L-(hO-h)/Tau;

Cm_tag=1-beta/pi;

h2=L*Tau+h;

b2=2*h2/tan(beta);
Lift=q0*b2/2*(pi/4*Cm_tag*Tau);

end

if Le>0
Cm_tag=(1-beta/pi)*(1+4/3*Tau*Lc/b);

DRPTNTIT VA DR DAY RPN

Lift=q0*b"2*(p1/4*Cm_tag*Tau + 0.88*cos(beta)*Lc/b*Tau’2);
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end
Xep=0;
if L*Tau+h<0
Lift=0;
End
TIDOXT MO DR NAWNA TUEPN0N
function B=Buoyancy(Tau,h)

L=45;

b=5.5;
beta=25%pi/180;
ro=1000;
hO=b/2*tan(beta);
Tau=Tau*pi/180;

if h>0

Lc=L-(h+h0)/Tau;
if Le>0
b2=b;
12=L-Lc-h/Tau;
h2=h0;
V1=b2*h2*12/6;

V2=Lc*b*h0/2;

V3=b*Lc"2*Tau/2;
V=V1+V2+V3;

else
12=L-h/Tau;
h2=L*Tau-h;
b2=2*h2/tan(beta);
V1=b2*h2*12/6;
V=VI1;

end

else

Lc=L-(h+h0)/Tau;

if Le>0
V2=Lc*b*h0/2;
V3=Lc"2*b*Tau/2;
h2=h0;
hl=-h;
b2=Db;
bl=2*hl1/tan(beta);
V4=(h2"2*b2-h172*b1)/6/Tau;
V=V2+V3+V4;

else
h2=L*Tau-h;
hl=-h;
bl=2*hl1/tan(beta);
b2=2*h2/tan(beta);
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V4=(h2"2*b2-h172*b1)/6/Tau;
V=V4,
end
end
if h<-hO0
V4=L*b*h0/2;
V5=L*b*(L*Tau-h-h0);
V=V4+V5;
end

B=V*ro*9.81;
if B<O
B=0;
End
Y NEPID
function [h,B]=find_h(v,Tau,CL)
W=3e5%9.81;
h=-2.5;
force=W*2;
while force>W
B=Buoyancy(Tau,h);
force=Lift_Water2(v,Tau,h)+B+0.5%1.225*%CL*576*v"2;
h=h+0.0005;
if B==
h=10;
break
end
End

function [CL,CD,CDp,CD1,CDcomp] = cl_cd(Vvec,AR,Sw)

load consts.mat

W = g*300000; % MTOW [N]

CLmax =2.5;

%AR =4,

xc =0.3; % location of max airfoil thickness, % of chord
tc =0.14; % airfoil thickness, % of chord
Lambda = 0; % sweep angle

Lfus = 60; % fuselage length [m]

Hfus =7.2; % fuselage height [m]

Bfus =5.5; % fuselage width [m]

Sfus = 33.5; % max fuselage section area [m”2]
Ne = 3; % number of engines

Te = 30000*g; % thrust per engine [N]

Le =4; % eng. nacelle length [m]

De = 3; % eng. nacelle diameter [m]

ffus = Lfus/(Sfus*4/p1)"0.5; % fuselage slenderness

fe = Le/De; % nacelle slenderness

Kwa =2.5; % wing+tail wetted area ratio
e=2; % wing efficiency factor
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b = (AR*Sw)"0.5; % wing span

¢ =Sw/b; % wing chord

Hfl = 1.35; % float height [m]

Bfl =2.3; % float width [m]

Sfl = pi*Bf1"2/4 + Bfl1*0.2; % float section area

ffl = c/(Sf1*4/p1)"0.5; % float slenderness

h_ep=1; % endplate height

AReff = AR*(1+1.9*h_ep/b); % effective AR with endplates

K = 1/pi/AReff;

% Components for drag estimation:
9% Wing+Tail Fuselage Nacelles Floats

% lengths [m]
L = [c Lfus Le c];

% wetted areas [m”2]
S = [Kwa*Sw+4*h_ep*c, 0.5*pi*(Hfus+Bfus)*Lfus, 2.1*(Te/lb2kg/g)"0.5*Ne*ft2m"2,
pi*(Hfl+Bfl)*c];

% correction for interference drag
Q=[1.11151.5]

for i = 1:length(Vvec)
V = Vvec(i);
CLfl = 2*W/rhoa/Sw/V/2;
Vto = (2*¥*W/rhoa/(CLmax/1.2)/Sw)"0.5;
if (V> Vto)
CL@) = CLAl;
else
CL(1) = CLmax/1.2;
end
Re = L*V/ni;
M = V/(gama*R*T)"0.5;
Cf =0.455./1og10(Re).*2.58/(1+0.144*M"2)"0.65;

% correction for form drag
FF = [(1+0.6/xc*tc+100*tc4)*(1.34*M"0.18*cos(Lambda)”0.28), 1+60/ffus”"3+ffus/400,
1+0.35/fe, 1+60/ff1"3+£f1/400];

CDcomp(i, 1:length(L)) = (Cf.*FF.*Q.*S)/Sw;
CDp(i) = sum(CDcomp(i,1:length(L)));
CDi(i) = K/e*CL31)"2;
CD(i) = CDp(i) + CDi(i);

End

RN NPXIN0Y WK NAI0N

clear all

close all

dt=1;%sec

takeoff=0;
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Taul=0.01;

Tau2=8.5;%deg

x(1)=0;

v(1)=0.1;

1=1;

m=300000;%[kg]
thrust=(12*3+23.5%2)*1e3*%9.81;%
AR=4;

Sw=576;

beta=25;%deg - angle of buttom of body
b=5.5;

hO=b/2*tan(beta*pi/180);
time(1)=0;

Tau=Taul;
while ~takeoff

if v(1)<10
Tau=0.01;
elseif v(1)<20
Tau=Taul+(Tau2-Taul)*(v(1)-10)/10;%deg
else
Tau=Tau2;
end

tau(i)=Tau;

[CL,CD,CDp,CDi,CDcomp]=cl_cd(v(i),AR,Sw);
[h(i),B(@i)]=find_h(v(i),Tau,CL);
[Cds(i),Cdw(i),Ds(i),Df(i),Dw(i),hd(i),LWET(1)]=WaterDrag1(h(i),Tau,v(i),CL);
ad(i)=0.5*CD*1.225*v(1)"2*Sw;

al(1)=0.5*%1.225*CL*576*v(1)"2;

[1d(i),Xcp,Lc(i)]=Lift_water2(v(i),Tau,h(i));

1d(1)=1d(i)*Tau*pi/180;

pl(i)=1d(i)*180/Tau/pi;

b=5.5;
if Le(i)>0
Swet(i)=2 * b/4/cos(beta*pi/180)*(LWET(@{)+Lc(1));
Swet2(1)=Swet(i)+Lc(1)"2*tan(tau(i)*pi/180);
else
h1=h0+Lc(1)*tau(i)*pi/180;
Swet(i)=2 * h1*LWET(@1)/2/sin(beta*pi/180);
Swet2(i)=Swet(i);
end

if h(i)==10
takeoff=1;
disp('hrya’)
break
end
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T_D(+1)=thrust-hd(i)-1d(i)-ad(i);%sum of forces forward
v(i+1)=T_D(+1)/m*dt+v(i);

x(1+1D)=v(i+1)*dt+x(1);

time(i+1)=time(i)+dt;

i=i+1;
if time(1)>250
break
end
end

figure(1)
subplot(2,2,1);
plot(time,Xx,'r');
grid
ylabel('x");
xlabel('t");
subplot(2,2,2);
plot(time,v,'r");
grid
ylabel('v');
xlabel('t");
subplot(2,2,3);
plot(time,h,'r");
grid
ylabel('h');
xlabel('t");
subplot(2,2,4)
plot(v,tau,'r’
grid
ylabel('tau')
xlabel('v')

figure(2)
subplot(2,2,1);
plot(v,al,'r");
grid
ylabel(‘al");
xlabel('v');
subplot(2,2,2);
plot(v,pl,'r");
grid
ylabel('pl");
xlabel('v");
subplot(2,2,3);
plot(v,B,'');
grid
ylabel('B");
xlabel('v");
subplot(2,2,4)
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plot(v,pl+B+al,'r')
grid

ylabel('tl")
xlabel('v")

figure(3)
subplot(1,2,1);
plot(v,Cds)
title('Cds vs. V');
grid
subplot(1,2,2);
plot(v,Cdw)
title('Cdw vs. V');
grid

figure(4)
subplot(2,3,1)
plot(v,ad,'’k")
title('ad vs. V');
grid
subplot(2,3,2)
plot(v,Df,'k")
title('Df vs. V');
grid
subplot(2,3,3)
plot(v,Ds,'k")
title('Ds vs. V');
grid
subplot(2,3,4)
plot(v,.Dw,'k")
title('Dw vs. V');
grid
subplot(2,3,5)
plot(v,Id+Df+Ds+Dw,'k")
title('hd vs. V');
grid
subplot(2,3,6)
plot(v,Id+Df+Ds+Dw+ad,'k")
title('td vs. V');
grid

figure(100)
subplot(2,3,1);
plot(time,x);

grid on

title("T/O distance vs. time');
ylabel('x [m]');

xlabel('t [sec]');

grid on

subplot(2,3,2)

plot(v,Df)

title('Friction drag vs. V');
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ylabel('Df [N]');

xlabel("V [m/sec]");

grid on

subplot(2,3,3)

plot(v,Ds)

title('Shape drag vs. V');

ylabel('Ds [N]');

xlabel("V [m/sec]");

grid on

subplot(2,3,4)

plot(v,Dw)

title('Wave drag vs. V');

ylabel('Dw [N]');

xlabel("V [m/sec]");

grid on

subplot(2,3,5)

plot(v,1d+Df+Ds+Dw)

title('Hydro and total drag vs. V');

ylabel('D [N]');

xlabel("V [m/sec]");

grid on

hold on

subplot(2,3,5)

plot(v,Id+Df+Ds+Dw+ad,'k")

grid on

subplot(2,3,6)

plot(v,pl);

grid on

title('Planing force vs. V');

ylabel('PL [N]');

xlabel("V [m/sec]’);

Y0 %o Y0 To Yo To o Yo To o Yo To Yo To To Yo Fo Yo To Io Yo To Yo Yo To Yo To Yo Yo Jo Yo Yo Yo Yobottom
forces % % %o %o Jo Yo %o Jo Yo To To Yo Jo Yo Yo Jo Yo Jo Yo Yo Yo
figure(5)
plot(v,pl+B./cos(tau*pi/180)/cos(beta*pi/180)+(Ds+Dw+Df).*tau*pi/180)
title('Normal Hydro Force')

ylabel('Normal to Bottom Hydro Force [N]')
xlabel("V [m/sec]");

grid

figure(6)

plot(v,Ds+Dw+Df);%should be *cos(tau..) but it's 1
title('Parallel Hydro Force')

ylabel('Parallel to Bottom Hydro Force [N]')
xlabel("V [m/sec]’);

grid

figure(7)

subplot(2,1,1),plot(v,Swet);

title('Wet Areas')

ylabel('Triangular Bottom Swet [m”2]')
xlabel("V [m/sec]’);

grid

subplot(2,1,2),plot(v,Swet2);
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ylabel('Total Bottom Swet [m”2]')

xlabel("V [m/sec]");

grid

% hold on

% plot(v,Lc)

9% plot(v,LWET)

figure(8)

subplot(1,2,1);
plot(v,(pl+B./cos(tau*pi/180)/cos(beta*pi/180)+(Ds+Dw+Df).*tau*pi/180)./Swet/101325);%sho
uld be *cos(tau..) but it's 1

title('Normal hydrodynamic pressure on bottom surface during take-off")
ylabel('Normal Pressure [atm]');

xlabel("V [m/sec]’);

grid

subplot(1,2,2)

plot(v,(Ds+Dw+Df)./Swet2/1000);%should be *cos(tau..) but it's 1
title('Hydrodynamic shear stress on bottom surface during take-off")
ylabel('Shear Stress [KPa]')

xlabel("V [m/sec]’);

grid

% figure(2)

% plot(v,ld)

% figure(4)

% for i=1:1:length(Ds)

%  dum(i)=Ds(i)+ld(i)+ad(i)+Dw(i)+Df(i);

%  dum?2(i)=Ds(i)+1d(i)+Dw(i)+Df(i);

% end

% plot(v,dum)

% hold on

% plot(v,ad)

% plot(v,dum2);
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function [m]=moments(d,xcg,x)
%x - vector of x coordinates

m(1)=0;

for i=2:1:length(x)

m(1)=m(i- D+d(@)*(x(1)-xcg) *(x(1)-x(i-1));
end
TV DYXPISD

function[d]=dist(x,x1,x2,w)

for i=1:length(x)
if x(1)<=x2 & x(i)>x1
d(i)=w/(x2-x1);
else
d(1)=0;
end
end

function [S]=buttom_area(tau,h)

Tau=Tau*pi/180;

beta=25*pi/180;

b=5.5;

L=45;

ro=1000;

Lk=9;

LWET=L-h/Tau;

if LWET>L
LWET=L;

end

h=h-+b/2*tan(beta);

clear all
close all

b=1.1; % b/a=1.1 case
a=1.0;

dx=0.01;
dy=0.01;

x=0:dx:0.5%a;
y=0:dy:0.5*b;

q=3*101325;%[Pa]

M1=-0.0581*q*a"2;
M2=0.0264*q*a"2;
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% 3 4

% 2 1

% right - X axis

Joup -y axis, point 2 is origin of axis

My(length(x),1)=M1;
My(1,1)=M2;
My(1,length(y))=M3;
My(length(x),length(y))=M4;

for i=1:length(x)
My(i,1)=M2+(M1-M2)*x(1)/x(length(x));
My(i,length(y))=0;

end

for i=1:length(x)
for j=1:length(y)
My(i,))=My(i,1)+(My(i,length(y))-My(i,1))*y(j)/y(Iength(y));
end
end

[x1,yl]=meshgrid(x,y);
mesh(x1,y1,My")

2137 9y 0N

clear all

close all

9ocoordinates and weights of different parts of the airplane [m], [kg]
% O - beginning, f - ending
% x starts from front and backwards

n_factor=2%2.5*1.5;
Jococ=cockpit

x_coc0=0;

x_cocf=7;
w_coc=3500%3500;%kg
Yofuselage

x_fus0=7;

x_fusf=60;
w_fus=43145+16000+7555 ;
%jet engines

x_jet0=10;

x_jetf=15;

w_jet=4000;%both engines
%prop engines
x_eng10=24.5;%two front engines
x_engl1f=25.5;

- 154 -



x_eng20=55;

x_eng2f=56;

z_engl=6;

7_eng2=13;

w_eng1=1800%2;%both engines

w_eng2=1800;

t_eng1=7000%2;%Xkg thrust of both prop engines
t_eng2=7000;%kg

Jocontainers

x_con0=15;

x_conf=50;

w_con=120000;

%wings - only lift minus the weight of wings and fuel
x_win0=19;

x_winf=24;

w_fue=60000;%tuel weight;

w_win=(30000+w_fue);

Ytail - only lift minus the weight of tail - horizontal+vertical
x_tai0=55;%where lift works

x_taif=59;

w_tai=10400;

9ohorizontal tail - for moments due to drag
x_taith=59;%quarter of chord of horizontal , approximately
z_taih=13; %height of tail , needed for moment calculations
d_taih=2.6832e4/9.812;%[kg] drag

Yovertical

x_taiv=52;%quarter of chord of vertical, approximately
z_taiv=T7;

d_taiv=1.4918e+004/9.81;%kg

x1=[x_coc0 x_fus0 x_jet0 x_con0 x_win0 x_eng10 x_eng20 x_tai0]; % starting points of a load
dist. due to various components of the plane
x2=[x_cocf x_fusf x_jetf x_conf x_winf x_englf x_eng2f x_taif]; % ending points...

w=[w_coc w_fus w_jet w_con w_win w_engl w_eng2 w_tai]; % wights only
w=w*n_factor;
%? calculating the center of gravity
xcg=0;
for i=1:length(w)
xcg=xcg+w(i)*(x2(1)+x1(1))/2;
end
xcg=xcg/sum(w)

0 %0 %0 Yo Yo Yo

Wtot=sum(w);%300000;

x_win=0.5*(x_winO+x_winf);

syms Lw Lt;
[a,b]=solve(‘a+b-Wtot','a*(xcg-x_win)+b*(xcg-x_taih)-d_taiv*z_taiv-
d_taih*z_taih+t_engl*z_engl+t_eng2*z_eng2''a,b’)
L_win=eval(a);% [kg] %lift of wings

L_tai=eval(b);%[kg] lift of tail
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dd=[w_coc w_fus w_jet w_con w_win-L_win/n_factor w_engl w_eng2 w_tai-
L_tai/n_factor]*n_factor; % weights of various comp. of the plain (with lift)

dx=0.01;
x=0:dx:60; % x axis array (starting from cockpit)
d(1:length(x))=0; % initializing the loads dist. array

% calculating the loads distribution array

for i=1:length(dd)
d(1:length(x))=d(1:length(x))+dist(x,x1(1),x2(1),dd(1));

end

I=trapz(x,d);
W=sum(w);

[M]=moments(d,xcg,x);

Yofirst two engines moment

index=round((x_eng10+x_eng1f)/2/dx)+1;

for i=index:length(x)
M(@1)=M(i)-z_engl*t_engl;

end

Yofirst two engines moment

index=round((x_eng20+x_eng2f)/2/dx)+1;

for i=index:length(x)
M(1)=M(i)-z_eng2*t_eng2;

end

Yodrag of horizontal tail

index=round(x_taih/dx)+1;

for i=index:length(x)
M(1)=M(i)+z_taih*d_taih;

end

Jodrag of vertical tail

index=round(x_taiv/dx)+1;

for i=index:length(x)
M(@1)=M(1)+z_taiv*d_taiv;

end

%converting M to N*m
M=M*9.81;

figure(1)

plot(x,d)

grid

figure(2)

plot(x,M)

grid

% structure of body
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% stringers calculation
% assumptions: origin of axis is in the buttom, in the middle of the
% fuselage crossssection

% center of buckling is in z0=3.88 [m]
% skin doesn't take any bending stresses

%omoment distribution:

hold on
my=(0.0575*x+1.05)*1e6*9.81;
plot(x,my);

sigma_y=500*1e6;% yeld point of Al 7075 heat treated
70=3.937;%[m] center of buckling
Iyy=my*z0/sigma_y;

figure(3)

plot(x,Iyy);

ylabel(Tyy [m"4]');

n_u_str=25;%numver of upper stringers
n_d_str=22;% 25 stringers in sum. numver of down stringers not including stringers in 3 corners
it must be even

Yolup=1.9*pi+1.7;%length of where we put upper stingers
Poldown=2.48%*2;

%distribution of stringers on upper ceiling
fori=1:1:10
str_up(i,2)=1.946%*sin((i-1)*p1/2/ 9 )+ (4.067+0.496);%y coordinate of stingers
str_up(i,1)=1.946*cos((i-1)*pi/2/ 9 )+1.5/2;%x coordinate of stingers
end
fori=11:1:15
str_up(i,2)=1.946+(4.067+0.496);
str_up(i,1)=1.5/2-1.5/6*(i-10);
end
fori=16:1:25
str_up(i,2)=str_up(25-i+1,2);%y coordinate of stingers
str_up(i,1)=-str_up(25-i+1,1);%x coordinate of stingers
end
figure(20)
plot(str_up(:,1),str_up(:,2),".");

Jdistribution of stringers on bottom

str_low(1,2)=1.3444+0.496;

str_low(1,1)=1.5/2+1.946;

% str_low(2,2)=1.3444+0.496-1*sin(65/2*pi/180);

% str_low(2,1)=1.5/2+1.946-(1-1*cos(65/2*pi/180));
str_low(2,2)=1.3444+0.496-0.996*sin(65/4*pi/180);
str_low(2,1)=1.5/2+1.946-(0.996-0.996*cos(65/4*pi/180));
str_low(3,2)=1.3444+0.496-0.996*sin(65/2*pi/180);
str_low(3,1)=1.5/2+1.946-(0.996-0.996*cos(65/2*pi/180));
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str_low(4,2)=1.3444+0.496-0.996*sin(65*3/4*pi/180);
str_low(4,1)=1.5/2+1.946-(0.996-0.996*cos(65*3/4*pi/180));

for i=5:1:28/2
str_low(i,2)=0.04648+2.1089*sin(25*pi/180)-(i-5)*2.1089*sin(25*pi/180)/9;%1.05+0.5-(i-

1)*(1.05+0.5)/12;
str_low(i,1)=0.2097+2.1089*cos(25*pi/180)-(1-5)*2.1089*cos(25*pi/180)/9; %1.9+1.7/2-(i-

D*(1.9+1.7/2)/12;

end

str_low(15,2)=0;

str_low(15,1)=0;

for i=16:1:25
str_low(i,2)=str_low(29-i+1,2);
str_low(i,1)=-str_low(29-i+1,1);
end

str_low(26,2)=str_low(4,2);
str_low(26,1)=-str_low(4,1);
str_low(27,2)=str_low(3,2);
str_low(27,1)=-str_low(3,1);
str_low(28,2)=str_low(2,2);
str_low(28,1)=-str_low(2,1);
str_low(29,2)=str_low(1,2);
str_low(29,1)=-str_low(1,1);

figure(20)

hold on
plot(str_low(:,1),str_low(:,2),".");
grid on

% finding the areas of s_1,s_2==s_low, s_up

% equation of z0 location : al*s_up +b1*s_low =cl

% equation of Iyy :a2%s_up +b2*s_low =2
al=sum(str_up(:,2))-z0*25;

bl=sum(str_low(2:14,2))+sum(str_low(16:28,2))+2*str_low(1,2)+2*str_low(15,2)+2*str_low(2
9,2)-z0%32;
cl=0;

a2=sum((z0-str_up(:,2))."2);
b2=sum((str_low(2:14,2)-z0).*2)+sum((str_low(16:28,2)-z0).22)+(str_low(1,2)-
z0)N2%2+(str_low(15,2)-z0)"2*2+(str_low(29,2)-z0)"2*2;
matrix=[al bl
a2 b2];
matrix=inv(matrix);
for i=1:1:length(x)

c2=lyy(i);
cc=[cl
c2];
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tmp =((matrix)*cc)";
s_up(i) =tmp(1);
s_low(i)=tmp(2);

end

figure(21);
plot(x,s_up*10072);%cm”2
erid

figure(22)
plot(x,s_low*10072);%cm”2
grid on

figure(23)
plot(x,(s_low*32+s_up*25 )*10072);
grid on

%

% 1 around up-down axis

%

% c

% ... 1

% . .

% . . b

% . .

/S 0.5

% a

%

%

Jocenter of bending

Jofor upper: a=5 b=3.5 c=(area-0.5*a)/(b+1)

9ofor lower (regular): a=4.5 b=2.5 c=(area-0.5*a)/(b+1) cm
Jofor lower (type 2 - bigger): a=5 b=4.5 c=(area-0.5*a)/(b+1) cm

%calculating upper stringers
areal=6.75e-2:(16.75e-2-6.75e-2)/(length(x)-1):16.75¢e-2;
area2=5.75e-2:(9.75e-2-5.75e-2)/(length(x)-1):9.75e-2;
area3=7e-2:(16e-2-7e-2)/(length(x)-1):16e-2;
E_Al=500e6;%Mpa tensile yield strength of Aluminium
figure(25)
for j=1:1:25%running on number of stringers
for i=1:1:length(x)%round(length(x)*57/60)

area=areal (i);%s_up(i);

a=5.5e-2;%m

b=4e-2;%m

c=(area-(0.5e-2)*a+b*1e-2)/(1e-2+b);

cx=(a"2/2*0.5e-2+c\2*1e-2/2+(c-1e-2)*(c+1e-2)*b/2 ) / (c*1e-2+b*(c-1e-2)+a*0.5e-2);
90(a™2/2*0.5+b*0.5%1.25+1.5°2/2+1+(c-1.5)*(b+1)*(c+1.5)/2) / (c*1+b*(c-1)+a*0.5)

I_self=a"3*(0.5e-2)/12+(a/2-cx)"2*(a*0.5e-2) + b*(c-1e-2)"3/12+((c+1e-2)/2-cx) 2*((c-
le-2)*b) + (1e-2)*c"3/12+4(c/2-cx)"2;

JoP=area*sigma
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P=area*M(1)*(str_up(j,2)-z0)/1yy(1);% takin not the real Ilyy , but the smaller one, this is
conservative
1_self_up(i)=sqrt(pi*2*E_AI*I_self/P);
end
hold on
plot(x(:),l_self_up);%round(length(x)*57/60)
clear 1_self_up
end
grid on

%calculating lower stringers

Yofigure(26)

hold on

for j=1:1:29 %running on number of stringers
for i=1:1:length(x)%round(length(x)*57/60)

if j~=1 & j~=15 & j~=29
a=4.5e-2;%m
b=3e-2;
area=area2(i);
else
a=5e-2;
b=5e-2;
area=area3(i);
end

% area=s_low(1);

% if i~=1 & i~=15 &i ~=29

%

% a=4.5e-2;%m

% b=3e-2;

Y0 else

Y% a=5e-2;

% b=>5e-2;

% end
c=(area-(0.5e-2)*a+b*1e-2)/(1e-2+b);

cx=(a"2/2*0.5e-2+c\2*1e-2/2+(c-1e-2)*(c+1e-2)*b/2 ) / (c*1e-2+b*(c-1e-2)+a*0.5¢e-2);
%(a"2/2*%0.5+b*0.5%1.25+1.5"2/2+1+(c-1.5)*(b+1)*(c+1.5)/2) / (c*1+b*(c-1)+a*0.5)
I_self=a"3*(0.5e-2)/12+(a/2-cx)"2*(a*0.5e-2) + b*(c-1e-2)"3/12+((c+1e-2)/2-cx) 2*((c-
le-2)*b) + (1e-2)*c"3/12+(c/2-¢cx)"2;
JoP=area*sigma
P=area*M(1)*(str_low(j,2)-z0)/Iyy(i);% takin not the real lyy , but the smaller one, this is
conservative
1_self_up(i)=sqrt(pi*2*E_AI*I_self/P);
end
hold on
plot(x(:),I_self_up);%round(length(x)*57/60)
clear 1_self_up
end
grid on
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11.3 ps® oz

QO0MIY WO NOXPND 'R

function [SF,SF_D,BMw,BMzw,Xcp] = wing_load (Vt,nz,Wfuel,n)
written by:

Kutikov Daniel

Shamenzon Joseph

Shavelzon Yevgeni

and gods' will

o© o° o o° oP

o\

modified by A.Rosich

syms T; %$thrust

syms Zt;%distance to engines on z axis from C.G.
syms W; $weight

syms Xcg;

syms Xlw; %center of wing lift

syms X1lt;%center of tail 1lift

syms MO; $constant moment of body

syms Lw Lt;%$lift of wing and tail

syms V Nz ro St Sw; %

syms it;%inclination

syms ethat;%tail efficienty

syms deda; %d_epsilon / d_alpha

syms CLat CLaw; %tail 1ift slope coefficient
syms CLt;%tail 1lift coefficient

syms ARt;

syms Clt;

Ct=6.3; % average chord of horizontal tail (=tail)

deda=0.3;

Clat=2*pi;

CLaw=5.98; % for finite wing IGE
V=Vt ;

ro=1.225;

MO0=0; %free moment prabobly
ethat=1;

W=300e3*9.81;

Sw=576;

St=Sw/2.5;% (230 m"2)
ARt=St/Ct"2;

CLat=Clat*ARt/ (ARt+2) ;

Xcg=-26.6;

X1lw=-19.5;

X1t=—(58.5+5*tan (20*pi/180)+6.3/4);
T=1.5e5;

72t=5.5;

Ww=29760*9.81; sweight of wings [N]
Wt=7262*%9.81; 5[N] weight of tails
Nz = nz;

$fuel constants

yroot=1l;%m coordinates of beginning and ending of fuel tank . starting from
root

ytip=11l; %m

fd=Wfuel*9.81/2/ (ytip-yroot);$fuel weight distribution in one wing [N/m]
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Lt=solve((T*Zt+W*NZ*(Xcg—Xlw)—MO)/(Xlt—Xlw)—Lt,Lt);
CLt=solve (Lt-0.5*ro*V"2*St*CLt, CLt) ;
it=solve (CLat*it*ethat* (1-deda)-CLt, it) ;

it=eval (1t*180/3.141); %deg % assumptions that there is no flaps engaged

%$constants

ARw=4;%

b=48;%[m] of wing

h_ep = 2; % endplate height

$wing calculations

Lw=W*Nz-Lt;
CLw=Lw/0.5/ro/ (V*2) /Sw;
Clw= (ARw+2) /ARwW*CLw;

alphaw_eff = double (CLw/CLaw) ;
a0lift = -5/180*pi;

alphaw = alphaw_eff+allift;
disp('alpha=")

alpha_deg = alphaw*180/pi;
disp (alpha_deq)

XCP [0.60 0.42 0.35 0.32 0.30 0.30 0.31 0.371;
A = [-2 0 4 8 12 16 20 24 1;
Xcp = interpl (A,XCP,alpha_deg, 'linear', 'extrap'

14

14

)i

alpha=0;

alphat=alpha+it*3.141/180; % rad %alphaw is angle of attack of tail

%$%%%%%%% calculations for unknown reason syms convert to number
CLtl=eval (CLt);

Clt=(ARt+2) /ARL*CLt;

Cltl=eval (Clt);

$%%%%%%calculations of drag on tail and wings$%$%%%%%%%%%%%
AReff = ARw* (1+1.9*h_ep/b); % effective AR with endplates
K = 1/pi/AReff * 0.5; %0.5 is with ground effect

CDOw=0.02;

CDw=CDOw+K*CLw"2;
Dw=0.5*ro*V"2*Sw*CDw;
eval (Dw) ;

$tail calculations
CDt=0.007+(it"2)*0.00033; %relative to Stail
Dt=0.5*ro*V"2*St*CDt;

8990090000000 0

normalw=eval (Lw) *cos (alphaw) teval (Dw) *sin (alphaw); %in wing coordinates
normal to chord

axialw=eval (Dw) *cos (alphaw) —eval (Lw) *sin (alphaw) ; %$in wing coordinates
parallel to chord, backwards

normalt=eval (Lt) *cos (alphat)+Dt*sin (alphat); %in tail coordinates normal to
chord

axialt=Dt*cos (alphat)-eval (Lt) *sin (alphat); %in tail coordinates parallel
to chord, backwards
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5%%%%%%%%%%%%%%%%%%%f1inding force distribution
y0=21.5;%m
y=0:y0/n:y0;
a=normalw/pi/y0/2*4;
for i=1:1:n+l
f(i)=a*sqrt(l-y(i)"2/y072); % lift distribution along the wingspan
end

% force distribution because of weight
$Weight Force Distribution of Wing
tmp=Ww/y0*2/2.1/2;
for i=1:1:n+l
wfdw (1)=1.1*tmp-0.1*y (1) /y0*tmp; $weight distribution without projection
on other axis
end

SF (1)=(normalw/2) -Ww/2*cos (alphaw); % shear force along the wingspan due to
lift and weight only (upwards) in wind system
for i=2:length(y)
$the weight projected on the normal axis
SF(1)=SF (i-1)-(£(i)+£(i-1))/2*y0/n+ (wfdw (i) twfdw (i-
1)) /2*y0/n*cos (alphaw) ;
end

for i=1l:length (SF)
if y(i)<=ytip & y(i)>yroot
SE(1)=SF (i)+fd* (y(1)-ytip) *cos (alphaw);
elseif y(i)<=yroot
SE(1)=SF (i) -fd* (ytip-yroot) *cos (alphaw) ;
end
end

SF = double (SF) ;

figure (3)

plot (y, SF)

xlabel ('y axis from root of wing [m]"'")

ylabel ('normal shear force distribution [N]'")

title('normal shear force distribution along the wingspan')
grid

shear force due to drag evaluation. assumption is that the drag
distribution is uniform
21.5 is one wing length

o° o o

DO0=(axialw) /2;

SF_D(l:1length(y))=D0-D0/y0*y (:);%[N]

integralw (n+1)=0;

for i=n:-1:1
integralw(i)=integralw (i+1)+ (wfdw (i) +wfdw (i+1))/2*y0/n*sin (alphaw) ;

end

for i=n+1:-1:1
SF_D(1)=SF_D (i) +integralw(i);

end

for i=1l:length (SF)
if y(i)<=ytip & y(i)>yroot
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SF_D(1)=SF_D(i)-fd*(y(i)-ytip) *sin (alphaw) ;
elseif y(i)<=yroot
SF_D(1)=SF_D (i) +fd* (ytip-yroot) *sin (alphaw) ;
end
end

SF_D = double (SF_D);

figure (4)

plot (y,SF_D)

xlabel ('y axis from root of wing [m]"'")

ylabel ('axial shear force distribution [N]'")

title('axial shear force distribution along the wingspan')
grid

% calculation of bending moment around x axis of wing

BMw (n+1)=0; $bending moment of wing
for i=n:-1:1

BMw (1) =BMw (i+1)+(SF (i+1))*y0/n;

end

figure (5);

plot (y, BMw)

xlabel ('y axis from root of wing [m]'");

ylabel ('Bending moment [N*m]"');

title ('Bending moment along the wingspan (about x axis)');
grid

BMzw (n+l)=0; $bending moment of wing about z wing axis
for i=n:-1:1

BMzw (i) =BMzw (1+1)+ (SF_D(i+1))*y0/n;
end

figure (6);

plot (y, BMzw)

xlabel ('y axis from root of wing [m]');

ylabel ('Bending moment around Z axis (of wing) [N*m]');
title('Bending moment around Z axis (of wing) along the wingspan');
grid

DOXARM W NXPD "2

function [Sigma_z,M_section,tau_skin,tau_web] =
bendl (B, tskin, tweb,Mx, My, Sy, Xcp)

% Al 7075-T6
ro = 2.81; % [ton/m"3]

Sigma_yield = 5.05e8; % [Pa]

E = 72e9; % [Pa]

G = 26.9e9; % [Pa]

Tau_max = 3.3e8; % [Pa]

% 7 spars

ncells = 6;

x = [ 8000 6900 5800 4700 3600 2500 1400 1400 2500 3600 4700 5800
6900 8000]/1000; % [m]

y = [ 933 1102 1220 1279 1270 1188 948 -418 -412 -368 -321 -274
-227 -1801/1000;

hweb = [1112 1329 1494 1600 1638 1601 1367]1/1000;

A = [1.3155 1.5257 1.6761 1.7546 1.7609 1.6235]; % [m"2]

lskin = 16.578;
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Btot = sum(B);
Xcg = sum(B.*x)/Btot;
Ycg = sum(B.*y) /Btot;

X = x-Xcg;

Y = y-Ycg;

M_section = (Btot+hweb*tweb'+lskin*tskin) *ro;
Ixx = sum(Y.”"2.*B);

Iyy = sum(X."2.*B);
Ixy = sum(X.*Y.*B);
I_ast = Ixx*Iyy-Ixy"2;

Sigma_z = — (Mx* (Iyy*Y-Ixy*X)+My* (Ixx*X-Ixy*Y))/I_ast;

vertex = {[1 2 13 14] [2 3 12 13] [3 4 11 12] [4 5 10 11]

911};
for k = 1l:ncells
v = vertex{k};
delta(k) = ldist (v (1)
ldist (v (3)

) /tskin+ldist (v (2),

, v
, Vv )y /tskin+ldist (v (4),v
end

deltal2 = 1dist (2,13)/tweb(2);
delta23 = 1dist (3,12)/tweb(3);
delta34 = 1ldist (4,11)/tweb(4);
delta45 = 1dist (5,10)/tweb(5);
delta56 = 1ldist (6, 9)/tweb(6);

gqb = Sy/Ixx*B(1:7).*Y(1:7);
Xcs= sum(gb.*x(1:7) .*hweb) /Sy;
T = Sy* (Xcp—Xcs) ;

LHS = [ 2*A *G —-delta(l) deltalz 0 0
G deltal2 -delta(2) delta23 0
G 0 delta23 -delta(3) delta34
0 delta34 -delta(4)
0

0 0 0
) 2*A(3) 2*A(4)

RHS zeros (ncells+1,1);
RHS (ncells+1l) = T;
q = LHS\RHS;
g(2:end);
q' 0];

Q
Il

tau_skin = max (abs(q))/tskin;
tau_web = gweb./tweb;

function d = 1ldist (i, 3j)

x = [ 8000 6900 5800 4700 3600 2500 1400 1400
6900 8000]1/1000; % [m]

y = [ 933 1102 1220 1279 1270 1188 948 -418
-227 -180]1/1000;

d = ((x(1)-x(3)) "2+ (y (1) -y (3))"2)"0.5;
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Wfuel = 0; % [kg]

vt = 130;

nz = 2.5;

k = 1.5; % safety factor

L = 21.5;

c = 12;

n = 3; % number of sections
n_long = 100;

dL = L/n;

[SF, SF_D, BMw,BMzw, Xcp] = wing_load(Vt,nz,Wfuel,n_long);

x_long = 0:L/n_long:L;
x = [0 6.450 12.900];%0:dL:L-dL;
SF = interpl (x_long, SF, x);
BMw = interpl (x_long,BMw, xX) ;
BMzw = interpl (x_long,BMzw, xX) ;
nspars = 7;
% laft-top for-topl|for-bot
B = [ 60 80 90 110 120 100 75 75 100 120 110
20 30 40 45 50 40 30 30 40 50 45
10 10 10 20 20 15 10 10 15 20 20
cmh2 —> m"2
% laft-top for-topl|for-bot
tweb = [ 10 5 5 5 5 5 10 ;...
6 3 3 3 3 3 6 ;...
4 2 2 2 2 2 4 1/1000; % mm -> m
tskin [ 8 6 31/1000; % mm -> m
Xcp = Xcp*c;
Sigma_z = zeros(n,2*nspars);
tau_web = zeros(n,nspars);
M = 0;
for i l:n

[Sigma_z (1,
bendl (B (1,

M
end

:),M _sec,tau_skin(i),tau_web(i,:)] =
:),tskin (i), tweb (1,
M+M_sec*dL;

disp('structure weight:")

disp (M) % displayed in tons
Sigma_yield = 5.05e8; % [Pa]
Tau_max = 3.3e8; % [Pa]

disp ('bending:"')

disp (abs (Sigma_z)/ (Sigma_yield/k))
sigma_mpa=Sigma_z/leb6

disp ('shear (spars):'")

disp (tau_web/ (Tau_max/k))
tau_web_mpa=tau_web/leb
disp('shear (skin):")
disp(tau_skin/ (Tau_max/k))
tau_skin_mpa=tau_skin/le6
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aft-bot |

90 80 60 ;...

40 30 20 ;...

10 10 10 1/10000; %
aft-bot |

:),BMw (i) ,BMzw (i), SF (i), Xcp);
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