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What is falcon wing?

Falcon Door
Clearance Area

101.75 in 58.25 in



O 1 What is falcon wing? Z-"-‘.);_I *E-I %;

1. 20| 4. 242
1) 29| 2|2 EE29| 2 (wide x length = cm?) MR E N RSG5 2
= 147.955 (cm) x 73.66 (cm) Sut= 228 MPa, Sy= 193 MPa

G =70.3 GPa, p=2.68 g/cm?
2) ¥ 229 & (wide x length = cm?)
= 147 .955 (cm) x 162.56 (cm)

2. =M

-0.7mm=Z 7H4.

_ OO OFO 3
2= 92 do g

- 29| H2p2 915t S 24

) 155 e
c
3. %4
1) #l2] A& F22| 24 (kg)
=10 kg

A 7€ =&, 22 FASY: 72 71
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H1: ceiling
door hinge

L1: ceiling
(1) Ceiling door = Side doorg £0{22 door

ok Helof E2AIE
(2) A HelE wAlotH

Ceiling door2} Side door2 0|28
(3) Side door hingeEE} o 20| 212 B A 2|29 2 side
e = 2 3t T2 door hinge
(4) Hinges 1deg*4I Z£2 *6% A2 1382 510
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Matlab Code

1 # CDEIthl‘tnl: + L2

* _1I||,It|"|t'tnll_. + L2 °

kinematics_L1{L1, thetal)

* sin{thetal + thetal);




% MY F

while (1)
% =uat 2E6log I 9 A

[x_L1l, y_L1] = forward_kinematics_L1(L1l, thetal);

[x_L2, y_L2] = forward_kinematics_L2(L1, L2, thetal, thetaz);

% L1 w29 28 ERY
plot([e, x_L1], [8, y_L1], 'b-',
plot([x_L1, x_L2], [y_L1, y_L2],
plot(x_L2, y_L2, "o', 'Markersize’, 3,
distanceTeOtherCar = ((x_L1 - otherCarlocationX)*2 + (y_L1 - etherCarLocation¥)*2)*@.5;
x = minDistE HA| 4! =&
% 122 2FH0l x = minDistE Y
if distanceToOtherCar < L2
if (x_L2 < minDist + L1)
theta2 = thetaz + deg2rad(l);
moveCount = moveCount + 1;
elseif (x_L2 » minDist + L1)
theta2 = theta2 - deg2rad(1);
thetal = thetal + deg2rad(1);
moveCount = moveCount + 1;

thetals

x = minDistS H}
= o0 G Al EIAIA
theta2z E -90TlA| SHAIZ
if (thetal <= deg2rad(2@)) || (theta2z <= deg2rad(-9@))
addl = 1;
add2 = 1;

if (thetal »= degZrad(5@))
addl = @;

end

if (theta2 »= deg2rad(-98))
add2 = @;

end

thetal = thetal + deg2rad(addl);
theta2 = theta2 + deg2rad(add2);
moveCount = moveCount + 1;

% |

if (thetal »= deg2rad(9@) && thetal »= deg2rad(-%8))
break;

end

Matlab Code

Case2: 1672

hile(1)
@ At =ato2 HI 9% A
[x_L1, y_L1] = forward_kinematics_L1(L1, thetal);
[x L2, y_L2] = forward_kinematics_L2(L1, L2, thetal, theta2);

distanceToOtherCar = ({x_L1 - otherCarlocationX)*2 + (y_L1 - otherCarlocation¥)*2)"@.5;

minDist =
45 HE 2
if distanceToOtherCar < L2
if x_L2 < minDist + L1
thetal = thetal + deg2rad(1);
moveCount = moveCount + 1
else
%29 EH0| x =45 Y= %9,
theta2 = theta2 - deg2rad(l);
moveCount = moveCount + 1;
end
else
if (thetal <= deg2rad(9@)) || (theta2 <= deg2rad(-98))
addl
add2

theta2=

if (thetal »= deg2rad(9@))
addl = @;

end

if (theta2 »= deg2rad(-98))
add2 = @;

end

thetal = thetal + deg2rad(addl);
theta2 = theta2 + deg2rad(add2);
moveCount = maveCount + 1

X =g =H

if (thetal »= deg2rad(9@) && theta2 »= deg2rad(-%@))
break;

end

while (1)

at 2eal0z s i A
LY, v L1) forward_kinematics_L1(L1, thetal);

[x_L2, y_L2] forward_kinematics_L2(L1, L2, thetal, theta2);

% O Asxietel Hel A
distanceToOtherCar = norm([x_L1 - otherCarLocationX, y_L1 - otherCarLocationY]);
% 129 280l x = min0istE Al AT FH
if distanceToOtherCar < L2
if thetal <= deg2rad(30)
thetal = thetal + deg2rad(1l);
theta2 = theta2 - deg2rad(1);
else
if x_L2 < minDist + L1
thetal = thetal + deg2rad(1l);
= theta2 + deg2rad(1);

thetal + deg2rad(1);
theta2 = theta2 - deg2rad(1);
end
end

moveCount = moveCount + 1;

if (thetal <= deg2rad(9e)) || (theta2 <= deg2rad(-90))
addl = 1;
add2 = 1;

if (thetal >= deg2rad(9e))
addl = @;

end

if (theta2 >= deg2rad(-98))
add2 = @;

end

thetal = thetal + deg2rad(addl);
theta2 = theta2 + deg2rad(add2);
moveCount = moveCount + 1;

end

¥ =g XA

if (thetal >= deg2rad(90) && theta2 >= deg2rad(-90))
break;

end




03 Hinge A7 ¥ 3l4 Hlnge




03

Hinge 24| & ofi 4

Max Stress

(L0 W Stress)



Hinge 24| & ofi 4

18; " £ fhgtdEITTent fprintf('Maxi 1 Moment: %fin', maxMoment);
28; M e nd e ent . ' . oy
N ce Emen fprintf({'Theta_1 at Maximum Moment: %fin", maxThetal);

©.7366 + ©.219; ¥ Leng L1 orintElr N N . | o h
1.6256; % Length of L2 printf( ' Theta_ t Maximum Moment: ®f\n®, maxThetal);
9.81; % Acceleration due to gravity

oment: ¥fin', minMoment);

fprintf{"Minimum
ml * g; % Weight of the first element fprintf({'Theta_1 at Minimum Moment: %fin", minThetal);
m2 * g; % Weight of the second element fprintf('Thets_2 at Minimum Moment: %fin", minTheta2);

maxMoment -Inf; ¥ Initialize to negative infinity

% Calculate Final_force
minMoment = Inf; % Initialize to positive infimity - - N

Final_force = maxMoment / @.219;
maxThetal
maxTheta2 ; fprintf('Final Force: %fin', Final_force);
minThetal
minTheta2 ; % Create a 3D surface plot
figure;
surf{theta_1_ wvalues, theta_ 2 walues, moment_values);
xlabel( Theta_1');
ylabel( ' Theta_2');
zlabel( 'Moment”);
% Calculate Moment values and update max and min value title('Moment values for Theta_1 and Theta_2");
for i = 1:length{theta_1_wvalues)
for J = l:length(theta 2 values) % Optionally, you can add a colerbar to the plot
the = . Fiye
eta_1 theta_l_\aluesk%,, colorbar;
theta_2 = theta_2 values(]);

% Initialize arrays to store Moment values

theta_1_values = pi/2:@.@1:pi;

theta_2 values = pi/2:@.@1:pi;

moment_values = zeros(length(theta_1_walues), length(theta_2_values));

Moment = wl/2 * (L1 * cos(theta_1 - {pi/f2))) + w2* (L2/2 * sin(-pi +theta_1 + theta_2) + L1 * cos(theta_l - (pi/2)));
moment_values(i, j) = Moment; =3 fi'lal

% Update max and min values Maximum Moment: 393.532269'

if Moment > maxMoment

maxtoment = Moment; Theta 1 at Maximum Moment: 1.57

maxThetal = theta_1;
maxTheta2 = theta 23 Theta 2 at Maximuam Moment: 3.14

o . Minimum Moment: 0.440610
if Moment < minMoment
mintlonent = Moment; Theta 1 at Minimum Moment:

minThetal = theta_1;
minTheta2 = theta_2;

Theta 2 at Minimum Moment:
Final Force: 1798.320591

<ZHE0| T2 Moment)




Hinge 24| & ofi 4

Moment values for Theta 1 and Theta2

X 3.1408
Y 3.1408
Z 0.44061

.

X 3.1408
Y 1.5708
Z 393.832




L - Table 1 Material property
Hlnge LE-IHI uﬁl OHA_-ll C O M S O L Propertics Values

Young's modulus 200,000 MPa

Poisson's ratio 03

Dienisity DLODDOTES I(;_;l’nlnl:s

Thermal expansion 0000012 1/°C

= = Tensile yicld strength 250 MPa
Graphics Probe Plot 1

Q a A M

Label:  Beundary Load 1 i Tensile ultimate strength 460 MPa

Compressive yield strength 250 MPa

Boundary Selection
Selection: | Manual

:

Active

Cverride and Contribution
Equation
w Coordinate System Selection
Coordinate system

Global coordinate system

« Force

Load type: y L' -

Total force

Ftot
Progress Probe Table 1  Messages Log

%

COMSOL 5.2.0.220
Opened file: Hinge_231124_final(4).mph

von Mises stress, Gauss-point evaluation (N/m#~2), Domain Probe 1 Total displacement {(mm), Boundary Probe 1
1.2705E8 0.66958

{StressOf| C+2 Displacement)




O 3 Hinge AA| & oA

i L
and strains d) Fatigue < Ramberg-osgood >
o él,...u- = loygxiort — 0_000 Jogy o
Caamn = —3.266%x15° _0 ©02296iv D G T ¥-1E8//2 x 127 =
Enﬁ:‘,,...\f— —).o05l x1o™" ._0 o0 o/oos| = ac- O- Kgn
Searr 4290550 poo  JBp0x ape o o: Stregs
- € : Strain
R bz S |
== e K : Modulus
A et S"’“ B _— w1 | 7 - Ramberg-Osgood exponent

e

a.
. Yeax ‘; r ( Mecns,
Goa E ) = .Zooooo * /594 g6

[o;.o‘/

< Coffin-Manson-Morrow>

& O', —O0Om /
— =" (2Np)P+ep (2Np)°

Ny : fatigue life

- D.Ooos(F

= AV Ag - 4Sae = 0-°9¥3/2
Lg. =T = AV °.i{708
200000 2x /574 86

(“T"_ (o3 27,
A% = o_ovo0 5l

T . Se——

©. 000 Y5 _ /32 __ 5(.525 ~©- lags

2 o 200000 (2&)

+ o.395 C)—QMSL'
> Wp= 264 206 x3@'°
= P62 08 Keq

2 _Omax Omaxy 1/n'
Gmaxgmax iy Smaxemax & gmax E +( ) /

AgAe = ASAe & Ae = = +2(7a) yn’
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https://www. teslarati.com/teslas-falcon-

wing-doors-work-explained-leqgo/

https://www.tesla.com/sites/default/files/p
dfs/2016 Model X Emergency Response
Guide.pdf?1512

https://www.dbpia.co.kr/pdf/pdfView.do?nod
eld=NODE01437660&gooqglelPSandBox=false
&mark=0&ipRange=false&b2cLoginYN=false&i
sPDFSizeAllowed=true&accessgl=Y&language
=ko KR&hasTopBanner=true



https://www.tesla.com/sites/default/files/pdfs/2016_Model_X_Emergency_Response_Guide.pdf?1512
https://www.tesla.com/sites/default/files/pdfs/2016_Model_X_Emergency_Response_Guide.pdf?1512
https://www.tesla.com/sites/default/files/pdfs/2016_Model_X_Emergency_Response_Guide.pdf?1512
https://www.tesla.com/sites/default/files/pdfs/2016_Model_X_Emergency_Response_Guide.pdf?1512
https://www.tesla.com/sites/default/files/pdfs/2016_Model_X_Emergency_Response_Guide.pdf?1512
https://www.dbpia.co.kr/pdf/pdfView.do?nodeId=NODE01437660&googleIPSandBox=false&mark=0&ipRange=false&b2cLoginYN=false&isPDFSizeAllowed=true&accessgl=Y&language=ko_KR&hasTopBanner=true
https://www.dbpia.co.kr/pdf/pdfView.do?nodeId=NODE01437660&googleIPSandBox=false&mark=0&ipRange=false&b2cLoginYN=false&isPDFSizeAllowed=true&accessgl=Y&language=ko_KR&hasTopBanner=true
https://www.dbpia.co.kr/pdf/pdfView.do?nodeId=NODE01437660&googleIPSandBox=false&mark=0&ipRange=false&b2cLoginYN=false&isPDFSizeAllowed=true&accessgl=Y&language=ko_KR&hasTopBanner=true
https://www.dbpia.co.kr/pdf/pdfView.do?nodeId=NODE01437660&googleIPSandBox=false&mark=0&ipRange=false&b2cLoginYN=false&isPDFSizeAllowed=true&accessgl=Y&language=ko_KR&hasTopBanner=true
https://www.dbpia.co.kr/pdf/pdfView.do?nodeId=NODE01437660&googleIPSandBox=false&mark=0&ipRange=false&b2cLoginYN=false&isPDFSizeAllowed=true&accessgl=Y&language=ko_KR&hasTopBanner=true
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