2021041212 S
2022049416 £/24
2023000682 &M=







O F=H 88 S




I8 U (A 0AR) U389 U2 E(-TUHIA)




=X 18 31

el EHXNE =4 O[A=0| 7IsolHME
H S0l= ZE2E22(Z2H)S
HOE /=0 AHZHAVINE T+ US




o FH 98 S

0.6 T |
O Level Nign - Normal rated
8.4 ® % Dive power limit
l O O .
) 3
7.2 1 ‘ L "".
UHG0 |Cio| W™
8.0 (H20IREW) XV-15 ¥|89™
o L»

48

A%, km
-
(=]

2.4

Torque limit
§O S © L~
335 knots True

UHOO Uy
=T '
p 2 1 I |

o 75 1so 225 300 375 450 525 600 675
HI¥KE, km/h

12'—

2H| O|AtO| T 28| O|AO| & &




W COMSOL

of&= 1 oI0; Ol 4l HEe=
SEZEVEEY M A2 PID Alfldls 285t
Z2c|= 2RI E gis AlLertt COMSOLOIIA A iror RHIE 4=




OSPREY

FROM MELITARY AIRCRAT

rosee

et

\
7 %0\ mamen oRRNCY
v\ o YR













()5 COMSOL




COMSOL

03

-

Cr | mv | Ee-@-EN =2=- O-FEo-cEE 22~ 9

G [ Lew 1 e e

o

K




COMSOL

M=

0.3 (m)

0.5 (m)




03

Geometry |

SH| = Body + Wingl,2
T 282 = Motor_Dummy
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COMSOL

Geometry T

BHEOpDOpoo0aadadoad

Wing (blkT)

Arm (blkZ)
Motor_Dummy (cyl1)
Body (blk3)

Winag2 (bik4)

ArmZ (blk5)
Motor_Dummy?2 (cyls)
HElE 3 (cyi3)

AHOI 1 (dif1)

HElE 4 (cyi4)

AHO| 2 (dif2)

2 20 5 (cyl5)

st 2 (uni2)

gt 3 (uni3)

Form Assembly (fin)
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v s &2
» :E 6061 [solid, To temper] (matT)
v @ Multibody Dynamics (mbd)
Linear Elastic Material 1
Free 1
Initial Values 1
Gravity T
Fixed Constraint 1

Material

L

=

Aluminum 6061

2,713 (kg/m?)

b

L

A

Rigid Material ;
Rigid Material ;
Rigid Material ;
Rigid Material ;
Rigid Material ;

Body

Wing

Arm
Motor_Dummy
Motor_Dummy?Z

=

WLAELAdB RS EERE R BT A

Attachment 1
Attachment 2
Attachment 3
Attachment 4
Hinge Joint 1
Hinge Joint 2
Boundary Load 1
Hinge Joint 3
Hinge Joint 4
Boundary Load 2
esh 1

=i Size

Bl

Free Tetrahedral 1



Parameters|

t arm=arm< &

thrust = =4

Motor_dummy g 82

T _end=Al=2]|0| A ALt
(A 2204 SHA 2 QI5HY 52 Al )

COMSOL

O} 74 4 5

ctE:  Parameters 1

Of 74 & ==
“og | =mma
t arm 0.3[m]
thrust Z23000[N]
T end 5[s]

o

0.3 m
23000 N
5s

=&
Thickness of Arm

Thrust
Analysing Time



Mesh

Mesh

Tetrahedra : 4503

Triangles: 2306

Fdge Elements : 546

COMSOL

Statistics

Mesh
E Build All

Geometric Entity Selection

Geometric entity level: Entire geometry

Element Quality

Quality measure; Skewness -

Statistics

Complete mesh
Mesh vertices: 1355

Element type: All elements

Tetrahedra: 4503
Triangles: 2306
Edge elements: 546
Vertex elements: 88

Domain element statistics
Mumber of elements: 4503
Minimum element quality: 0.1769
Average element quality:  0.6018

Element volume ratio; 0.001019

Mesh volume: 5.89 m®
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@ CAE Tiltrotor7.mph (root)
v @ 22¢ Ho|
P Parameters 1
# Default Model Inputs
-:E:_' Materials
~ B Component 1 (comp1)
v = Hol
| step_tilt (step_tilt)
(] 1dentity Boundary Pair 2 (ap2)
(] 1dentity Boundary Pair 6 (ap6)
N0 =< ZA T T (ap7)
=] Boundary System 1 (sys7)
> m View 1

Total
" Wing (blk1)

1 Arm (blk2)
) Motor_Dummy (cyl1)
| Body (blk3)
1 Wing?2 (blk4)
1 Arm2 (blk5)
T Motor_Dummy?2 (cyl2)
O H2E 3 (o3
= AHO| 1 (dif1)
| 2E2E 4 (cyig)
= &0 2 (dif2)
) HElE 5 (cpls)
w0 g2 (uni2)
= &t 3 (uni3)
| Form Assembly (fin)
~ = HMEZ2
> :E 6061 [solid, T temper] (mat1)
> & Multibody Dynamics (mba)
~ Mesh 1
Q Size
Free Tetrahedral 1
» oo Study 1
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Pressure |
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AMZ=0.4 s SO 78 £ ME 23 (Tresca stress) (N/m?) EH&E M. =3

Stress |

Tresca Stress
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Stress |

Von-Mises Stress




Moment

Time=1.2 s

COMSOL

Surface: Reaction moment, y-component (N*m)
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COMSOL

Result

Time (s) 0 05 i 2 |2.5 35 4 4.5 ]

Total reaction force, x--component (N) ‘ 1654872432079.336  |112541.7637323662 1122224.39599696755 1 371 13.28229824378  150131.25128374322 |156310.38773236738 ‘1 55960.38641459993 1 1 55955.92520587714 1155955.92520546648 1155955.9252056621 1155955.9252058482

Total reaction force, y-component (N) -16098953.29761071 0.000004394305632827449 0.000001350196152819681 0.000004238409606412608 0.000003460398223355854 0.00007303263941709757 -0.000006871755090411460 -0.0000000250344 1082965063 0.0000002100126939872367 0.0000001821993155107977.0.0000001311477555254794.
Total reaction force, z-component (N) 120316275569884.88  |18835.395554487495 33727.798737698526 43415.81780171365 146205.69574158036 |46085.993376553204 146000.000029590665 |45999.99999930295 145999.99999945386 145999.99999951701 145999.99999891505

Total reaction moment, x-component (N*m) 50791143868901.88 47088 488851866096 84319 49680735232 1108539.54445649797  115514.23934246834  |115214.98274258521 | 115000.00015336239 ‘1 14999.99999805973 1114999.99999823888 114999.9999989208  114999.99999641483

Total reaction moment, y-component (N*m) -66616235030014.11 _|127267.27565722584 10244520084792784 96292.98039529861 1036319267184841  111324.22927823235 |11346437035073989  113465.97657527264  |113465.97657537501  |11346597657478746 11346597657009264 |
Total reaction moment, z-component (N*m) |-4136158634230.398 -281 358.5838129591 -305565.1644320336 -342787.3801697802 -375332.3026286317 1-390780.143680508 -389905.1404724256 1-389893.98744364077 1-389893.98744172405 1-389893.98744226724 1-389893.987442685

Load magnitude (N/m*3) 26478.80074038065 | 26478.80074038065 26478.80074038065 26478.80074038065 126478.80074038065 26478.80074038065 126478.80074038065 26478.80074038065 26478.80074038065 126478.80074038065 126478.80074038065

Time (s) 10.000000000000000E0 |1.000000000000000E-1 |2.000000000000000E-1 3.000000000000000E-1 14.000000000000000E- 1 5.000000000000000E- 1 6.000000000000001E-1

Total reaction force, x-component (N) 1.654872432079336E12 1.099322476930849ES 1.102437863005085E5 1.107624525819421E5 1.115168919606968E5 1.125417637323662E5 1.138641858915530E5

Total reaction force, y-component (N) -1.609895329761071E7 -7.805948520397419E-3 2.463462123612999E-4 4.851498354433344E-6 5.054586705602949E-7 4.394305632827449E-6 1.111275394648003E-5

Total reaction force, z-component (N) 2.031627556988488E 13 7.938778881382608E3 1.036864907624653E4 1.301220494991882E4 1.585102382007279E4 1.883539555448750E4 2.190645271561747E4

Total reaction moment, x-component (N*m) 5.079114386890188E13 1.984709553443398E4 2.592162183402024E4 3.253051235697739E4 3.962755954083253E4 4.708848885186610E4 5.476613173292950€4

Total reaction moment, y-component (N*m) |-6.661623503001411E13 1.508379030378212E5 1.440591290492847E5 1.385581126378780E5 1.330172014085391E5 1.272672756572258E5 1.214163231729040€5

Total reaction moment, z-component (N*m) |-4.136158634230398E12 -2.748349334415055E5 -2.756136424333140E5 -2.769103059176899E5 -2.787964043496453E5 -2.813585838129591E5 -2.846646392133691E5

Load magnitude (N/m*3) 2.647880074038065E4 2.647880074038065E4 2.647880074038065E4 2.647880074038065E4 2.647880074038065E4 2.647880074038065E4 2.647880074038065E4
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SIMULINK

g P |NS curve

function theta ref = fon(t)
% 0E~10F FS2F oM 0T = F
% Target: 90T

% Center Time: 5& (=2t Ald)
% Slope: 1.5 (2|1E2], 2= =

1N

2 Hol= Sigmoid &

S curve
~ fcn block

k|
i

Target Angle = 90;

t@ = 2.5;
@ # k = 1.5;
% Sigmoid T2
theta _ref = Target_Angle / (1 + exp(-k * (t - t@)));
S curve » _ get_Ang ( p( ( )))
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SIMULINK

1= function result = tilt M(tf, T, rho, d) 48 % & & BHE

2 47 M t = M_constant + M_Thrust_t;

3 H=2.0; 48

4 W= 8.3; 49 ¥ 20t 2

3 L = @.5; 58 result = table(t, M_t, 'VariableNames"', {'t', '"M_t'});
B theta_T = pi/2; 51

7 d cm = W / 2; 52

: 53 L end

9 Cd = @.25;
1@ rho_air = 1.2;
11 A=H?®*W;
12 v = 388 / 3.6;
13 d_a = 1.8; 1 result = tilt M({5, 23eea, 2713, 1.75);

=
I
[l

V=H®*W=L;

15
OIE’I‘ 16 m = rho * V; 3 disp({result);
i— HA .
18 Fa ] S
19 alpha = (2 * theta_f) / (tf~2);
28
21 ¥ 2t DM E
22 I em = (1/12) * m * (H*2 + L"2);
23 I =Icm+m*dcm*2;
24
25 ¥ 2ohs RHE
26 M _alpha = I * alpha;
27
28 B 207IME ZHE
29 Fd = 8.5 * Cd * rho_air * A * v*2;
3@ M Air = Fd * d_a;
31
32 ¥ &ofr BHE ¥
33 M _constant = M_alpha + M_Air;
34
35 t = 8:8.5:tF;
36 theta t = 8.5 * alpha * t."2;
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