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400

{J

402
providing a housing member having disposed thereon an actuator and a /
controller configured to control the actuator

404

providing a wing member comprising a main wing portion and a flap
portion adjustable with respect to the main wing portion

coupling the wing member to the actuator, wherein the controller is

configured to control the actuator to switch the autorotating aerial 406

device between a diving mode of operation and an autorotating mode

of operation based on adjusting an angle of attack of the flap portion,

the angle of attack being with respect to a lateral axis along the main
wing portion
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* Good glide slope
¢ Controlled direction
e Slow descent rate
 Soft impact landing

* Fast descent rate

» Ideal for bypassing
harsh weather

» Smaller footprint

Diving Mode (D-Mode)

FIG. 5A
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Table 3
TARLE OF SIMULATION PARAMETERS

PARAMETERS

Opir = 1.225kgfm®, g = —0.81ms
Ve = mfs, Oy = — 1R 8radis
®y o= M}ﬁ wo = B, xg = 200, 8y = 1
81 = 1. 8 = 10, 85 = 400
] = ;su{}& ng = 40000, ty = Us, fp = 40s

Envirornment
Indtial conditions
Objective {n coefls

Others
yrg = 1EHO, n; = 40000, £ = 10s, T = dUs
Tihe = 12, Opin = 30000, Cmae = 120mm
OPTIMIZED DESIGN VARIABLES
Polvnomial coeffs € = 00025, & = 04175, Og = 21857,
(“'; = HR.B338
Chord lengths (mny} oy = 611, 0o = 643, vy = 68
Th.Y, G e

Radiuz {nun) , A
Yo = O 18 mmd il = h¥g

{rtherx
Loy = 368mm, Ly = L)imm, L. = ddnun
OPTIMIZED CONTROL VARIABLES
Control vars Yo = —0.1345, ¢ = QL2010, vamyp = GL11I8S
{nthers Ao =0

FIG. 10



WO 2021/230817 PCT/SG2021/050259

14/48

AR, g

““"""’M}\l\‘%‘m\: 0
s

i

St
> —aa

SR
R

e st bR O

RN

e L

T
-
TR

X

=

E o

.. s -

wod ot

SRR
e

SRR Y
.
R
RIS

}

77
v 7
7
3
A
R
333 A
5159 ¥ e
bR %
‘ B,
7. e
g

el

R AR

R

Fameds

FIG. 11

)

et

RIRRR

‘;tt);g:“‘t‘.‘}“__:mn IR
“t‘\‘\‘\“}\‘\ﬁl‘“ DA
e R R Y
LT N N
R R
B L R
AR 3

TR

R I
SRR R

e SO : .
TR oo
T R RS ARB0NOR >

T e —
AR SRR vnsand

ey
R T AT Y
RS HE RN
SR TN

—
RS

e

&

QoA




PCT/SG2021/050259

WO 2021/230817

15/48

(4B L




.

/

/

WO 2021/230817

16/48

PCT/SG2021/050259

{1 ¥ T T ; ; T T 7
3
AN
AN
B
WU
> R
N,
Yo
It RS -
"‘»..{.g \\‘:\\
N .
AT
N N
o ™~ -
T N
o T
Nt \\\\ \‘\\
S §
o~ NG W ~
- . N
. o
N .
. .
\\.\\ Ve
- N . N -
~ .
IS o e
\.\\. ‘\\\ .
“ -~
e
AN
80 ] } 1 i i ] ] i
it 20 44 & &4 103

[hstanoo{m )

FIG. 13A

-6

L T T T T T -
sptare )
..................... sine )
sl A ‘QZ.{"B‘““’
; ™%
SR
= v

.

1w AN o
‘~§ W \‘;\-\\m»
} ™
X
N
L E“
G ; : ] ; i
i i3 26 25 34

FIG. 13B




PCT/SG2021/050259

WO 2021/230817

17/48

14

Jel "DId

(axenbs)z A
e &1 1

{omnbs)

4

7
A

»\Mﬂmmmwmumuw \ \.«m., L e GO Ve A

mmo.ﬁ

? H\.\V&\w‘\\\ Y
g

(s

[

(axenbs)y A

{s/UA



WO 2021/230817 PCT/SG2021/050259

FIG. 14A

FIG. 14B



PCT/SG2021/050259

WO 2021/230817

IPL "OId

AW AOU6 “warpodr-otonu ‘ady 51 camopeyg ..
552dUI00 $INE-E ...

28po Bupuay esjey -

19/48

\\\\A‘\\\\\\\“\\«

N
N

/
s #

DAY
o o4 .\\.\ \\\
&ﬁw wWeo, Gdry - /
JAONUOS-OINI



WO 2021/230817 PCT/SG2021/050259

20/48

Hansd-bameh

o Camern

e X M ;
Laws \ o Flightpauth
’ & Losstion

§

R

FIG. 15A Fi m&i .{':nif R

Revnohany foe

SRAW pratatypes

(®)

FIG. 15B



WO 2021/230817 PCT/SG2021/050259

21/48

A-to-D Dt



PCT/SG2021/050259

WO 2021/230817

22/48

VLI “DIA

a5, \,z:\ e S

P

s

&4




PCT/SG2021/050259

WO 2021/230817

23/48

]

POV

OPON-V

peel

feel

17035 SAUIE0]

=3

w

Rl




PCT/SG2021/050259

WO 2021/230817

24/48

81T "DId




PCT/SG2021/050259

WO 2021/230817

25/48

1

£

61 "DIA
{(8op) 4
g 47 4 1 oy OF- (o

{34

o1

o




07 "OLI

PCT/SG2021/050259

WO 2021/230817

26/48




0000000000000




WO 2021/230817

PCT/SG2021/050259
28/48

AR

SN
T

FIG. 22

R

-

Y Sy SN, AN B
B - 3 K 3 " N S 3
AN W AR W WY

N
s

p




PCT/SG2021/050259

WO 2021/230817

29/48

£

3 o
: w gl “
’,
S

T e

SRR S
s A

s s

s

(]

Lt

wed

A
s

e
i L

)

it}

s
e

o

P

7
7
7

b

&

&)

i

(28]

2

g}

FIG. 23



PCT/SG2021/050259

WO 2021/230817

30/48

FIG. 24A

FIG. 24B



PCT/SG2021/050259

WO 2021/230817

31/48

@

K ER

FIG. 24C



PCT/SG2021/050259

WO 2021/230817

STO

»

32/48

(31)0sd



PCT/SG2021/050259

WO 2021/230817

33/48

»\

V9T "DIA

T

Jun ISnu

At trsy,
snssserarrtrt?? ity




PCT/SG2021/050259

WO 2021/230817

34/48

497 "DId

9T "OIA

o 3
R |-

aneg e

N

N



WO 2021/230817

A
Seaad
N
N
N
N
BRSNS

g
N .

e
ST

?,

35/48

X

ES——

PCT/SG2021/050259

2
N @

//

Vg

FIG. 26D



WO 2021/230817 PCT/SG2021/050259

36/48

y

Z

- Flat plate airfoil

e

o \\\\\\

S \\\\\

\\\\\\\\\

i
s

R

-

. \\\

‘\\\
sy
R

ase |
ase 2

C
C

FIG. 27



WO 2021/230817 PCT/SG2021/050259

37/48

7;
z
1
%

W8 |
| i | \ w
““& N § | M
) S
- . §
ey '\\\\\ :
s —_ §
. N |
-~ < “N
X N
N AW
_~ : N .
H | \ 7
: ¥ N -~
o | | }
Nl |
N
i § g
& N -
3 N
| §
§ § ‘
\ % *
§ % ‘\\\\95“'
N | |
$ § \\\\\\\\\\\
N . )
§ & \\\\\\\\\\\\\b\
\‘ § \\\\\\\\\0\\\\\\\%\
..................... R o
foot : “\\\\\%\w\w‘\ _
: @i\\\\\\\\\\\\\ﬁﬁ‘ SN
: '\\\\\‘B\ §
§ N E §\
i 3
& X
H
: \
§ §
§ o
S
\ %«
Noisgr

FIG. 28A

A5

o

s ® AR
TR \\\\\\\\\“\
: L S
\\\\\\\\\\

| cycl

2 s




PCT/SG2021/050259

WO 2021/230817

487 "D

UG
[BUDnBISURL
GHITHESH

(¢

38/48

| , @ .swmmss\\\\\\, §® mm

7

o

oie

081

()



WO 2021/230817

quynuis

39/48

PCT/SG2021/050259

FIG. 29



PCT/SG2021/050259

WO 2021/230817

40/48

(01°08¢€)

Voeg "OId

xy (00) J .

10181IY)

U0 2peq 4!

m |
§COC+TT + dTHO + 2165070 = (1)

2

|

(V)



PCT/SG2021/050259

WO 2021/230817

41/48

I0ISNI)

0

&

rrerecceces st t e

q40¢ “OId

w %
"~ uonpanp jsnuy Jojouw

()



WO 2021/230817 PCT/SG2021/050259

42/48

Table 6 TABLE OF SIMULATION PARAMETERS

PARAMETERS

Environment Pair = 1.225’%@!1‘1}3: g = —9.81m/s
Initial conditions Ve = Omfs, 1y = —18.85rad/s
Objective fn coetis fy = B, mo = 20, ko = 2,
kg = 350, ks = 800
Others Fi1 = SUD, no = Q8OU4Y, ny = 2000,
ng = 100040, ny = 40000
fe = 108, £y = 408
e — 12

OPTIMIZED DESIGN VARIABLES

Parameters Py = 2bmm, Py = Smm, © = 106°,
Lo = DUTGIN, Tiomp = UI31T04N,
£ = —0.0087
Others ~v = (1.17drad, m = GRg
Ly = 350mm, Ly, = 177mm, L. = 3%mm

FIG. 31
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