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(57) ABSTRACT

A payload delivery device configured to deliver an aircraft
deployed payload along a flight path to a predetermined
landing destination includes a support member configured to
be removably attached to the payload, a flight control and
navigation system module configured to control orientation
of the plurality of control surfaces while the payload 1is
travelling along the flight path to the predetermined landing
destination, a control surface assembly module including a
plurality of control surfaces, a rotor assembly including a
plurality of rotor blades having a central axis of rotation, and
a collective control assembly module including at least one
collective servomotor configured to control a plurality of
control linkages connected to the plurality of rotor blades.

o,
T,
N .y
i W L
am -1.-...-.-.\:\;\"""-, S P .
it
¥ - r
: I .
W
+
a
M,
£

7/
L - L]
NG RN s ¥
p) Pl ! kg
Iﬂ""\‘ L b WO '."q.- . - - R
- - l + *A\r '
- e . 'y o v +
Y TEL T ] o - F ) .""‘".a.' o .I-_!. »
oneaenely . 1 LAY
W s PR a" P
R -~ = - =N xﬂ:"r g
[ e - L
' '|:..'|- . T e e o . .
4 W -|l . K '.'1_ d 'y - [
L
£ (RS
[ = - o .
E_- W e .

3
,f__
F o, . - .
=y ra
g i "
e s
I'f’ T F \
£ [Ny
" y 'S . P
/ - ’ ™
’ : ,-;’
'
o 4 H
I . .'\\1_
v Ta "’f ’ lh‘\._h
) ¥ o "..* a e,
s ¥ " 'r‘,.l' o Ta "
8 : .»",’" 1 ‘\\_ - "
TR Ak A
- F o
: M - ; } h'"{"- ta
: : - : -,
: : : e
a - F .
f ' LR e P
d ] A 3 . e v‘_.-l‘"
o 4 ] 1' Yo L -
. ’ k " U
[ - ] 1 \“. = -
¢ M [ . <
. y r R b
o
A ¢ z
u a ' LR
] a4 k
o T4 ]
W M b F
o b - S
] - €
[ b r ]
h A A i
[ r 3
NS 2
E 1 i 1
s - ] e
" 4 i L T :l
o d P
H 'l: F : F]
W - F‘I;.l"p x L
r - L ~
’ - 1 F T
» - 'H.‘-r;'..
i - 7
a
a
4
a
a
a
2
o
-

"'l,_"!.‘i."\l\."i\.‘-\.\"\l\."h.'h.'ic'i& e
b
l.|_

\



Patent Application Publication

l-il‘:‘
R Y
e \\
s %
. bt
\ y
!‘ \
‘L .
I‘ 1
H.'I \
I"-_ s -qul.l,

Jun. 16, 2022 Sheet 1 of 32

US 2022/0185477 Al

L N,
5 i I
. N \
.o ~
" gy S |||,I i.’ 'I_. \
\ N A,
\ ' d k
l“H‘I _.'"f\k, *-J' W,
‘..r 1 ‘:‘ t,.ll I‘l
I"' ,-"r ..|‘ I |
" S I"|, -'f ‘.'*L I‘.'
! f_!' " .f N
L ‘u |‘ - ; ‘:I
b | .-'f' N p
» ln'x P Py
Y - ! ’.’,"
lh %H ’*i‘.. ﬁq* .
N ‘I .r_. 1.'". *_'«'
k Y N, //'
" "-.i v ]
", \ - w S
LY i 7:. I.t ‘I-
] 1 !'
'l.I !‘U\ .‘H"‘ 1
J‘m A e K
n lq'\ A ’
1',' . ' -~
L \’x\ ;,-"' *5‘
‘.'p ‘;' ‘I._ f-"' "h ‘/
s ‘~,_‘ 4 N o
"I'- . ’l..' ’
: ) S e
:'...l H'—‘: - ll._-_-‘ - *"l" m .|'||.|."‘ .P..
y PN 3 .
hl. ..-"”’IL 24 "'-‘_. < ’J'
'5"‘ . 11'r -“_l"‘ . ll.'l_ "l__ e Jrl o _
TN e y ~—ar :
Y N N A S
"':l-_ o d -. JK‘# “'I:_“g iy T a, . ~_ ,.""‘ 1': 'f'. LN \‘1:
hVg WO L R N, k
F L ..IF u: .
;:. .::'l, % "I,‘ ""_. 1'1_ m ":_.:: 'Iul 2 '-.l_ \T:WH‘
‘IF ‘p'.'n - 'l'-':h 'l"ll ] "'l. ,}' . ] -
\:-I,,I - :.I'-u e aimid 1 "..I* A _‘;‘lﬁ ———— T ""-ll
4::::. I’::G‘S‘ tl._:l'.‘. Hl\.__..-ll" ..I:I A "‘" J'::l:.::l “'_-\r \{-—-l|l-lll-—-l|l-lll-ln-l|l-lll-—-l|l-lll-ln-l|l-lll-—-l|l-lll-—-ln-lr-lrlrll-—-—-—-—-lr—-—-—-—-lrlr—-lrlr—-lr—--'
LrY "'iu.\ 1"-.; , 3 p v .:' by g Ty g g oy g o oy g g o oy Ty
AU S YA A S s
i L] ' % . P I 1. i * "
VoAt R @ LD S TN N
! “- .-,.' "l. "\..,‘:"'l a ‘_}_ﬂ N ,."‘: * '::. " g, )\'.‘ " 'q.’ 'I.'.-I
FL oy S - A
I:"'I"'.'ﬁ"llll I.lI ‘J,r Il.||I T‘ﬁg%é:-;ﬁzw‘\';‘iiiiiilllntitt ------ - \ ..r""
LA ’ . : \ ,
" {"‘: l--‘ - ".'l:"- _"."'-I:l}" E"" ".‘":::‘r- - I;iv"i \‘n R "."'m
RAEMATE e RN R CUERN
1.1'. } "-_h?:" '.‘*’,:.-a‘.;_“'%\v;’ :'-:ﬁ':‘" PR, Y N '{.
.-1"-:! 'rIII v . — o N - R - A A R R N A A R
r .i.. .JF. ‘r‘, ";': " . h
5. RN ING W X oy AN, N
. ..,"l 'H' 2 L . ﬁ 1 |. L] ‘f iy r ..]- ; - . 1 " l|.|.'
- a_ LI . 1 Loy e = "
{I'.II .'j" H‘%‘_ ﬁ‘ —— = 1 ] 1 . . ) s J " "ﬂ.'_-_" R N R O L T
) AR iy % | t: . 1 w4 g S A W s
Laah SN L WA R
..'f . ﬁ‘,:"' I'ﬁl_l_{d Y "'p.-'_ " . 1.-'2""::-‘., it W : by : ] "p" ilutl,-:-'i‘."l .,"- ‘nl'.
*.- ! ".‘ '.l. ¥ ‘\'\'I L] -ﬁ } l !1 o .‘_:j' l._r. ‘.l u’- ‘-'I~
' ; 1 -4 L S
_\-_\__.- _ill lll-lllll——' r’-.."i 'h- ’ -
‘ ‘-“F N ::En:: ;} ':‘ A:I"§ ity f:'.li ".f
‘J.:- :”'1-1-1-.:1.11' ll.::‘:'Il # C:'-".) ‘l" . _,‘-
g &I X /
] i ] r. A 'r
.rl' PrL -5 *-'-“-1&‘ :' -‘_%_—_1_1_'\_'\_"..'-."-.'-.'-.&‘- ——— e Sy ! H.." -
y o ' i s
i} n-:‘ H\:‘I\L "‘.'*: Ty -'I'-r“ J! ¢ Il.:.lll J’.J
, > I.l . _-‘ .I*.. o:j "u-i .'l']‘.l *-F rll
Koo ""1:‘* W, S S . s K
P i ) _' "r‘-hl A .j_;" F . .
1.' I. A " :i -I"r w
.‘J .1. .'.|."'_ %‘:::‘. h:i*.‘l ] *-Il‘.'l' J' :.'
. i : . ; , ;
.._I"‘b I‘ L - "l.."l %; ) lll"' r.. ! H“ r:I"I
r \ W, % - A e AT !
o S, n 1

e
‘_T -_mC 3
P < 7
-I"{ I""'-'ll"-l'l""'.| ‘.‘-"'
-lll,. 1i r,"f
S 5
a il
e +
J-"-II I.I. .l:‘*
" ‘ !l' . ‘lgl:':l
s ! w
;" % -'r"'!r
u* "‘ ‘jlif
. . I“u '-:':;.
. . N
f;" \ﬁa.""
I" "'.F
_“ L
-~ ﬂ"‘r
& A
Ty .‘:‘ -
Y "
’ y
” \, e
-~ . o
W~ \ A
:1l|II "I_ -
P L fgt
i b “a-‘
- Y P
5 J L
i; ‘.r\." 5—"‘?
v . 4}“
y o
b
% ;"f
! Fyl
L] ':j' '
! )
, “’?
Pl
\ &

G, T

'-". .:"j

‘ . rar b“ ' + r kl
. T-.. ir.r" o' ' l"h i ra
I"r II{_;_I_“I.‘E‘.M""H r -"H '.I::IL r'-.'c F{"“‘-‘-‘-‘-Lum.n,:.,.-,;&.t-_' I SE
‘F ‘*r. l"- ‘:.:! :.l’ "::- "'-:I 11“\" rr..r ‘ *1- d
x ; Y o 'li I.I‘::":. I'II :'\I . E
£ T 3, o,
*If’J o L Y i"'-. r
r* . _l" _-"' .Il. ,"||_ \ }
':".--"'i:-u—_—l--'" 'l:'ﬁ. ||h..l e
! M,
I‘ 1,.!-";.“?*'
F‘I *'i-l l."..
I'.I- i"i '.'Il'_r
N Ir--L \,
Ihl h,." H
% s 1"':".
L R hﬂl-
ey ":;
N —
.‘J 1"1-..5
S
K T
"., = ‘H,.
"y e "-I’,,,I
5 ,
" v
I'\ "-‘.ﬂ
% - ‘”.:,.
i o n,
N ;_' H"-
LY 7 ‘.ﬁ
" . .
v by
\ %,
! "a,
* ‘“q
Y, HH.".
) \,..'
\ “
, ',
I"'l.
“
"y
"’
1
“
Y
!
l‘I
N 4."‘".
4 ;.‘
N
g
_—
r"r;
LY
1"'_.
L
"
"'u_l
.,
L1
.'I‘l
Y
h,




Patent Application Publication  Jun. 16, 2022 Sheet 2 of 32 US 2022/0185477 Al

FiG. 28

3 N
.,‘:. HE - :::::.’:::3:.’:.’:3:.’:.’:3:.’:.’:3:.’:.’:.”:.’:3:.':.’:.’:.”:.':.’:.”:.’:.’:.”:.':.’:.":.’:.’:.”:.':.’:.’:.’:.’:.”:.':.’:.’:.’:.’:.”:.':.’:3:.’:.’:.”:.’:.’:.”:.’:.’:3:.’:.’:.”:.’:.’:::.’::::::::::::::::::::._._.?
! T o g
" ‘\.‘.‘ * b e ."
\\ (;K s .*':,.’
bt £ * ¢ ‘
, s .":*’ ‘ :"
\ {-«"‘ o )
A
\ A /
5 £ £
A} o : '
! e y <}
\ .l'il..'liI l“' e
\ / -
Y &

110

-G, 2A



US 2022/0185477 Al

Jun. 16, 2022 Sheet 3 of 32

Patent Application Publication

e
o Tey
Ll " ™,
d T
r -
.jl_l.i l.l._-.-_n
e T,
u .,
", .
", tug
._..._-.-_._l..._ .l.l.__-.._a
.J-.._._ .nl...
'.lu..i .l....___..-.
-~ .r..f. S
o~ ) Tt he
4 T
F T
b T
1 s
oo T,
] i
B 37}
LWL,
q..-..l._.-
B
T =
L
", p-f..)
! .
i ",
_," .,.....r: -1
f "
] ._....pr Y
! N b
_4 i 1...,...-
. a.,m. ...u.v
.____..u... _L
4 Ir
BN
u_ “n [ “
" AU
'y T
: i
(T
i
u....h..,..,.n
JJ..
y!
. w,,.,
‘.-_-___.ﬁr lr___
Y
”m..___.,u ._.._
] L ,_..r
b
] _._. 5
" ; W
* [ L n
. W _\ ! Y
.q _\ ...u_-..q.._.__._t ...l_.-_ ~ .q....-..._r “ ____.__._. __r
! : - T i Y
“ ! ....1:.1._._........_.._. .—-_r._ bl i -_ ]
| __.__ T .._._,r.-......rf.. “ “
__._._. -~ .rt-...». ......u:......: _..____
S SNy
L i

Bl

T TTWTT LT T T T T T T AT TTT T WY

"""""‘""""""'""""'""""'""""'""""'""""'""""'""""'""""'""""'""""'"""""""""""""""T"’"’T"’"""" .
&
-

-
L L NE N NE N NE N NE N N O NE N NE B N B NE Nk,

1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1_1—1—1—1—1—1—1‘_"!—1—1—1—1—1—1—
-

J.J....J.J....J.J....J.J.J.J.J....J.J....J.......J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J....J.J..L:.\....J.J....J.J...‘..'n

L e L E E e E e E L L T R T T e e e e b g S e e e e e e e g S L E e R E E R R

P, T ¥ P
L S T T
ll_.-. ) I._-..r 1_11 *u j.“_..._..l._.n_.. -
.l.-_r..h1 - .l.l.._l ;] . - A
llq-...-,_.l . ..q.“a_ e,
e

._'.";*';:‘-__‘;

y

7

-
N

".'-'-'-

U6l

Ve Oid



-

I
i

e A o moa .

-

T ey
. T "‘\

AW W=
]
’
n\
h ]

li|'

.4 T
- ” Tuy
\, T
I *r
0 A
J e
o p Al T,
’ .___-_u.... b fuy ",
y— v : . o ",
....1.....1... ’ e ‘.......f.pr .
.. ] [ ] - l._..fl
— e L i ., .
._.._...._.l._.._. - Ly T ..fur.., ....-_._un
..-_l......_.-..\u “ v" e ..__.l.n...
2 ._.__.._-4 ] T J-._,J..... a
n.._....n..._ﬂ__... - ' h T - T
.1-1_. ﬂ h...-.-_.._. “ ”" .ﬁ.ll..l. .-_._....,.f___n
: 1 g ’ e T, |
= ﬁ SRRy R oY
. ] ] .
F 4 ’ P . !
] ﬁ S : : e
F P 1 h Ry
k / f ’ P el
’» “ : : _
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ 1 h _
ﬁ ’ {! !
! I
‘ “ h _ ..ﬁ
rax I 1 £
r .- ’ __r Y |
Oﬁuws ‘ A1 ‘ N T, ! ' -\\
Foananron R I : ’ r | e
r ' H F T, !
" ’ " .
ﬂ - [ ] "r ” ....J._...- “
i ‘ : i = _
. A : ”. 1", |
] ] 1
- ! ’ o y -.{.' o
] “ v" y ~, a
& [ I F L FA‘((.
\.\ ., “ : i / “ .
T ! " e
L r.-.u_.._-. “ ] "r “__ . E...-,.t
I ]
¥ b
A ., , “ : “ ™~ .,
-y ! ] .. ". ’ "r { H.__.... “ 2
* .J_r..- ) . ‘ 5 " ; ..r-...,.
"
A\‘ »..-..1\ ., . 1\- " ' .m__uu-u"._ _\.ﬂdw LA
. v , AP i . "N,
- 3 )
' ’ r .ﬂ..rf..-u._...w s
b
b
!
I
I
I
=

a
&

[}
L L ey

- W LT,

- - o= w

-
- — e — e T L

"!:.... anm
SN

X
N

a
’

~.‘
{a.
;;.

. K:.’

r’).
£
£
.l-v-"
Ll TN
O
oo
e
L ——
I‘:.Lr{ L =-.=-.=-.=-_-_-L4L111:§:-u-—--.n._
AN \ v
N,
fl-
S
I"".

Jun. 16, 2022 Sheet 4 of 32
~,

'.
=l
-
-r ==
e
-

-
-

.';- - .’-"
1
-
r

L W,
" N 1.__, I _.._.f
\_ F " ..u_., , ___._. !
" % "
...1_. -_.._ 1 -..._ p t‘__ )
£/ P / 5
b L]
d / : ' " ._._ ¢ / " N
, - | i ]
[ 7 _ g - : N ¢ | P Yy
’ ...u.__.a...... e " 1 ! L
m .__x._\ an..u..ﬂh.“_._.. ) - Ma ‘! m._._._\. ._....*_
- . T . 1y . _.._"
m_. E_.‘...n..ﬂx e e, m. -~ ._.wawﬂ. .
o S N L ot
o - i o

qv ol Vv Oid

Patent Application Publication



Patent Application Publication  Jun. 16, 2022 Sheet 5 of 32 US 2022/0185477 Al

, A
. }N . - *, ; "
% % ~ T, . hﬁ'
o ‘I'E-'lL'L l""- = ’:‘
: T o el £
l'l .r"c‘ LY 'l-"‘|I -|+ . Bt -, ™ Ty, E!
F LA *on 4. Ty o o :
% Wt AT .\‘i L l"‘l.-J._ d
b Vool A - g 4
u "' 4 \ t.ﬂ.-.ﬂn.i.&*.wwwﬁemiiﬁ.: - :'l:\k_r---""‘r-""-'-'

AN ~

u\.\ L'#R".
!i."-.-'!-"I-."'-i."'-li'ul;iﬁu-"-'h'\i'ii'h"n*’h*‘r."'ii'-ii'n.-'rh-"I-."H."#\l.1-111#‘&1‘&1‘#‘#‘&\1‘#‘#‘#\1\‘#‘&‘;&‘”;: FIINES q‘;

\\ \"» g N

- LT - ’
e Wi, - . .
. . . B T S A S S P PR U A W SE PR PR U IS P VR LTI VR T, S
AN _'f!t, P
1"1- \ ' : : * :I!"I“""'l'-. X I\\
T u [ . ]

m -, WWWW p

AV : '
Syoat 5, N,
‘:r":-.."“- l-,,‘ ""4

r i| . v
L
"-'j y u HQ.}. ] "f"- E:I
n - i 'k"ﬁ.:" A Y
=T R SO 4 3
R £ - . 1) *
- 2 " 5 ‘:}.f N ] i
o TN ‘.:'_,z‘ N :, 'c'III
_"I" +! '...E"' ‘.1'
’ ‘ 3
."-F P 'y
(3 ) ]
"

L]
a = 1 b
‘M{I‘J ‘h ‘J, .IF “’
L] " r i L)
-ﬂ-" ¥ e ; L
.I'J' I-i 1',. i '|‘I
- ll"p dr' L] L]
. L *‘ hd rl'I i‘
-\DL‘.. h‘.' 'Iﬂ .1..\'l 1' .:
S o A n’ I
_‘_1.- F l'p"' |: '
I‘..! L]
L]
u
1 ‘-I.‘-
h |
L] o
4
’ ~
. <

&
J
LA
'Fi*
5
B ! o

' - | . €5
i»i-;i "{i e -#fﬁm--*“""' ; LY f“k‘u‘uﬁﬂ‘um“.***ﬁ ;:-qu!
n m— i

‘q:_-_- ey s e my H

G, 58
1

_ ,:‘,'_'-"-'""""'-"'—"-—:'l-.
":_dll-'—'-lr"l'-"-'-"l. _l__‘.‘ *_; .....-.r-...h'l'—'-—
"n.

'h. .

-
\‘ =r = =i = = = =i =i = = o = = = = =& = = = = = ok = = = == o = = = =~ S = = = ok = i = = = = =
q
\“h-----:'-.-|-|-|-:'-|-'-|-|-|—'-l-'-|-|-|-|-:'-.-|-|-|-:'-|-'-|-|-|—-:'-|-|-—-:----—w--l----—:-r--—%

-...‘u_‘l

“{}

ll-ll"

™
iu-l-n-ﬁ-l-*+n-u-u.|l""_:

G, 5A



Patent Application Publication  Jun. 16, 2022 Sheet 6 of 32 US 2022/0185477 Al

G, 60

M
Tl =5

{

t

: 1"“wr.
TN i3
"‘}"’*“"""’"ﬂ*{“ﬂf By N g
I i Kol & st & v b U R s e s e

R AR -

w —t O ¥ T '\\
1 ‘-_'el. -:'l.

. - 'y

M J*w,:::t:" fﬂh#m*t?wﬁnﬁkﬂi-' ______

1'3 _Ea*‘“"‘i'ﬁ ‘F#’ "‘n o 1;

’

]



»
\

‘-:;i“.
%

Yy

;?ﬂﬁﬁ1mﬁﬂﬂﬁﬁﬂﬂﬂﬂﬁﬂﬂ;g1ﬁ
1

L
T

L e i I o d I B ]

= A b m.ﬁh#mmmmm-ﬁ-mm.ﬁhnm»mmn..u..u.--n-.t.-?ﬁa.

US 2022/0185477 Al

g

x&&mu y
iy B (0

(L Ol

Jun. 16, 2022 Sheet 7 of 32
§

A

.,

W W e W B W Bty

a
r

: \,w o
R

Ut |

g gl o o W A e L
b-l.%rlur..hl.....lr
[Ty a

ot

hﬁﬁlﬁ.ﬂ.hqhnuqhqﬁﬁhqhqh‘hﬂﬁ\\.\hﬂ\. ........

a (h
Halrhealr e Portorde A, PP LN e ok L e e b e et g e e e b ek b

B (33}

DL Ol

Patent Application Publication

-

By

H-,a_g'h’

T “

™,
.hhn

g g,
e
N
:ﬂ“
N R e e
4
. \R“m

iy My Py B P "y Ve Ty S, B iy s My B R B s s Ty By

h c

¥
)
"f
W N
P
-."'n.'
"‘“_ L
A"
I"I
H-‘I‘

-

i,

TR

""-1"""""".".""""1"""1"11""1"111""
'r""'"r-r'-r"'"r"r"rr'r'r'r'r'r-r'r'r'r'r'rqﬂr'rr'rr*r‘_'rr

Py

- 4
- ‘%
w
%
e
-
-
=
o e, e e e e e o o e e, e e o

"
=1
Lt
i..
firy
r

"
Pl d e B et A YeH H Himk o sl b L b M W

- -.h.'h.-h.'h.u-:':h.h

[F R R

...____l_..n < ] ....H__

Fyy 3 A

o g o oF W AW o o ol ol - b
O el ol ATty e | g e ¥ gl
a3t et g e e ek o i o o i it ard s Vo, i e 1o i ot ot e o e A 100 i it s ia e

e LS P IS LIS IS I TSI TS LA LT NLL LI TITHESEL,

e
ol e b e o e e et e e aed e et v e e e s et AP et e O e M e it it e e o ol et gl e ettt b i

B 001

Vi Oid




Patent Application Publication  Jun. 16, 2022 Sheet 8 of 32 US 2022/0185477 Al

* .
v % \
. , . i
H“ 3 .i__ n
ll.' * b Y i‘. ORI B By
1!_ ",;. H‘-. :I: E,.. 4.‘5‘ %‘}.‘
k : DR
., h- \'.\ . S SRR
", k! \, : . .Hl e @)
A \ e T S R 4.0
D . A S T
’ L " ¥ i P L I
-«,'l 1‘- "-,,‘ I:l: L :I l":j'i :
; N A AR .
%, N A N HE . '
Y 7 T oa
™ “. ™ \Y:} : " !: -_: 1“"‘-*':"\.‘ ‘,"‘
) ¢ . ‘ : : ! - I w
) % \ 5 R e _
o e Sy b ahEa &S0 s N
A » o ' TR O
A l : : g PH "-‘ "‘-..‘
:1:. - '|:' ___________ . 1"-‘ “....

- 1
frrrrTrTrTTrTTTTTTYITYY
'
darrrrrrrrrerlaieaiierraan

. R e I I I I I e T L B B R TrTTTTTTTTTI T I I TI T TIOTIOTIOT AT
- - -
";‘_‘ '.__. - .‘h F T T TTEATEEETERTTRTNTOTROWATTTLTYTT T T Y R R R L T T T T T T TN RO T
1'\‘ - \\ E . a " P L L R R BT
. = . B
e st LK
I--r-r---r-r---r-r-r-r-r-r-r-r-r-r-r-r-r-r-r-r-r-qikl rr
.
T A T R A T A Y Y e e e e \
L) .
L] A R I IR L T T T T T T ']
. . N . " . B L M
1, n r o e, ko ok ok ok ok o h kA E E N E EEEEEEEEETETEYTYTERERYRWRETRERTETET WA DREWTTT r T T T T TTLTTTTTT T T - -
] L naaad L. SRR R R RLRLELRLELE, R e L P P e 4
' I 5 1 =TT 1T 1T eowow LI T T A A A A A A T T T T T T T T . W -
- . - " - - B L ey L T -
. k- L & 4 - kL 9
LY L] r . - " .
' § . 11 4_‘. +-"
o ' r b "'t-l-i_ -
L ] . . LB |
- L . I'l. ) a - e
. r
4 L r I'I""I'
. e 1 5 - L IE]
L i ' [ ‘!IIIlIIIIIIIIIIIlIIlIIIIIIIIIIIIii_i_i_i_i_i_i_i_i_i_-_-_-_-_-_-_-_-_-_-_-1111._'-.1111.11.1111.11.1Il-
a .
. L |
L] -
L] - L] F
‘:J:i N b
.
L n
Y l-"-l
F ' . LT L]
L] F I' h..l
. .
. b . '
-
L N R . R T T T e T R T T T T T T R R R R R R R R T RN R I R P
. o . .
! L L 4 & H W N L L L B H-l-l-+++++++-I--i-iii-iiiiiiiiiii----------------11-11-111
1 " - ' P e T R R i L e e e T e ) P
r ' LR {irTE71313131317TT1111ITTTTTT ARSI TTTTTTTTTT T TTTTTTTOTYOTTTAONNTTTTY,
L8 'l'.. ' - = g l'h > L . .
. - .
. kol T . \l‘ L]
. v & . ol . . .
¥ . . & . . '
N L CI 1 . o \ oA
[ b T T T TTTrTTrTNE 1 .o L]
- L ! TE F -d
1 ' - il - -
9 - L & . LI
B n T e A
. . T e e R R R R R R R R T PR OFYFYFYFFYYFTYYYTYNYTYTEYTYYTATLTWYTYENYYTYNYTYTYYNENENENNNEEEEEEEN - .
L ] L I..I-I-I_l_ll. I R J..J..J..J..J..l..l..l..l. L L
" 1 L] P A4 441+t F T T T T T TTTTTT T 1N . -
_"I 1 r e s = = =9=9=9="9»="m="™2=2=:-=- L L I B I B B - .
* 1 ' ) T ' Ll [
F 1 1 . 1 . - " L
1 - . - d L LI . . s
N, g . 1 . a1, . I T T TR U S S S S L B U ST N R il i TrTTTTTTTTTTITAATOITITIITATTTITTTILON TN NN W L Y ™
. - +. . 1 I.i \.“‘+ ‘.l. L T e e e e e e I .-.“ .
'
. Fl 1 . + L-l [ . '..| 1'1'.||-_ .
. .
EE ] ] - 1 [ ] - | | 'q‘_ - r
' . - L ) L . 1 L]
" P * L] L] » - [ .
L [ | 1 L oo [] o ..lq F
- " i - - - - lli 1 [ ] ] L
] - 1 = r 4 . = 7 "7 3w sewTrsEETTEEETILTITAETOLETOLOLOLOEoL -EIII' - .
1 ] . r d 1. T T TTTTITTTTODTTTTTTT O T TTTTYTTTTTTAANANT YT T T s e e e e L]
Iq . ; ¥ ', " M q_i . S T o T o L .........."q.. s
. r . r .
F 1 ' & [ o L]
LY 1 ' ! - - -hl ]
. ' L L] r L rrTTTTTTTTTICETS A PR
k b 1 * r 1 A I EEEEEE E R E R E E + n L LI .
LY ' , r a N e T 1,tr o
. B B
+, * , w1 , g ) -,‘__-_l._a._i_i._a._i._i._-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-I-I-I-1.1.1.._'..1.._.._.._.._.._.._.._.._.,_.‘_.‘_.,_,\_,__,__,__,__,__,__,__,__,__,_\_,__,_\_,__,__1.+ ‘wT . 11-
BT o1 o0 A [ B r i » L] - [ ] na
1 4 - [} d - L] o .,l_ll F - bk oa
r r, a - L] r
L] . I,“. 1 L ] = % 1 d LI |
r Lt [ - o L] .. L A T R
. e 1,! ¢ ' r | ] Lo u i
" II|- r [ ] _-...‘r'l-i |-‘l.. "ﬂ
s - r
L] ar ' Y LY *, LI |
LIS * r . r . - + = - F .
- . I‘t‘._il - 1 LR el T T T T T T T T T T T AT T T T YT YTy wwowowd - r L
1 . ] ' ] - ' us o '
- L I Tk ok h h hh d hhhhd d d YT T T T TTTTTTETTTTTTENNTEET TN N W R R R W NN WM omomomomomomomomomomom k. T
LT at A o . N e L s . N, -,
LA -Li,. "".lq. cH + F T T TETTETTTTTTRNTTETTTE T Y YRR R R R R R EOEL LD L L 000NN e w0 - .l Fl! .
' .
- om o a & T
- r

R T I T T I N R R T R .. 1
*“l"l****‘-‘-‘-+++++++++++++++++++-r-r-|--------------|.-|.-|.-----i-i-ii-l-ii+++l-!-!-l-l-!-l-l-!-_l-_l-_‘_+_+_+_+_+_‘Fiim
d

[ ]
l. ' ] n 4 -, r 1 i 4 . " 4
" ln,‘ L St . -'.."h'l.h'l.h'l.h T Ty T Ty T T T T ™o ™ i e e e e e PR
- _h..'_. 1'|'- h H oo l,... 'I'I'l'l'l'l'l'I'I'I'I'I'I'I'I'I'I'IIIII-I-I-I.I.'I.'I.'I.'I.'I.'I.'I.'I'I'I_'I_I_I_l_I_I_I._I._I._I._I._I._I._I._I._l._l._l._l._l._l._lq_i.'{:'l d '1
a1 B T - » -
. -'_h_l-\. ] r.,‘, l'.":"'- .o o O R R T T L A N L 'p o :
LI . - 1 Fl ] L I F ) .
T T |‘|-"‘I o gt e - :“ A | |‘I
-k " - "- 3 LIS ' *- ' [] LI |
LT B e . L] 1 a " .
L L l"-l-‘- LA L LT 5o, ..-1'

. . "I.'ll b [ ] 1 " L ] LN 'S
1 L] oA Y 1 ] L] L T F ok

:‘.‘-! '\-n_‘-li.'.lql‘\ L " e e e e e e e e e e e e e e e R P L

T RLmk e . T L e e N A A I T N L R R E E E R R R EE E E R E + i 1 i
.'q LA | LI | [ l"u R T T T T T T T T T T T T T - - i, LI |
. ".'ail-.'h;‘q‘ hll L ] -1 IIIIIIIIIIIIII'"'1-1-1-%Illliiiiiiiiiiiiiiiiiiiiii-.-.-.-.-.-.-_-_-_-_-_-‘ i-l-. " ."‘ J'I.-. .
. . l‘_'\-l."'hl.f_ Il; W, T T T T rTTTTTTTTTTTOTOTTOTTTTTCIOYTOCOTOO"T"RYTNANNTNOTEETETLELTLTETEALETL L ROT S - fl
b LI 1 F b -l.l "‘q L N EEEEEEERS EEEEREEEERE LY - A g
a - = 1 1 oI [ ] LI -
1 il LI | " 4 L NS
- - on 1 kL n N Lo+ ‘I- ' "
- g r r & "
= L b = 1) L
2 - P == = == - T T N
b s B+ ++fra s s 11T s TR TToRORORONONow LRI LTI I I A A A A I I L A VL T )
[ ] L} L} L} L L I I . . . . . . . . . . . ._‘\_1_!...1'-

=
.'I. [ 'h“ll L]
. [ I | U + + + + + + + + T T = m = * F
[ - Ii'.H_ * 4 " " %" " " T W T WTRETETWEET W WEEREREERERWEE LR
L]
. - I'l%. F

- ." % ::. ]
. : . ' o

) ! : N

2
G

'u L .
' :l
]
N 2 :'\.
. 1
- \ .
.
] 4
. F "
" 1. -+
" » -
" .
3
. - .
l.ll ‘ . .
u " I-I_;

1
" ﬁ 4
- .

o * .'
. .‘ '
3 .,
5
r L .
-
.
3 % .
. » Ir‘
r
. . .
. . 1

M ' 'h a':..
o N
< W
LN . L
L Y
‘1 w
%
3
*

G, 8



9¢
49

G pe
ey
et f\‘hﬂ Q___}r

3

Pttt
o e mr ——
i L LW
e = = === a1 i .-...-.
7 K B T T T _-..
4 - .1
- L]
T .f. .-1
A =
AL L LS e
2 4 % AR |__Un_w..|.._,u....n-..n._....._..:....rnr.._....__......_..-.._...._nr..__ntn.._.__ " .._..".
¢ ! =t
! ] __ :
f] r
I : ]
‘ i ...llw.u.l“ . A - - “ “-
\, A iy, b
oo 51 P R
& 7 S wte "y ...".._ ' ."
. E] R a ._.qr ! ; '
1 o P Jh " o 4 ; N
5 * Y piEM T, M 4 "
; ' N 'k L] Fl 1
l._.-lll.l . * ey E - ' oF ! :
] a L ! .
¥ . 2 bt T h T .
L} - .
T % 1 ST
L] + -
el A o TR
. ’ i L ._.u._ r ._.“
. 1
w ] . Ve 1”, ..._" o " o
£ - . s N ' *y
W " _..w.. -.n_ u.-_ +- X i
TN T - A T
o - . o Wi 2 N o
X £ 1 E] 4 L
m w 1 Ly et ._..- ! .
- ___."_n -..n_" ....___ u.-.._ : .
1 O !
Ly 1 q”... -u.." u_-_ u-.- ”
“ o e r o n . :
v e i ¥ ’ *
v " __“..1 .“_. “"_.__ o ” o
o ; o a4 *
oo 1. & i e . ,m
" v 1 LIS e hm. i : -
ﬂ \ _ o i .‘T ) . Lo
wr o . ' e h“, . '.ﬂ
s o : f o O r F
-y ! ._.' -1H e uu- ! P
.l.__m. ' 1 . “w. M. u.- 1 w..n..
E L ! ' ! ;
= e ! L W v “al ; .
ml Mn.lf = “-._. .l h_ ._.“w -._1..n .,._.“. _n“- 1 _..“
. . : JF, ' ad - 1"
Mﬂi N ." “n“ _H. ”.“. _n“- 1 |
. ] 1 s £ M o _ _“
_.._.w . ] afs £ [ o : _m
1 L i e ] ! "
. 1 B £ S Ly _ bW
: . rt b A - 1 o
| 4 . "
= 1 “ -.q ...T ..ﬁ n"- _ —_.m
: rEl K ‘e 2 L
K _tens i i A ) LT
. e T - ar o D
- 4 ] 'ar - ! v
l.__ L' I LI R Y " TR
ﬁ”_ul. m.._\.. I .u.... “.u. -..'._. .._w._. car nu.‘ ..-.\.-r...!.......u.......!...i___ﬁ
! AN A i ohp et [
L B | .h ! ‘
¥ ._..- u.._.. 5 ....._ ....:. ..—_.‘ .n._. 1 -
roroe < b v v Syt 1 ‘e
7- o ou MWl v an ! ]
+ 4 B u1. —_“.._. Y o ...u-.- _.““. “ e
+ 4 ] " oM s e
N i " % —_1. ._”“ ..H”q —_“.- _q-u. d .-.-
w = ko ol oy iy o _.—H : ..._.m
: . ..H. T " o _-..m .._l__- 4 q._"._. e .-.-
! R _...__. M b [ .....|.. - ....,....”__.... Coaa i e T Gt I .-. L g
.\.“_-. O I Y .ﬂ L, : ........:..1-.1.n..__.._.._.. ...._-.”__..._.....,.. ] -.__ __n._. ! p
oo R L P e T * A p .H.._ﬁ
ey .l o oot
. LI I . = *
...__M .ﬂ “._.... ._...1.11.....1.._.1.._1.._._--“_nT1 .w ”” *e " TREIPTETRETATRIT RN ES "-"_. + “-.—.
’ oy y T, ) - 1
o : . P . R . 1-“ ¥ H.-m
R . gt T i N
g . J-.-1L.. . AT 1 RO I | llul.__._l__. . Ly F L
& 2 o m PN 4 N ‘ S T e r ___.".n
» * +E A e T g ‘ ~momd 0 ¥ ,
’ " n p 4 ' ._..n._. ~ w
: .ll.__._.-_.-h.-h.-::-a:.-.:..-:l-::..- x i T
’ b i ¢ “ B bt g B et e ot R T
R M ’ - X ] i Ll I U N .|..L.,:.-_...._....-.-___L.u.
* F) ' T SRt i
Jr | | :
# .-.ll.l.ll.ll.l.ll.l.l.l.ll.l- “L.._.“._.l._......_r|1lu...l1| 1 E ‘b.
“ T r TTT TT TR e Ll_m -“ . ‘+
- m -, :
=< [ ]
| ¥ | #
H TR I ¥ R 8 H i .- ﬂ m
h l.l...ﬂl:hl.ﬂi“.l&n’tt o " Tt g
=% I [ ¥ .. : |
& MM R AR L M A WA " - T e :
. .
M. WM NI M AT [ MR W XA AR W el b =~ .ﬂu..h.i..._._...1.“_”::..m_ﬁt..._.._...t.__.#.._.t..tt:t_.n..q
E WA 4 kW oL B =y ) : T
ks m oS K il 304 . s .
wnoL & TR A )
ICH LR, ™t w % -
.ﬁ.ﬁﬁ_uh,%. ol R SR Y - N
e . L™ " ‘7 i n b fre, i
ln..l....._-..l-.. |1|.11|_.__'|.t...|.u.l-....n l.....l._..q_" WOEE s Pt At A P AT L.__n.-ilmnl.._‘...i .ﬂﬁ.ﬁg!l!ritl‘ .ﬂ i
sy R e g -t Far e reararazan A gt b oA 23 e " " s M A Vol i e
- — LHE L I i 23 ._-._l . " awwann cre . -t ' SR . nemr ; L i
x - T - ' " iy ; - el 1. -_
LY ..?..:......1 =t - =T I * ~F w3 T P N R N tner " *
.___-.r.l..l-_. T ..r-...-_......n...._..__. T F T ._Hl.__.lltl__...h_ ) ..qﬁ...u... . T ) ) " .Tﬂ
ey - . M " i o R
.ll..l-...........:..__.__. e = e L A._-a.. ~ 4, -._r_..hli R ....._...u [ e L -._ -..
e .._....-_ n o e o s b
A'A |-t._u_.__...._. oo = Ol ey
e o - v. ot FRTER
.-.,.._:_u_.__..:._ I TeeL MrA-
.._.__{.__:.__n_q..__.i...__.. o - ) ...p.ﬂ...uq.“.-f v
- LT X R R ﬂw F
7- lr._...._....._.:\. et - T e :
o™ .1.......1:. s P I N
L e " ...“_... e, e, ’ L. Hl._m
1....-'.... .t - r IR ||||l||th|.|.-
& PET el T T
L. } “wm o A -
Sy el T
w ....1.:.1-...._.___1...1 - i
LA .” 1..|.....1..r....1...“ s
.. - lrn.llruu.l -
r“ v it e
. = N7
. l-hH\.-. Y H NN R R R RN R H ) l.-ll -”I.l‘l.l .T.l : .-.
x .7 FY v Y kp, -y T P
Lol s e L e T
Wl b ko ko oa = T
' - R A T A "
n R b
, ) 1
.. ...J._. ..n ._.-
1 ' R ;
¥ 4 W ey R R 1-1.‘. .
.._1-._..1__._____.-..-“1._.. l._...u.._....l T
a .-..Hu.. -
u - - AT .u._....__...u.__...-.u..u-..ut._.-._.._..-...._.-..___._.. o
l._ _ ol u...-._n
[
. - ] LN __1“ 1 * ”n
- l_ ! - - : —.__
._ - .m _1_ . .n-.H ...l....lnl.....r - -y 3 T_ F -
o v . S . ...H.- ey r v —
. L ' .1_.,. My At Y . v i
- ‘ . H I ! -
] ' __1._” ._.___._n i _n“_- . - )
) ’ ¥ i1 am -
. - Pt :_._ A g . b
1 ! ) "
...._. oo 1 ' .1_. u1_ u“._. - el -
] " ! J -1_ _ ar .
1 v .—1_ ﬂ
. S e o ity N ! .
p ¥ ' q””". ”._1_._ & o _ .1
- i W 1 “.n._ ._‘” .___m.. “._”. ! .__
L - ; :
" . ;- " o e ) o _ :
.l.' ; ' . L
. L) ‘ ! ‘-_l- _1._h .-.‘-. P'- _ *+
— * R Foooom
Y _ ' WFe
M r 1 ._.."_" ..._v._ W, p“._ " 1
, E » \ ‘s .._._".. s, “.- ! !
._. ._. v _ e .Hr.. N ..-‘ | r
& - ¥ 4 r ra - * !
A Ty .m ¥ . e £ o Ll A
" - 1w, N i L .% el “ut _ + ﬂﬂn ..-
] [ E o *at :
- ro4 . 4 L
] l a2 i ' Fy 5 A o :
. . . ..m_ _ ..1 1
’ . [ f £l u- 1
- W " qn._. .Lv_ ey uu.-
- L3 ! - - 4 _
l A L] L] s A ' . X :
» . B ' i et ] : ]
“ . ) .._..n_ “a Lo ] B
- . ) £ M ) ] ! * ..
2 - N i ' Fr . " ! .
._. s : .- " ._":_ n_.- .mﬂ
..____. ol . —_".._ Vo e ! “ o y ._.
1k 4 < e O ...
y FIEEE A L
N » LI | 1 o e . M -
. mr lf L .._ [ P ” ”."H _“ a_q.q ﬁ_q. » ".ﬂ 1 ]
N .
Sopriowoomoowu
A N Fo 0 F Fgt o T o : g
- _..___. JE . ¥ il .._.-. n_._. ala I __‘% ._.
’ . = F "n._. A W MR ¥ i .._
; Sioowoomomomo o
r L) ! '
4 O 4 iy H |
1 - r
] ™, " ..." ..H _..‘_.. .._.. .+___.. ' "
_. .“.l_ h_“.n..l L._.lhu. .”u. _H < o + LR ¥
. - TI1 3 .._1.__ .:u. ”._“ .r_- .u._... Fa o ; q.
1[.‘ : ] I-lll- ! |
- L 1, - -.1.. ey _..T. Hw" .m_.. ..-.-. : .J__...._ 11.“ __.
“ “ Py .._....1.“ "-“ _.._“ .rk- ..wn. n”h I 1...-.
" - T .
3 L ¥,k 'aF P .u._. “_....... ! . |
g P . o i P ] 1 ~,
l Bola u___ .1".. -._._. Wt L - -
_ w A e e N el ) "
e ” 1o 1t A h gk L
I | 1 1 1_.. _-.._. d . r Foo" ' 1.-
s (R A Mo b ’
o Ay P LY S A
i i gaT L oy ' <
l-\.“.‘r O L R .-.n.._.__ ...r...‘.-...ll-.t.-“n ...H._J. T -__"...‘ ) : ._1.- v
. ¥ L T L paigal L = Tt SR H_.._._.ﬁ |
B . . *
..___-11 . . B ._...._ I’} F H e 1 [
- L._m ”\.._-_ 1.....n.,”..v”.1..1+.“.1.i4“i H .“ .T_.“ 1..-.............._.-..........._......_......1...............-. ”l. 1 ._._“;
o - iy ._._-_HI m o ﬁ.__ 1 " __H ._. ._1." ¥
LN, __ % o -.-“.u_ s ' - EN P puw . - ! ._-_.-m |
.. e I 44 K ' ST U o S r ; £
. » I 3 e ' 1 oLy r 4 ._. l
d [ ___.,.___.m R ' B " I
'+ i aFa a0 = i R u 1 .1.._.# !
. ' * :
. 0 n - N S A
n ) e woasts S G,
*uﬁ._.-f__ i - u e T T T e R |
_._. : 4 n ! . = nmoma opgom .-1-.#.
J N o ot b am bt _...“.-......u....u.u.u.u M ﬂ \ u +
.—. e S +
v Tt TT S .
& ~y .“ Lo B >
! r
0 r ’ x +
+ - - . e n . s .\l...i!ﬁ._. H LA ] “
Rl L R 4 R ’ W S o ok A o : " “q i
uld N dA L R Py F . TR EF TSR rE Ay A ...__.- : .
.1.j. .l‘ -l..-v. -.l*. “ . — ...-.H.’.’-.Hh.hl‘.rl ’.I.ll.-lr.l".li-.- “l “ I\w -Ilrllll‘.‘.ll. ..H.II b | ._ l!.
e s v Y o n % - -
n Fighdc. o nn - .|.||.|.|..m_..._l.-_n...-_..“.l_-_.__.. v m s e B e et s e g = o T - .-_..t“...-....ll..pﬁ..l. o ++n.___..._...........?.......#.1_......-_.._.”_1_..“““...“....“.__ .- .......1.__.1__
e AT B S L PR W P : ._..l1._|l|1... AR .i_. .H..-.-.us.
e mm P AR Tt R PR S W Wi T T Ty ) -_L.m_ ﬁ " . 1.5.-.. L ﬁ _._1“
rm ra mrms rnmw = S . - .
l:.h._-....r:.T....:...._“._...i.....}“.._u.i..._ -..n.-—....w.l”r.....-“.%: b Bl S e S C bl hhlll...-...l.f " lﬁ .“ . { {
e ey A . uu;_.wr.__._..._._ ) .m w_.mm. Akt hrn et rd ey . 7 )
T e i Sapl . - S e e e -k -~ e L . n Fnnd<+rA&td -
nlﬁﬂ}k—. .-.,.___.......:...... 1 ._..|.1...._.. LI R ..........|...1..n.|ii...w.l”.ll.‘.n;h-._..dﬂ.._.-.lw..I.ur..n.u......._.|...‘iutil_‘.lt.l.k.ia.ltrtiﬂ-.lti.l_ﬁl.:1.Hl|1.lh.ﬂ“.-_ﬂn.1!a”;“rrlﬁtltl.:1.hll.... + A4 "
1 o T e ..-._.h.p..._...r.....q..... A EHH* S EHA+H . - =" LIASNT APETEE VR VA " "
. - a - LI - - + SR T R, " - R R R R A R R R A A N y
* LT T Nt L I R W g N s e 1
t g -.».._.__.._..._..... LT - - L g A - e LT R W A B A
!.n............1:....1......r1.1...|....‘

Hrmsssnanes (17

86 DA

Ve O



QA
b
3

r ot

T (992) ONIONY

-

!

Iy

L] r -

A h o h - =
|.‘\“‘|‘ﬂ"“ﬂ“ﬁ“ﬂl{“““ﬂ““4-’\-
1 v

A o

L

P, U N
. 1 - .." ]
b .r'.r-..
R
¥
1 r
.
b 4l
‘\\ b

US 2022/0185477 Al
7
;ﬂ:-—;

o F .
..........‘.._.._w..;.r.,.,u

<
.nﬂ1.._-._.‘<.....ﬂ.n.¢ A ]
r .tn.. ' o~ ._. ]
SR A “

1p e, qn A

By :

1t fa b

I R e ,

h" ‘" ] " ' 1..:. b

Fy W1 b -7 ]

T “__ “ b \\ \.\n\. LY

§ 1 F. ' oy pm ek
5 B SO 7

."—. AN .. ! -.J.. —_..-.-".._ l..-..-... ) ﬁk
P AFgu " e T Tl
b N n . ]
___.W_-..__.._ __u ' s Y .._1.&.. -7 _ .t_.lm F " -hi_:..r
Jri i NG 45V LHDH 1

y ! % '’ - L "]

NEN
t oy

¢

£ 1Y 1S-AQVILS

Jun. 16, 2022 Sheet 10 of 32

Al
b . - - 4 - -
. - 4 . - - . a Rl .l.
- - - ) L} -- -l I-I - ll " L} ™
111111 * i : ' * ' Ta . A
...-..-r-..li....ll...l:l.:i]titili..l:______.._l..__.__._..__.l_....lii!‘i!ﬁ!iiiiililliia...lihl.-jl:.lt-ltll..!.t...tiiir. 1 - ...f ' " . ' - - -t e
- - - [] LY
o - - - T T T - - T A r oo e ..1..1"_.-1 -
.ai.t_. i *aF T nih ..ﬁ_ o ...._. “._. ' .. ! Yo - .__ . ” . \\.«... " R it ._-_
"y : h. ....u_.._.n.....:..:.......n R ’ A ! ot I L T Tt . P I o [
i, 1 . S mera o, . - | e L PP e - |
N 1 . |r.1|LI .—..Inr - - ' .-.-IIIII.I..nr —_n-.—_ a4 . - _. ||1 ||1.r1|.r d s m 5 Lk r .... .. = __
1 i - T R R o o T
fmm .h 1 , ' o= . : - ! = 1...1 ' M._..u. rre 7 il
- - ". O I I B B ;! ¥
1 y +a Fr R

Patent Application Publication



(987 OMIGNY™

== 111
u-.a %
e
N
Y
W,
§-..

iﬂlﬂ -
it
"'-J.-"

L
1

{1
Lol
{ad
XN
0
\‘b
\

5,

US 2022/0185477 Al

o Y
Pm1ﬂ -~
TR e -t
L T e
i fﬂw_x_ m
RO “
it m .\\ \.. f
“ L t xlx ﬂ%ﬂ. .va
) i “ __.... r - M..J.h._______.u._-
< 5 ,ﬂ\ 4 - « L9l IR :
7RI - \ MASYHd LHOI
N ! oo d % Am VG Lrio i
N bl

‘"""‘“"*hh
»

|'r_,.""l r

b

£
/

fy

7

ﬁ}“ﬁ

H
i
§

§

H
R
N ‘:1*!

'%HR .

&

FF

\

f:
A
?
£
]
T
\bﬂ
~-ﬁyi"‘ih
-

=

iﬂ': ."
g

r

-,
N,

ol
M,

A
AN
N,
#
>
J-‘##

S

-
T .
- a ¢ L - r
- 4<\|‘
L Y
F
el

i
v
L

ey oy Ty et s iy e
i gtatin, Kty phin hutotn bkt e

A g
-

r
bl LT LEVE L PO PR LR ER e RTE

g:%«
lﬂ ¥
£
o
*

%

%

:

:
&

3
ok
3
"
Jr'f
&

Jun. 16, 2022 Sheet 11 of 32
-
o
_{‘hi

¢ . ~ b
hﬁ..n £ \ a..*._, M . !s...f. &r..,..

w > {082} JSWHd ._,,.
s ey - HOI- ~ N
e £ oy INZISNY L

Sy .
. n, _J Py
O |
.F. A 2, ._........_.-..L.__.
pt - - == - - - T a &aa - e - “al .
.n.. ?-L.l-. - - - - . s - - a T
i-._..nu_. s ' -t ' 1 i e Ly h
. .= % : ; : T
. - > . M 4 1 m_ mTA ra
] H P . - . _- - ' - - - T . -
m R e r Mﬁ-&f - .ﬂ ..n_q__...r.....__...-.qz-..l:......:..._.ur. - ....__.aw ._.__-..z._qr ......_.- :H.n..q..ut..._...u:..._..-pi..i.....:.r-...,i.s...._u._.tt... v u__
o ma . ’ " L - - ‘4 I |
.‘ ¥ u Y- e r - o R . e v T
Lt . . 1 . ' LN
,‘ ﬁ... u-ﬂ. .M- ra " " i i _ 1.‘ n : ” * . -. ..H......l.—.l-
- - ' - . - .
...-..-l.....l.f.._..ll__.-.-l,._..__-___..ul__-.-.-l.._..._l..i!r.l._-.-.-.._!._.l-_..i...-...-..l.....l!.:_.!._..l.!.l.__l._._"ﬁ.rl.i:!ii!!;ii!!iigiii:l.\fi N i T T A Pl LT T PR AL LT BT PR P T BRI P A Eh R W Y S e e e e o A R o o o e R P o T Rl B ek n !!is:!ii;!!ir_-._.l.._-.__l.._i__.r.l___....ll..__.l..-I__.-.._-__l.lI.._..i__.._.__!l-.-.l..__...!..ii_l.._...-_-.._1!_:.I__-...l.-__..._I__.tl..-.._-.l_.-I_.._.ul...._.._-__!“__-...l_[...l_...ii!!ﬁ-il!!ﬂ.i!!!::!?iqi r.-__.l.._-l._u_l-_.....-l.!..__-.._-..._-lﬂjill!iri:!tfil_{.{!!ii
L] ] - - [ A ¥ . ko . . : Vet
.._.‘. - ' 2 ¥ . d T A e - . -t
.-.- e LT ......._ll.-..l..... “_ _“ ' ) . “.....Ir.l r [ . ' e . e - T
ey .H ...._._.......L__......_.L ‘o I TRE W .ﬁ_ L 1"y -t e . . a “. P .._..... Pl ____
. R o .- . - m - [ -
.F..n....._. H .h\ q.pq .....n . - - o 1r| i - 1.”.|..||| - e b E .h.n..nq.:.r .|.|..1ﬂ...__..- 1..! n... -—..
LK - - - . . i - on o . - -r . . - - - .
.N +l_-_ mﬂm T i - e, LT 3 N I o s - I R A AT ...._.... - Teaw ¢
== a ’ - ’ ] r ¥ - i1 - 1 L] 1 1 -r . . T - ] -n B b B ]
& _r - -, . - = !.._-_-__ ] o b " am - PR . N . T r 7 e ’
- Ty 1t T P ede il A kW a4 w7 a4 ke ~a I " Tt At ’ . 1
. . . [ . A I o Moo - L
- L} .—. 1 ﬁ - -
Y *. " ..- . T ”.... s " e 1 . . : 1 .
T SN “x . [ | Lo e Yy . ¥ + b - ’ [ L ", 1 ' ;7
- - - [ ] - . - = A w bl - LI Tt < L Y - - F i
™ e = T . e - L > LI - . £y IR R ] . L
A W, . afr UL LR " - ' ) T, r (R oo
- - - 5 e ‘. P a . . ] at . . - ._.-_
- " -+ a . L] o » -t adlw - ' m T . L] - - .
- - . (] - - .ﬁ L LI =L = - Pl - 1 L .-...1 L} ' r-
v A e - a" L R . et . 2" e A ('S o T [
- - ar - = LI b . 1 == L) - . - - [ - N 1..___..
- - - ' - < - Tooo- - £ - a7 - - . = - o - - - - - F '
- e ety LAt . Lo - P . I -t L ...._.... o = . .
Ll s . i ' - r ¥ oa L L] TR LI . ' - " - "I L vt 3.
—— L i) . . - - -
r *y T T .-._._..1 " ._._..-..“._ ol . 'L . .t T, 1.1... - oLt . r I
-, .'......u. e . . ._,._. v AL = .-.. L " - " .r|1-.| .
- b . " - , ' ..t._.. ] il aq - . ' F ' = b ]
- LT = F LI A 3 ...iﬂ.-...... - - - LN .
-
L} -II_ r
r t

e L " PR . ? c - -
- -, 'y L. 1 | e . e T . |
. , w, =0T 1.-_.n L T l_.-. . h iy
R 1r - R IO N . -
A ¥
Ll e o . e - 1
- - L_-. . a” - -
. a

-
S ] . -
- - - . P
' - - . [ Y] r - .‘J..
¥ on r - [l d 1 4 = F Tk .
A, b T I N R ] e
=7 r - [ = Tm T el
r - .- " .t e — e T Tl ‘Y
C ' - ' Y - " - ot __h
. L J
' 11. [ i --._ |1l-._ .n-l J' L .l n l‘ -.. i rr rr ..-. ‘.—. T. _
t . " - . - - rr -
- x ....lu - - . - a = . - - - 4
- L | A o 1 LI L ~ . I
' o uoL R | r
r . - . EN i - 1 4 . - .
- Fl - = - - LI - = - - -
- - . a . P e n
- . = - N - -
. o . *u P 1. Ya " a Yy

. P - . - N . 5 T ¥
e e o Tam oL a . e - a_a -
T e - T T . . ]
R e L L '
. . . - -
o e T I -
- - r e
N - . N
. - . 4 "
v T '
- - - »
. . N a -
-
P .
-
- .

Patent Application Publication



S -u__..m._._-r..
v R B
d Ty
L d -
1 [
-~ u | o
. -
— PR A I
. | .._._ .l..r.t
S o 1 i -
..1.1-. - _.._ u._
- - 1 Fl
& . T ;
- .Iﬁ‘\ “ L“
A A ~ ! u.
- ¢ _ A
| # | .._._
| A | i
I u I it “
I I
2 | ..\.._.__._ 1 uu |
“ BT “ il “
|
ﬂ \ _ 1_.1 “ ! u__ - |
—__ o | .._L d
b y | i |
h _._ _ it [
L “ : |
0 “ _ uu [ '
b ¢ | i I
b y | i |
h _._ _ it [
b ¢ | i I
b y | i |
b ’ | i et !
b y | i |
h _._ _ it [
] A 1 i |
H I [
| r .._._
‘ A h _._ _ it [
b f | .._._ |
H 1 { 1
H ) 4 I
| r .._L
I ] |
3 H £ a I
| r .._._
h _._ _ it [
b ¢ | i I
b y | i |
h _._ _ it [
b ¢ | i I
h ! A _
O h ! g _
| “ A “ A
I A »-
I | | 2 x
! _._ _ uu _ ..umdwa._m. " ..,..r._.___.__._....
_._ ¢ | a ! o BT
b ¢ I i ! .w.._..ﬂ. ' - S
___ # | .__._ | .a..-__ b b
y— f ! _ 4 _ F o
g ‘ i ! | H«.k. -t
“ ! u._ _ P ~ ..._,U.
~ h ! iy ! = .
~ i [ i “ e i
e H ¢ “ iy ! .._-.nu_.a.w r ' -
h __“ | .,__L I e o~
= T " REE ” L)
1 - - - i =
b p - ) I - o I ,N.\ - e
h q s A i _ Ll L “ bl ,..___..u.wm.ﬂ -
"_ __“ - ‘ “ o~ u e tn, . e I ..wu.-...._.v r - e
ﬁ D | - M .- Y :
___ ¢ - | J u . L T + - o - -
| LA ‘ - 4 T “ o " o \m.a o . -
] \\.. ’ / Wl 4 . . . hnuwr-u(n.__. _ L Tt '
,“ . ..“ “ e ! o T, : . L] _ t..“t.n,._.u T i
W e _ -~ . | LR ._. _ s e
ot . i _ .1....__-_! T " : kT 1 _ n...hw.- -
& A _ g , )
H i " » .-_._.k L i__-li‘ ~ L " L y | - -
Wl Ty o, e, . s R o .
3 ol T Ty L8 L » .
_._ -._ -.-ﬁ d ...u.er_...r_... i.fi T . : n .____ | .u.._..pu_-... " ..-..__...-
0 i M o W e, e s ve o4 o 4
L, AEOL S i, RECE 4 -
g = ‘ ] W WO ol ~
P U ] ¥
| - ™ ’ - - T | 1 -
. P P NP -
T, A i e o b -
.\-1 Pt Y h-r‘_ ......-_. - T -
' R ) e = -2 -
o = - .r.rlH_.-.-._.... .‘F_.‘..l.l. [ ] ._.h_...“_.l-..l_ll. - . e
‘ ®a .._..r.._r..-.u_ 3 of o’ - —mg T el T ' 7
. S AP N N -
a i, gt .um__....thnﬂﬂq e T ) i il " .
.&...L ..u.-ﬂ.__. | b l..I..Il|FI -.rl._r o m _.Lu.f I_r_ . ll.-h!‘.hll.‘. -
® p s - S, L p_\m; " r.-'J\lr\\rE
r - [l ]
Q ¥ .ﬂwn S
u o - =
O &

.__..__..-\.__._...r .nudH..-nitu lhuqhhhulﬁww%

T a I iy pringst

- e e —

....-.1..... 4 ﬁ.rf.... . .H...u. <

AN -

Patent Application Publication
\‘\
\
-
>



Patent Application Publication  Jun. 16, 2022 Sheet 13 of 32  US 2022/0185477 Al

Gt
i ‘ -h \:-.ﬁ- ., T, o, T, iy T,y T e iy i e e e e e e T, i T i T i T T e e e e e T i Ty e T T T Ty g e e e i e i e i T i e T Ty T ey i T T e T e iy hhhhhhhh#hhhhh'\k +
.

ﬂ‘ﬁhﬂuhhﬂmii‘ﬁ:‘ﬂ:ﬁ:‘ﬂm# .}:ﬁﬂnﬂn%hh#ﬂ\.ﬂudﬂ : -“th:‘ .'.H
B e, e, . \
W, U - '

Yo ———a T

]

"l.\ A

i 1 £ ,:f' ’H’ N

k ] -E*‘ ] A . :tb, L

L 'h‘j I-f TR TH Y *hﬁ:ﬁ:\:‘ﬂ:ﬁ?ﬁ:‘:ﬂ:ﬁﬁmmw e T e e e T T e T e e e e e e e T e T e o T T b e e T e e Ay e e My T S S T -
i) X

*
nfiniink * . ¥ iy

3 2 ; s ¢
, j&“‘% LA 1 4
fy N

T, . 3 .
f?’::"r "; i-":llI| . "'-'
= . t*’. I-t'ltlhtht-ﬁ--t--h'«eﬂ L ﬂ-t'»t»thtt-t-ﬁ-hﬂﬂﬂth" h] o
e T o S £
AN o N a: / -'
oy oW S | ’

i . & 7
J'j *"" J n"f

'
E
F

<

“i\.

_—

FiG. 130

" S
h = N

)

i
r
T T TR T T T T T T T T T T T T T T T T T T T T T E T T T T T T T W T T T T T T T T T T T T T T T W T T T T T W E T T T T T T T T T T T T T T T W T T T T T T T T T T T T MW T T T T T EEWTET T T T T
m 3 3T LA T1T13 3 31T 1A 7233%T 1T 3.2 32T T3 3EA A ESTSSETIIEIETETETIE SALCTTETATLSI A TSI AESATEA LTS TTSTATTETETTIEAT S T TS AALSE D ST E LA ETEEE AT A AL, NR
H :'E

*‘F"‘"""""""L‘*‘ :;‘-'l-m.i-h'-i- ------- ﬂh a&r -I',:“

. s e e L
.. e 5"1»,‘. . *’,“ }* L i
“oh M e ., o Ny
kl;klc I|IL|l... 'llllIIl oL s RARERRERREAWEEEEEERARRRRR kR hELREARERER L. T R R R R REEREEEEERARE R REA. RS AR L L LR LA E
B
'."\.1.1-!_-'.1_1-!..1.-!..11.1.1.:‘-1 'I|.'l|:'l..- )
f - - " r . T L . ]

AN NS, S Y
f#"?‘ \ H\\ 1‘&1“ K‘
7 N\ 7 \ by

by
i ol "l-'\-'l-"\-'l-'l-"\-"\-"\-w-uaui';-"'h x‘l :
N, ‘f'(f.f ~ ,\ .

FG. 138

W o~ . + £
-"::.'}:-‘111-‘111111‘-:;‘#.:;‘# “.i’ ' H’W"{-" }1 :I' 11" ‘
2 - - J \"-...t o & a /
¥ ‘j - "
7 o ; 5 v / |
‘Jﬁm\hﬁﬁmj o 4'l|' _l_,i"' %F:mﬂw atrhwhubes o : *: :.l
- w7 / 2 ¢ -
£ - i~
{n e ¢

ﬁﬂ-ﬂﬂ#ﬂ-ﬁﬂﬁ-‘-ﬂ';ﬁﬁ-\..‘“

F

“,J

340

::El-l‘-tlll.lllllli:.“_ﬂl‘::;f"1 Y I:"" rl:::?{Tw'T'rTT-rTrtﬂrT-:;J!:--q.hr j"‘! r.";‘

¥ - b . [ ‘f »

{? u#,...q'-"' ) _*_,g-"-'l'l'.' j +t'|" \'::: ‘ ‘J‘-F o, '.ll ::Fr
L1 . ¥

75 o

FiG. 13A




Patent Application Publication  Jun. 16, 2022 Sheet 14 of 32  US 2022/0185477 Al

Anmmmmmmmm s ~ ,
N # SN > \
. Ir' - ‘“‘“‘““"“‘“‘“‘““"“‘“‘“‘“‘“‘“‘““““““““““““‘:ﬁ.‘ “““ ..

- ‘.":- H.:I -
] L &
’J' 1 L
4y Ih.-::l f ‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..1‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..‘..11111111111111‘11\,{:..‘11‘1
] bl
f“ ‘? k 1 t-
L !
i .\.""x :
[ N
: "’

Ly ?‘? .\\’; ‘1\ ™,

—
o
e

.,.
ml

-.__-. - ".-l.—
-rd
= & & a T
r'.‘:i

= gl

™ 7
- -

L

o
T

|

ll.:_l - -
.-‘-'.-;
ol P
e

T u-_ -

*'I.
R,

"‘Ei" :
Y3 '"\ O

‘ ?--

FiG. 148
300 =,

b N k 5

L
PRy -
L] '||.I .
f".".".".".".'E'I‘.".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".111111111111111111":‘:‘:‘.11 R RN
] " 'l~'.

. ‘\" s
l"1. ! ;"'.. "".
r
...................................................................................... B
1

P . s 2

- -~ - - 1-.l . h : i ;
":‘:‘r v - &"n Wf J" X
,‘ ‘.11111111111111}-#!:;' - ; " 3 . .I"r !

lq"" s - S d F:'E rf +* ! .";
- "

2
W/
120

00
53 -

G, 14A

3
-
3



US 2022/0185477 Al

Jun. 16, 2022 Sheet 15 of 32

Patent Application Publication

N R R R R R RN

IIIII

I Iiil!l!‘l]liilﬂ-—‘.r

- T i

I IFIEIIFI!II.HL#.‘

L

o
L]
L]
L]
L]

Ut

E
i
i
i
|
i
|
i
i
|
i
i
i
i
i
|
i
i
|
|
i
|

e
e
>

. .......................................................................................L“ o e e e e e e e e e ™ [

LR N

R R R S, F
..-.I...-.I_L tl..-.l_..-.

hhhhhhhhhhhh

e TN piE :

___I.IL.... i l.-....__r_.nLl..”.._ql.

...........................

L i
1

N
~
™
" I

:I
J-.‘-."

el
N

L i S, e e ]

T g

T S

a

\\\\\\\\\\
.ﬁ.\..\..\..‘._.\\.\tﬂ\.\.\\\\\.\\\.\\.\.\\\\\\ﬁ.\v

Ell.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.

"y

it 1 th..ﬁahhhh.ﬂ_ahhiﬁﬂshhhh
__

.y

o T, F.I..

LS 1%
b ]
“
.Hf.._ X
5 .....f.
...__....r .nﬂ
.-__.“._ :
I.lu-..l.ll.ln._.. - b..._. “
- -
-
| _._..
|
- d
’ g 1
"__ ;o
/ + ' .rr. .“
[
- {geey 1
/ Lol oy, . i
' “
1 i
1 i
1 i
1 i
1 i
.l-.‘-.ll..‘..ll..ll..‘..‘-l.

TELLT TR, 0GE

—— .
ot .ll|l.lr”,.l.l.._.. 1...I.I_I_I_.l.“'m }H.ua.lﬂ...ﬂui.llr

Ay
F.___f_._.l._.!..

oo ()

DG S

O
2 1
.. ) :
l"":-'L'"--"‘--"‘--"‘--"‘--
e,
o
(N
e
> W

1"—-"—-‘&"—-"—-"—-‘5"—-"—-‘5"—-‘5‘5"—-‘5‘5

L *. i

-
L B N N N W W W W NN NN N NNNNNDNDNENNNENNNNN N

- \\\- " o
o - .t e e .___-.
* “ -\..Ll-..l. - -.--“ ' I“\Mv e .-...nwﬂ...l.-.lll.-\. . /}
....". .‘-.F.-I.m.lll.hﬂllll& I.H ”.-. .l.-l ‘.Iull-l.l.l.l.l‘ q.q .}JT l._T.ﬂ
L 1 -‘ ; .-.-_._.. "
r ] “ " -..-..
r \.\ - A ]
" o | “ d .
P - : g . AY
v : | ATela N
' . ._r ; ' v .N. Nn
¥ - P ’ ri L LA
k I n
b ' oy "
" 1 .._.1._. ! ._..-
F . 2 L9
F - o "y
" ] L Mu o
hhhhhhhhhhhhhhhhh ek el ot gl g G G LT o o o o N
t“t!il\tﬂil\tﬂil\tﬂ.\.\.\ \tﬂtﬂ\tﬂtﬂtﬂtﬂtﬂtﬂtﬂ\.\“ﬂﬂ
LY, EEF LSV EF T ) )
A 0 4
. —Eﬂnﬂ*ﬂnﬂuﬂnﬂﬂ.
a :
ab r
i ._.._...mmw. 1S
ot
vy Ry ~
] I
o f “.__ m T F
LA "L " S .u-.nu
: I “__ £ “n__ Tk h s
l-.l._l!I!J:JIilil!I!g.J_“.Ih_-_-..ﬂ.”"-_v.ll.-_.‘w!1l.l.._l.l_-_1l.l1l._|.l.-_1_-ﬂ..._l.l ﬁlfht
oqer by .,.H..:.H\Uu{.
—————— L 1 ? F M “ .VR“ |||||| .J. L ﬂ.'...-_.
....... | p A ————y
¢ L -ﬂlﬂl‘ ﬁ&
“ 5y “ U5t g 008
] r

l'-r
"y

N

N -

[l i o

D

h------------------

11111111 -4 w._............................................
— A
"

Zoe %

S Y

i..___..__....__..___..__....1.___..__....1._1.__....1._1.__....1.___..__....1.___..__....__..___..__....__..___..__....1.“-
T s it o T B il ¥
TR
.-..-1. hhhhhhhhhhhh .l‘
a
i ‘..-H.uﬂ..f.uﬂhﬂ.fuﬂuﬂ.fuﬂuﬂ._.
At b
] At :
FAA LAl LA
] o dyy
ES L]
.‘-MF_I_I_I_I_I_I_I_I_II_I_H.F
T%hhhhhhﬁ l_.wn.l = _m_T - l.l.r.l.l....l.
o e Jd s F e M ol B A Ly s uw Ml 4 Rm Jd 'IE!.E’IEII‘I

. I
SR
e L e, ca”

4°7

.-_-____. PR, -
S
4 * T
O . .
1 ..! .-.....
7 ' e
y £
1 f n-
L
_r___ u...
. ‘
r .__u aﬂrﬂ
r -
P "
h ,rJ. _q...
" ]
¥ L L
ﬂh. "
.u..- ..u.-_ rr-.
: - .
" [ ]
LT N /.f- “

Ll ol ol

“ILRGE
Forre E

§ /-



US 2022/0185477 Al

T R T T T T T T

|
d
i
i
d
i
i
T
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
i
i
d
d

-l-l-l-l-l-l-l-l-l-l-|-l-l-|-|-l-|-|-l-|-|-l-|-|-l-|-|-l-|-l-l-|-l-l-|-|-l-|-|-l-|-|-l-|-|-l-|-|-l-|-l-l-|-|-l-|-|-l-|-|-l-|-|-l-|-|-l-|-|-l-|-l-l-|-|-l-|-|-l-|-|-:.'_|l'

¢ NN
— ﬂ..q_..,hu..ﬂ.xw ) T,
Wy e e
O .,._..uﬂnh\ - * ,,”u,-
w%%.hu a
\& v -
, . uwﬂ, m }mu. ..___ -
. s At For
~— , e VoS
A \, B
A e A -
3 u oo TS T y
e -
h _._.u o N " “ «\hﬁ.\» - ~_ -
; P A A : A o
S “ e \\.\\- “ r e “a “ ._..__..n._ " i u e L
, | ' 1 N i red 7
u S _ S o .
’ o ,.\.. " : i R T S o -~
L . ] = a
2 _.1“ -n\ i....h“... " ” r.._...__... . = “ . ___.I “ \M&..\ - .
2 “ “-. - | ﬁhl. -..."_._-1 : ) 1im_. i , ._.u.r...-,__r-_"._“ “ l.m__-\._.._..___..n\... - F.._____.__..
4o o LT TR T -
0 _.m " m " q_-...:.n_n..._“Jlu. UlJ\i!“ ﬂwﬁ% _" m “ .wln .-..u..ﬂ_.__...___m.. - 1._.1..
ﬁ ”" u #ﬂf_ . :frﬂw..uﬂ-rp. u..f._. e n'._w.“__..... "" “ “ o -~
g | Ao L w3, o o
- ; M, : ' Ifu..,un. i x..\.u.vm_. P
LA, | ] R u 1._....
\O 2 P m e -
¢ K L~ £~ ..-_._. |t....q_-... _ -
1 m n\..ﬂtﬂ.mw :Hnﬂ_,..... .. “\ s ._ﬂnuww..n..u..u.uuu.nﬂnum.wm. .
. < : 457 BT
= p b oF %..u.\_. P R
e - ~Mﬂ.
— o EES
J gt

o
{r2
o
!
a3
i
h
1
g
11
11
T
i
&
¢y
E—%&
g

) " ik

; bl T W N

-.... .1.-_ T u..._. | 3 '
.."\v.__.n m _u__.H - ;."u“_ b _.... _..._
] iy ‘
L 55 <y N Y
F __“ ) Ty ; S .m
__” o~ at .l.a_..“._“_.._..U /i._. Cu !
3 \-__u- - - o - ” ' ;R . . 1
ﬁ Nt nu.._hnu..nn.ﬂ..n; L, !
_- .-._1._._.... T . lq.-ll.l.....ll....lr -.-.._..“.”ul.r “
. 2 Tale

| o uu.ﬁ._..l......_..._.r-.-dl..l.v..h. q....._.u...-_.__Jmu.....nHu.{-qﬁ - k .ﬁllllll. Qﬁm N--u_.
e s -

™ e
-_.._, e o
n.... .I1.
P I
ln,ll.j:....l.-nli.....l_-_u

Patent Application Publication
AN



R

!’

D
N
==

R

US 2022/0185477 Al

e,
o2
N
it
i s

+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+_+J" - _'-:.'

L A A R T B B L L L ]

p———re,

.

N

g

LN .

/

T A R R R R R A 4

.,‘x%

LR

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
- .
¥

FAN
'Ii IL
'.-‘ %
i
A
e
Yo
&S
o NP
g
;
4
J.:_é‘
\
N

—— e — g
ok ok ok chh Akl
-

-ﬂ
=4
l::i
]
1
o
L E AR R R E R R R R R R R R R R R EEE R EREE R ER] L B B B B B B B B B B B B B |

h‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘. "-.dl.
1
4

(“IJ‘
i
by
1'«-
u
",
&
&
Y
=3
o
oy
i :
!
4

- " i ! e o o~
T -~ T ¢ -
vl i f .-...__.1. Tt Fa
..rr.. _ - ._q..ﬂ.......__. [} L " )
....l“..l - x 1!.\-. = ._....__._-
.-...__f. L..__.—_..nl .. - lu\-.
. .
) A £ . - : -
,.r-...f . T, *; s : : . Fr ﬁnL.ﬂq\ﬁ L “ IR -
" -._.u_n.u..u. “u_ ._..__.| " ﬁ.. ...i.._\.._ ....111|..“ﬂm...|.1”.“l”l“.h”hl.-..-ﬂ”lll.._ . __‘.l-_.” o - L, _..pln_-. ] .lﬂi.!n.lﬂlpi Y
r - hll.n_- hl.m_.h = ] .-_.“1. lmﬂ.l_ﬂ.l. - - III...“_,m...I.m.l. e Lt =
a T ! S

¢
lli‘
!:;.5'
-f“:t
,“"nl
i
~
-
T
el
Rt
?-I\,‘
'd
33
e
.
W
N
Pt |
35
o
\
Y
"\
¥
{:- ¥
l‘~J '.‘-‘
‘u.'{i...

Ji
#
{
iy
Y
e qa-.
-
i 8
: :m
b
"
] i L] ' ]
o
oy
"::b
o
L, ¥
SRS
=)
- ’ -
J-"JJ; -
i
l'.ll
i‘l
' r
p
2

'-l.'-l.'-l’-"il .
e
-t

-
LT
L,
»

-
‘_-r'

A
i_ll.'-l.'-l.'-l.'-l.'-l.'-l.'-l.'-l.
o
1"':"
-
o
aaaaaad—r

Jun. 16, 2022 Sheet 17 of 32

l\-ﬁ L

. o T - o' -wla.
. -l‘- T ."“.‘”I-.I. —_—a 11l.|l.|-||.|l..|.|||.1 .l.rﬁ i
- aode P ahnﬂ m w v N--
¥

~, T v - T e "
i . S P (05

Li Ol

Patent Application Publication
™,
Fy
/



L,
.q...- “ " ™
. “ e
4 ._....-. ..ﬁ._.ﬁl._- %- l.1.._........
- T l_..q. ___.._. "
n..\- u " ﬁ “m 1.1.1
S g ¢ e [N ey s
= ! r r T aa
N .1.-. ....__.-1..m. “ _-..ru. ) T
o ST R T T .
.__.-_.-.._ ) -~ [ r - ., M :
1 < - : & = N W B
o 3 “ el ¥ r . ’ .w a4
“ n “...1 t £ Tl H
' 3 f f *,
.+ 1 ! f r.
& Il R
l._.l.ll.._. s " “ w ﬁ +
o AR SE:
S : b
" (I | t r
. o ! r
“ L i »
’ 1R t r
" oo ; ) “
4 to i f
“ o y r w.
¥ c 1 w !
’r LI | T }
. Pl i ' 3
v [ | # r £
ool # £ .
" Pl ¢ F m. o
“.. Eop 4 ' 3 \.11. Ta, iwm
A Lk i # i .T.n..q. e
". o t 'y } ..w»-a tep
e | | i r f M Twa ...r...
4 t B 7 # } !..%1. Yret,
". toa “ ._ﬁ } .....___ls. S,
S ‘ : ; A -
r P i f } ..u...\. .*—. o
1._. ' “ “ “ ¥ 11\1. ﬁ ....u_m_..|
; i
-_-..._ [ | H s w .1.L. i ¥ M ...__...“.
- r LI | “. __ﬁ ) .\Lu.m\ L - -
o e " Eob ¢ # ! e -
.-_......_ - .i.un. H.r ¥ M m. u.l h lr;-‘_ﬂl. . P
. .._1_._..1. -.- F r ¥ ._I h ...1._.._. ._..-._. ..__.._...u
N gl e rooor ' 2 “ e
T . r o t ' i - e -
o .._......_. " LI | # 'y T r...mvuu. i -
!._..r u.......n e [ e ! i o ........_r. I ....-uno. o
L .ﬁ_. . -".. & i ...._._..-....1.__.__. L - f .&kﬁl r
o tlgreey o LT SN . -
b e r s -t vt + L ¥ “u fr ) W
- - [ i ] w, " v x ,
St wa v w.wﬂ AL h S N prd L
O .._....-..,,.. -wu,_iu.. J& unF ".._. __.“. ! “ . M. . " ....r-.. ..n-..rn ” f.“. rnﬁ % .n__"....._...u.._:.r e '
: T 1 ’ . - - Tu L ! ”~
- T ...._......«‘_. .n...__..__...__.u.._.. m "“.q._.‘._.\» “ i.ﬂ...HHs..t-H.... e o Hag ‘.1 t..”“..l\ H ..:.ﬂ“ W_ Uu..-._.q...._.__r o *
oo - ey P o i, e R SO A -
..J...... . s -f..n..l... "..1 "“ “ F] .-.L..-. . L] .......”.4....,..1 ;-t‘f' - 4 H %.—.ﬂh : -7
o -t . T o, . : .
* L = L - 1- ! -, - r £ S - -:l.-
1 e .n.__rn.p r Qmm h h.-.v____u. “ ; " -..._..H_J.__,___..w S, ' w._-.-..... W
r..lu ..-_.n....J..__. “._.. .uu_.n.hr...... -_“ e - ...u_rul - Hh_.lﬂ..ﬂ..ﬂ.l .|l..-f r .......1 1.-..1”..-. .\.-.-.‘... ._.-........n......
N I...a...... ! “_.-_...l..ﬂ...j. . - ol ..r‘I:I.:ﬂr-ﬂ”i.l - | T ) ._..r__! :_F._.r_._ .....__...-. . .t......-.:l....-l.'l.ll.._-.l.l
~! . he, fridi. s T . u.._n.ﬂmwh H, S .u.mw..wwm_u.m.u,. ; T g
- ¥ ’ oA P P LI ) Ta, T -,
v - e Cy e, -.J.r.... o .\.\ T, mx_*" a b :...,.,,.m\f s et e
W ™ T e T, G SRR 6 e, o
._i......u 1.1....rr u._.r...... rq....uﬂﬂ.__.... _.._u._. . a._.__n.u.__h._ 1...,1.._...%-. ..___u. m.. rt——uJ.__,_._-_..,.u.. ._...:.1..“.1. ﬂ__L.
- ._...__..i Fu .r..“....aufw.“ A o ", m._...-_ g =
u_u._..._.__ ..1.,._....._....1 _..-._..._..-. L__.-.ﬁ ...-:-.ﬂ...lv.....“.._..__H .J-.r.-..... 11.? .___....r..‘...l.....l...f .__1....__._...7._"
h - _w-a..i: .m._. ..n.\.u.- o . ..n,.q. lauh_..__. ot .__h . 1.-......?.__:-.“.. .._JH_VHL-_ 3 ..
. =g & : AT TR e LK
i LN - Kl v T e T Ll \
S A g rd t_ﬂ_u * ,.."__._H d ”%_.._..ﬂﬂa _:_..u.u___....ﬂ - _-f.nt \ﬂw‘.hm.w w_. ) wH!
it - - K -, e E el i B >
.._..l._,.__._- S I L..t_r.wm-.n. %wﬁ:rln o |...1..|n..._,..hﬁ:...x. .ﬂ”. . T,
.-jl. . ...l.-_. __..__ ._ #.-. — H.J..ll 5 L...n..____.11 qn..n
L. " h. Bt A Pt g S ’
sy o iy ..,.ww.w..... i .._.u.....m.._.._.m_... ﬂ:.._..\ 7
A IH " - R ...ui.\ o __n__. o L0 - ]
4 [ e F YL Ll r
_-...__: . L-.-. u_._ Y- I.-v.._:. -_.. L._.‘ ‘1.*.__..___.-.... ._._..-.. . L I
A H s el fe, Tl P L
T - AT g ty g O L o
.1.1.p.. .IFJ.nﬂ.]nh.....l“.l!.il___.h.ﬂtl__..J. . __.1u. r-.h.. u.-...J.......r.Hn. ; A l.l.l.._l......-..wr.r h.r.-.p-%lf
- L -ul.lll.”q.".-.".lﬂllull.....l = i .T-...__..-....ui - ..” -.Ll.-.-._-.llu.l._-.lur“......_q.-..._.
< - T L B 0GE -
u-__.__... -..-.... u-._..-.u.u..ﬁ.-.l\..m..-.“..r l”.“u..r._,..- .n...___-.- n.ﬂ._n ....-..ﬂ.u. . £ ...____“
. ..___.1.1 u. - __..... . Vo hﬂ—_.
~ g s s & e _‘.._._.___ _m o
T e A - .. .
L ¥ L\.._ L e -~ .__....“._r“ o 1....'...r.nh~u..-____.. ._.....ﬂ...___-. ..p...-_“.__-... .._...”..... 2 .
6 e - M!“ T % TEPN E Pega A
.nl_‘_-..... i Qm - L ....,-...-1._..-“_.. - r 1 r_..._r .._.....___
1 - ﬂﬁ e T \-\.m it -
n;__-.,...... o i I sy eSrTEsT ST p
’ d R ety ., ._ s 1
. < ..,_ u 4
. .y e , |
..-..l.ﬂ} T. . .-.1-.. A, Ln-.l ;.Rﬂ r.l_l. 111111111111111111111 ’ rh
n ol s - Tmy, .r.!!__
k.-l:— N 3 -« ....._..r.-. *
1..-._1.__. ..u.r... . nu.n.... _...-..-. I_.-n.__.ll..._._-.
...1._.._1._. o T ._.-_.... i..-_..l.
J ,,,\..._... o - iy .,
- ., =
......_._-..“_,. _-q - = ", .._...#.J._..-_J
' : _.mh Nnm - i - .
.i-.h.._..__. f. 13 .L- I.h ...-.._ .r.r.r . “F.-I
....-.._ ar .. ) -

r
1
" =

Ma _ar
. -
L iF F
# — n
“ .—.- ri
- n
x t
I
...... Iy ......n -t L s
; !
1
.\t- .
1 ....
.|4..:11%:i.1 111111 _ _
o] N R X 1 '
N *
1
& .....HW.._&?.-.._I £. .
o= = =
u.._. # ._.u " 1
Lot . .
1.!1.1¢..1.q..1-...-. e ..._.—_._.._._
- 2T g WA L - - e
S n
L L R R
o
, omm
! _ﬁ Mm_w.h
' -
ro | . F _.ﬂ.._.ﬂ T ”ﬁ - Hbi. —.I.H
4
L...LL1. _.‘._-___.-H “ . Fra N L “._. L__ F.i.1 - ==
O N e r=" 1 P g "_.._ P |5 s ' e T A .__..tu-..-.._......._.Ha_........_...._.....L.-._.-........__.l_......__.-._.-.....u..__.l_.L.-.11111._1..111._1._....11\|..1..1._._.¢1..111-._......._..._.l.......ﬁl......._...l_.....u..-__.l....u.._“
B s b mmRa v R A R P e R R LR R AR TR RS F R R R L AR TR R A A R E R A " "W R * .._‘.___r._.__.__ . - . s Lt g e
A A A L _ar i U r | “.__u._.‘_."._..w......-.._.:
| - -
_l_-...-_.-.-___._. 1! ..._ll.l.....__-..._l_...-_..l..u

GOGE e T O

V&L Sid

Patent Application Publication



US 2022/0185477 Al

Jun. 16, 2022 Sheet 19 of 32

Patent Application Publication

ot
- .n._...-. “.rr,.r e
..15_\ T
th.-T “ “ " e
.____1.-.-_.._.. “ 1. __.._-....ﬂ._...__.
- CoE £ ™
.. i - -
-~ b g
.....l._. o 1. b
- PP 2 e
4 EO £
: ] L ¢
e u_.fx..w ¥ .t .
R o .
. I - # I
' Lo : A 5 “
. I . f . _
P .t ” “
] - .__.....u r | | [] “ .1. |
;1 i # X |
I i i 1. .\_ |
;o i # . |
;1 i # X |
I i i 1. .\_ |
;o i # . |
I i “ ¢ . I
L “ P “ 3y |
1
o o ok 5 / i
Gz el
;o v L b . \RRAPE & “
pon o8 ” !
;1 i # X |
I i i 1. .\_ |
_” | | [l 1. F |
! “ 4 .__.________ |
1 1 1. ry |
1 1 1. ry |
! 1 1. ] |
Pt g ” !
A I AL . I
5 = -rl._...._...__. g “ “ !
....-__H \\\.\) .-.i.J.i ! [ | 1. F s |
N N . ‘ z |
..l.i.l T ._rffsl “ 1. “ | u-.-l.-_
- ~ - p 5 | tr £ T
-7 : . A ” x.w,.-{. . -
_\[.-L. - .IJ.I. [ | 1. x -‘— .A._- . a
- - i 1. .\_ »L_-.H. .._...._.. .
.._nlq l.-..-. 1 ¥ r =T i, -
.1.r.l - J .-.‘fi- " 1. ‘ "__‘uu ™ .
h .ﬁww G e ; : . s Tl
- , oy S, ¢ ’ . ’s,
r [ | 1 x .
" “ '
- ¢ u
: ‘
- e
.r'. 1. 5 ttli
. - T . A ....wawhq -
-~ .....;..., ' ‘ s = -
e = 3 ¢ o o a -~
“e, L ...r-:- - . “ b o s . .
—— | | | L ]
- . T * “ ~ ’ "y .L.___.a_,..nw fen - 4
J. - ._.-..__._ : “ ....,._._..... “ ........_.r.,_._ “ Tv, ..n_.».\-hh.- * . -
Ty - ¢ " " Ted (.r.f .._.iuh.mnw Tres .
~ "= : ¢ “r.. r '
g . . ~ o N o .
e “ e . ni-r...“.___\_‘u “ ““ Lw.__.__?m -
T i "o e (o i g
_ : 1 d P
- r
e, .__._.ﬁu.:. “» ., e “ ““ .n._..m..u.._n.1 - d
" 4 T . Pk 7 o
" A .L..N.Jivi_ - . i .....,_..“ ._._.t.aun.a. -~
*a L} IRy et ¢ e i _ P e’
T ._1“_1 - . - ! : | -
e o S8 . . s 5\1. \.u\ o
.1.l-1u 1 .“#.-.l.}!..... |.r. l..1 " ._.......-. ..1-_...1
L | U1
.. .,.,u.qu.ue.-_.- 4 -~
™ - o
" s . o A Ay o
T S i.....“ﬂ.. it v
m,._.-_.__. ra .H.fur )
N %
et -
N | ‘. ",
-_-_ oA L
;L A
s A LA Y
b/ Y
"} r
1__ l L |
/ ; . 4
r d " !
r d i !
b u
a I.lr
| N
i ~es
- - ...:.....
¥ *
JLH . o _ i {
l-&...lllll..un...lilnl.l..lh...—l.ll.nlﬂ..l. .1.....-....3.&“1 . = .T..___.....n_...
Ll I..I..l —_——d - - .‘.l T Fl * .
.____.\__...\\_1 |...|-H|”._Ml.|..ﬂlﬂ.l.l - t.l!"...h_ru. ’ e, " .-__n.r 2y
e S S i -~ .._.\ln.“.. .
~ -~ " =
.I..-\-. ....-_..._ . -.-. ..I..ﬁn-.ulu,.
o~ ~ {ah oo
..\_._ -~ : _-__n h_u.u...-
.-.-t.u.:."_.__..u.q - ..._”_. ' .n...ﬂ_q..._
ol y = .-.L__..u.
.1-.."\._._.- - ol ._._\-\.»n .—.m.__..__.n_ n
. L Eli.
..q-...... - ta nn.ﬁ........_...
..rll.l -.1.1.-.1 .-..__...-_.l m._-_.l_-..h.
l_-lnl.l-\ .1._..._ . -.1.1 ._._-..__. e hln_n.u_-.h..r -
vd e Tre ~ *,
...__.L_...__... T o . P
-~ r.:.r - - e .uan.vu
ll_-.nbl\_._-. . L H.lu _-._.._-_u L..l.:....-_..-._-u-_h
.-_......_.. ..,...,._... - Tw, ; rn.__Tﬁ f‘l
. Mo, N o ...r,,r..." \-lL.p r.........k. .
4._\-— - J-I.-.-.I._... - .-.-.1...-. +
v o Bt e Ry
‘n“]-‘ll. ) nhu_..u |.-._..rl - - - rr..........._-.ﬁ-
o e W,
o) o <
N ) “ ~., o,
"wF -~ ., e
-~ " Vou,
.._..__.- S M u
. S e
e “n s ard W o
- - T, \\\-
el - .
— .J..-._.r.l. 1.‘|.1 -
J{.q... ......r.\:
..__.1.-_.-..: P - - =



u‘.l. -
- e P
..lt__ “ I..__..l o .__._-l..
£, oo o T
. .ll.l " .l._.F.
e e ™
. - .
J..n-...‘.—. [ | ‘ .l.l.l l].'l. ..r..llh. .-...ﬁ.i. .I..ll.!..
1 e T n e v "= -~ L B N .y
- ] ] e T, - _ i P . e Yo
= - {1 - ~. - AN "
.1_-.-_."... [l _.- .-l..r .-_.l..._. |1-_1__1 lﬁ ......_f..._,. ._rfrnl
-1 2 T, e, -~ o~ o "u, .
—— i d - “ ,,“ s .. o~ ey u.. T, Ty
- 1 T T a, = .
4 n_-___.._...._..n “ __“- a_...-.._._n.n Al...p._..- ’ .H... ....111.\..,..._.... m ....;..........,-.h N r...,r.. m___....r
X 7 : - 0Z] . : . 7
i -~ tog . ... 4 e - “.. ~ . b
— ST . TEE ‘_. . ~
” ' .r...__l___.. ] _.__“ .1!..._..{ . “. ] ¥ l__-\.r “-_- .l_.-...-..j.-_
2 . A T ' “w _ ' - “ T, .
” - T 9 N ” ' . ¥ “ e
S ‘¢ "~ b “ .
N e ] T :
A '3 A : ,.
.1 ] : [ ]
# ] 1 _.- -.‘ [ l l_-
£ 2 1 P -.‘ [} ¥ l_-
/ ’ 1 a by ] " o
! ’ i A by i o
! 2 1 a -.‘ [ v l_-
.1 )l 1 _.- -.I [ l lﬁ
! ’ i A by i o
£ 2 1 P -.‘ [} ¥ l_-
/ ’ 1 a by ] " o
2 ] 1 _.- -.‘ ] l l_-
! 2 1 a -.‘ [ v l_-
.1 )l 1 _.- -.I [ l lﬁ
! ’ i A by i o
! 2 1 a -.‘ [ v l_-
2 / ; “ 2 M ;oY “
# ] 1 _.- -.‘ [ l l_-
£ 2 1 P -.‘ [} ¥ l_-
/ ’ 1 a by ] " o
! ’ i A by i o
! 2 1 __- -.‘ '] l l_-
/ ’ 1 a by ] " o
# ] 1 _.- -.‘ [ l l_-
f / i 1 A M d v _____.
/ ’ 1 a by ] " o
! ’ i A by i o
! 2 1 a -.‘ [ v l_-
.1 )l 1 _.- -.I [ l lﬁ
! ’ i A by i o
! 2 1 a -.‘ [ v l_-
/ ’ 1 a by ] " o
# ] 1 _.- -.‘ [ l l_-
£ 2 1 P -.‘ [} ¥ l_-
.1 )l 1 _.- -.I [ l lﬁ
2 4 ’ T d by ‘o o
! 2 1 __- -.‘ '] l l_-
/ ’ 1 a by ] " o
# ] 1 _.- -.‘ [ l l_-
~ ! ’ T by 'y ”
.1 ] 1 _.- -.I [ l lﬁ
! ’ i A by i o
e 4 ’ - {1 ’ “ o
“ , oo iy 7 . 4
e / / « 2 ; ! K i “
h __“ , ' K b .o “
’ [
/ ’ i . by i o
. ? 1 __- -.l '] l_ l_-
F / C
¥ p, ! “ P P 7 ;o 4 ~ o
y ’ - Q ﬂw»: b ‘¢ % * | .wm\
4 . ¢ h ‘¥ ]
o b ‘o T 4
# f] - o 1 .
3 AR R ay AR VS E -~
¢ p . [] _.- i -.‘ d l 1 4 L.._-.-.ll B \".”) ....rH_
/ o r i in__-\. ; F /! A ’ ao A,
— A : P _. AV A Y AR
“ “ K d " _.-__-..- “ K / u-__ﬂw . “__ e ’ n .
4/ .--. r 1 _.- ’ -.‘ ’ r * o L] / -.J-.-.-. *u
? 'l " M ’ ¥ L ’ . " T ) i ..)...{
! \ i u...: “ .-L-‘...- “ “i ’ "I i ' “ .n‘\..-. . o ...JIH “ ...rl}. .1
‘___r_. “ " F I\lﬂ. | _h a -.“ ¥ i?\\\ ? .l..‘.l-. ...r.l._ﬁ.-__....-rr.1 -.fil. l l‘..l I.II.
4 . S “ .n_-.....l “ A 4 "‘ } - ) .1..-.._... .r...._...._. . jl-.. “ - 2
S A e T U _ i LT < W A R BN
} H a -..u.w....l!t.]-.-. -mﬂ. . 1F -‘ 1! Al 7 : . . o i
1 4 W o K k ! / Sy Emy T ' &J:. - w.a._) 5._.\ H
.1 i ] _ﬁl.”-”_f.f = . .”..-”-”i.i ® -.“ “_ “ 11._“..“-_ _ ‘l.l..- .l-..“ﬁ-.ﬂ..f?.i . br.llH. ) d =R “-.
ﬂ “ u :.__\_.. -q_____._...q._.... T " "“ __“ 4 }”ﬁh - __.,.__lu..uu_ : \.nlt A.I.w“-\\k. ._“
4 i i e i by “_ / ] -~ - h.n_.-u. e 1y
. £ ] ] F o~ - -.‘ ___ “ _..-._.h-. " _-.__.......n - |j.r,-_n .:_
P " " b y ’ ., T ._“ 1
n ;o 1 Iy T “ ’ el / .qt
o - el N - ~ . t oy
e e “n, 4 ,.Hmh\\ ' o a
. " “.._.“.___u.l._.. .-“ - ...-.fr“ . L-.-._
. E‘.I. u.l..l... —_ = of . .‘.‘.1
] l o K - W L . ....-..__..H_l
~ v " mx.h.r - b -
.-_.-...Hl " T .j.rl.-..._ﬂl
-..-...“- ...-. - ..!.Ill.l.l..l.r .
o “ R

"

o
wuy Ly =

L N
-. Lli-l'
g bl :
=5

-

W e - o

i-u:w
=Y -
Pl -
o

M

Fen (YU oo (10

-

T

L

T T W T T T T T T T T e T T, T
ar
"

"y

I.‘.‘.I.l.‘.‘.ﬁ:_‘.—._—
7

rrrrwrwrre—nt

f.'-

N
J:{lu
v

H0¢ Ol VOC Oid

Patent Application Publication
<.
P
B



Patent Application Publication  Jun. 16, 2022 Sheet 21 of 32  US 2022/0185477 Al

T T T e T e e e T

LECBLRC I R BB B R R BRI R R R R B ,"-' R
- m

' ma == ' l%; 1
" -l'\.ii-i-ii-l--i_a.‘.,'l am T *

e e '- O ;

wet =T ] - '
‘-_:‘-.l'-.lrl._l. - . "l._w \
4 - |
! - R S
5 -t -
' 2T
" L e '.._‘.—"-
' -
- - -
T - .
- = T ‘m -~ --
. Sty T _.__L!"""- bt ",
f e - L mpam ———

S T "
. _r_."\._. Lﬂ O . ' -
l‘l . . l.-

b
N B N N “,
" .

) '.l.- _"'

e e m m o m e e mom e e e mm e e m = = = m e m m = = m e m om o= = m e m e m = m m e e mm o e e mmm e mmm e,
I|--------------------------------------------------------------------------------------------------------------------------l

._-----------“--“
. \ L
r- L .
L SR TR R TR A N R
= - -

§ r &
Trr T Tk S

T . .

IL-'-'-'-'-'-‘-‘-—.'.-?
= -,
",
i

3
-
L2

-G, 21



US 2022/0185477 Al

Jun. 16, 2022 Sheet 22 of 32

Patent Application Publication

kA

iiiii

'Ih‘t‘t‘i'!'t‘t‘t‘t‘i“'t e e e i e e e e i e e e e i e e S

:t.:_

.
X
) LS
- %
A N

r=ra=-1= =

LG8

[

tewag
1 -......_ W_....:._

T u_uu.._.illl v * ..,._.w.._.lll

W2 EE 0 EN JfEw ron SR oEpSEE 3 EE 2 mnaon e oo Em ool WAL 0G0 e e mp's en
e . [ I R L R A - 4w 1
- - .__.l.r

J.ﬁpmﬁfkr

298

Hngfing g in,

rr iy

i S e e e i e e T e e

Ll S A AL LR L L

hF+++ hhbb+22HAF++4+ A48 H QNH

iiiiiiiiiiiiiiiiiii

EE R E R R E R E E AR R Ry

-

%5

.
- -Ih-‘_h;h'I.hiihh_hhiihhhhh‘ib'h’liih
LA
L

1
._..........._..._..._-_r_.- 1_...1._....._.__-___....1 .
W g '
Lu.. .._............._.H..' 1.1........_..._.2,....-“..- 1.

- - SR '
1111111111111
T T e = e =T

L[ . S

Sy
__.1111.-..... B a2l e =
il T i

] T

] ot SR N R
:_“wﬂ.l.. ol > .m.."n.. et b N
A B R NN L r “rr e
.- L Y v DINCIC 1 R L I . - p
' £ .- N g e e e . m AW E m o E E E R E E R EEmEEEEawm =

a % _ui—.i.uvh_!llliln“nnll H-i Hﬂu?.i FIEN W 2" FIEE YW Il .E“iﬁ*.‘ﬁ“‘”iﬂl‘i.i‘“!il—ﬂ E e 3
¢ o . . e L e L T L A g o T T L LA R L TR

-t . —— _.I. .-._ ...‘ l.-...l._ | R |

e B - ar [ ] P rT T -~

i TR ot o L

Forr k4 Fdo oy

[ "I THF PRI PR PARY

Foommne J19

¢ S

rry="FrFrhrArrPrRAY PP

P,
{

¥
.- .ﬂ
Fimg i r i Feee--
i ry : ! ' ¥ ’ , 4
iy r i r ._..__.- .__-1.-«1. 1
e oy Lo , D e )
L/ el L 1 ] P R - : :
Y LN L AN N 2 Ll
il PR R s "t T R *
2 “ T 00 o
e e N ER) “.-
'-“ " .T’J.'.r.—f—..*ﬁt—t.‘. L . 1& .‘-HII‘ --\ - 1. T.*R.t.t.t.—-.} L .—._ .
LA g T, T e
PP T . or I A Ry S PRSI S L.,_.___I.;.L", ’ e 8 e e n L __a n e a i m h et e  m e e e e e L
- [ T VRN ¥ LIET VI RV R N .___-.r.-____-.___.._._i.___-JIEI:J\..J\&#L*FJJ{!I“%&.LL}? .._f‘...-.___-.l_.'_n-.j.-.l_lrlui:!ilr’lli“iiialtln FRERY "RF IRV VR BN T R A DT T LR T
.d I A o o o T P A A ot i e o o i e T T i e e A o i i I i i P P e i e A e WA * i | T L .1.._‘1.p.|._n -t ' R T e T A A P T N A P A o A A U A A A W N o P U ar ar o P
e T e AR
. K _._.1‘I.._-..._.l._.-.....“+”__I...-n__.-.__...i.___...r__.. . iy L+ . .
W e

Foomee (104

0 IAARI |

A AA Y A+ AA YA S Y AA

L B B BN BN B B B

----"----"‘----"-“--"

I e a P L a = o o owr
[EE P PP AL AN PR P TR L TEF S PP r..r..n.qnlnn..h‘h:..nsu.:h Hratad el ul i ad ad adnd el e dad s ez e wl el e el adid el el et b ek alt ....n-._..._.lr.rn...L ._._l“._.-.“..-. FERE ' e ...._.Ah.- .- 4{. a 1_.. .t.._.q... 1 L.Lw.._.hn.r........:..............r............n_n.u.u.._nnr...?...l...hl_...r...r...n....n_nn.,.n..ﬂnn.|...|nlq.r...:.......r...l.........?.nn_....n.?..n....h:u.qq.r..kr.r.......?n.r......n.L...n.l...hkq...r..L..l...r....n_hu.n_.,.n.-_
r - S 1 TR C o ¥ 3
F b P S N I R R . ..._...-_t u.........._ .____...u.ﬂp‘_ﬂu.“uj.ﬂ..r...“_.puu.. r .m_.,.r ' |
’ ‘- LI - [ o | & J
'.-m.-.T.-l.'i-.l._._...._l.-l.l.-_u_-l.l-.._t.l-itilsi‘laidililjhrﬂﬂ.‘lhaﬁi.“- ur "y, #11-&..11%1‘.;“1.«!;!!*!.._.lu.-..-l.-!#_..l._l.__lq-._l.l..-l.l.-l..l._-_-.l.t..l.-lu-ﬂ-.l.lai.lu!l.
“t. + d ‘ [ h— > £ 9
] Py i e -:h..ﬂ ra t - F . . J
I H 5 r o - +.\-|1.1| A m -—.....l.u-ﬂ..‘... [ " -..u.q !_lq.“ .I..i...-.ul. !l_..ln.-. - 'n.luir.‘i .i.-...*..-.”_v._.. * - 1
r ST oty LSS +y e b .w
r ﬁ!qj ' ........... fad 4 AR kA ..,._._11.... ¥ } ﬂ “
&
m ’ . § . o . . ' .fu -W J
E I Y tu. P ‘1. -.J.._ . 4
I ’ q.. l.._. T 4
ﬂ ||||| o s o e oW o oar o ar e e ar o R e o o e - ar o o oar o oo o ot e o o oo o o Hﬁ g Y gl N R R R R i T e e Y ]

- 789 Fe (5

llllllllllllllllllllllll

o o o T T e e T e e T

rom
.1.....-.._.H EM

-
- .

4
AW AR H T ]

o
F. ¥, :.J.____.... H.._. ”.:”....u-.”.“ ._n.._. YR
(B ¥ aF u_...

L dm .
._, AT
.I |
Y e s o I A T R
e . ....u._.._....'m..n:“ ....1...........!...1‘....-1...1...-.”-._.r:...t .h...”f._ ".1.1.1“
b R B SR g e B Bt e L L i K W e o A e e ...F...M.r.. ey e B I . S O N S T B S BT e
. T -..q...l...m-.-.-“ _oATR N 11.‘- PR Voo am ;

- -I ’ I‘
fm - — mw xox . L 1l x w2
] .l._nl._.._..__.__._.uﬂu.....”....-\‘.-_‘“-_

- ow o o ow o Ll

749 e 39 e (158

o/

Vee O



US 2022/0185477 Al

Jun. 16, 2022 Sheet 23 of 32

Patent Application Publication

x
{-'\

- ]
= y ' .
o ¢ -
e ¢ ¥
-~ «p
e -
—“..ll .._.lul..... __“
.._L.___._-.. r
N ¢
ra f
L A
r -
¢ -
¢ "
P e
x __“ x 3 )
¥ ¢ -,.-.L__
1
_‘
—l
1

N
i
i
i
i
i
h
i
i
i
i
i
i
i
i
i
i
“
_‘
‘ |
‘ |
< ¢
- ._..wn..\.r.ﬂ-.-l.. p “
o s.fr-(..- “ “
- . 1
- ol ..\..‘. ", ! “ EA
e ™ p “ RN
i hat ¢ i al ta, t
J.r.lu h. _ f .-.Il.-.u. “ “ . .u...r...niuuk .
A} . “ “ 4
T ,.;.;.__f L Lo . i’ / .ﬂ.n...
- _ : “ = ;
- e 7 1 “ “ vre R4
.n._.__. -~ i t N | ¢ ol .n..._.
- ., Nﬁ._. W ! ’ j i - * el
o .._.... ur_..j.-..-.-i. ““ __“ “ __..a.._.ﬂw. -
Ty \1\1.‘. o __ [ ] .-.\ ..-.lu
- . T 1 ¢ i .n‘m.n& -
- .1-.__1 ) .I.Fr.l _“ “ i o ....,_n..... -~
VR ....,_.-..._, g f | ._m_au«a.x. . P
. T ! ‘ “ L - -
- ur_-ff. " ) I £ _-..1.-J. 4
. . _“ I .l- | ..n_._...n..-.v. it ......-._.
- i i . f i / o T
“n, __ L p . I i __....H. .....l._.
- I x - .1____._. i £
-, ! ¢ ! . _ i o g
.-......_ lft.._.L. l.n._..-.\- ..__“ ] 1 * LT..__.__. “ .1&&”.-_“1 -
" b PP ¢! ! " i e -~
AR ot e, - e
.f..ua e Cor -~ . N -f-v “ i ...........p
= .r.-_..n quu..“ Jﬂl..}l _-I.l.r-l.-l_.._ - . -.“ .‘Ih.__ﬁ_u. ] - - _“ i \.\1\...\ .1.1L -
- £ ' e g o " i ! s
. / Ay - ta e " " o ; -~
N A S S, Ty ™ L " v :
-_h ¢ - __.HHH-_ .l!- - f-."“.h ] _” i - .-...1._.
e 11 Y T, e c PR
. i, 3 A L -
a, LA N Y Y T £ ...._.__....... “ ; ﬂuskx -~
- g _..__1-\ ’ i i - . L T -
s S N U T PP -
S, A R 7 TR S Y as AT By
| ﬂMH:. - o : =1 - -l
S PR e
A e
., e ;
.1I.I..-| .rnl.-..
ﬁ..ﬂu... .
PR
Ty e
S
-_l
¢ K
£ '
_1._- = _.“. -
P A :
i : ¥
4 A
A ﬂ ¥
L] [y a
d o " =
.I!.n.l._l _ _ ] € . - Te .r.nh..
.._._.___,J - }.nu.ﬂ uu.n.__._.l..-_-u..nq. ey ...1..?% .n.,.. El .._.H.rv o Tt \\W .___.n_m,Thq .
o~ T o e Ty
- - AN .,
- - ) .._......p._..
_.\I. - _ﬂ.__“r.-.k u
a\t\ e e,
T -
,_—\\\1... - o -
= N
Y h...l. L. .f.._-ulaw..
& - - .—.,...,_ﬂ
- d - ol N e ..un..ai._.
.r....xp ._..l.l. - lu.-.l.._..m.
....H.__ -1.__.. , . ruu_..a-?
o - - e
.“Ill\‘ r_,....r.-. .,...--_.1 .r._r.l i.-.uﬂ.na.li.
- “+ - __...I.l - 2
.-_.__-. - = ..r..,.. Ta_ r.__._.__"_...h....-
- " -
.-l.u-r f.-..- L -~ ___.__.-. ..v..-...“rui
-~ ....f.uﬂ..\._... .. - - ._,.,.n.._.-u .
.l“. .r\‘- -1.!1... ) .....fr....-1l ~ .-.-...1 r..r.arr.‘.-..-.--.
.1.1.- I_H..,.. o o ..juﬁ..n.
- - Tl m
-~ P . .,,....._..__.dtq
l_..-_.l - o e
< v e e Ty
., .-.._.n-.
T l..I.l. Y ._ﬂ..“-____.
- ot -~ = =
. W7l o T T,
J..q L.-.-._._. ._-\-1 .iJ..l.I.J H .#u .l.hr1
- -~ " Nm @
- AAS1 I
- -~
f._...1 s -~



LHDHA

US 2022/0185477 Al

Jun. 16, 2022 Sheet 24 of 32

ez} 38V
S

1111111111

N
R
r
L 4
o
N
r |
b ]
n
r
w
w
H N
A 7 >
- B N0
e T
E
&
L3
T
.—.F
[ 4]
Ly
L3
L |
|
A
a
o
[ 5

i

1 4
a 7,
o - ™ ¥ -
iy ] 5 - . C 1 e mar ok ' ko
N " i S e AR T, ; Lt
4 i 1 s E) L] LI N v
) =¥ X ol S LA .
" " i T e T P ey PO S e e e e e . -TaT -

PRI - Aowt o el 4 : : A I ) PP - .H_ ..._... LI T I I I A I i R R ] _..__!.__. [ I __Hm I T A N B T I TR AV O R .t_r. T v,u_.._"...u..ﬂ#

aramdan ik - £
ar TR

4 ek FoA Lo R o Y e u n o ' . ¥ ar
.i-n-!__._.__l.r-nr_..r:_..._.—._ R l.p.....‘...... T ]
uepTEAT yuennt ]
g T AR T AR - A
.M H .
El

ara®

[}
f
i
[}
f
f
d
i
] f
i
[}
f
.__
d
i
:

L 9
11111
[or% |

Ul

m;mmff .f.m

e
pmcE

] Fere T4 u,._.__i:__. JlurAFE

T

arpruEo.

e,
u_l__..__
--------- .l-.....l_.m_-.l_.-._.._.u..u.l._..._...l-.....l“___...ﬁ ﬁ?-_ 1..
|||||||||||||||| ... l.__.f.#. LT T T T T
l_.q...-....:_#..-l
h ..j,__._.._.__......__._....i i
¥

‘-’H

(YZ8C)

1)

(37} 33Y
LHOIT iz_:gﬁ

(£97) J8YHd
LHOTH TYNIANT L ONd

(787

ASYHG LHD T ﬁ
el "2 A E N by \
ONLYLOH01INY 5V HG LHE i
) Bk GIRE . I L i
iV IS A3 LC / LNAOEAU 15V
qvisAQvdis V0 o4 8 p | Q3T LSy
: hmMm QQF ¥ 3 mﬁ.w
F L .ﬂlﬂ.
" ALV LS ALYALE
-....i._.__..__..__.-_.rt " __..__.._..i:...-...a....._.__._u... "..
.l‘.iil.ti.....lhl.l.lt. ........"..I_..i.l.. wilf. wir b b w2 d oML b
My N
e g e
DT I YRR A P LR I i e T L T T T T T T AT +.l:.."ilr.r.r.i..-“~ﬁ”l.nlll‘..l.u..i“_.rh...l.. ........
- .
- 2N
& EX ~
= .
& .
ol ., LI
— W
b bu.J_..r...r -..;... M-.._" ) b e
A et £ 1 l;._ﬁ.mw.b H_,},rq_ it
= P L W w Y NG
] R SRy . - .
~% Vi T, %, PHO A INZISNYS L
e . Lo ENAISNY?
3 :
n _nfll!.v ._.f._.
s * N,
0 : g g W ’ o "
o o, it 5 RAN
J_nla, . e o S e _ ..f__\._;..ﬁ,..r,»
o g M . ST . . = ' Y ’
o A.;.....un _— — oy .Eli»-.... ...|..I.. e .........“|||.__-__.|I| lwﬂ...._..- " SR » ..nul-.._._..l..l_-__“....r.._n .&Il. - ] x ._a. o
S et e e (957) AOIdAG
.l ar iFlE Wl . -.Mﬁ. —— w H .““ﬁhwiq"l15\hh..m.mm1q.#“ “ va ...s._.” im e ”.. Jﬁti:!i.‘!qnﬂil!ﬂuiﬂ 'l ] FF FEFE T FF Fl ' OTF T 'EY FE I T FF FEF 'l IF NE ' FFF FE Wl EFF FNF W] ¥ NN W fFr NE T FN FI Wl EN N Wl F T W TN FI BT EEN FTIE Tl FE IEE
— _ " ._..._. . o ! o .._n:-.u ' » . .”_...“.. ’ . N .1r..,a" ..,....... Lo e n s ”.- fao r.r..:.-.m.. N .1... et .”“.1.
p e ﬁ.ﬂmmhm et o T -ﬂ.”.u.._.m...wmm; w g Lo T gmbaens L gB 0 AT X et .mw. N
.m. - .....r...“...ht...._.. ”.n_.. - P TN e in....mr.... .”H.....- ::::: O Lt ..n.“ .h . .. 1._ ) S H,...-t..v.... = e mot Pt E .1|._1”1,“ ..1......”.. .|....._..“”.”......q1” EEEEEEEE L “n..........‘H”r .M..... a1 ._m
p et TRl o Dot eI @ _\
A i ) .h.._h.. 3 ) n\... -
: r...u. “. ] .q.n.m_.
o S
o~



US 2022/0185477 Al

Jun. 16, 2022 Sheet 25 of 32

Patent Application Publication

] u......wu.h.__.u_h....L_h#Hhh.n....hHkh.._.L_.u....am_.u....‘...hh-__hL_.%hL_..__.u_hhhhhuhh..hh.‘.u.h.mhhhh.hh\._ha.%ahkhhkhhp_
B

- (gzeg)

A O S [ A A R [ [ N (U | [ S QR )

“u
5

iAo E T Ta

T T

T

L

-~

P
Y - i -
...n..._ .#..__Mm‘ﬂ.”mw.mh;\
. L

bl

1

|
P

LGk

RS
T -
- 1
el 1
.t i
o o “. i 1.._.._.. .u-..... ' T
= LT
L et o
__..._.,1 o u f ] .
R - 1
P “ N - . 1 4 f\ﬁ.
A s - 1 i . +
. L . 1 T
il = q{ f] “ ..“ F
-r - I
v AT ;
x / ) ] F
¥ ] I . a - T
iy i i A “Mos ¥ 1
x 1 P ] ¥ ]
L L] ] 1
“i. “ % “ i 1 u..r_l\__ W.._. » L
> 1 r i r T
o i v 4 * L
1 1 : ]
IR v
" “ “ i 1 i *
o ; . r
h“n o .t.._..“....._....h11:|....11.u o nat
> .U. i ’ F
S ’ i e
“.-. ..... “ H r -._‘.......I. -_.....1 *
i S ¢ r .
RS fefel i -
4 | r .
w ““n i ¥ L .-...l_‘ cmd Ty "_H l..hl_..‘
L ¢ . .
¥ . i :
F S “ “ F ......_..-____. H . .._.....-.
+ S v i v .”M -~
. /A TR . el a e
l.r.-. F ' | - -m..\l. r - " iy
:l.-_. u“. ”1\“_'-.M I-. ”l.... l.1|l-.||l.r R .-.. “ Ll-ﬂ_u _n-.... - +
"n, * A - r 11. Trte,, -
Ty & .\_1.1 r ¥ ..1-1. ---.._n.....
|__.._-. x ;. o ] -
LTI A | e - r " -
Ly | plgt o .
.__1..1 n | “n i L_—in..- -
- ] -
.__p._r....... “ “ r o -~
. .1.“..__ - i
T er - r -
_..--...1 ] -““....”..-_..I..-l _.L-n__ . - .L-..._.
"m ! .-.__n....-_ .-.._.-...1 ¥ -
T = ‘..-”..__ l1......ﬂ..-..... ___..lu._.“ "
- ......W.._,._.r P = W rﬁ ]
.1L LJ. I.H.. - - < -
ro Kk...ﬂ Y W A prt .ﬁg‘ ﬂ .r_ L -“n
" .. F -
_‘1.-. ..l....... ,._._...J__ ;.”.n_...-.:“.
..I. a + '
- o -1...._". 1._n_:Lk-.l

E T -
ey e x.__h._ ._....___ el =T
“ HM-.-\.!.I: Lm__- tm.!_. _vl—_. 1-.-11.._ }..!_..r.r-.‘..:.......:.k..l..r.r..T.:Tt*!t?:.:.lmt._itwr?.lt:.*?rw\ir..r..:..}_.—...t..l..-..1-.:55.15.1..:1-1.»1!..:.*1-1151!.-
AL N e - . < camg
] ! r = ]
- .__.i..-..l __...-_“..._ \\lﬂs..ni‘“.fh.b.ﬂ.\\hi“\*. .” ‘-_- el ..-J. [ \ WK
PR ] ' ) ] -
o A -ﬂTn”“h : m mw w ' i.-___.m
LA ' .t < N
.-”.v 1.1h.n: i .\n."...u....._.sﬂ r._rﬂn_mm. :.L .._...,-.-_n__. “ .‘. ,
| .q__.L.-....un.I....mL.u..\....l. ]
. LN il | [y " E - 2 el i i i =
.....41._.1.__“.......I................_=._..n.=.i._...r.. n‘.ﬂ1 Rl el i Rl I r “
Fel= 2 %
° & -
g ", ; :
|-.._.t.l“___. r, .l.nll -.I..... -.1.
&. H.“‘ H.T _l. ¥ rr o rd T rFTFEFETEFE T ‘
._|l1.. .qi.r._"aT ___.-u.-_. r 1.
‘i.- .r' l_..1 A ._..-..._. w_ .
ﬁ- r.l._ Ea™ ]
__P_—_..__.......:__....l....lﬂ)‘m ..lr ........1! “ “
4 w 1 F. o r
m._.._..-:.__-_ Y u __..1 |
| “.H....- J.__...._ . o ....._....._...-. r “
“ .r.._.”_... .l....-..- |.I.... ' u..l..A “ “
1 ........._. l-...._.. - .-.._..J_.... __” ’
| 1 l. r I.T. 1 - M 1
| . .__.1... M-’ L ! i r
“ . ...-..1 H .+J......-. 1 i M ”
=L uL
1 ' - LT .-...-..1 %_ r ‘_ “
I . o i, w_ r
! : 2 4
1 . ........ \ w_ r
“ y ..A.r ....-._.. H_ “
i ; e 3 ¢
! b - "
“ : i .
I . ! F
! . _ ’
“ : m_ ¢
“ : | ;
1™ - -1 I
. 4w g “ m". “
“ : | A _ f
“ : m“ A 4
EP |
I rim .J [} ! 1.
1 o . | x
! W B 7! ’
it by A ﬂﬁm._. A
' 1
[ "
! . ot ’
| " r
1 . )
_r e ’
TTawAsm T “
.ﬂ “
a
1 #*
L. “ .
a
" ’
H 'u L . .
iy rTr¥ry .._“ ._.q .—..,.
. FroF * " H._.._
. ) ; w LEer e,
P 7 ¢ AN
: S, SR AN
I - L - [ b
.__.__._..r- J ._..“__.. ) I% ' “ ._.._h
. “ %H..__Il.l_ﬁ. u_".iﬂl..u- . .-..-1 ' F i
¥ I o T | ' A -__ 4 ']
I
- . —_— L .. 4 i
EN S S TR T T "\ o W 7
- ﬁi - .-..In.l.u.l___...-_.n.l.u.l o .-..I.....____..l -
! a..“.-.lﬂ._”.-...lw..LL.
ﬁ...._....__.. _“..._..__._._...1... |
|
- - |
g T pe e g e ..I..._-_...__-..lt..\...._-..b. - -
v M e, e T
[ ¥ A F 4 LT L,y
i r L) - = omw 3
IFF RPN EREFPEEL B XR TSR TN T E A NN E N KA TN EFAFEA r_n.h_.i.:-..EHHMHHWHHU\HHEEPEEHI- T _ﬁ ._...“ MJE..-H?L&I... R R ...-n..n,..n..._.n.x:.“.nrt...n..,n...n...ﬁ-n...u...;.....w...ﬂ;unrn.“..nbn...:p.p...l...n...u.r;....ﬂ.n...,;”.a...nrﬁ.,.n..._.“
L,
.1......-......-..........-.......-.....-........._.._...-........._...-.-.....--....._.-..-_...L............-......................-...-.....-...L..._...-.........-.._..-._..............-.......n.r.n.n.....-.n.n.n.i.ﬂ.q.lil_.lh..u..l..n.t.“ H _Hu.i--._“...._.rt.. ».r.l.....__._.._.._..1.-.111..... B I T L T N I N R R
.......1.........._. |II_._.n..........._ .lll..-r._..._..__.._..._..._.i.-_._.
T an W b ..‘..._'u..\t._..{._..ﬁ“. L o

Rore waa

LI T

T R -
A Gpe & R et 1760

o

LS .._..-_.....ll.....r

[ ] H]
P Tl T
.__._.._ = .H_._ S

e, T
I, e oo i S

: R LA L 5 : :
e O R W N AN AN TH AT, TV oes M G . “11&1%..__,,.__..ﬁﬁ&ﬁh&ﬁﬁ&ﬁhﬁhﬁhﬁﬁﬁhﬁﬁhﬁ%& o S o B e it o 2
|||.l.||.1......-.“. IIIIIIIIIIIIIIIIIII B o e e e m e e e e e e e e e e e e = = = 1I.n|i-n_l..___. 1 [ hmu.l - % J..ll.lv.-ll.,_ .._. ...._ .l-..-...L.‘“_.‘ ||||||||||||||||||||||||||| :Il|||..r |||||||||||||||||| " |.1|...-.|.-..-_...n.l|..1
e ’ P |..-”.1_‘|...u . - o,
& - :.__._....._..__. B -

H .
" AN o v‘ﬁ. __-.“n [ hl.i..._—_ ___..L.....n..,.....”..i. M...... ._L“.- - l.ﬁ..-..-...ﬂ_h-.._nll!a
R I = L 1 .ﬁ.__...._l MRl o =

rxr e Fwde e e
..1- r-r\-.-.q1.1-.-|lr|—l-.—|.-.-.-.l.-.11.|1rr-.r.l-.rl.-ll-|l-u

P (3

Vae Sid



[

A

e TR R TR E R T e e e e e T h
]
»
L]

1
&

Q5
N
g
g TR

mmhutuhmhhhmtmtwqttmth\: ey

- ol =k A A e - -

\

.r

.
-

B

GeGo)

o

US 2022/0185477 Al

T T T TT T T T T T T T T ™™

lﬁ:llﬂllllll!llﬂllll LR R A N N NN A

[
1
]
bl
-t
-|‘ . "
*:‘k"hl‘x“-h"-ﬁqﬂml"hl"-ﬁﬂmﬁhhwhwmhﬂ-w—mﬂ-wnhwmnﬁ

- * - .
..._._..l...”.._..._.. 5:.._....t_-..|!.l1|.l._-_1.-... \hlk-&._._. Jd.u.l . -
T, - -~
- } .k-..-!l H h.—.”l ..._..h .1.1._1.-. Fea e -...-1.-.
|_...._..1 K N 1 o +, i ..11.]. . -
- = - ; ...._.. - - >
- v " - 4 . “-.a ._._.....- e
- r [ ] . -
- - ) ' - | - ....___. ...lﬁL.q.u. -
e 4... - / l‘. I 1#._-“ ....rlu..vn_'u ., ‘u ‘rn..l .-._"-..1 =
......I .‘T i I.I....l. Fe -.IH“.-.... “ ..u.T .u-._..unu i.I.-.
- PRI i AEX o P * -~
ta, ) # 1 .,. L “- . #
- _.. & ¢ vl ¥ L - ]
-- mel, ¢ 1 ' -
s, 'y k 1 ....ll.
. et < A PR T o TRV I
.....1 Lt . : —_l. .H..-..-_ .._.f.:q .n”uu-xn -..l..-
e =" _- i 'S ._-I"..-. 1.1»._..... ._-a... IS o dr o i
_I_.u._ _._n.... L by ¥ ...-..-.-r...__.\.\nll —_- q.._.u.._r- t .__r._.. i..n__....r
L T e P
L I I T -

e
“l-
o+
|
u

L)
L -

-
]
]
1
]
]
]
R
=
T
W
,
o
-..l-'_‘.

-

A

N

1

L
-

uonh e e b

.

at
_T

J_'ﬁ-."'u
L
20

T
R

oo
’
AP

-

bl i
L R

- ...__.__..l

A

: I ot A Ao
) . x L]
- . L]

oA
'~ . .rMLu.. “...._..—..r "
.._4..“_._“.__ AL . L e k.
- \ - L
+ -
h R ﬂ..“. " b _".“._n v ........__” UMW U Y N Y YRR Y Y URAY Y MUY YUY UYL RN UY Y Y Y UYL Y RN UY Y N YN UYL MUY R Y
t..._....".l.__.nu e .p_...__.t P I . u_-___. * .
-
H -.1....-._ a h“ "_u,..l..-..-l.-.__.-IL-.:.n.-m_.-_....__: ....-.\_- ” W_ .i._._..-.nr M
N . li.l__u ] ._.._ a ._“HI_..-.-.- ..1_.....___..1. \ a .1_._..._.__.....,. - i
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ P N | LI - L ] - 1
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII = .l - - .T “...“ull ’ 1 u..I.I.! I1_-_L.I".__.I|- . # “ .
) - 3 [ L A .
4_1-...__.:.1;".:.*&"_‘_.\. 7 A iy I T T + LWL L W "
-, o Ju.........._........n-..r...._._ - 1-1“.... ..._ "-ﬂ_.-............ —_._.._.._.... : ! .
-~ "2 oY ol 3 >
. . . - . [ o} * - - i.-n..ul. . . ﬂq FL r 1 L 1
....:..-...-....-..-_..-J L -..r...........i—_-..-..l..l.._ [ .:nl. .n___. LI ey p-n-. .-____.lr.-}.T_-.-_l-:._.r.._1l.-.:._..-..._11.-:._..-_-_.-11..,..._11.-.—_.—_.-....11.-._.r.-l._..-ll.._11.-.:.—.r.-..-..-:.—..-:-.._-_l.l.._:l.l:._.i.h
P 1 A a . ...L__—ﬂﬂ-. .--l__.q.l.__.._u.....1 .
lllll . o .,..I..I.i.._l. Ly oo owa l.q...u.
- = S
; : e “. e . _—._._‘.-. m_n..u_. Ta,
_..._.._..............._....._._......_....._......_..._.._.+._.........._............__...........1..1.-.......-.-..._..-.....-......_.._41.:.......1._........_......._....._..__q- ~ ! ......_..I_. ..1.. - e L o T R R i L ._‘.
- . Auu.. r ! - - '
..-1.-. - T Weomn TH ..l-. - l..-.-|
. - - e ar o o > E] T
™ o o .,__.Haru. T, e, L

4
.
b
ey ey
(o
|I'|-.
h_
e
‘l'
X
Ty

"
M,
Ak
I""'h":II|I
|
(-
ko
-‘I.
[ ]
a
¥
¥
-]
&
o
i
e

ﬂllll‘.ll.lll‘llr|1.1.|.lll‘l‘.ll-.-.-ll-l‘.lll‘ll—.lll.l.-l‘.llllll‘ll—..llllll‘.lllll

873

x5
T3y
P
102
Te
N

ropreiaer R R e ayrRarr el Fjlyry ey iy e vl

Jun. 16, 2022 Sheet 26 of 32
-
g%
>
. 3

b
-
[ ]
|

1
I
+
:
h
L}
1

m
d
m
m
“
d
e “
d
:
m
!
/
d
m

E]
i
4
E]
i
1
5
E]
i
5
2

B i el ke ek ek e ek kB ke e ko e e ke ke e e e e ]

:"‘""l:'-"l":

(G759

- - -

S byl e e S B ey b by e W o B b sy e A o e

s e s sl b h Skl hh® kS hh b dLrF
L]
r '
Ll

B

"1—"-"%1"-";‘1"‘
r

e e e

S,
= W
. ow
R AR EAE RV AE RAW LB L RN N ...".... =
F L
A { At
& w :_-._ F .—..u
' £ " .-
P -11:.—..1114.4”.-:.”—._.1:.4” ..”.u.“.l:..l :u...:. LR : "
. L . AU i _ S
H : ¥ & ] u_lﬁl.-..ll.i.l__..:i._r - ﬁi.._ril_.-‘..ﬂ. Ewr 1 ¥ "
.r.-ul.H ' M N Irelr pwiny ' * v
§ p . ..__un.._..-_.__-...ql_.- - “ K
T Fi ok W M W E MMM A _.....—_-lt..‘h-.'..-ﬁ__._-.i-._....,.. A MMM !....:..........._... M “.
LT ._n._._.... - - .“.....I.L_I.n ..”..t...-..\\mq e .1.|.1_1 Ly— ...l-... " EEERER"
”lli. " THL.Ln.n .‘- -.W.. ﬁ.-‘ ...1.1.1.11.1.-“!..1..._..-.‘ m.-_ l...u.ﬁl.!..l._. " - = l.“.
; B A B R W R A A B W ST 1 T “__ e o 4 _ O
e m mr s = mamEs s = e EEwE Ea o ETE EEEE EEEESEE"TEELEEE®TEESEErEEEaEETEEmTEELEmma NS aF " ﬁ.!.l.u.lhlllll.-u.. "t. 1f_-__.i....__.-.1l.ll..1...1_“.t_-.||||‘1.._.._..I.-_ " ”Ill.-ll.l
.o R

u.._..-......__.. [ Y [ ] y 1 _"-.
" LI P S N R S 3o o
LT i...il_\-..“.h-.v ._“l..l_ g oo ..-_.._.a_."n.u-_.lﬂ.l...-r. \._.t....__lﬂ..-.l.u.-...\.

= e - i
m”ﬁm@ : E::ﬁm:,,ﬁvw ? ~ m?t:_}
bl Hyve R 77 d.@.”umw P b

ul.l_.l_..l__"‘.h -l -._lm..-

A TSy = LT
.....l..n.......,"..,..:....i ..”_.uu. ..__.._._._.-...ﬂ_.-_l,_h...‘ 1....-. 1..nl1i oy ...-..-..H...”..__..-_..-.l._
e a e = ' a ~ ¥
llllll o » » \..ﬁjl..- . ‘Eh.Url._.E.-..l“_ : q..._..l lu-\.-.ll ; unL1..l.ll!l. A Y
- il .....1-1:.‘.._“1.1.‘.....1. m.“.?.h.l._i?i.*ﬁ.hl?i“ﬁ‘.bn‘h.hlbﬂnhulh.f ._hl.}.ln..a.‘n...-l_r.‘".._ﬁn.f hqﬁnﬁln?‘?‘*‘i‘..ﬂlq.ﬁl.f\nﬁh‘ﬁl‘-...In.}..ﬁ.fl_.:.ln.-ﬁ?. i L] 1 1 4 .ﬂ.u ' _' H L - T L }.ﬂl...‘.-‘..ﬂlt
-r....-...!u\...-..l.l.1.-...l.l.-..l.l.1.-.l.1.1.-..1.1.__.,.l-.h.-..l.l.1l.l.!.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1.1..1.1%..1&u. ..___-r||1“- .h..‘. ___.....1-_1....h|.1.- . u.q._m..____ - - o - .ll.l.ll.l.l.lln.l....l,.lr..lu._..b.t...._..
a
+ ' =

]
I ! Y A amaaa -
._..1!1.___._..._.._ _._ulﬂuo\-‘.l u_.......-u‘. h.r....,..l...."._.u.-l - .._.n...__.._...
iy P s o r

1
M g new

Foere (Y

voe Si-d

Patent Application Publication



2 _ !

B

4
)
f

y ! :

-T¥ i d

s ¥ /

..1 w L I arrrw -

.“ i “ ..._.__.._._.,._......i....r ..-:.t..v.-.i.l-.....r ' ..l!.lft

Ty ' d ..l.-...-..__._.__,. ﬂ__-...l. -,

o f d o .41.,......., e

E T a > ~ "

A # d et e 3

_m w __“ u..ﬁ..., n...;.....;... p

iy H ..__.u,a_._._.. e ._____

i # -~ -___.1........ N

i B

t, o { A

b A ‘i) 2
o i L

S
_ I_l..I.l.n.
-t wt of o of ot

US 2022/0185477 Al

L ] e +
LI ] -
: ’ o
[} " .:I..—.___._-.-__F ...-I.\__
¥ - o
1 ) " ..,...w._ - "
e v
o i h.—..".liﬂ.luilll.-r.-!..r-.ti
w‘\\\i. ] ._-\1._. r.l-.__..ru. “
e ™.
e
e
._.....m.,.___..__
u._\..t
e

M- - e,

- R e e
L Wnﬁmﬂ.:m-liii LN ?&s mJ
N a.h..._‘.-._,,f ., i ._:__w

oy o e T

.. T, r - - > T,
ﬂ W - ..-asp.__ s rﬁnu.v- j : ._....E_K. J.;._.,.w e,
.l\.v) T i ...._.__.1. e 18 |.._.._.q_ “ﬁ.- .-_\u.. .n_-.._-.... T,
h " P, gk, A N gt P e M
e . S P T
N F 701 - N
e mw.”kf .,.;,_...;...f*
.,....._l Py ° ..ﬁ lv.- If"‘
.-..ll.I..._n Iy "
o ‘ e LG A
7 W - i 3 "
N : (0£0) s (0601}
\*v hoad ..-__..l._ ._._____I_.‘_-____.|u_.._._.__. ", .M.. ﬁv -m . e
0 ’ R o, "
) . .___-_.-..r T, + .ﬂ
2 / - ull H... -~ :__xv,r. .._,,. 3
ﬂ. - - -lt...:_r_._.f v.m
- 3'd! , i -~ "
™ ot e -
6 \.> * T T e
- { g, -.r:. e T e, e
1 _._.H “ 0 E!‘iﬁi‘,ﬂ .._..._._:.-._ ..1u.|.l.h-1.-“..-...-.-..u...-1._._-r AR e e gl it
_..u. “ | u ; : T gt e
L __1“.. - “ ¥ H ' it s )
..-l-..ll......l|\.._.....u......_._..-.-|1.|...ll|l._.. _.i. _n-_ | H £ H lh......—...l.-.....l..__...........__..,. .l,u.._.r.
o~ e - - I 3 f N R S, .
n -~ kS ~ “ ! PR, r ..1....._... ot *y ﬁ
.- .1.1.... Ta, . 1! * “ ¥ F N - - r u.f.
.._.__“.‘. ...n_.-... # Fl M
u V T “ _ “ ' -~ - "\
J ' T Y “ P e H
._.,mn., a * _,iuru;.__ “ “ H .._......w\._.._ ~ .._.
R Py v rs ! I
.f Sy - SENE ot
= 5 ﬁi T L ._,IJ. | |1..|II x

)

-

- A D n “
¢ F
A y : " Y
1........_. _.” ' x or
P ; * :
o~ o . . " I
- T ..._..._. r ¢ .h. M '
e i I, H { 4- ¥ ov
e i ' W I
v g T "1 * b x "
’ i " ¥
- < [ *
- : : o
d o~ i ¢ o,
; . b My 3o
: I ¢ ...........,. ¥ or
1 r .‘.-_
-_ 1..._ .ﬁf‘-. x F
", s ..fm.f w -
Fmen (70 o o b
I -— ,
i i, < .x.,...GH ’
1 *a
......,.l..,.._...“-..ﬂ.................:...___......n ?‘“‘"QQ w -.” .-l..._.u...r.__ ¥ "..1.1
- - _nlh rh- * -._n - - T .r.r1
A " X
i ™, = " LI Eum..,.._.“_
i......h.____.:_q ..,.._.._...JJ l:._.l I i’ |1-.:).|...\~ _..._....._.uuu
- et L s Lo
- S . o
Trn, Y ! .
e, ., . ﬂ £l .
™, wF "
. )..-..

= oy,

-
o
-
T .WNMW—\

SLE Vie Ol

Patent Application Publication



.1..1..|...I|......|rll.|....................1M1

"

co0k -7

Ll N el i e i et e B

oo {J1)

J8¢ D4

- [T PR R I e R R R R RN
’ .‘.._. LN .-......_,.._. =
! \ b . r -
. 1 ¥ . 1 a “
" ! ' - ! ! 1
. 1 ] ! *
' -
<t e Pho 3
o a R N I I e e
-‘ 1 [] x L]
Fl F r
- | " N r .
' 1 r -
-1 — ' + -_ -
[ +
s | . . ] .
. 1 ] . 1 .
.‘ 1 L ] . -— .
.‘ 1 L ] £ -. .
. 1 ] . r .
.‘ 1 L ] - -. h
' 1 r -
¥ Lo 2o .
. 1 ¥ 4 *
f ] ]
. 1 ] . 1 .
- 1 ] . 1 f
.‘ 1 L ] £ -. .
. 1 ] . r L]
- 1 ] . r L]
. 1 [ ] r h
- 1 ] h r -
“.. | N “ ] .
3 ' Y . 1 .
.‘ 1 L ] £ -— .
. 1 ] . 1 .
‘ H .‘ 1 L ] c -. a
.‘ 1 L ] c -. -
- 1 ¥ N r .
r oo » f )
. . b r -
S -H — ' ” -— .
. 1 ] . 1 f
.‘ 1 L ] . -— .
. 1 ] . 1 .
5 1 ] £ r !
.‘ 1 L ] c -. -
- | " N r .
' 1 r -
-1 — ' + -_ -
[ +
s | . . ] .
. 1 ] . 1 .
.‘ 1 L ] . -— .
.‘ 1 L ] ’ —-. .
- 1 ] . r f
.‘ 1 L ] - -. h
; o o :
' 1 r -
¥ Lo P .
. | ' ! .
- -
o 1 ] . ! b
. 1 [ . 4 *
5 ' N N r .
o 1 ¥ . r .
. 1 1 r L] rl
.1 1 [ * r - 4
.” 1 ] “ r 4
. 1 b ! "
r * .
} ¥ 1 [ . 1 *
1 ] 1 -
I ¥ 1 ] * 1 F]
. .f..‘.. m.... 1 ] “ ) » .‘l.
S0 = | * s
L ) T : :
“ " " ...r+..._ -
q i, _._&)Mqh .
. e ma. ~|qi|“|||||r-.hhll... o a Ly mmmEmsaaras . f e
et : -~ .__.LA.._“._.H.-.-.-.-.-... e R R T R
r - ] P | ' s ]
~— - : o e T . -,
+ . - - ¥ " ] [ ] ' 1
T + . | 1
e r x ..r.....:l.._....t-“;,__i_. t?:i.ihuﬂﬁ%&#ifiwiﬁi ...u_w.tﬁlh..... __:i:!._:l...._i;f..‘_!rij.. whe b W P WA P B R AR & _"
i L] ' ] o B o A ' 1
1 - ’ ' K o ; _-..._._p
.._..__. + H 1.__ -. .-uu..-..-....h..._..l-.__. h-n. .11-.“.11.1»“._. r__-.h.l..__.l._h.-..-.hh..q..-h .ﬂ.u.l ._...._...- ' .1
..-..n . uulllnvlrﬂ.-llnnlnl.-ni.h. h._. a . a s oaa _-..-nl...n.._._\.ﬂ .._..Il.l " ' N\ A
E a . . Wt
a b’ t d : o - % - . * -
h .......-.!u. N r.-._.ﬂ ._...-_.l_-_.. 1.“1.11111.-..-.1.111.1.._l.".._.-1.-.._.111.. Lu-.u_. ' l....-..|
L - S r < - ' > =
|-I...._|l_1..l.l " . d [ L - - A .o Tl.-..t.
_._.:.t._.....qa:.__..._.r.-_..uﬁ.uq.uq.u__._.._._.___.... .l:......-...__ JY‘ﬁner.-. 1.-.....q B I e R *
ﬂ ‘.H -ﬁ [ ]
L]
; i _
..»n\-\ ." puk ] H
. L T ]
_—————— I il B R R L o I BT TR
; o ! i :
: o v :
] ! ] t r »
N i : £ ¢ ]
1 r
‘__..._. Fem - - Fy ot m s s m s m IH | +
1.- i ! > r :
6 . < ! : !
% P r :
—.1 1 r + 4 ’
_.-. 1 ! + r 1
1.- i ! + r -
".. 1 ." £ ¥ “ i
, 1 < r
. -q i ! < r ! -
i . ! x : -4
+ L) , T d -
[ o + "
. 1 r + 4 T
1.- 1 ! + r -
-.- 1 ! + r !
1.- i ! < r :
1.- 1 ! £ ’ !
-q 1 ! < r !
11 i ! T ¢ *
" L ' T r *
_.1 n ] + i H
_.;_ i ] + r 1
1.- i ! + v !
1.- 1 ! < r -
-.- i ! < r :
1.- 1 ! £ ’ !
-! 1 ! > r !
"r L ! T r *
o « f T r *
Fe ¢ ! + !
_.-. 1 ¥ + r T
1.- i ! + r -
1.- 1 ! £ ’ -
-.- 1 ! < r :
"q i “ £ ¢ “.
r 1 < r
] ] S
® " Do o :
' ﬂvm wa 0 P M “
- 1l 1 1 + r .
-+ i r
< 390L.,  § 1 A
.i..-. H.- 1 ! < r “
I__.-. 1.- i ! > r
¥ r i ! T ¢ !
® —.-. I r T r *
.l s, 4 ”1 v " + . :
o * i + 4
p— o ¢ T t -
r 11 i ! < r -
e gon 0 S
, 1 > r
._,-__.ﬂ.n.-_f. .l.u. “.- i " > r
= e § 50 » L
r T
.f__ff. . H‘. .. ] + i ”.
H.jﬁ&. 1‘. i " + ] )
.-._rli [ £} + r
....?.lt}.l ".- 1 ." < r H
L] i ES ¢
. 1 ! > r “
_____.u__.,m-i.A.lut. "...........u........u Yo N
L) T r
r .‘.llnn. F T r H]
n t nmvtﬂ“ ¢ *
F *
.............l._.-......... TERRES AN r T w I e B I
- ] .....u.-... T - v - N R I
-+ e L e N P -
- ] B F 2 - 1 -, a
- ™. ..__.. -r -l -
.l -~ . “_ .-.l‘..!l.“H - ] " T om .l|.,..
ot [ - B
t e~ T e ) o UoHer b b h.t;l--lu_".—!r.u___. r__.___‘._n._.u...__....l___-f Il u...._.r.......n.._-..._...u.-._..“ntl._l..i_...._ _.__.__-._______.I.ﬂi._.__-_.._...lw..ir._.__l X am, 1 .
F -.m_...._  ; n........__..__.. A .” p q.“...,.:r_....... .....“.,.._..,.f__,:p . * A _ -.”H...__ m " ___..p
n .. ) _..1__. L__: [ L..J.._. P o i . L 1...___.n1......a.....1.1. ..1..... ! 1 - F
* L . K ._ ¥ " -.L_.1. R e ..Uu... ! . i
. R LN - 1. < W PR N g ) *
L “ [ .__.._ .-.l.__... » r -, - L 1 r
S . . e e, T "ty : Lt
l..1|..-.1.1. e g E .- [ N I I = I N R e ...-l- 1 .- -
.l L IR ...._.l.-..lluuluu.l.unl.nl..\..u.... \t.._-‘.... - , E::.In._.l..u.q

-

- e

*

RPN ALY

(D501 |

el

lll & o
|.|.|1..I..-|.l.1_-...l.llll+..._-.r|ILII....-.L..r.-.I.|.I.I..1..11._.|1 ‘. H..l_.u..l. L

e e T a4 L R g b LA 0 TR rtu&.\m: L e A g gt S B R b e e O
" . o

L O o I S B

"..
L
L]

£&
L)
]
L)
r
r

[ i e

M M M M M M U el A M N WF W W W MR W W

R R R NS R R R RN R R T
M A A L L a U M L ML L 4 4o d g WU L L E L aodu oMU UL L L oaouu U or oaaau el a s

H
.
L3
r
¢
&
’
r
¢
°
L
L3
r
¢
4
’
r
.
°
r
L3
r
&
L)
¢
’
L
:
°
T
r
]
L)
r
°
H
.
°
T
i
&
’
r
f
r
.
°
r
L]

L EL B ¥ 1

L I T I T I T R ¥ )

T hHA A

-
B B A R I N T T T e o I T A A e I o T A A LT T T T SR o A R A R R S N O o T . TIr T "IN SR S A S A At N A D A N N I T S e N S

]
*
'|-
1

L = o o ok o o = o =

-
L

-_— e -

+

r u... ..._‘
r T, l:‘.t..
L R TR Y
ok . -

T T T onror

1t
'

"
1
L]
1I‘i

f‘
.
-

L Wt W WS m owE o e l—t_}rfl_.._rl.tl._ii..bif

.l...-...-..l..-.\-.:.ll...-.

nnn..u-....nnt._.

‘i1
T
n I___. =

.-":1-

-
i L

g - Ay -

i Mk B |

[ ]
.l._...-...-...-...-...-.l..-_h

l
u.l-i-il"

- -
]

ihib

3
t}"h

1 d

- ...._-.... . ..._r..ﬁ 4

L
- -k
p
t,.;
.J
;at*

rorowr u_..l rr o

w
- 1
o
\
"
.l
A
L
"
L
L
i
1
"
T T Ammm

"x*‘
L
N

FrFT T g e e e s A AaEEEm

[
a
r
F
[
L ]
n
3

nodkor ko e e d b rrard e rrdde. ey kT
1A L I
LIS P
F]
4
4
4
4

]
L
]
]

[PRETE
A w ok

L0

e T T T T T L N T [

5 LN R A R R R NS LR L L R

r
r
r
c

.
Bk R A AT AR R AAA AT TR AAAAT IR REAAAT LTI ERAAAL LA LA T TR R AA TR Ry

P R R R TR R R R I R R R

) |L|l |I|II| - o JF .l.l |.r |.I|l|.l"-|$ llnl.ﬁl |hl..|.‘||‘ﬂ.‘h.ll - m .Illl.l. |.I.|h|

‘r..r.-..-.l.l.l.r.-..r

e L

-
..._.___._.1-___.-__.#:... . ......_.a1.....:r............,=111..._.....
~ ey .-_-. .-.- —_._ L e A ._..._-.___ h."-._ L
.l.l...l.l.l.l.l.l..l1.......1| ._...l..ru- .F..-..l.r.l.l lln_..l.l.._...l.__..l.li

- - = oy === = m

LA 1 k .
w. T - * _
3 S t_n.u._". m_..w.vh 2" ol
* ey N AT N i s e o P oo e

- = = ——

i
..u_ru.f_.l..r..rr-..... “

H
3l'
L}
L
r
A

1
1
LN W ...nnnl.-lrht_-.!kl_....il.-n
R -
" .-_..-. 1..__.u..._.
1
1
|

>
L
"-"-'-

l\.
.
L
]
L
]
L
L
1
‘
.
1
1
1
]
3
i
1
n
]
'
]
‘

L
.
r

.
wl
L]
3
L
L
1
L
L
1
1
|
1
4
1
1
4
4
[ ]
L]
i E
-
=

'
mu = v TR
L e - SN O

a

‘}x*‘ni;.—ivh‘;fl‘_:i}{ 1

-

e

- -

DEOL) _

,
tEs Y YT

—_——_ T
- mmm B

¥
¥y -
1
Fl

H8¢ O

‘E--'l

0
&

-
5
o

ILILLI......nll.........1...l..-.|.|..1..n.ln.rl.-r
ar

ok i ety g T W A W s A e

K 08

vEe D



(987) ONIONYT

W82 ASVHG LHO TNINGE L

............

1 =
. " S - .
- v A e g . LR
L 1#.11.1.1_-\.-.1._“%.'.-.141“.1\.. 3 L
Lt ]
4 F

ir -
-:.:t:i:’.-:.i.-.ll:r!-_:r.:ll:t-l.-rh.!nirirtl{i‘.&quﬂ
. . r

rrrrrrr

US 2022/0185477 Al

687 A8YHE LHOTH ToNINHT LT3 d

. F -
e -
...-.‘u._l "

r . = '
- . e - W
A W e - LR ?r..nirI._i..t..vi.._.&._.‘-’umiljfir:ft...:_‘fr.._ia.;lf#t!
PR =, B . . -
. +|-||11‘...._.|H_
a4 =

bl
i
3
R
3
E.- —
.
],
i
=
ol
7
b,
3
<y
N
E.--
3

N oonene (1003 S Fasra
CETT N T SYHd LHDIH DN

o ' e i

Y1040 LY

Jun. 16, 2022 Sheet 29 of 32
LN
/

. R by - Mo T oa
. P -y -
¥ * . L L, - LI ]
s & . - Fur b - > a b I F=% ~ A ~ & - - - AW
Ll Ty b A B b @A . il l...ra..l..” !. :1—.....‘.1'“'.:‘ 111111 n“‘....‘l.-..-l...“ll! e it luf.I.‘..".l-.__ Tl i i e ] [ ¥ T r H - j.’
- o T Pl roasa t -
.ﬂ . 4 - . L, o . ¥ . i
. T K p s IR VIR ' " 3
L T . . . ! T LT .I.l..‘ .lml. mikm & .#l. | - n.r.
- I A L u_. . o
...... - e
L) ! -
_,..n_ " |
"
L
]

A _ﬁ_ ey wn b b b bR s A b
LRI Z 0821 A1V LHOIMY INTISNYE L

(£/2) AOdHC

1 . - . a .
L B ! . . 21! i * -
*;Eﬁiiigiiiiiiizgﬁi;Etiiziiit}.ﬂi-}riiiia‘.;}i.‘rt.1r._..1 - ™ ey r "a ' 1 LR i-. ."riq”.;Eiiitiiiii;iiiiii!ii:iii:!fii:t{iiit*lI...#t....i.*Iiiiiit*i}!i*it}iii}ifmtizi*iit:iiizti?itg*;iﬁii
PR a L - R j L
.*. 1... .. - porm === 2 Fr o4 e i e P .|.... o ...1..-.”.‘_.1 e
! a [ A -~ A ”m t. “ 1 ' - = 1 " .
I I aa I . P i .
o7 .u..._..._.........u..L..11l...ll...l.. ; M AT . -..._l..._. . Lt ..En
- . . Semow o ' . 1 = =, - L m = r 1 A ] 4%,
- o . - .. ) i L T LI . PRI N R T K F
. - -~
1#}..[_-.. o ' f * - N ' - it [ ETLETL R __ _#
- .......1..... - W . A vy
: e . tenrrn . ) als
_1 . L ' J-M
- : n .r..i
1

6 i

Patent Application Publication



US 2022/0185477 Al

Jun. 16, 2022 Sheet 30 of 32

Patent Application Publication

—.-..LJ- J.-r
-.u].. ....._.—....__.h.._..._. .__._...n..|1.r ...|L
._-.-.. .rl...,_-f.ml -,.lu.r_,._ .-.....n
__a...k ._._._-....-..-._. r....___“ﬂ.... . t___.. .
&Ny T e
e, R ey, i, T,
P " oy, g
it Py, M- S, T
b i N T, WS
_ v e i ;._.a.mmu.n !
L. " AL A =
“-.. i h o *h 1._}-.._ oy . 5o “ N
’ -, ', Py T & 2w i i
ﬁ Ty - b - ..-.‘*. .-..'“”-:U . n.lui.r ...II.. ﬂ. " |
; “aa, Lo PR N
r ey Y Ty, o o Lo _
¢ *u., L At - ior _
____" . RC P o, “
[ ﬂi Py " qu M ' |
QL ..__._u.rl H__. “ “ r) ” _
£ R Vo |
: SR S
____-._ u.__“ by for “
: P S
r x | I ; ) |
" 1 Vo i i
£ & , o !
K L I r I
: AR R e
: Pt g A
: S {
: X |
thilllJ:Il m [ ] d | -
..Lln. T -~ “ & o | - .__..:_u..._.q_.....l-_._._-_....i...-_. * i o,
- M F A |
._-‘1 l.-l._n ﬁ ¥ d | ) i....,.
¥ .f...___.. “H T _1 n
A s o !
Iy “ £ o v
[ ] 4 f
Y5 u “ W. r o4 e
" t. * .J. d ! i LN
. b i “ ﬁ i | ] A o
._.J. ...--... -I “_u. ] u +-
-__—+ Tea u / “" W “ ’ - iﬂ.
R I ' .
._._._..urr :rr._ m % “ u e
i ; $og k .
+ ..f....—. ‘.}l}t}}r.—f;;t w MY Y A H
:;., v __. A o o . f..__..n.u.ﬂm [
u?..__..__. ..n...lr -.Ih._ “ ”“. “ u ” i “ “
L . ) ] o L) f ]
._..._._.u- T ad “” W L i " u. “ ’
..........\\Hull:..!l% .___. [ ] d T i £ !
. .u..__.lf 'y o ...ll ta, & r o v r 1
L o o | ] r 4 L
3 .“ “ I i ey, W VoA 1 ; o e
J... L vt “ r,., £ o » ' PRy i
i ot A P4 1 i i3 4
", ._.”....- .r..__..-..q > L "_ [ “ F]
By A : g P :
et mmmmm=eAlaaEEa_ ™ G- .....l..__.r W “ “ .1.-..._\| -.l.”.rl.._|1l1...-}ll..ll..il.!..Fu..l....h-.l.WH.l!ltl.:.-.l.l..-l.-.l.l.-..lll.lul.lll|.l.1 ”“ “. “n- .f “
- oy - T .l_T..-. . -, L Tr Ilhulf - . [ 4 .-_.
S B, RS POl e, | L0 {4 “
w _ R Z : e g i MY :
LRl il o T P - u Ly e ) ' ! £
N .“. ._..............:.t.:_.:..,.t..i._-ﬂ.u..ﬂ. rbﬁn..—ﬁ-h-....”ﬂmwﬁfa .._u...u.t...:l.- .__..J.. “.” r..._...__ M “...f_. b ._..ﬂ.r.!.-qm-_..__.lr-.._.lt..lr.._;r.u.:r r "“ p) K u
74 A ) WAk, T A il PRt . &% ' b . 1 '
! e T, Yoy Y S O T ; e Cred % e N W2 ¥ i n “« L *
h....... +n.._| + - .n,.:_. _:. L -__.”_..1.._ r Y L....._. _._.1FH._I H q“ “ F “
......q. ....__.._.- u“ -uhf.“.r.rhim.r..rrrhrrr...mﬂ._r.rh ...._.... rruu.n A ...1\\.. ”._ . % '
Srea. T [ L] ﬂ._. . nr_s .__.Lr..ln...r.........r.L...I.:.rr..r.:t.ll.u.I...n.r .?.-..1 l.n“.u...._ 2ol - !_ ’ .-_.
. .......-....rEF..._.._.........n...i:.:._-\.\.. .-......__. L ..._..._.._._ ............1..,...-..._.._ 4_. L) ._“_n
........j...|1..1| ) L .-1_. ...l.|1| |__..II|....|.._..-- i LI .-1.-.1.I|.._......I.1....!1...-...I...._.__... 1 ) i
e R R L Sdinialy 2 2L o , ' . X
; \ mE T g \ F { o
7 {yoe0l) g R VOeoL) % iy
o - ) F H“ 1 7 H_ b |
" b N i | d - a * i F
. - -..._..... i..”fhlih!h“bbh.rbbb.ﬂuﬂu.hlrnh%\ ) .._....u_ F A ”.“ 4 r
A PR e ., "t 4 - i f
4 .. - .._._......___. |.r....__.|. “.-. ”_ “
X .-#.....r-.. rq‘........-.l.-..l.:._.}..i...._-. l“_..i.}..lr.-.utl...r.k-.lllrn...r.nrltl.l.-IIT.Ti..-..__.__.i.tl..U__. ‘_.I.r.r.?... .ﬁ.uu. ._.._. .—_..__._-. "“ “
pL T : - e F g 1 :
hﬁw111\|1 Hﬁtl [ ] F 1 & . J:r n !
LT Y et n 1 -mn LY e . ¥
. ~ . £ N | ' et P 3§ :
; : 1] B v Hh N4 ;. y , ! ‘
._.._.._. -~ iy .f...u_. " .ua iﬂi‘“. 1, . ] __._...r "
L 1 f‘ 1 ﬁ & !
P x T - []
- * e “ i r e - o .wwmw P
- T, £ Fo g A
& p i N & . * T
r “ r .- W H M . ] H i
1“ Pl iy ol k i -~
- \ . !
R . .
LFY __..v.. 1.-...“__1_&\.. i F) . M
5 ﬁ* L . ] ﬁm“r_ sl
: o r ile-h‘“h“ll ] o . ﬁWﬁ”w“ﬁ

- ——— ———— ——— ——————— i —— —— — — — —— — —

H0¢ Ol

Ax gy

TP PRI M Y VRN YY RIS MRAY VRIS RANE VR YR P R NE Y
I,-l.'ﬁ.Jl.'b,I.ﬁ.h'ql.I.h-l.'l.l.ﬁ.h‘,I.I.h‘llhﬁllhh",llhtllﬁ.h",l‘hﬂ

G

o
Cus?
L

sln_uin rin s whisie sle J

. . .
- O a
———— N -I.l-..l.l..l.1.1||||.r.r.-..rl.l.!-ﬂ.\l.l.lwll-l-l.l.l-l-l.l-i!l.l-l-lli..lu‘n“nh“hI u d .J...i.—.un
l.—.l.ll...‘. . » -y a
b N
L N P VU TR g ) FEXFREHFEEFFY AR RS E ¥R, o
llrl -
- -

T e e T T

nﬁhﬂ”tta:a

= .‘._Jlr i =
| L 1 . .1\-..
JNGI. O 3 e .__.r..._.___...._._.....-w““-{)_____..t....“n._l..lw.iw.tul.l:ﬂ.l.trl:..ﬁiwt:ltl..lfﬂtu ELl .i..._._.__...l._.h..-..\_..
ﬂ\. - it a R -
[

a3 A A
AT T e P L T e o i g EELJF&.—.:HI..
4
__. -

||||| AT -
H.I\InulEnlr.‘..I.nI.ll.lll\.-.-‘.ll.ll.lllllllll.ll +
L]

- sl P o
o AT o 1 i
n - = o aroar Tt o Py e  pempag - ﬂn]n!:h.:..-!n!-:...ﬂtu:!ﬂu.-i-.\taﬁ-l-ﬁ\pil

- -3
A,y A —m—

._‘._.ll.-..-._-

O oAk amasamom o as o o o amoaw ale

SIS

i
-
Hu_.-.L.l..i -
.«u-t..-t._—.....t..tit...a.#i.._i...__ et _HT LA _.._.__..._1._._....1.-
F

— _l.-ln-.l..”-.l.l TR

' PR s . e
-,

-
L]
]

R N N N I N A A R R A R Y

Aok Eh oL ok ok ok o ok ok Bl ok ok ook ok ok kAo ok ok B ok ok ok Lok ok B ok ok R ok ok okl ook ok Rk ok bRk ok ok bohok ok Rk ok

R R R R

1 +a

r v L.
l.__ﬂl .rf ﬁﬁ-\_-._i..ll

N R A i AR, .._.___‘_w.u_

..i....n.__..___..._ﬂ....t...h.._..._.._.._....t.._l.- )

. - 1
._4.._..Tr..........r...i.r..1..T.r.rl..

-
—

r ot . L R ML
pF 2T P
L .‘.L
o Y
_E..___..-.

£

s

(TP T L PR

[
B e B e e

o
i
et . A e e g T _._h_"__........_...h#..t.

_l.‘l.l!l!.!ll.!hﬂili..l!ll.H_I.

[ ot ol ol B
i g e et == = WA ey,

-
JAERE v “%M
.

L B ST :el.i.aa..__iq-el.iaiejﬁt.{..qi.
-

- [
Bt T i B
L T |.:“i"t.l.....r}i I.t.t.-.ﬁﬂ.ﬂ.t.lni..:..:. L T 1-.:..1.
L

R i N R

Wr T e e BByl o B W Ly o 20 et 2 e 1 e A R

___.-.#..n -y -+ 4=
AE R A

rFrrF ryraEas=x -.
r

vl

%-l”.‘u- u ll.l.i.llll.}.l!.l‘l‘l.l‘l‘l‘l‘..‘l‘l‘l‘lq‘l‘l‘l‘-‘l‘l‘.‘..‘l L I S R A
1. .._...H ﬂ T T TSR S adea
- L

-
N | o M..ftiztlliiirll.?\.ﬁ\\..\\\.i et t a m g s o e S -yl
M&_w &%t”i\il.. ...._._....T.t._..._..!..._..._._._..t..._,..._.._:.:-rtl.qtar!.._.if:t..#ni*..f-#l.f} bR A e dF AT g
. ki)
-

B 3701 A0c0

e
o T e NN MR E i o e R R

e .,__‘
[]
YOLOL

............-,..-......l.r.ll.!.il.lllu

......:_:n....__:.t
p BT TR Y W T KN E K N o sk oy shosh o ooy my e ok AN
F

.lrll.l [ - o T

f@ﬁmmﬁw " Qéww

VOE S



US 2022/0185477 Al

Jun. 16, 2022 Sheet 31 of 32

Patent Application Publication

AR
HIAITZOSNYML
ANV

(G0LE)
AOH T
ASYHOLS

(S0LE) (Z0LE) - {PEEE) TINCON

OPIRY

A0V A LN O AV 2085400da - NOLLYSIAYN

iiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

8ZLE)

AALANIL Y

(921€) W3 13N
-OLANSV

VAR
HATIOHINGD

)

(911

MITIAITTN Q0
HOLOWOANIS HRAISISE S

.
D
s
o

s

A
g

M
e
m.'- b

S LOAS NOUWVOIAYN UNV 06 INOD THD A

& S



iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii R R A e T e i i i i B e T I R B e T R S T T o i B R e i S S e e T R B i e e i R e A i R R I R e R ]
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 T
- L]
- i
- o
- L] at
- R TN R LI P L FLEC L L B L L L L G D R GG L LR R ORI R LFLE L LR D LF R BLF RE BE TR PLE FUR FLE U FUR LN U L LR L U L LR L R LG BLE LR B S LS LR LT GRR LE D R R R R LEF R BE R B R P R RN LSRR LR R B G B S GIRLE U B G BT R WL R URLE R LK R LF BRI R LN LR LN FL U R LN R S N L L L L L R TG B LG L L L G UL L JUEF R L FLE BUF R EUF R LR LR U R P L LU N LR L N R L L B L DY L B LR RLE LR LT L LRLE L JRLE D L
LI
- L
T/
o4 d + L]
R
- -
L]
L]

* H m (7GZ5)
(£77¢) (727¢) N
AHOWEN g Y 248 u

AOVHOLE 425

(ShZE)
AG NN
IOVHOLS 44y

US 2022/0185477 Al

(rp7e)
A M

A 32%&&

SHOSN
490 =

70 “ .
: heze) w u 30NV
NZEAN, 438 m ‘.

(5228 | m (1yZE)
wwﬂarﬁzou | | dTONINOO |
. e | . | HOLIOWOAMTIR [
MOLONOANTS || :

(Gzeeh&diam | . Elale
OLINOYN dug T -

(EYZE)

HOHSH00ES

e, Al X
~ LilE :

s

(922¢) 3LNS
HOSNAS S

Jun. 16, 2022 Sheet 32 of 32

(A2
OV ANE |
Off Al “

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

V7
SOV A NI
Ol 2

(6FZe) 3INCONW
PR el NOLYOIAYN

mowmmw

M K
5 ¢ -~
H._. rr ciwdl ¥
ol i 4
. h”ﬁ e
“.__ _..“.._ u
w Ve o
. e
. ] ! -,
s
: ;
._.“ “ J..I. T T T .Ff catam .'f = e
“._.n ﬂiﬂﬂiﬁﬂﬂaaaﬂaﬂﬂﬂﬁuﬂuﬁuﬂuﬂiﬂaaaﬂnﬂﬁiiﬂﬂﬂiﬁaaﬂaaﬁﬂ.-_‘HHHHHH‘H‘H[HHH!‘Hllu!!nq I AL K N PO KA K R S FAC DN i I DG O DGF S CE ST Y S IO R AR AR A FER S0 N0 I TOR IR T TGN T OGNS KO S KA T EAC TG KRG TG DG T FNG TG OO ST DT R N YRR TR MG Ak NGE TER JEN RN FGR T0N 10 WO I e B 49K K O O TG O TG BN T TG S DT TR DI TR SRR IO R R KR 60 0E 2ER et o Mok W IR
._.H... * i
Fl
-
'
3 ;

m (0228 W W (0528}
: JAY e 3ONTHIHIN AMYNOLLYLS m : Y HA SONAHAd3 ARV IO

'-'.:-

Hifed

¢& O

Patent Application Publication



US 2022/0185477 Al

AUTOROTATING PAYLOAD DELIVERY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 63/126,345 filed on Dec.
16, 2020, wherein the disclosure of the application listed
above 1s 1ncorporated herein by reference in its entirety.

BACKGROUND

[0002] The embodiments disclosed herein are directed
toward air drop devices configured to be deployed from an
aircraft with the purpose of safely delivering an attached
payload to a predetermined target destination either on land,
water or a structure on either land or water.

[0003] An unpowered pararotor assembly mounted on top
of an air drop device 1s provided 1n at least two configura-
tions disclosed herein. First, a pitch-link type rotor assembly
may include a swashplate for collective pitch control of the
rotor blades and cyclic pitch control of the rotors. A second
type of a “swashplate-less” configuration may include
greater control of collective and cyclic pitch of the rotor
blades of a rotor assembly by directly controlling the rotor
blades by servomotor actuators.

[0004] The pararotor 1s a biology-nspired decelerator
device based on the autorotation of a rotary wing, whose
main purpose 1s to guide a load descent into a certain
planetary atmosphere. The pararotor 1s a device like an
unpowered helicopter rotor that spins 1 an autorotation
configuration when the attached payload 1s descending
through an airstream 1mpinging upon the pararotor. A drag
force 1n the direction of the incident airstream ftlow 1is
generated over the autorotating rotor, where the drag exerted
over the rotor 1s greater i1f the rotor 1s spinning in an
autorotating configuration. Thus, the rotational motion of the
pararotor assembly 1s eflective to slow down or exert a
downwardly directed thrust vector relative to a falling body
or payload in the airstream and also stabilize the payload’s
trajectory.

BRIEF SUMMARY

[0005] It should be appreciated that this Summary 1is
provided to introduce a selection of concepts in a simplified
form that are further described below 1n the Detailed
Description. This Summary 1s not intended to be used to
limit the scope of the claimed subject matter.

[0006] In one embodiment disclosed herein, a payload
delivery device 1s configured to deliver an aircrait deployed
payload along a payload flight path to a predetermined
landing destination and include a support member config-
ured to be removably attached to the payload, a flight control
and navigation system module connected to the support
member, a control surface assembly module including a
plurality of control surfaces, the control surface assembly
module connected to the support member and 1n communi-
cation with the flight control and navigation module to
receive commands to control orientation of the plurality of
control surfaces while the payload 1s travelling along the
payload flight path to the predetermined landing destination,
a rotor assembly including a plurality of rotor blades having
a central axis of rotation, and a collective control assembly
module including at least one collective servomotor, the
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collective control assembly module connected between the
support member and the rotor assembly and 1n communi-
cation with the flight control and navigation module con-
figured to control a plurality of control linkages connected to
the plurality of rotor blades.

[0007] In another embodiment disclosed herein, a payload
delivery device 1s configured to deliver an aircrait deployed
payload along a payload flight path to a predetermined
landing destination and include a support member config-
ured to be removably attached to the payload, a tlight control
and navigation system module connected to the support
member, a control surface assembly module including a
plurality of control surfaces, the control surface assembly
module connected to the support member and 1n communi-
cation with the flight control and navigation module to
receive commands to control orientation of the plurality of
control surfaces while the payload 1s travelling along the
payload flight path to the predetermined landing destination,
a gimbal assembly module including a plurality of gimbal
servomotors, the gimbal assembly module connected to and
configured to move relative to the support member and 1n
communication with the flight control and navigation mod-
ule to recetve commands to control axial rotation of the
gimbal assembly module with respect to the support mem-
ber, a rotor assembly including a plurality of rotor blades
having a central axis of rotation, and a collective control
assembly module including at least one collective servomo-
tor, the collective control assembly module connected
between the gimbal assembly module and the rotor assembly
and in communication with the flight control and navigation
module configured to control a plurality of control linkages
connected to the plurality of rotor blades.

[0008] In another embodiment disclosed herein, a payload
delivery device configured to deliver an aircrait deployed
payload along a payload flight path to a predetermined
landing destination and include a support member config-
ured to be removably attached to the payload, a tlight control
and navigation system module, a control surface assembly
module including a plurality of control surfaces, the control
surface assembly module connected to the support member
and 1n communication with the flight control and navigation
module to receive control surface commands to control
orientation of the plurality of control surfaces, a rotation
bearing assembly connected to the support member, and a
rotor assembly including a plurality of rotor blades having a
central axis of rotation and a plurality of rotor servomotors,
the rotor assembly connected to the rotation bearing assem-
bly and 1n communication with the flight control and navi-
gation module to recerve rotor rotation commands to control
angular rotation of each of the plurality of rotor blades via
co-planar aligned blade rotation shaits of each of the plu-
rality of rotor blades, the co-planar aligned drive shafts
comncident with a plane of rotation of the rotor assembly
about the central axis of rotation.

[0009] In another embodiment disclosed herein, a method
of assembling a delivery payload assembly configured to be
deployed from an aircraft and travel along a payload flight
path to a predetermined landing destination includes pro-
viding a payload configured to be delivered from the aircraft
to the predetermined landing destination, attaching a tail-kat
assembly to a first end of the payload thereby defining the
delivery payload assembly, the tail-kit assembly including a
rotor blade assembly including a plurality of rotor blades
having a central axis of rotation proximate the first end of the
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payload, and a flight control and navigation system config-
ured to control a collective pitch angle of each of the
plurality of rotor blades of the rotor blade assembly, control
an axial thrust force of the rotor blade assembly, the axial
thrust force being at an angle with respect to the central axis
of rotation of the rotor blade assembly, and navigate the
delivery payload assembly along the payload flight path to
the predetermined landing destination. The method further
includes removing the tail-kit assembly from the payload
after the payload 1s delivered to the predetermined landing
destination, wherein the flight control and navigation system
1s further configured to induce and control an autorotation
motion of rotor blade assembly during a portion of the
payload tlight path of the delivery payload assembly from
the aircraft to the predetermined landing destination, and
produce and control a vertical thrust force by the rotor blade
assembly during an end portion of the payload tlight path of
the delivery payload assembly from the aircrait to the
predetermined landing destination.

[0010] In another embodiment disclosed herein, a method
of delivering a payload to be deployed from an aircraft along
a payload tlight path to a predetermined landing destination
includes attaching a tail-kit assembly to a first end of the
payload thereby defining a delivery payload assembly, pro-
gramming geographic coordinates of the predetermined
landing destination into a flight control and navigation
system 1n the tail-kit assembly, ejecting the delivery payload
assembly from the aircraft, navigating, via the tlight control
and navigation system, the delivery payload assembly along
a payload flight path configured to terminate at the prede-
termined landing destination, controlling, via the flight con-
trol and navigation system, an autorotation motion of a rotor
blade assembly of the tail-kit assembly to enter a steady-
state thght phase having a substantially constant first down-
ward velocity, controlling, via the flight control and navi-
gation system, the rotor blade assembly of the tail-kit
assembly to enter a terminal flight phase before the prede-
termined landing destination, wherein the terminal tlight
phase has a second downward velocity less than the first
downward velocity, wherein flight control and navigation
system controls rotation of a leading-edge of each of the
plurality of rotor blades of the rotor blade assembly 1n a
positive direction to generate a vertical thrust force based on
a moment of inertia of the rotor blade assembly in the
autorotation motion, and removing the tail-kit assembly
from the payload after the delivery payload assembly arrives
at the predetermined landing destination, wherein the
removed tail-kit assembly 1s configured to be attached to a
second payload for delivery by an air vehicle to another
predetermined landing destination.

[0011] In another embodiment disclosed herein, a method
of delivering a pavload to be deployed from an aircraft along
a payload tlight path to a predetermined landing destination
includes attaching a tail-kit assembly to a first end of the
payload thereby defining a delivery payload assembly, pro-
gramming geographic coordinates of the predetermined
landing destination into a flight control and navigation
system 1n the tail-kit assembly, ejecting the delivery payload
assembly from the aircraft, controlling, via the flight control
and navigation system, a leading-edge of each rotor blade of
a rotor blade assembly attached to the tail-kit assembly into
a substantially downward disposed orientation, navigating,
via the flight control and navigation system, the delivery
payload assembly along a payload flight path terminating at
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the predetermined landing destination, inducing, via the
tlight control and navigation system, an autorotation motion
of the rotor blade assembly by rotating the leading-edge of
cach rotor blade of the rotor blade assembly toward a plane
of rotation of the rotor blade assembly, generating, via the
flight control and navigation system, a vertical thrust force
on the delivery payload assembly by rotating the leading-
edge of each rotor blade of the rotor blade assembly above
the plane of rotation of the rotor blade assembly, wherein the
vertical thrust force 1s supplied by a moment of inertia of the
rotor blade assembly 1n the autorotation motion before the
predetermined landing destination, and removing the tail-kat
assembly from the delivery payload assembly after the
delivery payload assembly arrives at the predetermined
landing destination, wherein the removed tail-kit assembly
1s configured to be attached to a second payload for delivery
by an air vehicle to a second predetermined landing desti-
nation.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0012] The embodiments presented herein will be better
understood from the following detailed description with
reference to the drawings, which are not necessarily drawing
to scale and 1n which:

[0013] FIG. 1 illustrates a top perspective view of a first
embodiment of a pitch link type air drop device;

[0014] FIG. 2A 1illustrates a top perspective view of a
payload retained within the pitch link type air drop device of
FIG. 1;

[0015] FIG. 2B illustrates a top perspective view of an

enclosure surrounding the payload of FIG. 2A retained
withing the pitch link type air drop device of FIG. 1;
[0016] FIG. 3A 1illustrates a top perspective view of a
stabilizer sub-assembly mounted on top of the enclosure of
FIG. 2B of the pitch link type air drop device of FIG. 1;
[0017] FIG. 3B illustrates a top perspective view of a
stabilizer assembly mounted on top of the enclosure of FIG.
2B of the pitch link type air drop device of FIG. 1;

[0018] FIG. 4A illustrates a top perspective view of a
control system mounting plate mounted on top of the
stabilizer assembly of FIG. 3B of the pitch link type air drop
device of FIG. 1;

[0019] FIG. 4B illustrates a top perspective view of a pitch
link actuator sub-assembly mounted on top of the control
system mounting plate of FIG. 4A of the pitch link type air
drop device of FIG. 1;

[0020] FIG. SAillustrates a top perspective view of a pitch
link assembly connected to the pitch link actuator sub-
assembly of FIG. 4B of the pitch link type air drop device
of FIG. 1;

[0021] FIG. 5B illustrates a top perspective view of a pitch
link-controlled rotor assembly connected to the pitch link
assembly of FIG. 5A of the pitch link type air drop device
of FIG. 1;

[0022] FIG. 6A 1llustrates a bottom perspective view of a
stored and an mitial deployment configuration of the pitch
link type air drop device of FIG. 1;

[0023] FIG. 6B illustrates a bottom perspective view of a

rotor deployment configuration of the pitch link type air
drop device of FIG. 1;

[0024] FIG. 6C illustrates a bottom perspective view of a
tully rotor deployed configuration of the pitch link type air
drop device of FIG. 1;
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[0025] FIG. 7TAllustrates a front view of stabilizer control
surfaces 1 a {first position of the pitch link type air drop

device of FIG. 1;

[0026] FIG. 7B illustrates a bottom perspective view of
the stabilizer control surfaces in the first position of FIG. 7A
of the pitch link type air drop device of FIG. 1;

[0027] FIG. 7C 1illustrates a front view of the stabilizer
control surfaces 1n a second opposite position of the pitch

link type air drop device of FIG. 1;

[0028] FIG. 7D illustrates a bottom perspective view of
the stabilizer control surfaces 1n the second opposite position
of FIG. 7C of the pitch link type air drop device of FIG. 1;

[0029] FIG. 8 illustrates a top perspective view of a second
alternative embodiment of a pitch link type air drop device
of FIGS. 1-7D including a rotor dampening system;

[0030] FIG. 9A 1illustrates a front view of the second
alternative embodiment the pitch link type air drop device of
FIG. 8 1n an undampened state;

[0031] FIG. 9B 1illustrates a front view of the second
alternative embodiment the pitch link type air drop device of
FIG. 8 1n a dampening state;

[0032] FIG. 10 1llustrates an air drop method of deploying
the pitch link type air drop device of FIG. 1;

[0033] FIG. 11 illustrates a schematic diagram of a system

of communication of the pitch link type air drop device of
FIG. 1;

[0034] FIG. 12 illustrates a top perspective view of a first
embodiment of a co-planar rotor control type air drop
device;

[0035] FIG. 13A 1illustrates a top perspective view of a

payload, enclosure, stabilizer assembly, (similar to FIG. 3),

and a gimbal surface of the co-planar rotor control type air
drop device of FIG. 12;

[0036] FIG. 13B illustrates a top perspective view of an
actuated gimbal controller mounted on the gimbal surface of
FIG. 13 A of the co-planar rotor control type air drop device

of FIG. 12

[0037] FIG. 13C 1illustrates a top perspective view of a
gimbal rotor connector mounted on the gimbal actuated
gimbal controller of FIG. 13B of the co-planar rotor control
type air drop device of FIG. 12;

[0038] FIG. 14A 1illustrates a top perspective view of a
rotor pitch control actuator sub-assembly mounted on the
gimbal rotor connector of FIG. 13C of the co-planar rotor
control type air drop device of FIG. 12;

[0039] FIG. 14B illustrates a top perspective view of a
rotor sub-assembly covering and supporting the rotor pitch
control actuator sub-assembly of FIG. 14 A of the co-planar
rotor control type air drop device of FIG. 12;

[0040] FIG. 15A illustrates a front view of a rotor having
a neutral/null angle mounted on the rotor sub-assembly of

FIG. 14B of the co-planar rotor control type air drop device
of FIG. 12

[0041] FIG. 15B 1illustrates a front view of the rotor of

FIG. 15A having a 90-degree negative angle mounted on the
rotor sub-assembly of FIG. 14B of the co-planar rotor
control type air drop device of FIG. 12;

[0042] FIG. 15C illustrates a front view of the rotor of

FIG. 15A having a slight negative angle mounted on the
rotor sub-assembly of FIG. 14B of the co-planar rotor
control type air drop device of FIG. 12;
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[0043] FIG. 15D illustrates a front view of the rotor of
FIG. 15A having a slight positive angle mounted on the rotor
sub-assembly of FIG. 14B of the co-planar rotor control type
air drop device of FIG. 12;

[0044] FIG. 16 illustrates a top perspective view of a
second alternative embodiment having no gimbal assembly
components being similar to the co-planar rotor control type
air drop device of FIG. 12;

[0045] FIG. 17 illustrates a top perspective view of a third
alternative embodiment having dual counter-rotating rotor
assemblies mounted on a gimbal assembly being similar to
the co-planar rotor control type air drop device of FIG. 12;
[0046] FIG. 18A illustrates a front view of the third
alternative embodiment co-planar rotor control type air drop
device of FIG. 17;

[0047] FIG. 18B illustrates a top perspective view of the
third alternative embodiment co-planar rotor control type air
drop device of FIG. 17;

[0048] FIG. 19 illustrates a top perspective view of a
fourth alternative embodiment having a four-blade rotor
assembly mounted on a gimbal assembly being similar to the
co-planar rotor control type air drop device of FIG. 12;
[0049] FIG. 20A 1llustrates a top perspective view of the
fourth alternative embodiment having dual rotor rotational
control actuators of the co-planar rotor control type air drop
device of FIG. 19;

[0050] FIG. 20B illustrates a top perspective view of the
fourth alternative embodiment having a rotor sub-assembly
covering and supporting the dual rotor rotational control
actuators of the co-planar rotor control type air drop device
of FIG. 19;

[0051] FIG. 21 illustrates a top perspective view of the
fourth alternative embodiment having folding rotor blades
illustrating a stowed, partially deployed and tully deployed
states of the co-planar rotor control type air drop device of
FIG. 19;

[0052] FIG. 22A 1llustrates a front view of a rotor having
a neutral/null angle mounted on the rotor sub-assembly of
FIG. 20B of the co-planar rotor control type air drop device
of FIG. 19;

[0053] FIG. 22B illustrates a front view of the rotor of
FIG. 15A having a 90-degree negative angle mounted on the
rotor sub-assembly of FIG. 20B of the co-planar rotor
control type air drop device of FIG. 19;

[0054] FIG. 22C 1illustrates a front view of the rotor of
FIG. 15A having a slight negative angle mounted on the
rotor sub-assembly of FIG. 20B of the co-planar rotor
control type air drop device of FIG. 19;

[0055] FIG. 22D illustrates a front view of the rotor of
FIG. 15A having a slight positive angle mounted on the rotor
sub-assembly of F1G. 20B of the co-planar rotor control type
air drop device of FIG. 19;

[0056] FIG. 23 illustrates a top perspective view of a fifth
alternative embodiment having a four-blade rotor assembly
mounted without a gimbal assembly being similar to the
co-planar rotor control type air drop device of FIG. 19;

[0057] FIG. 24 1llustrates two air drop methods of deploy-
ing the co-planar rotor control type air drop device of FIGS.
12-23;

[0058] FIG. 25A 1llustrates a front view of a sixth alter-

native embodiment having dual counter-rotating four-blade
rotor assemblies mounted on a gimbal assembly being
similar to the co-planar rotor control type air drop device of

FIG. 19;
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[0059] FIG. 235B illustrates a top perspective view of the
dual counter-rotating four-blade rotor assemblies of FIG.
25 A of the co-planar rotor control type air drop device of
FIG. 19;

[0060] FIG. 26A 1llustrates a front view of a seventh
alternative embodiment having dual counter-rotating four-
blade rotor assemblies with no gimbal assembly being
similar to the co-planar rotor control type air drop device of
FIGS. 18A-18B;

[0061] FIG. 26B illustrates a top perspective view of the
dual counter-rotating four-blade rotor assemblies of FIG.
25 A of the co-planar rotor control type air drop device of
FIG. 19;

[0062] FIG. 27A illustrates a top perspective view of an
cighth alternative embodiment having no stabilizer assem-
bly attached to an enclosure with a payload of a co-planar
rotor control type air drop device;

[0063] FIG. 27B illustrates a top perspective view of the
cighth alternative embodiment of FIG. 27A having indepen-
dently controlled rotors of a quad rotor assembly of a
co-planar rotor control type air drop device;

[0064] FIG. 27C illustrates a top perspective view of the
eighth alternative embodiment having a cover over the flight
control portion of the co-planar rotor control type air drop
device of FIG. 27B;

[0065] FIG. 28A illustrates a front view of a rotor having
a neutral/null angle mounted on the rotor assembly of FIGS.
27B-27C of the co-planar rotor control type air drop device
of FIG. 27B;

[0066] FIG. 28B illustrates a front view of the rotor of
FIGS. 27B-27C having a 90-degree negative angle mounted
on the rotor assembly of FIGS. 27B-27C of the co-planar
rotor control type air drop device of FIG. 27B;

[0067] FIG. 28C 1illustrates a front view of the rotor of
FIGS. 27B-27C having a slight negative angle mounted on
the rotor assembly of FIGS. 27B-27C of the co-planar rotor
control type air drop device of FIG. 27B;

[0068] FIG. 28D 1llustrates a front view of the rotor of
FIGS. 27B-27C having a slight positive angle mounted on
the rotor assembly of FIGS. 27B-27C of the co-planar rotor
control type air drop device of FIG. 27B;

[0069] FIG. 29 illustrates an air drop methods of deploy-
ing the co-planar rotor control type air drop device of FIGS.
27B-28D;

[0070] FIG. 30A illustrates a front view of a ninth alter-
native embodiment having dual counter-rotating four-blade
rotor assemblies similar to the co-planar rotor control type
air drop device of FIGS. 27B-28D;

[0071] FIG. 30B illustrates a top perspective view of the
ninth alternative embodiment having dual counter-rotating,
four-blade rotor assemblies similar to the co-planar rotor
control type air drop device of FIGS. 27B-28D;

[0072] FIG. 31 illustrates a schematic diagram of a flight
control and navigation system for the air drop devices of
FIGS. 1-30B; and

[0073] FIG. 32 illustrates a schematic diagram of a refer-
ence frame comparison between a rotary and a stationary
reference frame for the air drop devices of FIGS. 1-30B.

DETAILED DESCRIPTION

[0074] FIGS. 1-7D illustrate a first embodiment of a pitch
link type air drop device 100.

[0075] FIG. 1 1llustrates a top perspective view of the first
embodiment of a pitch link type air drop device 100, and
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FIGS. 2A-5B illustrate a series of assembly views of the first
embodiment of the pitch link type air drop device 100.
[0076] FIG. 2A illustrates a top perspective view of a
payload retained within the pitch link type air drop device
100 of FIG. 1 illustrating a package or payload 110 having
a length, width and depth where the shape of the payload 110
may be a rectangular cube shape having a central longitu-
dinal axis therethrough defining a top portion 112 and a
bottom portion 114. The payload 110 may comprise any
other shape that may be aerodynamically stable during a
downward trajectory in an atmosphere after being deployed
from an aircrafit.

[0077] FIG. 2B illustrates a top perspective view of an
enclosure defining a containerized payload assembly 120
surrounding the payload 110 of FIG. 2 A retained withing the
pitch link type air drop device 100 of FIG. 1. The contain-
erized payload assembly 120 may include a reinforced base
122 proximate the bottom portion 114 of the payload 110, a
plurality of intermediate side panels 124 that surround the
exterior sides of the payload 110, and reinforced corner
members 126 projecting from reinforced base 122 to the top
portion 112 of the payload 110.

[0078] FIG. 3A illustrates a top perspective view of the
containerized payload assembly 120 and a stabilizer assem-
bly 130 mounted on top of the payload 110 of FIG. 2B of the
pitch link type air drop device 100 of FIG. 1. The contain-
erized payload assembly 120 further includes a plurality of
exterior panels 128 that overlap each side of the payload 110
and cover the plurality of intermediate side panels 124
surrounding the exterior sides of the payload 110 and the
reinforced corner members 126.

[0079] A flight stabilizer assembly 130 1s mounted on the
top portion 112 of the payload 110 and may include a
stabilizer base 132 held 1n place on the top portion 112 of the
payload 110 by an attachment mechamism 134, here illus-
trated as a set of removeable straps or ties surrounding the
stabilizer base 132, two opposite sides of the payload 110
and the reinforced base 122.

[0080] FIG. 3B 1illustrates a top perspective view of a
stabilizer assembly 130 mounted on top of the containerized
payload assembly 120 of FIG. 2B of the pitch link type air
drop device 100 of FIG. 1. The tlight stabilizer assembly 130
may further include and fixedly retain a plurality of stabi-
lizer control surface servomotors 136 connected to respec-
tive rotational drive shaits to control surfaces 138 projecting
outwardly from the stabilizer base 132.

[0081] FIG. 4A1llustrates a top perspective view of a pitch
link control base 142 of a pitch link control assembly 140
mounted on top of the stabilizer assembly 130 of FIG. 3B of
the pitch link type air drop device 100 of FIG. 1. The pitch
link control assembly 140 includes the pitch link control
base 142 designed to support the electronic controls of the
pitch link control assembly 140 and a later discussed rotor
assembly 150.

[0082] FIG. 4B illustrates a top perspective view of a pitch
link control assembly 140 mounted on top of the pitch link
control base 142 of FIG. 4A of the pitch link type air drop
device 100 of FIG. 1, where the pitch link control base 142
supports a plurality of pitch link control servomotors 144
configured to mput a collective pitch control and a cyclic
pitch control to a rotor assembly 150, (later discussed).

[0083] FIG. 5Aillustrates a top perspective view of a pitch
link control assembly 140 connected to the pitch link control
base 142 of FIG. 4B of the pitch link type air drop device
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100 of FIG. 1 where pitch link controls 146 corresponding
to each of the plurality of pitch link control servomotors 144,
respectively connect to a swashplate 148 for controlling the
collective pitch control and cyclic pitch control for a rotor
assembly 150.

[0084] FIG. 5B illustrates a top perspective view of a pitch
link-controlled rotor assembly 150 connected to the pitch
link assembly 140 of FIG. 5A of the pitch link type air drop
device 100 of FIG. 1. The rotor assembly 150 includes a
plurality of rotor blades 152 connected to the swashplate 148
by corresponding pitch link controls 146 to control the
collective pitch and cyclic pitch for each of the rotor blades
152 of the rotor assembly 150. FI1G. 1 illustrates a rotor blade
rotational axis 153 of a representative rotor blade 152 of the
rotor assembly 150 denoting the axis of rotation about which
the rotor blade 152 rotates under control of the swashplate

148 of the pitch link assembly 140.

[0085] FIGS. 6A-6C 1illustrate a rotor deployment
sequence from an 1nitial stowed rotor configuration to a fully
deployed rotor configuration. FIG. 6A 1llustrates a bottom
perspective view ol a stowed and an mitial deployment
configuration of the pitch link type air drop device 100 of
FIG. 1. In this stowed configuration, the pitch link air drop
device 100 has each rotor blade 152 folded about a rotor
blade folding joint 154 configured to bring the folded rotor
blade 152 proximate to the outer edges of the containerized
payload assembly 120 surrounding the payload 110. In this
stowed configuration, the pitch link air drop device 100 may
be moved mto an aircrait and stored with other similarly
configured air drop devices the minimize the volumetric
space taken by the air drop devices particularly when a
number of the air drop devices need to be stored 1n and
transported for deployment from an aircrait. FIG. 6 A further
illustrates a folded rotor blade axis 156 denoting the con-
figuration of the rotor blade 152 proximate to the contain-
erized payload assembly 120.

[0086] FIG. 6B illustrates a bottom perspective view of a
rotor deployment configuration of the pitch link type air
drop device 100 of FIG. 1 1n a subsequence sequence to FIG.
6 A where the rotor blades 152 are disposed 1n an nterme-
diate configuration along an intermediate rotor blade axis
158 rotated an intermediate angle of rotation 159 from the
stowed folded rotor blade axis 156. In this intermediate
configuration, the pitch link air drop device 100 may have
been deployed from the aircrait and oriented 1n a downward
disposition of an air drop payload flight path to a predeter-
mined target destination and a force (F) of airtflow upon the
pitch link type air drop device 100 may begin acting upon
cach of the rotor blades 152 to rotate them into a fully
deployed configuration. An alternative configuration may
include a timing or trigger device that allows the rotor blades
152 to begin opening after a particular time from the nitial
aircrait deployment or a trigger condition, for example, a
detected altitude or GPS coordinate location, while on the
tlightpath to the predetermined destination.

[0087] FIG. 6C illustrates a bottom perspective view of a
tully rotor deployed configuration of the pitch link type air
drop device 100 of FIG. 1 where the rotor blades 152 are
rotated into a fully deployed configuration about a fully
deployed rotor blade axis 160 about a fully deployed angle
of rotation 161. The rotation may take place due to a force
of wind F while the pitch link type air drop device 100 1s
traveling along a thghtpath to the predetermined target
destination. After deployment of the rotor blades 152 to the
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tully deployed configuration, the pitch link control assembly
140 may control the rotation of the rotor blades 152 for
collective pitch control and/or cyclic pitch control purposes
to cause the rotor blades to begin and maintain autorotation
in a rotational direction R for the purposes of navigation and
descent speed control of the pitch link type air drop device
100.

[0088] While the rotor blades 152 may be efliciently
packed and safely stowed alongside the containerized pay-
load assembly 120 before deployment from an aircrait, a
secondary system such as a tether or independent servomo-
tor may release the rotor blades 152 from the 1nmitial stowed
rotor blade condition as illustrated 1n FIG. 6 A. Once the
rotor blades 152 are freed from their initial stowed position,
the force (F) of airflow moving over the rotor blades 152
may rotate them into to an operational plane of rotation
comncident with the fully deployed rotor blade axis 160 of
FIG. 6C. In the alternative, springs, linkages, servomotors,
centripetal force or similar actuators may aid rotating the
blades into the operational plane of rotation.

[0089] Once the rotor blades 152 are rotated into an
operational plane of rotation, as in FIG. 6C, a one-way
locking mechanism, may lock the rotor blades 152 to
prevent further rotor blade movement during the tlightpath.
An exemplary locking mechanism may consist of spring-
loaded pins where a blade grip of the rotor blade 152 rotates
to the operational plane of rotation and the spring-loaded
pins line up with a corresponding hole and the springs force
engagement of the pins 1n shear to prevent further rotation.
Additionally, ball detents, ratchet and pawl or other mecha-
nisms may be used to engage a mechanical lock from the
rotating blade assembly 150 to a static hub.

[0090] Furthermore, a damping device, (as disclosed
below 1n FIGS. 8-9B), may be used to slow or modity the
rate ol mitial blade rotation from the stowed to fully
deployed configuration to prevent overstress due to cantile-
ver loading of the rotor blades 152. Dampening may consist
ol elastomer stops, gas shocks, springs, ifriction brakes or a
crushable or compliant mechanism to arrest the movement
of the rotor blade rotation into the fully deployed configu-
ration.

[0091] FIGS. 7A-7D 1illustrate movement of the control
surfaces 138 of the flight stabilizer assembly 130 configured
to provide directional control of the air drop device 100
while 1n a payload tlight path to maintain the payload tlight
path to a predetermined landing destination. FIG. 7A 1llus-
trates a front view and FIG. 7B 1llustrates a bottom perspec-
tive view of the pitch link air drop device 100 of FIG. 1 with
the containerized payload assembly 120, the pitch link
control assembly 140, the rotor assembly 150 and the flight
stabilizer assembly 130 having stabilizer control surfaces
138 rotated 1nto a first position, for example, represented by
reference number 138A i FIG. 7A, about corresponding

control surface rotational axes 139A and 139B, as 1llustrated
in FIG. 7B.

[0092] FIG. 7C 1illustrates a front view and FIG. 7D
illustrates a bottom perspective view of the pitch link air
drop device 100 of FIG. 1 and FIGS. 7TA-7B with the
containerized payload assembly 120, the pitch link control
assembly 140, the rotor assembly 150 and the flight stabi-
lizer assembly 130 having stabilizer control surfaces 138
rotated 1nto a second position opposite that of the first
position of FIGS. 7A-7TB, for example, represented by
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reference number 138B 1 FIG. 7C, about corresponding
control surface rotational axes 139A and 139B, as 1llustrated
in FIG. 7B.

[0093] FIGS. 8-9D illustrate a second alternative embodi-
ment of a pitch link type air drop device 200 similar to the
pitch link air drop device 100 of FIGS. 1-7D but further
including a rotor dampening device 260 and an alternative
flight stabilizer assembly 230. FIG. 8 illustrates a top
perspective view ol the second alternative embodiment of a
pitch link type air drop device 200 including a containerized
payload assembly 220 having a reinforced base 222, side
panels 224, and corner members 226.

[0094] FIG. 8 further illustrates an alternative tlight sta-
bilizer assembly 230 of a single control surface having a
stabilizer base 232 attached to the containerized payload
assembly 220 via an attachment mechanism 234, a stabilizer
servomotor 236, (not shown), housed 1n the stabilizer base
232, and a control surface comprising an actuator controlled
movable trailing edge control surface 238A and a fixed
leading edge control surface 238B. The controlled movable
control surface 238 A 1s configured to rotate about a control
surface rotation axis 239 to provide rotational thrust about a
longitudinal axis of the containerized payload assembly 220

of the pitch link air drop device 200.

[0095] FIG. 8 further 1llustrates a pitch link control assem-
bly 240, (not shown), under a housing similar 1n configu-
ration to the pitch link control assembly 140 of the pitch link
air drop device 100 of FIGS. 1-7D. A rotor assembly 250
includes rotor blades 252 with a rotor blade rotational axis
253 and a rotor blade folding joint 254 similar to the rotor
assembly of 150 of FIGS. 1-7D. A rotor dampening device
260 1s disposed on each rotor blade 252 opposite the rotor
blade folding joint 254 to allow each rotor blade 2352 to flex
in an upward direction, (as shown in FIG. 9B), when the
rotor blades 252 are deploying from a stowed position,

(stmilar to FIG. 6A), into a tully deployed position, (similar
to FIG. 6C).

[0096] FIG. 9A illustrates a front view of the second
alternative embodiment the pitch link type air drop device
200 of FIG. 8 1n an undampened state where each rotor blade
252 1s positioned 1 a fully deployed rotor blade rotation
plane 258 after the rotor blades 252 fully rotate upwardly
along the rotor blade deployment angle 2357.

[0097] FIG. 9B illustrates a front view of the second
alternative embodiment the pitch link type air drop device of
FIG. 8 in a dampening state where the rotor dampening
device 260 1s compressed by a rotor blade dampening
extension 262 positioned on the top portion of each respec-
tive rotor blade 252 when the rotor blades 252 rotate past
about the folding rotor joint 254 the fully deployed rotor
blade rotation plane 2358 along a rotor blade dampenming
deflection angle 264 due to rotational inertial of the rotor
blades 252 rotating from their stowed position under 1ntlu-

ence of the force of the upward airflow along the flightpath
of the pitch link air drop device 200.

[0098] FIG. 10 illustrates an air drop method in a pitch
link deployment schematic diagram 270 of deploying the
pitch link type air drop device 100 of FIG. 1, or similarly the
pitch link type air drop device 200 of FIG. 8, to its
predetermined target destination.

[0099] The pitch link deployment schematic diagram 270
illustrates an aircraft 272 travelling along an aircraft tlight
path 274 where upon a predetermined time and/or location

of the aircraft 272, an air drop device payload flight path 276
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1s calculated by a master flight controller of the aircraft and
a payload launch controller in the aircrait 272 relative to
predetermined target destination 288. A when a launch
trigger 1s executed by the master flight controller and the
payload launch controller, the air drop device, e.g., 100, 1s
deployed 278 from the aircraft 272 and enters a transient
tlight phase 280 where the rotor blades 152, 252 are main-
tained 1n a stowed position and the tlight stabilizer assembly
130, 230, begins to rotate about their respective axes/axis to
ortent the air drop device mmto a downwardly disposed
orientation.

[0100] A steady-state tlight phase 282 1s entered when the
rotor blades 152, 252 are fully deployed and begin autoro-
tating to provide a thrust force Fl in a downward direction
provided by autorotating rotor assembly 150, 250. During
the steady-state flight phase, the flight stabilizer assembly
130, 230 and/or the rotor assembly may provide directional
control to the pitch link air drop device 100, 200 to maintain
the air drop device payload tlight path 276.

[0101] A terminal flight phase 284 1s entered when the
rotor blades 152, 252 of the respective rotor assembly 150,
250, rotate the leading-edge of the blades into a positive
direction, 1.e., flaring the rotor blades, to generate a maxi-
mum amount of thrust force F2 in a downward direction
based on the rotational inertia of the rotor blades in the
autorotation at the end of the steady-state thght phase 282.
The force of thrust F2 1s greater than the thrust force Fl 1n
the steady-state flight phase 282 and 1s used immediately
betore the landing 286 at the predetermined target destina-
tion 288 or landing zone. Note that the flight stabilizer
assembly 130, 230 and/or the rotor assembly 150, 250
continue to provide directional control to the pitch link air
drop device 100, 200 to maintain the air drop device payload
flight path 276 during the terminal tlight phase 284 1mme-
diately above and before the landing 286.

[0102] FIG. 11 1llustrates a schematic diagram 290 of a
system of communication of the pitch link type air drop
device 100 of FIG. 1 and similarly the air drop device 200
of FIG. 8, however, all the air drop devices disclosed herein
may subscribe to all or portions of the system of commu-
nication of schematic diagram 290.

[0103] FIG. 11 illustrates a representative air drop device
100A traveling along and being maintained 1n an air drop
device payload flight path 276 having bi-directional com-
munication 272A with the aircraft master flight controller
and payload launch controller 273 of the aircrait 272 from
which i1t was launched. Bi-directional commumnication 272A
may include course correction information, course deviation
information and other in-tlight navigation telemetry param-
cters and controls.

[0104] The air drop device 100A 1n the air drop device
payload tlight path 276 may alternatively or additionally be
in bi-directional communication 292A with a mid-to-high

carth orbit satellite 292 which may be a GPS satellite or
other non-GPS satellite.

[0105] The air drop device 100A 1n the air drop device

payload flight path 276 may alternatively or additionally be
in bi-directional communication 294A, 2948 with one or a
network of low earth orbait satellites 294. The bi-directional
communication 294A, 2948 may include tracking informa-
tion and telemetry parameters.

[0106] The air drop device 100A 1n the air drop device
payload tlight path 276 may alternatively or additionally be
in bi-directional communication 296 A with a ground station
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296 located proximate the predetermined landing destina-
tion 288 or landing zone. The bi-directional communication
296 A with a ground station 296 may include local wind
speed and direction vectors and weather information of the
ground station 296. Bi-direction communication 296A
between the ground station 296 and air drop device 100A
may also be configured to provide tlight control and navi-
gation parameters from the ground station 296 to the air drop
device 100A when the aircrait 272 1s no longer in commu-
nication range of the air drop device 100A to provide such
communication.

[0107] The air drop device 100A in the air drop device
payload flight path 276 may alternatively or additionally be
in bi-directional communication 298 with a second air drop
device 100B that may be been launched before or atfter the
airdrop device 100A. The bi-direction communication
between a second air drop device 100B may include weather
conditions at various altitudes or other communication
parameters.

[0108] The representative air drop device 100A' having
landed at the predetermined target destination 288 may have
bi-directional communication 272B with the aircrait 272
from which 1s was launched. Bi-directional communication
272B may include landing confirmation information or
landing deviation mformation.

[0109] FIGS. 12-15D illustrate a first embodiment of a
co-planar rotor control type air drop device. A co-planar
rotor control 1s defined herein to be rotor actuators that
control the rotation of the rotor blades being disposed 1n or
proximate to the plane of rotation of the rotor blades.
(Siumilar reference numbers of similar elements from the air
drop devices of FIGS. 1-7D will be used 1n the subsequent
air drop device embodiments where appropnate.)

[0110] FIG. 12 1llustrates a top perspective view of the first
embodiment of a co-planar rotor control type air drop device
300 used in the transportation of a payload, similar to
payload 110 of FIG. 2A, within a containerized payload
assembly 120 having a flight stabilizer assembly 330 having
flight control surfaces 338 and their respective control
surface rotational axis 339.

[0111] FIG. 12 further illustrates a rotor assembly 350
having a plurality of rotor blades 352 being co-aligned on a
rotor blade rotational axis 353 where each rotor blade 352
includes a rotor blade folding joint 357 for the rotor blades
352 to be stowed 1n an 1n1tial pre-deployment and/or storage
configuration similar to FIG. 6A.

[0112] FIG. 13A 1llustrates a top perspective view of the
co-planar rotor control type air drop device 300 includes a
gimbal assembly 340 and rotor assembly 350, (described
below 1in more detaill in FIGS. 14A-14B). The gimbal
assembly 340 includes a gimbal mounting base 341 attached
to the upper surface of the flight stabilizer assembly 330,
upon which are two gimbal servomotors 342 proximate a
gimbal spherical surface 343.

[0113] FIG. 13B illustrates a top perspective view of the
gimbal assembly 340 where a rotor base assembly 344 is
mounted on and surrounds the gimbal spherical surface 343
and 1s connected to each of the two gimbal servomotors 342
to control an X and Y direction in a horizontal plane
orthogonal to the rotational central axis 347 of the rotor
blade assembly 350, (disclosed below). The rotor base
assembly 344 fturther includes a rotor assembly rotational
bearing 345 directly mounted on the gimbal spherical sur-
tace 343 wherein the rotor base assembly 344 1s controlled
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to move 1n a gimbal angular range of motion 346 about the
rotational central axis 347 by the two gimbal servomotors

342.

[0114] FIG. 13C 1illustrates a top perspective view of a
gimbal rotor assembly 340 mounted on the gimbal spherical
surface 343 of FIG. 13A further including a gimbal-rotor
assembly connection 348 upon which the rotor assembly
350 1s connect to.

[0115] FIG. 14A illustrates a top perspective view of a
rotor blade angular actuators 354 and rotor blade rotational
shaft and bearing assembly 355 in alignment with the rotor
blade rotational axis 353 being mounted on the gimbal-rotor
assembly connection 348 of FIG. 13C. Note the rotor blade
angular actuators 354 may include rotor blade servomotors
configured to control the angular direction of the leading
edge of the rotor blades 352 with respect to a rotor blade
rotation plane 358, (see FIGS. 15A-15D). The rotor blade
servo motors 354 are located 1n a rotary reference frame
defined by the rotor blade assembly 150 independent of a
stationary or fixed reference frame defined by the stabilizer
assembly 330 and the containernized payload assembly 120.

[0116] FIG. 14B 1illustrates a top perspective view of the
rotor blade angular actuators 354 and the rotor blade rota-
tional shait and bearing assembly 355 1n alignment with the
rotor blade rotational axis 353 of FIG. 14A being covered
with a rotor blade actuator housing 356.

[0117] FIG. 15A 1llustrates a front view of a rotor blade
352 having a leading-edge neutral/null angle with respect to
a rotor blade rotation plane 358 mounted on the rotor

sub-assembly of FIG. 14B of the co-planar rotor control type
air drop device 300 of FIG. 12.

[0118] FIG. 15B 1illustrates a front view of a rotor blade
352 having a leading-edge 90-degree negative angle with
respect to a rotor blade rotation plane 358 mounted on the
rotor sub-assembly of FIG. 14B of the co-planar rotor
control type air drop device 300 of FIG. 12. In this leading-
edge angular orientation, the air drop device 1s able to travel
at a maximum vertical descent speed with minimal resis-
tance from the rotor blades 352 and, at the same time, use
angular rotation of the rotor blades 352 to navigate either
alone or 1n conjunction with the control surfaces 338 of the
stabilizer assembly 330.

[0119] FIG. 15C 1illustrates a front view of a rotor blade
352 having a leading-edge slight negative angle with respect
to a rotor blade rotation plane 358 mounted on the rotor
sub-assembly of FIG. 14B of the co-planar rotor control type
air drop device 300 of FIG. 12. In this leading-edge angular
orientation, the rotor assembly 1s configured to achieve an
autorotating motion and provide a downward thrust force
due to the rotor blades 352 while providing collective and
cyclic pitch control of the rotor blades to navigate toward the
predetermined target destination.

[0120] FIG. 15D 1illustrates a front view of a rotor blade
352 having a leading-edge slight positive angle with respect
to a rotor blade rotation plane 358 mounted on the rotor
sub-assembly of FIG. 14B of the co-planar rotor control type
air drop device 300 of FIG. 12. In this leading-edge angular
orientation, the rotor assembly 1s configured to achieve an
increased downward thrust force, in comparison to the
autorotation downward thrust force, due to the energy of
rotational 1nertia of the rotor blades 352 1n the previous
autorotating state immediately before the air drop device
lands at the predetermined target destination. This increased
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thrust force turther slows down the airdrop device 1n antici-
pation of impacting the landing zone.

[0121] FIG. 16 illustrates a top perspective view of a
second alternative embodiment of a co-planar rotor control
air drop device 400, similar to the co-planar rotor control
type air drop device 300 of FIG. 12, but without a gimbal
assembly 340 as illustrated in FIGS. 12-15D. The second
alternative embodiment of a co-planar rotor control air drop
device 400 functions 1dentically to the air drop device 300
with the gimbal assembly 340 but may have more powertul
servomotors controlling the rotor blade pitch actuation to
allow for increase maneuverability without a dedicated
gimbal assembly.

[0122] FIG. 17 illustrates a top perspective view of a third
alternative embodiment of a co-planar rotor control air drop
device 500, similar to the co-planar rotor control type air
drop device 300 of FIG. 12, further including a second rotor
assembly 350B connected via a second rotor base assembly
344B to a first rotor assembly 350A connected via a first
rotor base assembly 344A further attached to a gimbal

assembly 340. Each of the rotor assemblies 350A, 3508
rotate 1n opposite counter-rotating directions.

[0123] FIGS. 18A-18B illustrate front and top perspective
views, respectively, of the third alternative embodiment
co-planar rotor control type air drop device 500 of FIG. 17
in an alternate configuration without the gimbal assembly
340 as 1llustrated 1n FIG. 17. This embodiment may include
more poweriul servomotors to control rotor blade pitch
actuation to allow for increased maneuverability without a
gimbal assembly.

[0124] FIGS. 19-22D 1illustrate a fourth alternative
embodiment of a co-planar air drop device 600 having a
four-blade rotor assembly 650 mounted on the gimbal

assembly 340 similar to the co-planar rotor control type air
drop device 303 of FIG. 12.

[0125] FIG. 19 illustrates a top perspective view of the
fourth alternative embodiment of the co-planar air drop
device 600 having a four-blade rotor assembly 650 with four
rotor blades 652 each having rotor blade rotational axes,
e.g., 653A, 6538, (see FIGS. 20A-20B), a gimbal assembly
340, a flight stabilizer assembly 330, and a containerized
payload assembly 120.

[0126] FIG. 20A illustrates a top perspective view of the
fourth alternative embodiment of the co-planar air drop
device 600 of FIG. 19 including two exemplary rotor blade
angular actuators 654 each connected to two adjacent rotor

blade rotational drive shaits 655 aligned on respective rotor
blade rotational axes 653 A, 653B.

[0127] FIG. 20B illustrates a top perspective view of the

fourth alternative embodiment of the co-planar air drop
device 600 of FIG. 19 further including a rotor blade

actuator housing 656 covering the rotor blade angular actua-
tors 654 and the rotor blade rotational drive shaits 635.

[0128] FIG. 21 illustrates a top perspective view of the
fourth alternative embodiment of the co-planar air drop
device 600 of FIG. 19, for representative purposes, rotor
blades 652 1n each stage of deployment: a stowed or folded
rotor blade 658: an initial rotated rotor blade 659: an
intermediate rotated rotor blade 660; and a fully deployed

rotor blade 661 of the co-planar rotor control type air drop
device 600 of FIG. 19.

[0129] FIG. 22A illustrates a front view of a rotor blade
652 having a leading-edge neutral/null angle 664 coincident
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with respect to a rotor blade rotation plane 662 mounted on
the rotor assembly 650 of the co-planar rotor control type air
drop device 600 of FIG. 12.

[0130] FIG. 22B illustrates a front view of a rotor blade

652 having a leading-edge 90-degree negative angle 666
with respect to a rotor blade rotation plane 662 mounted on
the rotor assembly 650 of the co-planar rotor control type air
drop device 600 of FIG. 12. In this leading-edge angular
orientation, the air drop device 1s able to travel at a maxi-
mum vertical descent speed with minimal resistance from
the rotor blades 652 and, at the same time, use angular
rotation of the rotor blades 652 to navigate either alone or in
conjunction with the control surfaces 338 of the stabilizer
assembly 330.

[0131] FIG. 22C illustrates a front view of a rotor blade
652 having a leading-edge slight negative angle 668 with
respect to a rotor blade rotation plane 662 mounted on the
rotor assembly 650 of the co-planar rotor control type air
drop device 600 of FIG. 12. In this leading-edge angular
orientation, the rotor assembly 1s configured to achieve an
autorotating motion and provide a downward thrust force
due to the rotor blades 652 while providing collective and
cyclic pitch control of the rotor blades to navigate toward the
predetermined target destination.

[0132] FIG. 22D 1illustrates a front view of a rotor blade
652 having a leading-edge slight positive angle 670 with
respect to a rotor blade rotation plane 662 mounted on the
rotor assembly 650 of the co-planar rotor control type air
drop device 600 of FIG. 12. In this leading-edge angular
orientation, the rotor assembly 1s configured to achieve an
increased downward thrust force, in comparison to the
autorotation downward thrust force, due to the energy of
rotational 1nertia of the rotor blades 352 in the previous
autorotating state immediately before the air drop device
lands at the predetermined target destination. This increased
thrust force F, turther slows down the airdrop device in
anticipation of impacting the landing zone.

[0133] FIG. 23 1llustrates a top perspective view of a fifth
alternative embodiment co-planar rotor control type air drop
device 700 having a four-blade rotor assembly 6350, similar
to the co-planar rotor control type air drop device ol FIG. 19,
mounted without a gimbal assembly. This embodiment may
include more powerful servomotors to control rotor blade
pitch actuation to allow for increased maneuverability with-
out a gimbal assembly.

[0134] FIG. 24 illustrates two air drop methods of deploy-

Ing a representative co-planar rotor control type air drop
device 1illustrated 1n FIGS. 12-23.

[0135] FIG. 24 illustrates two types of air drop methods 1n
a co-planar control-type deployment schematic diagram 750
of deploying a representative co-planar control-type air drop
device, e.g., 700, of FIG. 23, or similarly any co-planar air
drop devices 300, 400, 500 and 600 of FIGS. 12-22D, to 1ts

predetermined target destination.

[0136] The co-planar control-type deployment schematic
diagram 750 1llustrates an aircrait, e.g., aircraft 272A, trav-
clling along an aircraft tlight path 274 where upon a prede-
termined time and/or location of the aircraft, an air drop
device payload tlight path 276A 1s calculated by a master
flight controller of the aircrait and a payload launch con-
troller in the aircraft relative to predetermined target desti-
nation, e.g., 288A. When a launch trigger 1s executed by the
master tlight controller and the payload launch controller,
the air drop device, e.g., 700, 1s deployed 278 from the
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aircraft 272A and enters a transient tlight phase 280 where
the rotor blades 652 begin to be deployed from their stowed
position and the tlight stabilizer assembly 330 begins to
rotate about their respective axes to orient the air drop device
700 into a downwardly disposed orientation.

[0137] A steady-state tlight phase 282A 1s entered when
the rotor blades 652 are fully deploved and begin autoro-
tating to provide a thrust force 1n a downward direction
provided by autorotating rotor assembly 6350. During the
steady-state flight phase 282A, the flight stabilizer assembly
330 and/or the rotor assembly 650 provide directional con-
trol to the air drop device 700 to maintain the air drop device

payload flight path 276A.

[0138] A terminal flight phase 284 1s entered when the
rotor blades 652 of the respective rotor assembly 650, rotate
the leading-edge of the blades into a positive direction, 1.¢.,
flaring the rotor blades, to generate a maximum amount of
thrust force F- mn a downward direction based on the
rotational 1nertia of the rotor blades 1n the autorotation at the
end of the steady-state flight phase 282 A. The force of thrust
F. 1s greater than the thrust force generated 1n the steady-
state flight phase 282A and 1s used immediately before the
landing 286 at the predetermined target destination 288 or
landing zone. Note that the flight stabilizer assembly 330
and/or the rotor assembly 650 continue to provide direc-
tional control to the air drop device 700 to maintain the air
drop device pavload flight path 276 A during the terminal
flight phase 284 immediately above and before the landing
286.

[0139] The co-planar control-type deployment schematic
diagram 750 further illustrates an aircraft, e.g., aircrait 2728
travelling along an aircraft tlight path 274 where upon a
predetermined time and/or location of the aircrait, an alter-
native air drop device payload tlight path 276B 1s calculated
by a master tlight controller of the aircrait and a payload
launch controller 1n the aircrait relative to predetermined
target destination, e.g., 288B. A when a launch trigger 1s
executed by the master flight controller and the payload
launch controller, the air drop device, e.g., 700, 1s deployed
278 from the aircrait 272B and enters a transient flight phase
280 where the rotor blades 652 begins to be deployed from
their stowed position and the flight stabilizer assembly 330
begins to rotate about their respective axes to orient the air
drop device 700 into a downwardly disposed orientation.

[0140] A steady-state flight fast descent phase 282B 1is
entered when the rotor blades 6352 are fully deployed and the
leading edges of the rotor blades are pointed straight down.
No autorotation begins 1n the fast descent tlight phase 282B,
as 1n the previous example. During the steady-state fast
descent flight phase 282B, the flight stabilizer assembly 330
and/or the rotor assembly 650 provide directional control to

the air drop device 700 to maintain the air drop device
payload flight path 276B.

[0141] A pre-terminal tlight phase 283 1s entered when the
rotor blades 6352 rotate to a negative rotor rotation angle 668,
(see FIG. 22C), and the rotor assembly 650 begins to
autorotate, thus providing a downward thrust from the
autorotation of the rotor blades 652.

[0142] A termunal flight phase 284 i1s entered when the
rotor blades 652 of the respective rotor assembly 650, rotate
the leading-edge of the blades, 1.e., flaring the rotor blades,
into a positive direction to generate a maximum amount of
thrust force F, mm a downward direction based on the
rotational 1nertia of the rotor blades 1n the autorotation at the
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end of the pre-terminal thght phase 283. The force of thrust
F 1s greater than the thrust force generated in the pre-
terminal flight phase 283 and 1s used immediately before the
landing 286 at the predetermined target destination 288B or
landing zone. Note that the flight stabilizer assembly 330
and/or the rotor assembly 630 may continue to provide
directional control to the air drop device 700 to maintain the
air drop device payload tlight path 276B during the terminal
flight phase 284 immediately above and before the landing
286.

[0143] FIGS. 25A-25B 1llustrate a front view a top per-

spective view, respectively, of a sixth alternative embodi-
ment of a co-planar air drop device 800 having dual counter-
rotating four-rotor blade assemblies 650A, 650B mounted
on a gimbal assembly 340 being similar to the co-planar
rotor control type air drop device 600 of FIG. 19. Each rotor
assembly 650A and 650B and their respective rotor blades
652A and 652B rotate 1n opposite directions of each other
when the rotor assemblies 650A and 650B are 1n autorota-
tion or providing a flaring thrust force in the terminal tlight
phase 284 immediately before landing 286 in the predeter-
mined target destination 288, 288A, 288B.

[0144] FIGS. 26A-26B 1illustrate a front view a top per-

spective view, respectively, of a seventh alternative embodi-
ment of a co-planar air drop device 900 having dual counter-
rotating four-rotor blade assemblies 650A and 63508, similar

to the co-planar air drop device 800 of FIGS. 25A-258, with
no gimbal assembly.

[0145] FIGS. 27A-28D illustrate an eighth alternative
embodiment of a co-planar rotor control type air drop device
1000 having no independent stabilizer assembly attached to
a payload containing enclosure. FIG. 27A illustrates a top
perspective view of the co-planar rotor control type air drop
device 1000 including a rotor assembly attachment base
1010 attached to a containerized payload assembly 120,
similar to FIG. 1,

[0146] FIG. 27B illustrates a top perspective view of the
co-planar rotor control type air drop device 1000 of FIG.
27A having a rotor assembly 1020 containing independently
controlled rotors blades 1030 including a rotor bearing 1022
located 1n a central portion of a rotor assembly housing 1024

supporting a plurality of rotor actuators 1026 connected to
rotor drive shafts 1028 of respective rotor blades 1030.

[0147] FIG. 27C illustrates a top perspective view of the
co-planar rotor control type air drop device 1000 of FIG.
27B further including a rotor assembly cover 1032.

[0148] FIG. 28A 1illustrates a front view of a rotor blades
1030 of the co-planar rotor control type air drop device 1000
of FIGS. 27B-27C having a leading edge of the rotor blades
1030 rotated to a neutral/null angle 1064 mounted on the
rotor assembly 1020 of the co-planar rotor control type air

drop device 1000 of FIGS. 27B-27C.

[0149] FIG. 28B illustrates a front view of a rotor blades
1030 of the co-planar rotor control type air drop device 1000
of FIGS. 27B-27C having a leading edge of the rotor blades
1030 rotated to a 90-degree negative angle 1066 mounted on
the rotor assembly 1020 of the co-planar rotor control type
air drop device 1000 of FIGS. 27B-27C. In this leading-edge
angular orientation, the air drop device 1s able to travel at a
maximum vertical descent speed with minimal resistance
from the rotor blades 1030 and, at the same time, use angular
rotation of the rotor blades 1030 to navigate to the prede-
termined target destination without any independent stabi-
lizer assembly.
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[0150] FIG. 28C 1illustrates a front view of a rotor blades
1030 of the co-planar rotor control type air drop device 1000
of FIGS. 27B-27C having a leading edge of the rotor blades
1030 rotated to a slight negative angle 1068 mounted on the
rotor assembly 1020 of the co-planar rotor control type air
drop device 1000 of FIGS. 27B-27C. In this leading-edge
angular orientation, the rotor assembly 1020 1s configured to
achieve an autorotating motion and provide a downward
thrust force due to the rotor blades 1030 while providing
collective and cyclic pitch control of the rotor blades to
navigate toward the predetermined target destination.

[0151] FIG. 28D 1illustrates a front view of a rotor blades
1030 of the co-planar rotor control type air drop device 1000
of FIGS. 27B-27C having a leading edge of the rotor blades
1030 rotated to a slight positive angle 1070 mounted on the
rotor assembly 1020 of the co-planar rotor control type air
drop device 1000 of FIGS. 27B-27C. In this leading-edge
angular orientation, the rotor assembly 1020 1s configured to
achieve an increased downward thrust force F., in compari-
son to the autorotation downward thrust force, e.g., of FIG.
28C, due to the energy of rotational inertia of the rotor
blades 1030 in the previous autorotating state immediately
betore the air drop device lands at the predetermined target
destination. This increased thrust force F., further slows
down the airdrop device in anticipation of impacting the
landing zone.

[0152] FIG. 29 illustrates an air drop methods of deploy-
ing the co-planar rotor control type air drop device 1000 of
FIGS. 27B-28D and FIGS. 30A-30B, discussed below. FIG.
29 1llustrates an air drop method 1n a co-planar control-type
deployment schematic diagram 1050 of deploying a repre-
sentative co-planar control-type air drop device, e.g., 1000,
of FIG. 27B-28D to 1ts predetermined target destination 288.

[0153] The co-planar control-type deployment schematic
diagram 10350 1llustrates an aircraft 272 travelling along an
atrcraft tlight path 274 where upon a predetermined time
and/or location of the aircraft, an air drop device payload
flight path 276 1s calculated by a master flight controller of
the aircraft and a payload launch controller in the aircraift
relative to predetermined target destination, e.g., 288. A
when a launch trigger 1s executed by the master tlight
controller and the payload launch controller, the air drop
device 1000 1s deployed 278 from the aircraft 272 and enters
a transient tlight phase 280 where the rotor blades 1030 may
be flared 1n a neutral position indicated by FIG. 28A or a
fast-descent position indicated by FIG. 28B to orient the
containerized payload 120 into a downward orientation to
enter the next steady-state flight phase.

[0154] A steady-state autorotating tlight phase 282A or a
steady-state fast descent flight phase 282B 1s entered when
the rotor blades 652 either begin autorotating to provide a
thrust force 1n a downward direction provided by rotor
assembly 650, or are trimmed to accelerate the air drop
device 1000 to a maximum downward velocity. In either
steady-state flight phase, the rotor blades may provide
directional control to the air drop device 1000 to maintain
the air drop device payload tlight path 276.

[0155] If the air drop device 1000 enters the steady-state
fast descent flight phase 282B, a pre-terminal flight phase
283 1s entered when the rotor blades 1030 rotate to a
negative rotor rotation angle 1068, (see FIG. 28C), and the
rotor assembly begin to autorotate, thus providing a down-
ward thrust from the autorotation of the rotor blades 10352.
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[0156] A termunal flight phase 284 i1s entered when the
rotor blades 1052 of the rotor assembly 1020, rotate the
leading-edge of the blades, 1.e., flaring the rotor blades, into
a positive direction to generate a maximum amount of thrust
force F- in a downward direction based on the rotational
inertia of the rotor blades 1n the autorotation at the end of the
steady-state flight phase 282A or the pre-terminal flight
phase 283. The force of thrust F .- 1s greater than the autoro-
tating thrust force generated in the steady-state flight phase
282A or the pre-terminal flight phase 283 and i1s used
immediately before the landing 286 at the predetermined
target destination 288 or landing zone. Note that the rotor
assembly 1020 continues to provide directional control to
the air drop device 1000 to maintain the air drop device
payload tlight path 276 during the terminal tlight phase 284
immediately above and before the landing 286 at the landing
zone 288.

[0157] FIGS. 30A-30B illustrate a ninth alternative
embodiment of a co-planar rotor control type air drop device
1100 similar to the co-planar rotor control type air drop
device 1000 of FIGS. 27B-28D including dual counter-
rotating four-blade rotor assemblies 1020A and 1020B.

[0158] FIGS. 30A-30B illustrates a front view and a top
perspective view, respectively, of the ninth alternative
embodiment having dual counter-rotating four-blade rotor
assemblies 1020A and 10208 similar to the co-planar rotor
control type air drop device 1000 of FIGS. 27B-28D. Both
rotor assemblies 1020A and 1020B rotate 1n opposite direc-
tions and may provide all the controls and feature of the
above described embodiments 1n FIGS. 27A-29 but have
more control surfaces for navigation and providing control
during descent along the flight path for heavier payloads.

[0159] FIG. 31 illustrates a schematic diagram of a flight
control and navigation system 3100 for the air drop devices
of FIGS. 1-30B. The flight control and navigation system
3100 may include a processor 3102 connected to a common
communication bus 3104 that provides bi-direction commu-
nication between the remaining components of the tlight
control and navigation system 3100. The processor 3102 via
the communication bus 1s further in communication with
random access memory (RAM) 3106, a storage memory
3108, an mput/output (I/O) iterface 3110, a multi-band
transceiver 3112, a navigation module 3114, a GPS recerver
3116, position and orientation, or pose, sensors 3118, a
plurality of servomotor controllers 3120, a sensor suite
3122, an inertial navigation system (INS) sensor umt 3124,
a magnetometer 3126 and altimeter 3128 that may include at
least a barometer, a radar and/or a LiDAR sensor.

[0160] FIG. 32 illustrates a schematic diagram 3200 of a
tflight control and navigation system 3210 for any of the air
drop devices of FIGS. 1-30B relative to a stationary refer-
ence frame 3220 and a rotary reference frame 3240 of the air
drop device.

[0161] A stationary reference frame 3220 of an air drop
device may include all the components that are distinct from
the rotor assembly, for example, the containerized payload
assembly, the stabilizer assembly and/or the rotor linkages 1n
a pitch-link type air drop device. A rotary reference frame of
the air drop device may include all the components of the
rotor assembly that rotate in consonance with the rotor
blades during autorotation and/or navigation operation.

[0162] The stationary reference frame (SRF) 3220 may
include a SRF processor 3221, communicating via a com-
mon communication bus 3232 with SRF random access
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memory (RAM) 3222, SRF storage memory 3223, SRF
position and orientation, or pose, sensor 3224, SRF magne-
tometer 3225, SRF sensor suite 3226, SRF inertial naviga-
tion system (INS) sensor unit(s) 3227, SRF input/output
(I/O) imterface 3228, SRF servomotor controller(s) 3229,
SRF altimeter 3231, and a wireless SRF bus input/output
(I/0) communication device 3230 configured to communi-
cate via a near-field wireless communication protocol 3212,
for example, an RF signal or an optical link, with a corre-
sponding rotary reference frame (RRF) wireless RRF bus
iput/output (I/0O) communication device 3242,

[0163] In the rotary reference frame 3240, wireless RRF
bus mput/output (I/O) communication device 3242 may
communicate with a RRF common commumnication bus
3252 to an RRF processor 3243 that communicates with an
RREF RAM 3244, an RRF storage memory 3245, an RRF
multi-band transceiver 3246, an RRF servomotor controller
(s) 3247, an RRF I/O interface 3248, a payload course RRF
navigation module 3249, an RRF GPS receiver 3250 and/or
an RRF altimeter 3254.

[0164] The rotary reference frame 3240, typically includ-
ing the rotor assembly, may have identical sensors as that of
a traditional UAV helicopter or gyrocopter for example:
GPS, accelerometers/IMU, barometer, magnetometer etc. If
a sample rate of the sensors are configured to be capable of
measuring attitude, (e.g., via magnetometer, or gyroscope),
1s not high enough for direct sensing of the rotational rate
and position, the addition of a rotary encoder and/or RPM
sensor may allow the controller to determine 1ts location
relative to the stationary reference frame, (either truly iner-
tial, or relative to the non-rotating payload), such that
location information and position can be translated to a
non-rotational frame.

[0165] This auxiliary sensor could be as simple as a simple
optical proximity sensor (LED and photodiode) that would
sense a light change when a simple pattern on the non-
rotating payload passed by it—given the change 1n rotation
rate per rotation would be, by defimition, small, even a
simple pattern would provide for more than enough angular
resolution for the coordinate transform.

[0166] The primary position sensing using GPS should not
be compromised at all by the rotation of the system, (pro-
vided the GPS sensing antenna may be located at or near the
center of rotation of the rotary reference frame).

[0167] To affect the required pitch changes, the system
may command mechanical actuators, (servomotors, voice
coil actuators, etc.), to vary the eflective pitch of the blades
through either rotation of the entire blade or varying the
angle of trailling edge. The system may utilize directed
airtlow through holes 1n the blade to vary the eflective lift
coellicient and control such airtlow with valving in the hub.
The servos may directly or indirectly drive each blade or
blade flap with the additional benefit of being able to take a
profile that 1s not sinusoidal or possible with traditional
swash plates which generally limit a given blade pitch to an
approximately 90 degree quadrant and limit the speed and
acceleration by which they change pitch angle.

[0168] In summary, a system for delivering a payload to
the ground from an aerial vehicle may include a payload to
be delivered, an outer delivery payload container configured
to house the payload, and a tlight controller located inside
the aerial vehicle. The outer delivery payload container may
contain a removable and/or detachable tail kit allowing
separation from a cardboard, plastic or similar shipping box.
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[0169] The tail kit assembly may contain a rotary blade
system that 1s free to rotate and generate autorotation-based
acrodynamic lift forces, acrodynamic fin control surfaces to
provide attitude control and a tlight controller to provide
guidance navigation and control intelligence, where the
acrodynamic fins may be used to further control vehicle
attitude during tlight.

[0170] The rotor blade system may be folded and stowed
prior to launch to increase packing volume, protect the blade
surfaces and ease stowage requirements both before and
during loading into an aircratt.

[0171] The rotor blade root may include a self-locking
teature allowing acrodynamic forces to translate the blade to
a 90-degree locked orientation 1n the plane of rotation. An
NACA 8H12 or similar rotor blade system 1s designed to
maximize autorotative efliciency and thrust forces to add in
mid-thight phase guidance and the terminal landing phase.

[0172] A collective pitch system may be used to change
blade pitch during various phases of flight, and cyclic pitch
mechanism 1s used to translational control authority to guide
the vehicle mid-flight to a predetermined target landing
position or coordinates.

[0173] A seli-contained flight computer provides guidance
navigation and control as well as two-way telemetry com-
munication with ground or mothership/aircraft-based trans-
mitters.

[0174] The rotating blade system may be modular or
detachable from the payload to allow different blade con-
figurations corresponding to payload, weather or altitude
parameters. The modular system may be self-contained
and/or 1solated within a rotating reference frame allowing
collective control via motors located within the rotor blade
assembly and may thereby eliminate a need for a *“swash
plate mechanism.”

[0175] A battery, RX transmitter, microcontroller and ser-
vos provide two-way data with the tlight controller located
in the non-rotating vehicle body.

[0176] A bearing assembly allows three rotational degrees
of freedom: one rotational perpendicular to the blade tip
plane allowing rotation of the blade assembly; and two
gimballing degrees of freedom to allow rotation of the blade
plane and thus thrust vectoring/cyclic control.

[0177] A “flair” maneuver may be performed to arrest
vertical descent speed and allow satfe and slow touchdown of
contents within the payload where the rotor blades of the
rotor assembly rotate the leading edges of the rotors into a
positive direction with respect to the plane of rotation to
provide a downward directed thrust force based on the
rotational ertial generated from the autorotation motion.

[0178] 'To eliminate the need to translate motion from the
static body reference frame to the rotor hub rotational frame,
the flight controller, batteries, sensors and all associated
control hardware on the rotating rotor assembly are located
in the rotor assembly such that they spin along with the rotor
blades. To control the rotor blades themselves, servo motors
or linear actuators may be placed at the root of each rotor
blade and directly drive the blade pitch angle per rotational
cycle. No power, data, or other electrical connections would
need to be made to the stationary body allowing, in theory,
a hub assembly to be quickly attached to a travel case via
straps or other fastening methods to include even a clip-on
swivel to an existing cable-attachment point and allow
controlled descent or glide.
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[0179] A “hybnd” approach may include certain compo-
nents put into the rotating reference frame such as servos,
batteries and an RX receiver transmitter while the flight
computer and other components be located 1n the stationary
reference frame. This may allow for use of a gimbal assem-
bly to control the rotor blade plane similar to a gyrocopter
and the collective pitch controls to be performed in the
rotating frame, easing requirements on fast acting per-cycle
SErvos.

[0180] In summary, one embodiment of the disclosed
payload delivery device being configured to deliver an
aircrait deployed payload along a tlight path to a predeter-
mined landing destination, includes a support member con-
figured to be removably attached to the payload, a flight
control and navigation system module connected to the
support member, a control surface assembly module includ-
ing a plurality of control surfaces, the control surface
assembly module connected to the support member and 1n
communication with the flight control and navigation mod-
ule to receive commands to control orientation of the
plurality of control surfaces while the payload 1s travelling
along the flight path to the predetermined landing destina-
tion.

[0181] The above embodiment further includes a rotor
assembly including a plurality of rotor blades having a
central axis of rotation, and a collective control assembly
module including at least one collective servomotor, the
collective control assembly module connected between the
support member and the rotor assembly and 1n communi-
cation with the tlight control and navigation module con-
figured to control a plurality of control linkages connected to
the plurality of rotor blades.

[0182] The payload delivery device may further include
the tlight control and navigation system module having at
least a GPS receiver, at least one servomotor controller, an
inertial navigation system (INS) sensor, a magnetometer, a
navigation module, and a multi-band transceiver configured
to communicate with at least one of a master tlight computer
in the aircraft, a satellite communications network, a
ground-based telemetry station and a weather station.
[0183] The payload delivery device may further include at
least a first portion of components of the flight control and
navigation system module being disposed 1n a rotating frame
of the rotor assembly.

[0184] The payload delivery device may further include
the tlight control and navigation system module being fully
disposed 1n a rotating frame of the rotor assembly.

[0185] The payload delivery device may further include
the control surfaces, under control of the flight control and
navigation system module, being configured to one of ver-
tically stabilize and impart an axial moment of rotation

about a longitudinal axis of the payload during a portion of
the flight path.

[0186] The payload delivery device may further include
the plurality of control surtaces, under control of the tlight
control and navigation system module, being configured to
navigate the payload along a portion of the tlight path to the
predetermined landing destination.

[0187] The payload delivery device may further include
the collective control assembly module, under control of the
flight control and navigation system module, controlling a
collective motion imparted the rotor assembly to rotate the
leading-edge of each blade of the plurality of rotor blades of
the rotor assembly to a negative leading-edge angle with
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respect to the rotational plane of the rotor assembly 1n a fully
deployed rotor position, where the rotor assembly enters an
autorotating motion to produce an upward vertical force on
the payload during at least a portion of the flight path.

[0188] The payload delivery device may further include
the collective control assembly module, under control of the
tflight control and navigation system module, controlling the
collective motion imparted to the rotor assembly to rotate a
leading-edge of each of the rotor blades of the rotor assem-
bly to a positive leading-edge angle with respect to a
rotational plane of the rotor assembly in the fully deployed
rotor position, where the rotor assembly produces a positive
vertical thrust force on the payload based on a moment of
inertia of an autorotating motion during at least a portion of
the flight path before the payload arrives at the predeter-
mining landing destination.

[0189] The payload delivery device may further include
the rotor assembly being further configured to rotate the
plurality of rotor blades to a folded position proximate a side
of the payload, an mitial deployed position rotated away
from the side of the payload, and a fully deployed and locked
position further rotated away from the side of the payload
and perpendicular to the central axis of rotation of the rotor
assembly.

[0190] The payload delivery device may further include
the rotor assembly being further configured to dampening
the plurality of rotor blades during a blade deployment
operation when each of the plurality of rotor blades nears the
tully deployed and locked position.

[0191] Another embodiment of the payload delivery
device being configured to deliver an aircraft deployed
payload along a flight path to a predetermined landing
destination, where the payload delivery device may include
a support member configured to be removably attached to
the payload, a tlight control and navigation system module
connected to the support member, and a control surface
assembly module including a plurality of control surfaces,
the control surface assembly module connected to the sup-
port member and in communication with the flight control
and navigation module to receive commands to control
orientation of the plurality of control surfaces while the
payload 1s travelling along the flight path to the predeter-
mined landing destination.

[0192] The above embodiment may further include a
gimbal assembly module including a plurality of gimbal
servomotors, the gimbal assembly module connected to and
configured to move relative to the support member and 1n
communication with the flight control and navigation mod-
ule to recetve commands to control axial rotation of the
gimbal assembly module with respect to the support mem-
ber, a rotor assembly including a plurality of rotor blades
having a central axis of rotation, and a collective control
assembly module including at least one collective servomo-
tor, the collective control assembly module connected
between the gimbal assembly module and the rotor assembly
and 1n communication with the flight control and navigation
module configured to control a plurality of control linkages
connected to the plurality of rotor blades.

[0193] The payload delivery device may further provide
the gimbal assembly module, under control of the flight
control and navigation system module, pivoting the central
axis of rotation the rotor assembly via at least one servo-
motor about a point located on a longitudinal axis of the
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payload to mmpart an axial thrust force away from the
longitudinal axis of the payload.

[0194] The payload delivery device may further provide
the collective control assembly module, under control of the
tflight control and navigation system module, controlling, via
at least one servomotor mounted on the gimbal assembly
module, a collective motion imparted to the rotor assembly
configured to simultaneously rotate a leading-edge of each
blade of the plurality of rotor blades of the rotor assembly.
[0195] Another embodiment of the payload delivery
device configured to deliver an aircraft deployed payload
along a tlight path to a predetermined landing destination,
may include a support member configured to be removably
attached to the payload, a flight control and navigation
system module, a control surface assembly module 1nclud-
ing a plurality of control surfaces, the control surface
assembly module connected to the support member and 1n
communication with the flight control and navigation mod-
ule to receive control surface commands to control orienta-
tion of the plurality of control surfaces, a rotation bearing
assembly connected to the support member, and a rotor
assembly including a plurality of rotor blades having a
central axis of rotation and a plurality of rotor servomotors,
the rotor assembly connected to the rotation bearing assem-
bly and 1 communication with the flight control and navi-
gation module to receive rotor rotation commands to control
angular rotation of each of the plurality of rotor blades via
co-planar aligned blade rotation shaits of each of the plu-
rality of rotor blades, the co-planar aligned drive shafts
comncident with a plane of rotation of the rotor assembly
about the central axis of rotation.

[0196] The payload delivery device may further include
the gimbal assembly module having a plurality of gimbal
servomotors, the gimbal assembly module connected to and
configured to move relative to the support member and 1n
communication with the flight control and navigation mod-
ule to receive gimbal rotation commands to control axial
rotation of the gimbal assembly module with respect to the
support member.

[0197] The payload delivery device may further include
the gimbal assembly module, under control of the flight
control and navigation system module, to pivot the central
axis of rotation of the rotor assembly via at least one gimbal
servomotor about a point located on a longitudinal axis of
the payload to impart an axial thrust force produced by the
rotor assembly away from the longitudinal axis of the
payload.

[0198] The pavload delivery device may further include a
quick-release coupler connected between the rotation bear-
ing assembly and the rotor assembly configured to allow
detaching of the rotor assembly from the payload delivery
assembly and attaching a second rotor assembly.

[0199] The payload delivery device may further include
the flight control and navigation system module to have at
least a GPS receiver, at least one servomotor controller, an
inertial navigation system (INS) sensor, a magnetometer, a
navigation module, and a multi-band transceiver configured
to communicate with at least one of a master tlight computer
in an aircrait, a satellite communications network, a ground-
based telemetry station and a weather station.

[0200] The payload delivery device may further include at
least one component of the flight control and navigation
system module 1s disposed 1n a rotating frame of the rotor
assembly.
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[0201] The payload delivery device may further include
the flight control and navigation system module being
disposed 1n a rotating frame of the rotor assembly.

[0202] The payload delivery device may further include
the plurality of control surfaces, under control of the tlight
control and navigation system module, at least one of
vertically stabilizing and imparting an axial moment of
rotation about a longitudinal axis of the payload during a
portion ol the flight path to the predetermined landing
destination.

[0203] The payload delivery device may further include
the plurality of control surfaces, under control of the tlight
control and navigation system module, being configured to
navigate the payload along a portion of the tlight path to the
predetermined landing destination.

[0204] The payload delivery device may further include
the rotor assembly, under control of the flight control and
navigation system module, being configured to simultane-
ously rotate leading edges of each of the plurality of rotor
blades of the rotor assembly.

[0205] The payload delivery device may further include
the rotor assembly, under control of the flight control and
navigation system module, being configured to indepen-
dently rotate leading edges of each of the plurality of rotor
blades of the rotor assembly.

[0206] The payload delivery device may further include
the rotor assembly, under control of the flight control and
navigation system module, being configured impart a cyclic
thrust force to the rotor assembly by cyclically rotating a
leading-edge of at least one of the plurality of rotor blades
of the rotor assembly.

[0207] The payload delivery device may further include
the rotor assembly, under control of the flight control and
navigation system module, rotating leading-edges of the
plurality of rotor blades of the rotor assembly to a negative
leading-edge angle with respect to a rotational plane of the
rotor assembly 1n a fully deployed rotor position, where the
rotor assembly 1s configured to produce an autorotation
motion to produce a vertical thrust force on the payload
during a portion of the flight path to the predetermined
landing destination.

[0208] The payload delivery device may further include
the rotor assembly, under control of the flight control and
navigation system module, rotating leading-edges of the
plurality of rotor blades of the rotor assembly to a positive
leading-edge angle with respect to a plane of rotation of the
rotor assembly 1n a fully deployed rotor position, where the
rotor assembly produces a vertical thrust force on the
payload based on a moment of inertia produced from the
autorotation motion during a second portion of the flight
path before the payload arrives at the predetermining land-
ing destination.

[0209] The payload delivery device may further include
the rotor assembly, under control of the flight control and
navigation system module, rotating leading-edges of the
plurality of rotor blades of the rotor assembly perpendicular
to a plane of rotation of the rotor assembly 1 a tully
deployed rotor position, where the rotor assembly minimizes
an acrodynamic profile of the rotor assembly along a portion
of the flight path to the predetermined landing destination.

[0210] The payload delivery device may further include
the rotor assembly, under control of the flight control and
navigation system module, rotating a leading-edge of at least
one of the plurality of rotor blades of the rotor assembly




US 2022/0185477 Al

away from being perpendicular to the plane of rotation of the
rotor assembly 1n the fully deployed rotor position to navi-
gate the payload delivery device along a portion of the flight
path to the predetermined landing destination.

[0211] The payload delivery device may further include
the rotor assembly being further configured to rotate the
plurality rotor blades to a folded position proximate at least
one side of the payload, to an mmitial deployed position
rotated away from the at least one side of the payload, and
to a fully deployed and locked position further rotated away
from the at least one side of the payload and perpendicular
to the central axis of rotation of the rotor assembly.

[0212] In another embodiment a method of assembling a
delivery payload assembly configured to be deployed from
an aircrait and travel along a flight path to a predetermined
landing destination includes providing a payload configured
to be delivered from the aircraft to the predetermined
landing destination, attaching a tail-kit assembly to a first
end of the payload thereby defining the delivery payload
assembly, the tail-kit assembly including a rotor blade
assembly including a plurality of rotor blades having a
central axis of rotation proximate the first end of the pay-
load, and a flight control and navigation system configured
to control a collective pitch angle of each of the plurality of
rotor blades of the rotor blade assembly, control an axial
thrust force of the rotor blade assembly, the axial thrust force
being at an angle with respect to the central axis of rotation
of the rotor blade assembly, and navigate the delivery
payload assembly along the flight path to the predetermined
landing destination.

[0213] The above method further includes removing the
tail-kit assembly from the payload after the payload 1s
delivered to the predetermined landing destination, where
the tlight control and navigation system 1s further configured
to imnduce and control an autorotation motion of rotor blade
assembly during a portion of the flight path of the delivery
payload assembly from the aircrait to the predetermined
landing destination, and produce and control a vertical thrust
force by the rotor blade assembly during an end portion of
the flight path of the delivery payload assembly from the
aircrait to the predetermined landing destination.

[0214] The method may further include controlling, the
flight control and navigation system, an axial thrust force of
the rotor blade assembly by further controlling a cyclic pitch
angle of each of the plurality of rotor blades of the rotor
blade assembly.

[0215] The method may further include controlling, via
the flight control and navigation system, an axial thrust force
orientation of the rotor blade assembly with respect to a
longitudinal axis of the delivery payload assembly.

[0216] The method may further include attaching the
tail-kit assembly removed from the payload to a first end of
a second payload configured to be delivered to a second
landing destination.

[0217] The method may turther include providing a plu-
rality of vertical control surfaces on the tail-kit assembly, the
plurality of vertical control surfaces configured to orient the
delivery payload assembly during a second portion the flight
path of the delivery payload assembly from the aircraft to the
predetermined landing destination, controlling, via the tlight
control and navigation system, the plurality of vertical
control surfaces to stabilize and orient the delivery payload
assembly into a downwardly disposed attitude during a
transient phase of the flight path immediately after the
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delivery payload assembly 1s deployed from the aircraft, and
navigate the delivery payload assembly along the thght path
to the predetermined landing destination.

[0218] The method may further include providing a rein-
forcing structure to at least one exterior surface of the
payload, and wherein the attaching the tail-kit assembly to
the payload further includes attaching the tail-kit assembly
to the remnforcing structure.

[0219] Another embodiment of a method of delivering a
payload to be deployed from an aircraft along a flight path
to a predetermined landing destination may include attach-
ing a tail-kit assembly to a first end of the payload thereby
defining a delivery payload assembly, programming geo-
graphic coordinates of the predetermined landing destina-
tion 1nto a flight control and navigation system 1n the tail-kat
assembly, ejecting the delivery payload assembly from the
aircraft, navigating, via the flight control and navigation
system, the delivery payload assembly along a flight path
configured to terminate at the predetermined landing desti-
nation, controlling, via the flight control and navigation
system, an autorotation motion of a rotor blade assembly of
the tail-kit assembly to enter a steady-state flight phase
having a substantially constant first downward velocity,
controlling, via the flight control and navigation system, the
rotor blade assembly of the tail-kit assembly to enter a
terminal flight phase before the predetermined landing des-
tination, wheremn the terminal flight phase has a second
downward velocity less than the first downward velocity,
wherein flight control and navigation system controls rota-
tion of a leading-edge of each of the plurality of rotor blades
of the rotor blade assembly 1n a positive direction to generate
a vertical thrust force based on a moment of iertia of the
rotor blade assembly 1n the autorotation motion, and remov-
ing the tail-kit assembly from the payload atter the delivery
payload assembly arrives at the predetermined landing des-
tination, wherein the removed tail-kit assembly 1s configured
to be attached to a second payload for delivery by an air
vehicle to another predetermined landing destination.

[0220] The method may further include controlling, via
the flight control and navigation system while navigating the
delivery payload assembly along the tlight path, a plurality
of control surfaces on the tail-kit assembly.

[0221] The method may further include providing at least
one servomotor connected to a rotational control structure
configured to control rotation of the leading-edge of at least
one rotor blade of the rotor blade assembly.

[0222] The method may further include providing a plu-
rality of servo-motors each configured to control rotation of
a plurality of rotational rotor blade shafts aligned with a
longitudinal axis of at least a pair of rotor blades of the rotor
blade assembly, and controlling, by the plurality of servo-

motors, rotation of the leading-edge of at least the pair of
rotor blades.

[0223] The method may further include providing a plu-
rality of servo-motors each configured to control rotation of
a plurality of rotational rotor blade shaits aligned with a
rotational plane of the rotor blade assembly, and controlling,
by the plurality of servo-motors, rotation of the leading-edge
of a plurality of rotor blades of the rotor blade assembly.

[0224] The method may further include controlling, via
the tlight control and navigation system while navigating the
delivery payload assembly along the tlight path, an axial
thrust force direction of the rotor blade assembly by rotating,
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the rotor blade assembly about a point on a longitudinal axis
of the delivery payload assembly.

[0225] The method may further include where the navi-
gating, via the flight control and navigation system, the
delivery payload assembly along the flight path further
includes controlling, via the flight control and navigation
system while navigating the delivery payload assembly
along the flight path, to impart a cyclic thrust force with the
rotor blade assembly by cyclically rotating respective rotor
blades 1n the rotor blade assembly to create the cyclic thrust
force.

[0226] Another embodiment of a method of delivering a
payload to be deployed from an aircraft along a flight path
to a predetermined landing destination including attaching a
tail-kit assembly to a first end of the payload thereby
defining a delivery payload assembly, programming geo-
graphic coordinates of the predetermined landing destina-
tion 1nto a flight control and navigation system 1n the tail-kat
assembly, ejecting the delivery payload assembly from the
aircraft, controlling, via the flight control and navigation
system, a leading-edge of each rotor blade of a rotor blade
assembly attached to the tail-kit assembly into a substan-
tially downward disposed orentation, navigating, via the
flight control and navigation system, the delivery payload
assembly along a flight path terminating at the predeter-
mined landing destination, inducing, via the tlight control
and navigation system, an autorotation motion of the rotor
blade assembly by rotating the leading-edge of each rotor
blade of the rotor blade assembly toward a plane of rotation
of the rotor blade assembly, generating, via the flight control
and navigation system, a vertical thrust force on the delivery
payload assembly by rotating the leading-edge of each rotor
blade of the rotor blade assembly above the plane of rotation
of the rotor blade assembly, wherein the vertical thrust force
1s supplied by a moment of iertia of the rotor blade
assembly 1 the autorotation motion before the predeter-
mined landing destination, and removing the tail-kit assem-
bly from the delivery payload assembly after the delivery
payload assembly arrives at the predetermined landing des-
tination, wherein the removed tail-kit assembly 1s configured
to be attached to a second payload for delivery by an air
vehicle to a second predetermined landing destination.

[0227] The method may further include controlling, the
flight control and navigation system while navigating the
delivery payload assembly along the tlight path, a plurality
of control surfaces on the tail-kit assembly.

[0228] The method may further include controlling, by at
least one servomotor connected to respective rotational rotor
shafts of the each of rotor blade of the rotor blade assembly,
the leading-edge of the rotor blades of the rotor blade
assembly.

[0229] The method may further include providing two
counter-rotating rotor blade sub-assemblies aligned on a
common central rotational axis of each of the rotor blade
sub-assemblies.

[0230] The method may further include providing a plu-
rality of servo-motors each controlling a rotation of each of
a plurality of rotational rotor blade shafts aligned with at
least one of a longitudinal axis of at least a pair of rotor
blades of the rotor blade assembly, wherein the plurality of
servo-motors control rotation of the leading-edge of at least
the pair of rotor blades, and a rotational plane of the rotor
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blade assembly, wherein the plurality of servo-motors con-
trol rotation of the leading-edge of the rotor blades of the
rotor blade assembly.

[0231] The method may further include controlling, via
the tlight control and navigation system while navigating the
delivery payload assembly along the flight path, an axial
thrust force orientation of the rotor blade assembly by
rotating the rotor blade assembly about a point on a longi-
tudinal axis of the delivery payload assembly.

[0232] The method may further include controlling, via
the tlight control and navigation system while navigating the
delivery payload assembly along the flight path, to impart a
cyclic thrust force with the rotor blade assembly by cycli-
cally rotating respective rotor blades in the rotor blade
assembly to create the cyclic thrust force.

[0233] The foregoing description, for purpose of explana-
tion, has been described with reference to specific arrange-
ments and configurations. However, the illustrative
examples provided herein are not imtended to be exhaustive
or to limit embodiments of the disclosed subject matter to
the precise forms disclosed. Many modifications and varia-
tions are possible 1n view of the disclosure provided herein.
The embodiments and arrangements were chosen and
described 1n order to explain the principles of embodiments
of the disclosed subject matter and their practical applica-
tions. Various modifications may be used without departing
from the scope or content of the disclosure and claims
presented herein.

What 1s claimed 1s:

1. A payload delivery device configured to deliver an
aircrait deployed payload along a tlight path to a predeter-
mined landing destination, the payload delivery device
comprising:

a support member configured to be removably attached to

the payload;

a tlight control and navigation system module connected

to the support member;

a control surface assembly module including a plurality of
control surfaces, the control surface assembly module
connected to the support member and in communica-
tion with the flight control and navigation module to
receive commands to control orientation of the plurality
of control surfaces while the payload is travelling along
the tlight path to the predetermined landing destination;

a rotor assembly including a plurality of rotor blades
having a central axis of rotation; and

a collective control assembly module including at least
one collective servomotor, the collective control
assembly module connected between the support mem-
ber and the rotor assembly and 1n communication with
the tlight control and navigation module configured to
control a plurality of control linkages connected to the
plurality of rotor blades.

2. The payload delivery device according to claim 1,
wherein the flight control and navigation system module
comprises at least

a GPS receiver,

at least one servomotor controller,

an inertial navigation system (INS) sensor,
a magnetometer,

a navigation module, and

a multi-band transceiver configured to communicate with
at least one of a master flight computer 1n the aircratt,
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a satellite communications network, a ground-based
telemetry station and a weather station.

3. The payload delivery device according to claim 2,
wherein at least a first portion of components of the tlight
control and navigation system module are disposed 1 a
rotating frame of the rotor assembly.

4. The payload delivery device according to claim 2,
wherein the flight control and navigation system module 1s
tully disposed in a rotating frame of the rotor assembly.

5. The payload delivery device according to claim 1,
wherein the control surfaces, under control of the flight
control and navigation system module, are configured to one
of vertically stabilize and impart an axial moment of rotation
about a longitudinal axis of the payload during a portion of
the flight path.

6. The payload delivery device according to claim 1,
wherein the plurality of control surfaces, under control of the
tflight control and navigation system module, are configured
to navigate the payload along a portion of the flight path to
the predetermined landing destination.

7. The payload delivery device according to claim 1,
wherein the collective control assembly module, under con-
trol of the flight control and navigation system module,
controls a collective motion imparted the rotor assembly to
rotate the leading-edge of each blade of the plurality of rotor
blades of the rotor assembly to a negative leading-edge
angle with respect to the rotational plane of the rotor
assembly 1n a fully deployed rotor position,

wherein the rotor assembly enters an autorotating motion

to produce an upward vertical force on the payload
during at least a portion of the flight path.

8. The payload delivery device according to claim 1,
wherein the collective control assembly module, under con-
trol of the flight control and navigation system module,
controls the collective motion imparted to the rotor assembly
to rotate a leading-edge of each of the rotor blades of the
rotor assembly to a positive leading-edge angle with respect
to a rotational plane of the rotor assembly in the fully
deployed rotor position,

wherein the rotor assembly produces a positive vertical

thrust force on the payload based on a moment of
inertia of an autorotating motion during at least a
portion of the flight path before the payload arrives at
the predetermining landing destination.

9. The payload delivery device according to claim 1,
wherein the rotor assembly 1s further configured to rotate the
plurality of rotor blades to

a folded position proximate a side of the payload,

an 1itial deployed position rotated away from the side of

the payload, and

a fully deployed and locked position further rotated away

from the side of the payload and perpendicular to the
central axis of rotation of the rotor assembly.

10. The payload delivery device according to claim 9,
wherein the rotor assembly 1s further configured to dampen
the plurality of rotor blades during a blade deployment
operation when each of the plurality of rotor blades nears the
tully deployed and locked position.

11. A payload delivery device configured to deliver an
aircrait deployed payload along a tlight path to a predeter-
mined landing destination, the pavload delivery device
comprising:

a support member configured to be removably attached to

the payload;
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a tlight control and navigation system module connected
to the support member;

a control surface assembly module including a plurality of
control surfaces, the control surface assembly module
connected to the support member and 1n communica-
tion with the flight control and navigation module to
receive commands to control orientation of the plurality
of control surfaces while the payload is travelling along
the tlight path to the predetermined landing destination;

a gimbal assembly module including a plurality of gimbal
servomotors, the gimbal assembly module connected to
and configured to move relative to the support member
and 1n communication with the flight control and
navigation module to receive commands to control
axial rotation of the gimbal assembly module with
respect to the support member;

a rotor assembly including a plurality of rotor blades
having a central axis of rotation; and

a collective control assembly module including at least
one collective servomotor, the collective control
assembly module connected between the gimbal
assembly module and the rotor assembly and in com-
munication with the flight control and navigation mod-
ule configured to control a plurality of control linkages
connected to the plurality of rotor blades.

12. The payload delivery device according to claim 11,
wherein the gimbal assembly module, under control of the
flight control and navigation system module, pivots the
central axis of rotation the rotor assembly via at least one
servomotor about a point located on a longitudinal axis of
the payload to impart an axial thrust force away from the
longitudinal axis of the payload.

13. The payload delivery device according to claim 11,
wherein the collective control assembly module, under con-
trol of the flight control and navigation system module,
controls, via at least one servomotor mounted on the gimbal
assembly module, a collective motion imparted to the rotor
assembly configured to simultaneously rotate a leading-edge
of each blade of the plurality of rotor blades of the rotor
assembly.

14. A payload delivery device configured to deliver an
aircraft deployed payload along a flight path to a predeter-
mined landing destination, the payload delivery device
comprising;

a support member configured to be removably attached to

the payload;

a flight control and navigation system module;

a control surface assembly module including a plurality of
control surfaces, the control surface assembly module
connected to the support member and 1n communica-
tion with the flight control and navigation module to
receive control surface commands to control orienta-
tion of the plurality of control surfaces;

a rotation bearing assembly connected to the support
member; and

a rotor assembly including a plurality of rotor blades
having a central axis of rotation and a plurality of rotor
servomotors, the rotor assembly connected to the rota-
tion bearing assembly and 1n communication with the
flight control and navigation module to receive rotor
rotation commands to control angular rotation of each
of the plurality of rotor blades via co-planar aligned
blade rotation shafts of each of the plurality of rotor
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blades, the co-planar aligned drive shaits coincident
with a plane of rotation of the rotor assembly about the
central axis of rotation.

15. The payload delivery device according to claim 14,
turther comprising a gimbal assembly module including a
plurality of gimbal servomotors, the gimbal assembly mod-
ule connected to and configured to move relative to the
support member and in communication with the flight
control and navigation module to receive gimbal rotation
commands to control axial rotation of the gimbal assembly
module with respect to the support member.

16. The payload delivery device according to claim 15,
wherein the gimbal assembly module, under control of the
flight control and navigation system module, pivots the
central axis of rotation of the rotor assembly via at least one
gimbal servomotor about a point located on a longitudinal
axis of the payload to impart an axial thrust force produced
by the rotor assembly away from the longitudinal axis of the
payload.

17. The payload delivery device according to claim 14,
further comprising a quick-release coupler connected
between the rotation bearing assembly and the rotor assem-
bly configured to allow detaching of the rotor assembly from
the payload delivery assembly and attaching a second rotor
assembly.

18. The payload delivery device according to claim 14,
wherein the flight control and navigation system module
comprises at least

a GPS recelver,

at least one servomotor controller,

an 1nertial navigation system (INS) sensor,

a magnetometetr,

a navigation module, and

a multi-band transceiver configured to communicate with

at least one of a master thght computer in an aircraft,
a satellite communications network, a ground-based
telemetry station and a weather station.

19. The payload delivery device according to claim 14,
wherein at least one component of the flight control and
navigation system module 1s disposed 1n a rotating frame of
the rotor assembly.

20. The payload delivery device according to claim 14,
wherein the flight control and navigation system module 1s
disposed 1n a rotating frame of the rotor assembly.

21. The payload delivery device according to claim 14,
wherein the plurality of control surfaces, under control of the
flight control and navigation system module, at least one of
vertically stabilize and impart an axial moment of rotation
about a longitudinal axis of the payload during a portion of
the flight path to the predetermined landing destination.

22. The payload delivery device according to claim 14,
wherein the plurality of control surfaces, under control of the
flight control and navigation system module, are configured
to navigate the payload along a portion of the flight path to
the predetermined landing destination.

23. The payload delivery device according to claim 14,
wherein the rotor assembly, under control of the flight
control and navigation system module, 1s configured to
simultaneously rotate leading edges of each of the plurality
of rotor blades of the rotor assembly.

24. The payload delivery device according to claim 14,
wherein the rotor assembly, under control of the flight
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control and navigation system module, 1s configured to
independently rotate leading edges of each of the plurality of
rotor blades of the rotor assembly.

25. The payload delivery device according to claim 24,
wherein the rotor assembly, under control of the tlight
control and navigation system module, 1s configured impart
a cyclic thrust force to the rotor assembly by cyclically
rotating a leading-edge of at least one of the plurality of rotor
blades of the rotor assembly.

26. The payload delivery device according to claim 14,
wherein the rotor assembly, under control of the ftlight
control and navigation system module, rotates leading-edges
of the plurality of rotor blades of the rotor assembly to a
negative leading-edge angle with respect to a rotational
plane of the rotor assembly 1n a fully deployed rotor posi-
tion,

wherein the rotor assembly 1s configured to produce an

autorotation motion to produce a vertical thrust force
on the payload during a portion of the tlight path to the
predetermined landing destination.

27. The payload delivery device according to claim 26,
wherein the rotor assembly, under control of the flight
control and navigation system module, rotates leading-edges
of the plurality of rotor blades of the rotor assembly to a
positive leading-edge angle with respect to a plane of
rotation ol the rotor assembly 1 a fully deployed rotor
position,

wherein the rotor assembly produces a vertical thrust

force on the payload based on a moment of inertia
produced from the autorotation motion during a second
portion of the flight path before the payload arrives at
the predetermining landing destination.

28. The payload delivery device according to claim 14,
wherein the rotor assembly, under control of the flight
control and navigation system module, rotates leading-edges
of the plurality of rotor blades of the rotor assembly per-
pendicular to a plane of rotation of the rotor assembly 1n a
tully deployed rotor position,

wherein the rotor assembly mimimizes an aerodynamic

profile of the rotor assembly along a portion of the
tlight path to the predetermined landing destination.

29. The payload delivery device according to claim 28,
wherein the rotor assembly, under control of the tlight
control and navigation system module, rotates a leading-
edge of at least one of the plurality of rotor blades of the
rotor assembly away from being perpendicular to the plane
ol rotation of the rotor assembly 1n the fully deployed rotor
position to navigate the payload delivery device along a
portion ol the flight path to the predetermined landing
destination.

30. The payload delivery device according to claim 14,
wherein the rotor assembly 1s further configured to rotate the
plurality rotor blades

to a folded position proximate at least one side of the

payload,

to an 1mtial deployed position rotated away from the at

least one side of the payload, and

to a fully deployed and locked position further rotated

away from the at least one side of the payload and
perpendicular to the central axis of rotation of the rotor
assembly.
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