WD 03/ 078246 PCT/ SG03/00035 1 CONVERTI BLE VERTI CAL TAKE- OFF AND LANDI NG

M NI ATURE AERIAL VEHI CLE | . Technical Field O The Invention The present

i nvent i orwpaBarsese generally aircraft. 11. Background O TPag/SiGos/emsson | n

the past, attenpts have been nmade to cqnbine fixed wing airplanes with

hel i copters to achieve vertical take-off and landing (VTOL) capabilities.

Exanpl es include the Lockheed XFV-1 and the Convair é5ﬁ3§u§ogo. The Pogo,
t

for exanple, was t KONVERIFSIE AERLLOAL TR W s PP ix (26') wde
delta wing. Alarge vertical stabilizer above the wing was matched by an
equal |y sized ventral fin bMISFARHRELAEBLRE WEHLELE| soned for an emergency
horizontal |anding. The first double transition fromvertical flight to
horizontal flight and back to a vertical |anding by the Pogo was nade on
Novenber 2, 1954. The Pogo was flown until Novenber 1956. The Lockheed

XFV-1 nevef nMadfe@hifédi cPleldkepithanthvémbddong. The world's first
operational vertical/short take-off and |landing (VSTOL), the Harrier junp

jet, was introduce th +S angd, ds ul | ral
1 tary campai gne. WS 03/ 875346 PCT/ SHATohSs Sueaastl [ oditeraRypra

aircraft.

II. Background Of The Invention

In the past, attempts have been made to combine
fixed wing airplanes with helicopters to achieve vertical
take-off and landing (VTOL) capabilities. Examples
include the Lockheed XFV-1 and the Convair XFY-1 Pogo.

The Pogo, for example, was thirty-one feet (31")
long with a twenty-six (26') wide delta wing. A large
vertical stabilizer above the wing was matched by an
equally sized ventral fin below which could be jettisoned
for an emergency horizontal landing. The first double
fransition from vertical flight to horizontal flight and
back to a vertical landing by the Pogo was made on
November 2, 1954. The Pogo was flown until November 1956.
The Lockheed XFV-1 never made a vertical takeoff and
landing. The world's first operational vertical/short
take-off and landing (VSTOL), the Harrier jump Jjet, was
introduced in the 1960's and was used successfully in

several military campaigns.



2 Fixed wing airplanes and helicopters have conpletely perneated worl dw de
comerce and warfare. Presently, they are used to nove civilians,

sol di er s,wogeoae4s suppl ies, etc. to nearly any place in tRETHG0/00035
Moreover, fixed wi ng airplanes and helicopters are used to quickly
transport injured persons or organs to and from hospitals. Mlitaries, |aw
enforcement agencies, and intelligence agencies also use themto chase
crimnals, target, Biged andigat herlamhasiher 3aPFpe RFLIRPRFFEE i ot2VS/TOL
and VSTOL aircrafts have been used infrequently for specific mlitary

m ssi ons, dowpltdtesley t ypesmedtair cwafilsivikgve smvesreehi aRdd e idfespr ead
success of conventional fixed w ng airplanes and helicopters due in part
to the diffdgaddny i ntpewer rg angdedontsolmdwng tdiemliSmed | ersaliensed fixed
Wi ng airplanes an hel i copters have proved useful for surveillance, |ethal

and non-1ethal, ordjpanegsdeldier yioChewe 160 pl e i
. , , A plakar getl Rge etaxldowever,
a relati vgy snal ? unmanned aircraft thg'? can transition between verti cal

flight (like a helicopter):and bophzoptalybl hght Lhirke sa dfriexefbad "G
Hae® ot ed. fhlgus, t

P A S SN
can transi® et kEBRSPRTVerti£4IC IyPaﬁg%%aeourgﬁgggﬂgﬁﬁ{z%ﬁ%g}ﬁeﬁﬁg ttngtje
and sustain either node of flight. .
hospitals. Militarfes, law enforcement agencies, and
intelligence agencies also use them to chase criminals,
target, spy, and gather any other type of information.
VTOL and VSTOL aircrafts have been used infrequently for
specific military missions, but these types of aircrafts
have never achieved the widespread success of conventional
fixed wing airplanes and helicopters due in part to the
difficulty in powering and controlling them.
Smaller unmanned fixed wing airplanes and
helicopters have proved useful for surveillance, lethal
and non-lethal ordinance delivery, crowd control,
targeting. etc. However, a relatively small, unmanned
aircraft that can transition between vertical flight (like
a helicopter) and horizontal flight (like a fixed wing
airplane), has not been provided. Thus, the present
invention recognizes that there is a need for a relatively
small, unmanned aerial vehicle that can transition between

a vertical flight mode and a horizontal flight mode and

sustain either mode of flight.



WO 03/ 078246 PCT/ SG03/00035 3 SUMVARY OF THE | NVENTION An aerial vehicle
includes a rotor guard assenbly. An upper fusel age segnent extends
upwar dl y Wwooai7é$2le rot or guard assenbly and a | ower fusel 2ge/S&og/nens
extends downwardly fromthe rotor guard assenbly. Moreover, a rotor
rotates within the rotor guard assenbly between the upper fusel age segnent
and the | ower fuselage segnent. A turning vane flap extends fromthe rotor
guard assenbly below the rotor and a grid fin extends radially fromthe
| ower fusel age segnent below the turning vane flap. The grid fin allows
the aerial vehicle to tranSUMMBRY h@FWEBH ENVENTLIGH| flight node and a
horizontal flight node. In a preferred enbodinent, the aerial vehicle
further includes anmndereatkilagerdiiailext endsudemnwar dl yotbromguserdut er
fﬁrlphery ?f Zﬁ;_rotor guard gssenbly. Al so, a powerplant is installed in
e ower 0 3 %99“§$ﬁ Facenk gt osthRchet ekigualsd wasaaly . fride power
pl ant Pasa% s1afgﬁthat ex eﬁgsfbgﬁmegn Fﬁg Fowe? fﬁselage seg#gnt andpthe
upper fusel.age _segnent and t i rigi tt themshaft.
Pr ef er abl ,h a frﬁglgrt aﬁﬁalgg |%§?%{%ie)% |a2m% hgg g%ﬁg? f%g%@gag&égsegtﬁr}ent

adj acent to the rotor |
i nlst al | ed €x¥tends  dow lfxlvaarr%lyassgggrlny' t-lilhee flljc%ltotrankg{lQJQ_EUdeass?en%ﬂg.der

Moreover, a rotor rotates within the rotor guard assembly
between the upper fuselage segment and the lower fuselage
segment. A turning vane flap extends from the rotor guard
assembly below the rotor and a grid fin extends radially
from the lower fuselage segment below the turning vane
flap. The grid fin allows the aerial wvehicle to
transition between a vertical flight mode and a horizontal
flight mode.

In a preferred embodiment, the aerial vehicle
further includes an undercarriage that extends downwardly
from the outer periphery of the rotor guard assembly.
Also, a powerplant is installed in the lower fuselage
segment adjacent to the rotor guard assembly. The power
plant has a shaft that extends between the lower fuselage
segment and the upper fuselage segment and the rotor is
rigidly attached to the shaft.

Preferably, a fuel tank is installed in the
upper fuselage segment adjacent to the rotor guard

assembly. The fuel tank includes a Dbladder installed



WO 03/ 078246 PCT/ SG03/00035 4 therein. The bladder is inflatable to
pressurize fuel in the fuel tank. In a preferred enbodi nent, a fuel |ine
| eads frowotohe72e€l tank to the powerplant and is routed PRASGOHDIOPS
external to the rotor guard assenbly. Also, a high pressure line |eads
frog1tPF pome;plan} to tﬂe bl adder wthin the fuel tank and is rout ed
partially external to the rotor guard _assenbly. In a prefe

an upper ¢@@IE§I1|nsT%@Ibéaéﬁthé%uGﬁéﬁa¢@§éﬁhd€3s@ﬁﬁig?riﬁéé gggglnent
sensors are disposed within the upper cap. The sensor can be an opti cal

sensor, artHenffaekd tE®). sedsora @neddirs edf r enpedt)epRF) asehdet, ldNfagnetic
field sensor, a chem cal sensor, an acoustic sensor, a notion sensor, etc.

Addi ti onalilasaoner &t gnee RAIerasicanc behdi sposeth Mirtthi and t he wepdrectap.
The canera can be a video canera, a still camera, a digital video camera,

a digitalﬁg%#ﬂafyym%g%e§nagokgrﬁﬂék%b@@ﬂﬁgaara l saekaldAnd- whkfleoyi deo
canera, a ermal” i magi ng canera, an infrared video canera, a night

vi sion ca S:LS%I’ et C, Slggflﬁ]erlalt}{é/ useﬁaerfl%m vehjLl Gﬁ;cﬁJeS_éblé}Qd udes ahe

ggﬁ;gg{gg > rg upper age segment. transceiver is
ngrfrgﬁ?i?ﬁﬁé%%@ﬁ?ﬁgﬁﬁbcﬁgﬁgr an@eﬁ?é gd?uréﬂrfygﬁg%ﬂﬁe pg%ﬁéﬁ§}1§” :
external to the rotor guard assembly.

In a preferred embodiment, an upper cap is
installed on the upper fuselage segment. One or more
sensors are disposed within the upper cap. The sensor can
be an optical sensor, an infrared (IR) sensor, a radio
frequency (RF) sensor, a magnetic field sensor, a chemical
sensor, an acoustic sSensor, a motion sensor, etc.
Additionally, one or more cameras can be disposed within
the upper cap. The camera can be a video camera, a still
camera, a digital video camera, a digital still camera, a
color video camera, a black-and-white video camera, a
thermal imaging camera, an infrared video camera, a night
vision camera, etc.

Preferably, the aerial vehicle also includes a
microprocessor within the wupper fuselage segment. A
transceiver is connected to the microprocessor and extends
through the upper cap. In a preferred embodiment, the

aerial vehicle further includes a global positioning

satellite (G.P.S.) system within the wupper fuselage



satellite (G P.S.) systemw thin the upper fusel age WD 03/ 078246

PCT/ S&3/ 00035 5 segnent. The G P.S. systemis also connected to the

m cr opr ocwWeIN7826 anot her aspect of the present inventi oRCTHGO3/0@B5 al
vehi cl e includes neans for |aunching tRe vehicle vertically and neans for
flying the vehicle vertically. 1In this aspect, the aerial vehicle includes
nmeans for transitioning the vehicle fromvertjcal flight t hor| ont al
flight. |@esment.anot e d3pRct- oS Y& pr éSentt S?nV@ﬁ??%ﬁ %n Ser it

vehicl e includes a fuselage that defines a |ongitudinal axis. A rotor
guard assenfdnpprsurasmards a portion of the fuselage in a plane

perpendi cular to the longitudinal axis. Mreover, a rotor rotates within
the rotor guard assembl ynbvharplapectpespentiec fraysdard t heveohgprudianal
axis. In this aspect, a turning vane flap extends downwardly fromthe

rotor guargrizhheybHkBiRY Mafeudd Apmbassontoendafinagediy ehe acted dle t he
rotor guard and the turning vane flap rotates about a radial axis that

ext ends rgégﬂ aj]]]%)”gbaeﬁ t%knah %ﬁ‘c};s-’ch@ SPchiclibi sraspects1a grid

fin exten romthe fusel age ow t he turning vane flap. The

grig fin ot 3;58 about a ceptral axis that;extends iadhel |Neads omdhe

transitioning the vehicle from vertical flight to
horizontal flight.

In still another aspect of the present
invention, an aerial vehicle includes a fuselage that
defines a longitudinal axis. A rotor guard assembly
surrounds a portion of the fuselage in a plane
perpendicular to the longitudinal axis. Moreover, a rotor
rotates within the rotor guard assembly in a plane
perpendicular to the longitudinal axis. 1In this aspect, a
turning vane flap extends downwardly from the rotor guard.
The turning vane flap has one end hingedly attached to the
rotor guard and the turning vane flap rotates about a
radial axis that extends radially from the longitudinal
axis. Also in this aspect, a grid fin extends radially
from the fuselage below the turning vane flap. The grid
fin rotates about a central axis that extends radially

from the longitudinal axis.



WO 03/ 078246 PCT/ S&3/00035 6 The present invention wll now be descri bed,

by way of exanple, with reference to the acconpanying draw ngs, in which:
BRI EF DESEBIBITS2M OF THE DRAW NGS Figure 1 is a side planPerssoahooshe
aerial vehicle of the present inventign, Figure 2 is a cross-section view
of the aerial vehicle taken along line 2-2 in Figure 1; Figure 3 is a
cross-section view of the aerial vehicle taken along Iine 318 i.n Eigure 1,
Figure 4 is a crossIdectRiaesilewlBTeRRheCAel At QRﬂJE%edFﬁﬁEﬁ EPOng I'i ne
4-4 in Figure 1; Figure 5 is a block diagramof a fuel system and Figure
6 is a bl eek diayr asxafpaeconwith systfemendsESCRP PTEOR OB CANTERBEDNYENT OF
THE I NVENTION Referring initially to Figure 1, an aerial vehicle is shown
and gener aldayigesi, gnat ecthikdh: Figure 1 shows that the aerial vehicle 10

i ncl udes an upper fuselage segnent 12 and a | ower fusel age segnent 14 t hat
are connected by a rotor guard assenbly 16. In a preferred enbodi nent, the
fusel age segnents 12, 14 are hollow tubul ar nenbers which are open at each

end. WO 03/078246 PCT/ $HPOWIRIPTION OF THE DRAWINGS

Figure 1 is a side plan view of the aerial
vehicle of the present invention;

Figure 2 1is a cross-section view of the aerial
vehicle taken along line 2-2 in Figure 1;

Figure 3 is a cross-section view of the aerial
vehicle taken along line 3-3 in Figure 1;

Figure 4 is a cross-section view of the aerial
vehicle taken along line 4-4 in Figure 1;

Figure 5 is a block diagram of a fuel system;

and

Figure 6 is a block diagram of a control system.

DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
Referring initially to Figure 1, an aerial
vehicle is shown and generally designated 10. Figure 1
shows that the aerial wvehicle 10 dincludes an upper
fuselage segment 12 and a lower fuselage segment 14 that
are connected by a rotor guard assembly 16. In a
preferred embodiment, the fuselage segments 12, 14 are

hollow tubular members which are open at each end.



7 Preferably, the fusel age segments 12, 14 are made froma graphite epoxy
conposi te, but can be made fromany other suitable material well known in
the art. we mgor2isoned above, the | ower end of the upper PeISIGagesegnment
12 and the upper end of the |ower fuseglage segnment 14 are engaged with the
rotor guard assenmbly 16. Figure 1 further shows that the aerial vehicle
10 includes an undercarriage that, in this non-limting, exenplary

enbodi nen®refemphilyes Hix Fagslage SRS ESe Nt donwAnEr Sl Q“?‘i(eogffﬂl& Sut er
peri phery of the rotor guard assenbly 16. The legs 18 are equally spaced
around t heraphert eperigpherapngfostiie r G18r qRramke assémsly 16 frH ar &gl ed
with respect to a longitudinal axis 20 defined by the aerial vehicle 10.
It is to henerdensted d hattdhie undercamdwageln dare bectfi xed or retractable
and can be configured to allow the aerial vehicle 10 to alight on surfaces

of varying contour.pAs,descehbed aabevs, tHe usdercand age themuympteed on
the outer periphery of the rotor guard assenbly 16 and is structurally

coupl ed t%utshe e:[ rni Y s,léjesdq.[d bed, o bqjﬁyg,r tQeil | o | qads anvidie
e a

'over - Tuselage seament 14 Pref erabl y. L he ndeipar ] 206 ba . made. i om &
graphite é(‘b’(ﬁ?aaé?cﬁrpc?ﬁgfrbe,n but “cafi*Fe rgr% éggggnm‘gf%ﬁsr%%%g%%%?%a erfn(%?tranr iaal
well known in the art. The
assembly 16. Figure 1 further shows that the aerial
vehicle 10 includes an undercarriage that, in this
non-limiting, exemplary embodiment, comprises six legs 18
that extend downwardly from the outer periphery of the
rotor guard assembly 16. The legs 18 are equally spaced
around the outer periphery of the rotor guard assembly 16
and are angled with respect to a longitudinal axis 20
defined by the aerial vehicle 10.
Tt is to be understood that the undercarriage
can be fixed or retractable and can be configured to allow
the aerial vehicle 10 to alight on surfaces of varying
contour. As described above, the undercarriage is mounted
on the outer periphery of the rotor guard assembly 16 and
is structurally coupled to the turning vanes, described
below, to allow 1loads on the wundercarriage to be
transferred to the upper fuselage segment 12 and the lower
fuselage segment 14. Preferably, the undercarriage is

made from a graphite epoxy composite, but can be made from

any other suitable material well known in the art. The



WO 03/ 078246 PCT/ S&3/ 00035 8 undercarriage can also include a quick

rel ease nmechanism to allowit to drop-off after the aerial

vehicle 10 is

| aunched, we.09/078280r a one-way mnission. Moreover, the undectsGos/e®ascan be
designed to absorb inpacts caused by Ltanding, e.g., using elastoneric

pol ymers, shock-absorbing foam hinges, shock absorbing feet,
in Figure 1, an upper cap 22 is installed on the upper end
f usel age BﬂgﬁEﬂarrlageACgéhs@lsgayncéé§@rHbeﬂuFﬁkdéF%qa%ﬁﬂ%
established within the upper cap 22. Alower cap 24 is dis
| ower endtef dlhew oner Hfausérageo§égraiiter 14he Asiegticvn Vﬁblﬁg
the lower cap 24 are hem spherically shaped, but they can b

aer odynam gghkMeappr epgl at ershape. bhersalyo héssnder st dodeov
cap 24 provides a snmooth fairing off which boattail drag ca

etc. As shown
%}héggsupper
osed on the
Berl&apsS22 and
e any
bat t hkel ower
n be

i g”' ficanhhyrtedusedonnen the aesighedvedi eitd:® e aneadbighl mode,

conventional fixed-wing airplane. The | ower ca

protects

p 24 al so

he .enpenna e 26 C t
e gont  14ATERA% e Lortaciiie éi%)ﬁﬁ’onﬂl%%ﬂe R TR v i

enpennage 26 from dama au dir debrls exhaust gases, |
/ npact,
etc. The PéWeP1€§6524%$§C%f€% n&tetfron1an ener gy absor bi ng
material. Thus, if any of the Iegs 18 are dana%ed during .
As shown in Figure upper® cap 22 1is
installed on the upper end of the upper fuselage segment
12. A sensor Dbay, described in detail below, is

established within the upper cap 22. A lower cap 24 is

disposed on the lower end of the lower fuselage

segment

14. As shown the upper cap 22 and the lower cap 24 are

hemispherically shaped, but they can be any

aerodynamically appropriate shape. It is to be un

derstood

that the lower cap 24 provides a smooth fairing off which

boattail drag can be significantly reduced when th
vehicle is in airplane flight mode, e.g.,

conventional fixed-wing airplane. The lower cap

e aerial

like a

24 also

protects the empennage 26, described in detail below, the

lower fuselage segment 14, and the components within the

lower fuselage segment 14 and empennage 26 from damage

caused by dirt, debris, exhaust gases, impact, etc. The

lower cap 24 is preferably made from an energy absorbing

material. Thus, i1f any of the legs 18 are damage

landing, the lower caps 24 can absorb the impact.

d during



| andi ng, the | ower caps 24 can absorb the inpact. WO 03/078246

PCT/ S&3/ 00035 9 In a preferred enbodi nent, the aerial vehicle 10

i ncl udes wbws@abs24pref erably six, turning vane flaps 28. TPha/SGos/mioag vane
flaps 28 are equally spaced around they rotor guard assenbly 16 and are

pl aced beneath the rotor, described below As described in detail bel ow,
each turning vane flap 28 is hingediy attached to a turning. ,vane Within
the rotor guard asséﬁbﬁyﬁmﬁfQMEﬁé)Qﬂﬁ9¢1WQﬂ§ﬂrﬁﬁ%aﬂ%r$? pvgglp ali‘gned
with a respective leg 18 extending fromthe rotor guard assenbly 16.

Mor eover , iaclueepechiweal pl lpredetmedllses e, 30,umiglg Hapet aflaps ™ 28.

el ectro-nechani cal servo-actuator, is connected to each turning vane flap
28 and conhrolsyidend okahieonridies e08. adeacéqual lyceparsid sereendo tihs
rigidly attached to the outer periphery of the rotor guard assenbly 16 and

includes g ghaf ty34-4 h@ésérﬁb?—%t achgddt a2 nEspest ivencatiinkhg varned,| ap 28.
It is to be understood that the roll control servos 30 are issued

i dentical commands, s s _to | Lhal s yehigkgi10. pepeed fi ealdry, each
turni ng €%ﬁ€rﬁP§€ 2 %19%bta.%d %%%€¥§§ts hinged end. through an axis

ol 1 ng MoMERSy BERA HET ongh Ll RATIoBYe 50> Abr Gnal v TRe Eor ni ng
vane flaps 28 are designed to counter atnospheri.c ef&§0t§uﬁgﬁ CQ%QQFS in
vane within he rotor guard assembly 16. ’
turning vane flap 28 is aligned with a respective leg 18
extending from the rotor guard assembly 16. Moreover, a
respective roll control servo 30, e.g., a rotary
electro-mechanical servo-actuator, 1s connected to each
turning vane flap 28 and controls the rotation thereof.
Fach roll control servo 30 is rigidly attached to the
outer periphery of the rotor guard assembly 16 and
includes a shaft 32 that is attached to a respective
turning vane flap 28. It is to be understood that the
roll control servos 30 are issued identical commands so as
to roll the aerial vehicle 10. Specifically, each turning
vane flap 28 is rotated about its hinged end, through an
axis extending radially from the longitudinal axis 20, in
order to generate rolling moments around the longitudinal
axis 20. Accordingly, the turning vane flaps 28 are

designed to counter atmospheric effects and changes 1in

rolling moments due to inertial loading or unloading.



rolling nonments due to inertial |oading or unloading. WD 03/078246

PCT/ S&3/ 00035 10 In a preferred enbodi nent, the turning vane flaps 28
are fabriwetoed7f2e0©m a structurally stiff material which PETSGI&NY3RNd
light, e.g., a graphite epoxy conposifg, to allow for rapid transitions
and increase the speed and responsiveness of the aerial vehicle 10 during
rolling maneuvers. Preferably, the width of, each tuyrnin vane flap 28 is
such that the inner lgdgé o %@t 5% TGPy e %l e PO t he
central longitudinal axis 20 of the aerial vehicle_ 10 than the outer

peri phery fdlpst P8 emmpenfrigel ostedr fspi 3estrREtBERSWYdSSEETHERTGHIFL fi ns
that conprise the enpennage 26 m ght counteract the notion of the aerial
vehi cl e cawseth byis hestuonigngavane lifgraps 28.9 Fi guae Yrbphifler SIROEY t hat
the aerial vehicle 10 can include a renote control unit 34. As shown, the

remote coif@oditid, 3% cambmctuderppudatransttabnbubhans nc3®aaed g oy
stick 38. Thus, the buttons 36 and the joy stick 38 can be used to control

the flight h eri \eRICI8 <10y Refi8r Lichg 4110 FigiE Be 2,10t Ri@igrd al
vehicl e 103plq{:ec}s %ﬁnﬂv?n% ﬁnt heef L?sesl age segrreants 12, 14, the caps 22, 24,

o ek S N LaFRTIELY, L8 BRRGET Pk oYealocchhed g o
vane flap 28 is such that the inner edge of each flap 28
is a greater distance from the central longitudinal axis
20 of the aerial wvehicle 10 than the outer periphery of
the empennage 26. Otherwise, the below-described grid
fins that comprise the empennage 26 might counteract the
motion of the aerial vehicle caused by the turning vane
flaps 28.

Figure 1 further shows that the aerial vehicle
10 can include a remote control unit 34. As shown, the
remote control unit 34 can include plural control buttons
36 and a joy stick 38. Thus, the buttons 36 and the joy
stick 38 can be used to control the flight of the aerial
vehicle 10.

Referring to Figure 2, the aerial vehicle 10 is
shown with the fuselage segments 12, 14, the caps 22, 24,
and the rotor guard assembly 16 cross-sectioned to reveal
the interior components of the aerial vehicle 10. Figure

2 shows that the rotor guard assembly 16 includes plural

upper turning vanes 40 and plural lower turning wvanes 42



2 shows that the rotor guard assenbly 16 includes plural upper turning
vanes 40 and plural |ower turning vanes 42 WO 03/078246 PCT/ SG3/00035 11
that extewoosazi2aé |y froma generally cylindrical rotor @uarséoomsgid to a
general ly cylindrical rotor guard wall{; 46. As shown, the vanes 40, 42 are
integrally formed with the rotor guard hub 44 and the rotor guard’wall 46
but it can be appreciated that the vanes 40, 42, the hub 44, . and.  the vvali
46 can betheitmeeksepar arsiipldid R é&t%ﬁ%ﬁag-iy tH SRR by T8 Y F¥ans
wel |l known in the art such as chem cal welding. The | ower end of e upper
fusel age gsegreriud24andc e gpperadhyl ovlindriiordr FUT agdaseg 14
are di sposed within the rotor guard hub 44. Thus, the fuselage segnents
12, 14 ar@esuppey tathy, tiiee roanss gbay di2assenbhyeybalily iformedharith
understood that the rotor guard assenbly 16 |lends safety to the aerial

vehicl e ang,. QhselVef st 10hh €4 Sahd €hoSEoPHOXithiy talihd caekival itvehi
_ ehicle
10. The rotor guard assenbly 16 is designed so that lateral strike |oads

can be absgrbed thereby. N | 9g8- Quarters hoyeri
, I i fPe MRABBU VAN, S .ankhe
rotor guard” asese%ﬁgy éf%gg%goglhﬁgrgases thetes effici encyg%f t he aeriaallq;Eh

vehicle 10 in that tip-effects. of j

o i e S Rl T LA e R,
each other by a means well known in the art such as
chemical welding. The lower end of the upper fuselage
segment 12 and the upper end of the lower fuselage segment
14 are disposed within the rotor guard hub 44. Thus, the
fuselage segments 12, 14 are supported by the rotor guard
assembly 16.

Tt is to be understood that the rotor guard
assembly 16 lends safety to the aerial vehicle and
observers or objects in close proximity to the aerial
vehicle 10. The rotor guard assembly 16 is designed so
that lateral strike loads can be absorbed thereby during
close—-quarters hovering maneuvers. The rotor guard
assembly 16 also increases the efficiency of the aerial
vehicle 10 in that tip-effects of the rotor, described
below, are reduced. It can be appreciated that the rotor
guard assembly 16 can be lined with a rub strip to further
reduce tip losses and it can be lined with anechoic
materials to absorb acoustic energy. Further, the rotor

guard assembly 16 can be penetrated and/or perforated for



reduce tip losses and it can be lined with anechoic materials to absorb
acoustic energy. Further, the rotor guard assenbly 16 can be penetrated
and/ or pewbwosatsds f or WO 03/ 078246 PCT/ SG3/ 00035 12 aco®EmiSGos@ant ur e
anel i orati on and accomodati on of subgystem conponents. The rotor guard
assenbly 16 can also be fabricated fromfoil-thickness materials or it can

have a thickness, that ,is substantial, enqugh t L t h
assenbly']ﬁ???ﬁ?&%seséﬁ8ﬁﬁﬁﬁﬁy 6§Vﬁ6éH§3: rbuﬁﬁﬁé gﬁéﬁg%goé%kgkﬁggﬁg 48

installed within the |ower fuselage segnent 14. It is to_he understood
that the poWRIYTEeR 4BTRRBESY mi R t GPBPAe, %R FDt HPSENGI nd® R type
of internal conbustion engine, or any type of electric notor. In this
non- | i mtiagso exenpblrycaeabodiroentotihe thdwnglsanmad8riig lan dmtidy nedn
conbustion engine. As shown, the powerplant 48 includes a shaft 50 that
extends petpendacwrardindgy oclidie fet aubgiant iads esmdygh 16owatllliow tites space
est abl i shed between the ends of the fuselage segnents 12, 14. A rotor 52

is rigidy-atiaches-qtostbapshait 88 rodssohates1peypgadisubarly to the
| ongi tudinal axis 20 within the rotor guard assenbly 16. It is to be

under st ood that the gp 8£e5é2%%%wﬁﬁ%§ ﬁgﬁerg¥gp€r4@fﬂﬂg%%%ﬁég“hf%@ﬂ@

chords. Moreover the rotor can be e any suitable structural

material vell known L0SL0E 8" LegRkeker APl Y. Hhe ot0r 32 extgnds dogm the
that the powerplant 48 can be a micro turbine, a rotary
engine, any type of internal combustion engine, or any
type of electric motor. In this non-limiting, exemplary
embodiment the powerplant 48 1is an internal combustion
engine. As shown, the powerplant 48 includes a shaft 50
that extends perpendicularly into the rotor guard assembly
16 within the space established between the ends of the
fuselage segments 12, 14. A rotor 52 is rigidly attached
to the shaft 50 and rotates perpendicularly to the
longitudinal axis 20 within the rotor guard assembly 16.
It is to be understood that the rotor 52 can have any
number of blades and blade chords. Moreover the rotor 52
can be made of any suitable structural material well known
in the art. Preferably, the rotor 52 extends from the
center of the shaft 50 outward to the inner periphery of
the rotor guard wall 46 in order to reduce tip losses
which are normally encountered by free rotors. In a

preferred embodiment the rotor 52 has a diameter from four



center of the shaft 50 outward to the inner periphery of the rotor guard
wall 46 in order to reduce tip losses which are normally encountered by
free rot owe.o3rs2as preferred enbodi ment the rotor 52 has @CuiS@od@ssfrom
four WO 03/078246 PCT/ S@3/00035 13 inghes to ten inches (4" - 10"), but

it can be as large as six feet (6') in dianmeter. A preferably cylindrical

fuel tank 54 is disposed in the upper fuselage segnent 12 ahove the rotor
46. A fuelinghes 58 |'eaisinglnst he" f uel Ot ankPBE, itnFabgke Fﬁbq@ﬁ&ﬁ Flsel age

segnment 12, through the rotor guard hub 44, along an upper turning vane
40, al ong dihe fator (gUarth dvedme®s;. al ong a | ower turning vane 42, through
the rotor guard hub 44, through the | ower fusel age segnent 14, and into
the powerplant 48. |m appeetenbeg enbodimentcal hefiunedl tzankk 5454i nclaides a
seated bl adder 58 that is pressurized by an external gas source, e.g., the

exhaust mapi .00 £k of 1 hhenepRRiR aniscABgdessghded bel awovkt the tioter
appreci ated ‘that the bl adder 58 ensures consistent flow of pressurized

fuel to the. power t |, i
e, POV &Iﬁleqblglﬁqdeeﬁggmgn s FAESSW eshbner80x ext endsrdigin t he

power pl ant” 48 to t is routed thereto nuch Iike the fuel

e 50 ) St ok el a5t L GO Bl 4y sl Y.
44, along an upper turning vane 40, along the rotor guard
wall 46, along a lower turning vane 42, through the rotor
guard hub 44, through the lower fuselage segment 14, and
into the powerplant 48.

In a preferred embodiment, the fuel tank 54
includes a seated bladder 58 that is pressurized by an
external gas source, e.g., the exhaust manifold of the
powerplant 48, described below. It is to be appreciated
that the bladder 58 ensures consistent flow of pressurized
fuel to the powerplant 48. As shown, a pressure line 60
extends from the powerplant 48 to the bladder 58 and is
routed thereto much like the fuel line 56 1s routed from
the fuel tank 54 to the powerplant 48. Preferably, the
fuel tank 54 is located as close to the center of gravity
of the aerial vehicle 10 as possible. Thus, as the fuel
level within the fuel tank 54 changes during flight, the

location of the center of gravity of the aerial vehicle

will not significantly change.



of the aerial vehicle 10 as possible. Thus, as the fuel level within the
fuel tank 54 changes during flight, the |ocation of the center of gravity
of the aewpaBiowehé cle wll not significantly change. WO ®@8TGG82d®35

PCT/ S@3/ 00035 14 As shown in Figure 2, a sensor bay 62 is established

wi thin the upper cap 22 and an avionics bay 64 is established within the
upper end of the upper fusel age, segnent 12 beneath the sepsor % y 62.
Figure 2 shows that A8 nPBPYPr 0éBssbF-9IBESI s2di sPosB88RFPENi R2¥he gvi&ﬁics
bay 64. Moreover, at |east one sensor 68 and at | east one canera 70 are
di sposed weshiehlihbedendthibayhe? upRen reaiscld] vard 720 eXTVePdsCs hPaligh4t he
upper cap 22. The sensor 68 can be any type of sensor, e.g., an optical
sensor, aniknksasedichRd seidam w@he adppefr egdendy {iRF)upsensbénseaagagneti c
field sensor, a chem cal sensor, an acoustic sensor, a notion sensor, etc.
Al'so, the gapReat 70 eanchenamhd e Dfr GRIEreR. €. Bigude V2 dehowamehat a
still canmera, a digital video canera, a digital still camera, a color

vi deo cameLa.n & N AGEAUbMheEe M 1895 p6808N a1 dhddeEB! dyRaiNg caagra, an
infrared video canera, a night vision canera, etc. Referring now to Figure

S per D 8o oo S0RRd TR 108sE Ot e IHBNIoRORATILYG 18! ML oBLX

upper turni e unde 00d that e
camera 70 are disposed within the sensor bay 62. A
transceiver 72 extends through the upper cap 22. The

sensor 68 can be any type of sensor, e.g., an optical
sensor, an infrared (IR) sensor, a radio frequency (RE)
sensor, a magnetic field sensor, a chemical sensor, an
acoustic sensor, a motion sensor, etc. Also, the camera
70 can be any type of camera, e.g., a video camera, a
still camera, a digital video camera, a digital still
camera, a color video camera, a black-and-white video
camera, a thermal imaging camera, an infrared video
camera, a night vision camera, etc.

Referring now to Figure 3, in a preferred
embodiment the rotor guard assembly 16 includes six upper
turning vanes 40. It is to be wunderstood that the
preferred rotor guard assembly 16 also includes six lower
turning vanes 42 (Figure 2). Each lower turning vane 42
is aligned with a respective upper turning vane 40.

Figure 4 shows details of the empennage 26. As

shown, in this non-limiting, exemplary embodiment, the



preferred rotor guard assenbly 16 al so includes six |lower turning vanes 42
(Figure 2). Each lower turning vane 42 is aligned with a respective upper

turni ng Wa0@34@24¢i gure 4 shows details of the enpennage PET/SE93/0@BHWN, in

this non-limting, exenplary enbodi nment,sthe WO 03/078246 PCT/ SG3/ 00035

15 enpennage 26 includes four identical grid fins 74 radially spaced

around the | ower end t he. | mer f usel age, se . I n erred
enbodi ment ,~"€ach Gt % +P9%u ficl Gaes * ggHFéFgﬂEPFbﬁy%éPP i%i Q4%ﬁkﬂymh|ch
air flows during, flight of the aerial_ vehicle 10. As shown, a single
respectlveﬁﬁi%ﬁ%'%W%%@QOtﬁ%CHQWPéa@QQHQ&)%&?ué@U?r7§uﬁ§la@@nﬁﬁﬁmﬁﬂqo
each grid fin 74 via a shaft 80. Opposite servos 78 receive identical

si gnal s so lthat theagpire feirred Rt resttuateath nguidf Féd Fdi risiclEabds grid
fin 74 rotates through an axis that extends radially fromthe

| ongi t udi n@lwdls ROLlotr | seflbsbe7Ginddrstagd thatht hei power gl@ntdd8ng
rotates the rotor 52 which provides |ift for the aerial vehicle 10. Wth

the grid fifs gkt abirgnedeWiddride aichicdfleowsgausedsbyshBanlotor Hhqgitde
aerial vehicle 10 can take-off vertically and | and vertlcally Durlng

flight, t@%éﬁé&ﬂﬂﬁbV§8€§r§8é%@%ﬂ%%Jﬁyeﬁd%lddi‘%EfﬁHL %téPeW§3iﬂﬁn96d

ends, e. g. 1IN response to a si gna fromthe renote contr uni t
order to C@%%% é&? d%ée%ga%]grléjkln 74 via a shaft 80. Opposite

servos 78 recelve identical signals so that the grid fins
74 are actuated in wunified pairs. Each grid fin 74
rotates through an axis that extends radially from the
longitudinal axis 20.

It is to be understood that the powerplant 48
rotates the rotor 52 which provides 1lift for the aerial
vehicle 10. With the grid fins 74 aligned with the air
flow caused by the rotor 52, the aerial vehicle 10 can
take-off vertically and land vertically. During flight,
the turning vanes 28 can be rotated in unison about their
hinged ends, e.g., in response to a signal from the remote
control unit 34, in order to change the direction of air
flowing across the turning vanes flaps 28 and thus, rotate
the aerial vehicle 10 about its longitudinal axis 20. If
the aerial vehicle 10 is vertically oriented, this motion
is considered yaw. On the other hand, if the aerial

vehicle 10 is horizontal, this motion is considered

roll.



fl ow ng across the turning vanes flaps 28 and thus, rotate the aerial
vehicle 10 about its longitudinal axis 20. If the aerial vehicle 10 is
verti cal Iwomsioeszsed, this notion is considered yaw. On treTsGognoodand, if
the aerial vehicle 10 is horizontal, this notion is considered roll. WO
03/ 078246 PCT/ S3/00035 16 The grid fins 74 can be used to alter the ]
direction of air flow.ng therethrough, and alter the irectign in ich the
aerial vehicle 10 iSW%Fangﬂﬁgte?HUSYEtHﬁﬂbrﬁﬁafﬂﬁﬁa 4t€hnaggeﬁéeg%Fo
redirect the aerial vehicle 10 durjing vertical flight or horizontal flight

or conpl efélF§CEraRsi Cifon aife defSEINT eniR U PYeitheePd  deEEFcalthel i ght

mode and a horizontal flight node. Referring to Figure 5 one non-limting
exenpl ary fiBECE¥SNems 8he gerieral | yebésilgnat @d 1s100rafegdng.5
shows that the fuel system 100 includes the fuel tank 54 (Figure 2) and
bl adder 58ThEsgutde2)gtivhtfane 74onaecbed used: e povérprant td8 GErduile 2)
via the fuel ||ine 56 (Figure 2) and the pressure line 60 (Figure 2). As

shown in Fiyghield, WheihtiadderebBitsl prefatably reonnagted t o1 aghexBaust
mani fold 102 by the pressure |line 60. However, it is to be understood that

the bl adderopBieeBihe £0ARSeLednt Orhe Crankease Jid A% indi gakedohy dashed
line 106. Figure 5 Shows that the

vertical flight mode and a horizontal flight mode.

Referring to Figure 5, one non-limiting
exemplary fuel system is shown and generally designated
100. Figure 5 shows that the fuel system 100 includes the
fuel tank 54 (Figure 2) and bladder 58 (Figure 2) that are
connected to the powerplant 48 (Figure 2) wvia the fuel
line 56 (Figure 2) and the pressure line 60 (Figure 2).

As shown in Figure 5, the ©bladder 58 1is
preferably connected to an exhaust manifold 102 by the
pressure line 60. However, it 1s to be understood that
the bladder 58 can be connected to a crankcase 104 as
indicated by dashed line 106. Figure 5 shows that the
fuel system 100 can include a fuel filter 108 and a fuel
regulator 110 installed along the fuel line 56 between the
fuel tank 54 and the engine 48. Preferably, the fuel
filter 108 is installed between the fuel tank 54 and the
fuel regulator 110. The fuel regulator 110 is wused to
prevent excessive fuel pressure during start-up, idle, or

shut-down, and thus, to prevent engine flooding or



fuel system 100 can include a fuel filter 108 and a fuel regulator 110
installed along the fuel line 56 between the fuel tank 54 and the engine
48. Pref ewaBp7s2ehe fuel filter 108 is installed betweenPChsSGosiedo3s ank 54
and the fuel regulator 110. The fuel rnegulator 110 is used to prevent
excessive fuel pressure during start-up, idle, or shut-down, and thus, to
prevent engine flooding or WO 03/ 078246 PCT/SGDg/OOO3f 17 hydro-| ock.

Mor eover, R¥EEFTEICK] | t eMOTESVEE ruskle t FuenshietehatPhe FUelSG8l i Vered to
the powerplant 48 is clean and free of debris that can adversel% af f ect
the perfomance ahdt i thesgarelof dehévesadr flaanthag ReWEEHant udP reful at or
110. In general, the fuel filter 108 is situated so that it can be
renoved, idsqpect add afdeei fomedebsasy,thateptaveddiaisgly oatfifeetnathe enance
of the aerial vehicle 10. On the other hand, the fuel regulator 110 is not

typically sept3epshos adeguhae basirs and @ecopdivagbyants 4dmoumnidedtha a
| ocation within the upper fusel age segnent 12 that is not as easily

accessiblefggltpg?&y§£ogihgg( 108. Referring now to Figure 6, one
exenplary, non-Ttmting control systemis shown and generally designated

120 Figite o, hons haaifc soncipl SRS |64 udeo A diaapr geeocor
that it can be removed, inspected, and, if necessary,
replaced during routine maintenance of the aerial vehicle
10. on the other hand, the fuel regulator 110 is not
typically replaced on a regular basis and accordingly, is
mounted in a location within the upper fuselage segment 12
that is not as easily accessible as the fuel filter 108.

Referring now to Figure 6, one exemplary,
non-limiting control system 1s shown and generally
designated 120. Figure 6 shows that the control system
120 includes a microprocessor 122 to which  the
subcomponents, described below, are attached. As shown,
the microprocessor 122 is connected to the grid fin servos
78 (Figure 4) via electrical lines 124 and 126. The grid
fin servos 78 are connected in pairs so that opposite
pairs of grid fin servos 78 receive the same signals. The
microprocessor 122 is also connected to the roll control
servos 30 (Figure 1) via electrical line 128. The roll

control servos 30 are connected so that all six roll



the m croprocessor 122 is connected to the grid fin servos 78 (Figure 4)
via electrical lines 124 and 126. The grid fin servos 78 are connected in
pairs so whas/oopposite pairs of grid fin servos 78 recei PETISGO3/8@AE
signals. The mcroprocessor 122 is al connected to the roll control
servos 30 (Figure 1) via electrical line 128. The roll control servos 30
are connected so that all six roll WO 03/078246 PCT/ SG03/00035, 18 contro
servos 30cpeteiole ideriwzd sighdls B¢ @el YaneoudPgntAsadhown S ELGur e 6,
the m croprocessor 122 is connected to the powerplant 48, e.g., the

accel er at @imli3@anaeisigni tion system 132, via electrical lines 134 and 136
in order to control the operation thereof. The m croprocessor 122 is al so

connected to the sengorsk8en (Ehguiguap, & hecloanmetardproEegape 2p2 dmd the
transcei ver 72 by electrical lines 138, 140 and 142. As shown, the

m Cr opr oces, C%?P Bheo beccpnnest e t o ay g) obab apesiltiranbrg 1At el lite
(GP.S) sys em 4%%5 FrlgaP I'ine 146. a€'?A.‘Ccordlngggs;ly wth tge above

descri bed control sten1 m gr.o 12 u t ontr ol
the flight? %9&9%% TFafyv ﬁ ﬁggio %y g%%%ro(gﬁb %ﬁﬁégoggéa?ﬁ§1%%@the

rid fin servos 78, the
and i gni tiion syEeeR e roil control,, seryos 30;.Lhe §Nlng accel exator 130

microprocessor 122 1is also connected to the sensor 68
(Figure 2), the camera 70 (Figure 2), and the transceiver
72 by electrical lines 138, 140 and 142. As shown, the
microprocessor 122 can also De connected to a global
positioning satellite (G.P.S.) system 144 by electrical
line 146.

Accordingly, with the above described control
system 120 the microprocessor 122 can be used to control
the flight of the aerial vehicle 10 by controlling the
operation of the grid fin servos 78, the roil control
servos 30, the engine accelerator 130 and ignition system
132 in response to remote control signals from the remote
control unit 34. Or, the microprocessor 122 can control
the flight of the aerial wvehicle 10 in response to a
pre-programmed flight plan. The microprocessor 122 can
also send and receive information wvia the transceiver 72Z.
This information can be control signals from the remote

control unit 34, sensor signals, video or stills from the



132 in response to renote control signals fromthe renote control unit 34.
O, the mcroprocessor 122 can control the flight of the aerial vehicle 10
in resporse oBo78246 pre- programed flight plan. The m cropr ®Ces$$08/0@M32 can
al so send and receive information via tfye transceiver 72. This information
can be control signals fromthe renote control unit 34, sensor signals,

id till f the WO 03/ 078246_ PCT/ S@G3/ 00035 19 0,
Viher inf oERBEEEN Dol QlaAiR SHRE RIS roT e Seva st VenTar ot 100hGy ¢ p

the configuration of structure and nethod described above, it can be

appr eci at e8ft hRf 8RE1aér VaPicy8hil€lre 10 can take off and |and vertically.
Moreover, during flight the aerial vehicle 10 can hover while vertical
and transition betwe#ath Vidre i cahfibhghtispdeofandtrachoriezantdl mekhght
node. While the particul ar CONVERTI BLE VERTI CAL TAKE- OFF AND LANDI NG

M NI ATURE AERCALDWHH £hdvas Her ecan Sdwowappmdcdesed beldat n thet aekrialful |y
capabl e of attaining the above-described objects of the invention, it s

to be undegshoedet had téni sdikke presendl yiief eer-edcaeniodi mepkeolethe
present invention and thus, is representative of the subject matter which

I s broadl YduEQng”Ehi‘%;ﬁ@ bynhkhe,pregent véﬂiﬁgéi Oflg EEQB th8vEEOPELOhe the

present invention fully enconpasses ot her enbodi nen

vertical and transition between a vertical flight mode and
a horizontal flight mode.

While the particular CONVERTIBLE VERTICAL
TAKE-OFF AND LANDING MINIATURE AERIAL VEHICLE as herein
shown and described in detail 1s fully capable of
attaining the above-described objects of the invention, it
is to be wunderstood that it is the presently preferred
embodiment of the present invention and thus, is
representative of the subject matter which 1s broadly
contemplated by the present invention, that the scope of
the present invention fully encompasses other embodiments
which may become obvious to those skilled in the art, and
that the scope of the present invention is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not
intended to mean "one and only one" unless explicitly so
stated. but rather "one or more." All structural and
functional equivalents to the elements of the

above-described preferred embodiment that are known or



whi ch may becone obvious to those skilled in the art, and that the scope
of the present invention is accordingly to be |limted by nothing other

t han t he wppandeds cl ai s, in which reference to an el enre®CTiISGOs/h@351 ngul ar
is not intended to nean "one and only gne” unless explicitly so stated.
but rather "one or nore.” structural and functional equivalents to the

el enments o he abovgéqs%scr bed pref red enPodr nt thag{sl r.e kno or WO
03/ 078246 Sa581"60 S0*1a¥8r o kﬁB Ne5Yt Rdde lof rbr Rary

skill in the art are expressly |ncorporated herern by reference and are

i nt ended t6rBeaéﬁcSﬁﬁ§§§§é}yb;¥npﬁépﬁﬁfé‘§§ﬁt har&ims LY M EoRRACe | *R4 s2Rst
necessary for a device or nethod to address each and every probl em sought
to be sol védteydetie toresemt envenpResedf orby t tbetopb”@s@mi'orrp@%@emsby t he
present clainms. Furthernore, no el enment, conponent, or nethod step in the
present diMckesuee,i dti ntended trcedmwjedi fatred tdetihes publ inctteghrdbess of
whet her the elenent, conponent, or nethod step is explicitly recited in

the clai nggaNessl! éb&helaaraergvéw &b Folb Berh Os88gEONSHr WRd dHIdRId B{ethe
provisions of 35 U S.C section 112, srxth paragraph unl ess the el enent

s express%yeggﬁttelq“;@rggoﬁ hefB*ifaJs_% ideans £Or en MAQUNLB24%  the
PCT/ S@03/ 00035

present claims. Furthermore, no element, component, or
method step in the present disclosure is intended to be
dedicated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. No claim element herein is to be construed under
the provisions of 35 U.S.C. section 112, sixth paragraph,
unless the element is expressly recited using the phrase

"means for."



CLAIMS 1. An aerial vehicle, conprising: a rotor guard assenbly; an upper

fusel age segnent extending upwardly fromthe rotor guard assenbly; a | ower
f usel age woegawr24ext endi ng downwardly fromthe rotor guaPdTsse®ndBy; at

| east one rotor rotating within the rotor guard assenbly between the upper
fusel age segnent and the | ower fusel age segnent; at |east one turning vane
flap extending fromthe rotor guard agsenbly below the rotor; and at | east
one grid fin extending radially fromthe |l ower fuselage segnent bel ow the

turning \ﬁ@a{éap, the grid fin allowing the aerial vehicle to transition

bet ween cal flight node and a horizontal flight node. 2. The aeri al
vehicle of Caiml, further conprising;., an undercarriage extendi ng

downwar diy fr dH t3RF ik erebbel¢ phe?§P oSt H@ rotor guard assenbly. 3. The
aerial vehicle of Caim2, further conprising: a powerpiant installed in

the | ower fusel ageteegrentd agsemehr; to the rotor guard assenbly, the power
pl ant having a shaft extendi ng between the | ower fusel age segnent and the
WO 03/ 078246 RGET/ 5608100038182 uppgnehtusel:agpmdsiegnenpyatrtéyr oirmm behag
rigidly attached to
rotor guard assembly;
a lower fuselage segment extending downwardly from the
rotor guard assembly;
at least one rotor rotating within the rotor guard
assembly’ﬁbetweehA the upper fuselage segment and the lower
fuselage segment;
at least one turning vane flap extending from the rotor
guard assembly below the rotor; and
at least one grid fin extending radially from the lower
fuselage segment below the turning vane flap, the grid fin
allowing the aerial vehicle to transition between a vertical
flight mode and a horizontal flight mode.
2. The aerial vehicle of Claim 1, further comprising:
an undercarriage extending downwardly from the outer
periphery of the rotor guard assembly.
3. The aerial vehicle of Claim 2, further comprising:
a powerpiant installed in the lower fuselage segment

adjacent to the rotor guard assembly, the power plant having

a shaft extending between the lower fuselage segment and the



the shaft. 4. The aerial vehicle of CQaim3, further conprising: a fuel
tank installed in the upper fusel age segnent adjacent to the rotor guard
assenbl y.wb.0o30t24@eri al vehicle of Caim4, wherein the f®el/SGaskoods ncl udes
a bl adder installed therein, the bl adder being inflatable to pressurize
fuel in the fuel tank. 6. The aerial vehicle of daimb5, further
conprising: a fuel line leading fromthma fuel tank to the powerplant, the
fuel line being routed at |east partially external to the rotor guard

assenbly. 7. The aerial vehicle of_(Claime6 ur.t her_co i sing: Hi h
or essur ¢ YPRET | GHACAG OFr o THE powbP Bl ARESFo SEHES of Hotier? whtheREEHe Fuel
tank, the high gressure line being routed at |east partially external to
the rotortgBafdethssenbly. 8. The aerial vehicle of Qaim7, further
conpri si ng: an upper cap installed on the upper fuselage segnent. 9. The
aerial vehicl eThe eraimlsvehicthepicoApinsPngfugthersasompnéssagsor di sposed
within the upper cap. 10. The aerial vehicle of Claim9, wherein the sensor
is at |east oae fofel heaid | bméhgllad dpti cak sepser, farsdldgar edgdnt
03/ 078246 PCT/ SX3/00035 23 (IR) sensor, a radio frequency (RF) sensor, a
magneti c dd¢hdensedsothearehem gabkrgeaseembag.acoustic sensor, and a notion
5. The aerial wvehicle of Claim 4, wherein the fuel tank
includes a bladder installed therein, the bladder being
inflatable to pressurize fuel in the fuel tank.
6. The aerial wvehicle of Claim 5, further comprising:

a fuel 1line leading from the fuel tank to the
powerplant, the fuel line being routed at least partially
external to the rotor guard assembly.

7. The aerial wvehicle of Claim 6, further comprising:

a high pressure line leading from the powerplant to the
bladder within the fuel tank, the high pressure line being
routed at least partially external to the rotor guard
assembly.

8. The aerial vehicle of Claim 7, further comprising:

an upper cap installed on the upper fuselage segment.
9. The aerial vehicle of Claim 8, further comprising:

at least one sensor disposed within the upper cap.

10. The aerial vehicle of Claim 9, wherein the sensor is at

least one of the following: an optical sensor, an infrared



sensor. 11. The aerial vehicle of Claim10, further conprising: at |east
one canera di sposed within the upper cap. 12. The aerial vehicle of Caim
11, wherewo oBlozs2e@anera is at | east one of the foll ow ng: PaTSIGI®0BRENEr &, a
still camera, a digital video canera, a digital still canmera, a color

vi deo canera, a bl ack-and-white video canera, a thermal imaging canera, an
infrared video canera, and a night visizon canera. 12. The aerial vehicle
of Claim12, further conprising: at |east one mcroprocessor wthin the
upper fus cle of Caim13, furt

conpri si n? ats?% F oﬁerf"?iéﬁs%gﬁe\g&engé’nn VeIV e an?‘%gﬁfﬁb‘&egégrldand

extendi ng t hrough the upper. cap. 15. The aerial vehicle of Caim 14,
further cHT?%s1 ng: CAETHEARd! S(ﬁ‘?ég%ﬁrob%ﬂl PESHET bfi R§nS&tel 131% %y@?éﬁpw thin
t he upper fusel age segnent and connected to the mcroprocessor. 16. An
aerial ve¥gwr$e®r- conprising: nmeans for |aunching the vehicle vertically; WO
03/ 078246 PCT/ SGA3/ 00035 24 neans for flying the vehicle vertically; and
Pﬁagﬁt forllrarghi¢ i oathgl thehiebécbe Cratmvedf i tatthéti gbiptkoshagk zont al
- at least one camera disposed within the upper cap.
12. The aerial vehicle of Claim 11, wherein the camera is
at least one of the following: a video camera, a still
camera, a digital video camera, a digital still camera, a
color video camera, a black-and-white video camera, a
thermal imaging camera, an infrared video camera, and a
night vision camera.
12. The aerial vehicle of Claim 12, further comprising:
at least one microprocessor within the upper fuselage
segment.
1l4. The aerial vehicle of Claim 13, further comprising:
at least one transceiver connected to the
microprocessor and extending through the upper cap.
15. The aerial vehicle of Claim 14, further comprising:
at least one global positioning satellite system within
the upper fuselage segment and connected to the
microprocessor.

l6. An aerial wvehicle, comprising:

means for launching the vehicle vertically;



17. The aerial vehicle of Caim16, further conprising: nmneans for flying
the vehicle horizontally. 18. The aerial vehicle of daim17, further

conpri si o o3eams for transitioning the vehicle from horipzarsGasioossi ght to
vertical flight. 19. The aerial vehicle of Caim18, further conprising:
means for hovering. 20. The aerial vehicle of Claim19, further conprising:
means for |anding the vehicle verticalhy. 21. The aerial vehicle of Claim
20, further conprising: neans for sensi ng at least one of the follow ng:

l'i ght, sound, chem i 0 naves, d notion. 22. The
aerial vehicl é“eﬁfr%(jefté)ﬁn%l lrf%ﬁ § sTHy %ﬁ%ﬁs ¥ capturing at

| east one of the follow ng; stji | mages and VI deo.. 23. The aerial vehicle
of daim22, fHFAher fc%er%i"”ﬁﬁltl%éﬁg fEPecoF{teP&ol%eng fHm aeYaFLG2hi cl e.
24. An aeri aI vehicle, conprising: a fuselage defining a |ongitudinal axis,;

VO 03/ 07 §24@ THCTHSEa7i0008% L 26 imhtot or guard assenbly surrounding at |east
a portion of the fuselage in a plane perpendicular to the |ongitudinal

axi s; at lleastTheneawitadr vadtiatiengeMiChaim the riirhguacchpassendly in a
pl ane perpendi cul ar to the |ongitudinal axis;
means for flying the vehicle horizontally.
18. The aerial vehicle of Claim 17, further comprising:
means for transitioning the wvehicle from horizontal
flight to vertical flight.
19. The aerial vehicle of Claim 18, further comprising:
means for hovering.
20. The aerial vehicle of Claim 19, further comprising:
means for landing the vehicle vertically.
21. The aerial vehicle of Claim 20, further comprising:
means for sensing at least one of the following: light,
sound, magnetism, chemicals, radio waves, and motion.
22. The aerial vehicle of Claim 21, further comprising:
means for capturing at least one of the following:
still images and video.
23. The aerial vehicle of Claim 22, further comprising:
means for controlling the aerial vehicle.

24. An aerial vehicle, comprising:

a fuselage defining a longitudinal axis;



at | east one turning vane flap extending dowwardly fromthe rotor guard,
the turning vane flap having one end hingedly attached to the rotor guard,
the turniwgosare4d | ap rotating about a radial axis exten®CmEGozoas!y from
the longitudinal axis; and at |east one grid fin extending radially from
the fuselage bel ow the turning vane flap, the grid fin rotating about a
central axis extending radially fromtbe |ongitudinal axis. 25. The aeri al
vehicle of Claim24, further conprising: an undercarriage extending '
downwardly fromthe outer perg$h ry. of the rgigr ar assenbkéi 26. The

aerial vehicl & df°'Ghi 25 Af Yompr T SFRGH 4 Praht & RAFIBY in
t he fusel age _adjacent to the rotor guard assenbly, the power plant having
a shaft Odxt&fdiTFSIRIY tHe ? oPbRIGUEPEPERSERBLSL tRe th6t dromsEitigiinglyi dl y
attached to the shaft. 27. The aerial vehicle of Oaim26, further
conpri si ALSWO 03/ 078246 PCT/ SG03/ 00035 26 a fuel tank installed in the
fusel age adj acent to the rotor guard assenbly opposite the power plant.
28. The aeri aktveheebe otn€& aton@?, rwhertdiny t heéthael thsk rétel udes |l
bl adder installed therein, the bladder being inflatable to pressurize fuel
in the fuelsehdnk. i29a Phenaeelpareictlie rof LCltdldniZByg iftidiierr eanmy;i si ng:
at least one turning vane flap extending downwardly
|
from the rotor guard, the turning vane flap having one end
hingedly attached to the rotor guard, the turning vane flap
rotating about a radial axis extending radially from the
longitudinal axis; and
at least one grid fin extending radially from the
fuselage below the turning vane flap, the grid fin rotating
about a central axis extending radially from the
longitudinal axis.
25. The aerial vehicle of Claim 24, further comprising:
an undercarriage extending downwardly from the outer
periphery of the rotor guard assembly.
26. The aerial vehicle of Claim 25, further comprising:
a powerplant installed in the fuselage adjacent to the
rotor guard assembly, the power plant having a shaft
extending into the rotor guard assembly, the rotor being

rigidly attached to the shaft.

27. The aerial vehicle of Claim 26, further comprising:



a fuel line leading fromthe fuel tank to the powerplant, the fuel line
being routed at |east partially external to the rotor guard assenbly. 30.
The aeri avowsli®2he of C aim 29, further conprising: a higirCprse®3m0085 1 i ne

| eading fromthe powerplant to the bladder within the fuel tank, the high
pressure line being routed at |east partially external to the rotor guard
assenbly. 31. The aerial vehicle of Claim 30, further conprising: an upper
cap installed on an upper end defined by the fuselage. 32. The aeri al

vehi cl e qQf im31 further conprising: t Iea%&.one sensor  di sposed
within t efﬁape;a)lert%%]ﬁ.l%%aﬂﬁgagﬁi & ev%ﬁsc?%ea%? FRTRS, TRhéEPE TR
sensor is at |east qgne of the follow ng: an optical sensor, an infrared
(IR senSUPI% 3P56M01er SERSTAF S RPE &S P1aMP 03/ 078246 PCT/ SG03/ 00035
27 magnetic field sensor, a chemical sensor, an acoustic sensor, and a
noti on séfsor TB2. apyeiaker vahigéni eife Gfaidh alihy 33hefmegriirhethe ofipellsitagrk  at
| east one canera di sposed within the upper cap. 35. The aerial vehicle of
C ai m 34inwhedeisn thebtaddea isnsatlledsttiomesf, t hend oldlewidey: @edindeo
camera, a still canmera, a digital video canera, a digital still canmera, a
color vi deglegaara, ta BlragkuandeWiike VndedeCaFRIataRk.

29. The aerial vehicle of Claim 28, further comprising:

a fuel 1line leading from the fuel tank to the
powerplant, the fuel line being routed at least partially
external to the rotor guard assembly.

30. The aerial vehicle of Claim 29, further comprising:

a high pressure line leading from the powerplant to the
bladder within the fuel tank, the high pressure line being
routed at least partially external to the rotor guard
assembly.

31. The aerial vehicle of Claim 30, further comprising:

an upper cap installed on an upper end defined by the

fuselage.
32. The aerial vehicle of Claim 31, further comprising:

at least one sensor disposed within the upper cap.

33. The aerial vehicle of Claim 32, wherein the sensor is

at least one of the following: an optical sensor, an

infrared (IR) sensor, a radio frequency (RF) sensor, a



thermal inmaging canera, an infrared video canera, and a night vision
canera. 36. The aerial vehicle of Claim35, further conprising: at |east
one m cr opp®sezres W thin the fuselage. 37. The aerial vekirsGes/ed3 ai m
36, further conprising: at |east one transceiver connected to the

m croprocessor and extending through the upper cap. 38. The aerial vehicle
of Claim37, further conprising: at |eagt one global positioning satellite
systemwi thin the fusel age segnment and connected to the m croprocessor.

magnetic field sensor, a chemical sensor, an acoustic
sensor, and a motion sensor
34. The aerial vehicle of Claim 33, further comprising:

at least one camera disposed within the upper cap.
35. The aerial vehicle of Claim 34, wherein the camera 1is
at least one of the following: a video camera, a still
camera, a digital video camera, a digital still camera, a
color video camera, a black-and-white video camera, a
thermal imaging camera, an infrared wvideo camera, and a
night vision camera.
36. The aerial vehicle of Claim 35, further comprising:

at least one microprocessor within the fuselage.
37. The aerial vehicle of Claim 36, further comprising:

at least one transceiver connected to the
microprocessor and extending through the upper cap.
38. The aerial vehicle of Claim 37, further comprising:

at least one global positioning satellite system within

the fuselage segment and connected to the microprocessor.



