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(54) Title: AIRCRAFT

(54) Bezeichnung: FLUGGERAT

(57) Abstract: The invention relates to an aircraft comprising a fuselage (1) and at least two essentially hollow cylindrical lifting
bodies (2, 3, 4, 5) which are applied to the fuselage (1) and comprise a plurality of rotor blades (8) which extend over the periphery
@ of the lifting bodies (2, 3, 4, 5), the periphery of the lifting bodies (2, 3, 4, 5) being partially covered by at least one tail surface (49,
& 50). The aim of the invention is to provide an aircraft with an extremely high degree of manoeuvrability, compact dimensions and
economy of fuel. To this end, the lifting bodies (2, 3, 4, 5) are driven by at least one drive unit and respectively comprise a cylindrical
axis which is essentially parallel to a longitudinal axis (1a) of the aircraft.
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(57) Zusammenfassung: Die Erfindung betrifft ein Fluggerit mit einem Rumpf (1) und mindestens zwei am Rumpf (1) angebrach-
ten Auftriebskorpern (2, 3, 4, 5), die im Wesentlichen hohlzylindrisch ausgebildet sind und die eine Vielzahl von Rotorblitter (8)
aufweisen, die sich iiber den Umfang des Auftriebskorpers (2, 3, 4, 5) erstrecken, wobei der Umfang des Auftriebskorpers (2, 3, 4,
5) durch mindestens eine Leitfldche (49, 50) teilweise abgedeckt ist. Eine extreme Wendigkeit, kompakte Abmessungen bei gleich-
zeitiger Treibstoffékonomie werden dadurch erreicht, dass die Auftriebskorper (2, 3, 4, 5) durch mindestens ein Antriebsaggregat
angetrieben sind und jeweils eine Zylinderachse aufweisen, die im Wesentlichen parallel zu einer Léngsachse (1a) des Fluggeriites
ist.
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Fluggerat

Die Erfindung betrifft ein Fluggerdat mit einem Rumpf und mindestens zwei am
Rumpf angebrachten Auftriebskdrpern, die im Wesentlichen hohlzylindrisch aus-
gebildet sind und die eine Vielzahl von Rotorblatter aufweisen, die sich Uber den
Umfang des Auftriebskdrpers erstrecken, wobei der Umfang des Auftriebskdrpers
durch mindestens eine Leitflache teilweise abgedeckt ist.

Insbesondere ist ein solches Fluggerat mit einem System spezieller Auftriebskor-
per versehen, die als Rotoren ausgebildet sind, mit einer Drehachse die im We-
sentlichen parallel zur Lédngsachse des Fluggerates angeordnet ist. Dabei ist jeder
Rotor mit einer bestimmten Anzahl tragfiligeldhnlicher Rotorblétter versehen, die
im wesentlichen an zwei scheibenahnlichen Endkérpern derart angeordnet sind,
dass wéhrend einer vollen Umdrehung des Auftriebskérpers (Rotors) die Mit-
telachse des Rotorblattes eine Kreisbewegung mit dem Abstand von der Dreh-
achse als Radius ausfiihrt, und das Rotorblatt vorzugsweise wahrend einer vollen
Umdrehung individuell in seiner Lage veréndert werden kann. Damit kann in je-
der augenblicklichen Position des Rotorblattes eine definierte Krafteinwirkung (z.
B. Auftriebskraft, Querkraft) auf das Fluggerét erzeugt werden.

Es sind vielfache Anstrengungen unternommen worden, die Vorteile eines Flug-
zeugs mit denen eines Hubschraubers zu vereinen. Von besonderem Interesse ist
dabei die Eigenschaft von Hubschraubern, senkrecht starten und landen zu kdn-
nen, oder auch bei Bedarf in der Luft stillstehen zu kénnen, um beispielsweise
Personen zu bergen, bzw. um spezielle Transport- und Montageflugmandver oder
adhnliche Aufgaben zu erfillen. Nachteilig bei bestehenden Hubschraubern sind,
der hohe technische Aufwand, insbesondere im Bereich der Rotorsteuerung, so-
wie das enorme Absturzrisiko bereits bei geringfigigster Berthrung der rotieren-
den Rotorflligel mit einem Hindernis wie z. B Baumwipfel oder Felswande. Gerade
Einsatzbedingungen, wie Alpinbergungen, sind auBerst kritisch, da einerseits eine
Position moglichst nahe an z. B. einer Felswand erforderlich wére, andererseits
die geringste Kollision bereits fatale Auswirkungen zur Folge hat; somit kann nur
unter Einhaltung entsprechend groBer Sicherheitsabstdnde gearbeitet werden.
Ein weiterer Nachteil ist der hohe Treibstoffverbrauch von Hubschraubern, der
auch im Reiseflug gegeben ist.

Um diese Nachteile zu vermeiden, sind so genannte VTOL- oder STOL-Flugzeuge
entwickelt worden, die vom Aufbau her grundsatzlich Flugzeugen dhneln, jedoch
durch verschiedene technische MaBnahmen mit der Fahigkeit ausgestattet sind,
senkrecht starten und landen zu kénnen, oder zumindest mit extrem kurzen
Start- und Landebahnen auskommen.
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Eine solche Losung ist beispielsweise in der EP 0 918 686 A offenbart. Diese
Druckschrift beschreibt ein Flugzeug, das Tragflachen aufweist, die im Wesent-
lichen durch Querstromrotoren gebildet sind. Auf diese Weise ist es mdglich,
durch entsprechende Strahlumlenkung einen vertikal nach unten gerichteten
Luftstrahl zu erzeugen, um den Senkrechtstart des Fluggerates zu ermdglichen.
FUr den Reiseflug kann der Schub entsprechend umgelenkt werden.

Nachteilig bei dieser bekannten Losung ist zum einen, dass die auf die Auftriebs-
erzeugung optimierten Tragflachen einen hohen Luftwiderstand aufweisen, so
dass der Treibstoffverbrauch insbesondere bei hoheren Fluggeschwindigkeiten
UbermaBig grofB ist und dass das Fluggerat insgesamt eine relativ groBe Spann-
weite aufweist. Es bendtigt daher viel Platz und ist auch unter beengten Verhalt-
nissen nicht oder nur schlecht einsetzbar.

Weitere Fluggerdte sind in der US 4,519,562 A beschrieben Die Losung ist auf-
wendig und besitzt einen geringen Wirkungsgrad, so dass sich ein solches Sys- .
tem nicht durchgesetzt hat. Auch die in der US 6,261,051 B beschriebenen Ro-.
toren sind nicht geeignet, ein senkrecht startendes Fluggerat darzustellen, das
praxistauglich ist.

Ein weiteres Fluggerét, das Auftrieb unter Verwendung von abgewandelten Quer-
stromventilatoren erzeugt, ist in der DE 196 34 522 A offenbart. Abgesehen von
der Frage der nicht unmittelbar ersichtlichen Funktionsféahigkeit eines solchen
Fluggerates sind auch hier die oben beschriebenen Nachteile gegeben.

Ein weiteres Fluggerat mit einem Querstromrotor als Antriebselement ist aus der
US 6,016,992 A bekannt. Auch hier ergibt sich durch den Querstromrotor in
Flugrichtung eine sehr groBe Querschnittsfldche, und der Platzbedarf ist ahnlich
hoch wie bei den oben beschriebenen Ldsungen.

Ein weiteres bekanntes Fluggerdt mit der Mdglichkeit des Senkrechtstarts ist in
der US 3,361,386 A offenbart. Bei diesem Flugzeug sind extrem variable Trag-
flachen vorgesehen, die mit Offnungen zum Gasaustritt versehen sind. Durch den
systembedingt schlechten Wirkungsgrad eines solchen Systems ist der Treib-
stoffverbrauch extrem hoch.

Dem Stand der Technik nahe liegend ist auch jenes Antriebskonzept fiir Wasser-
fahrzeuge, welches als Voith - Schneider Antrieb bekannt ist. Dieses seit ca. 75
Jahren bekannte Antriebssystem unterscheidet sich im Wesentlichen dadurch,
dass die Schwenkbewegung der einzelnen Schaufeln, wahrend einer vollen Um-
drehung des Drehkranzes, in einem festen kinematischen Verhéltnis zueinander
ablauft. Damit ist eine Vorschubkraft immer nur in eine einzige Richtung méglich.
Im Unterschied dazu ist bei dem hier vorgestellten erfinderischen rotierenden
Auftriebskérper, unabhéangig von einer ersten Kraftkomponente, z. B. gleich blei-
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bende vertikale Auftriebskomponente, eine zweite Kraftkomponente in Quer-
richtung erzeugbar.

Die gegensténdliche Erfindung bezieht sich auf weitere Ausfiihrungsvarianten von
VTOL-Fluggerédten, die mit rotierenden Auftriebskdérpern ausger(stet sind, deren
Drehachse im Wesentlichen parallel zur Langsachse des Fluggerdtes angeordnet
ist.

Aufgabe der vorliegenden Erfindung ist es, ein Fluggerat zu schaffen, das einen
senkrechten Start und eine senkrechte Landung ermdglicht, das in der Luft einen
Schwebezustand einnehmen kann, mit einer Beweglichkeit, die eine langsame
Vorwarts-, Rlickwérts-, parallele Seitwartsbewegung nach Backbord oder Steuer-
bord sowie eine Drehbewegung um die Vertikalachse in bzw. gegen den Uhrzei-
gersinn ausflhren kann, und das gleichzeitig flr eine hohe Reisefluggeschwin-
digkeit geeignet ist. Durch die gewahlte Ausbildung der duBeren geometrischen
Form des Fluggerétes ist der Ubergang von einem Schwebezustand in eine Vor-
wartsbewegung mit hoher Reisefluggeschwindigkeit zu gewdhrleisten. Insbeson-
dere soll dabei eine hohe Treibstoffokonomie erreicht werden, bei vergleichs-
weise geringem, technischem Aufwand. Ein weiterer Anspruch betrifft die Erfll-
lung der hoéchsten Sicherheitstechnischen Standards, die dem Fluggerat selbst
bei einem Totalausfall der Antriebsmotore eine sichere Landung ermdglichen.
Weiters sollen die rotierenden Auftriebskdrper mit einer Verkleidung derart ge-
schltzt werden, dass das Fluggerat auch sehr nahe an Hindernisse (z. B. Fels-
wand, Hochhauswand) heran mandvriert werden kann und dass selbst bei Be-
rihrung des Fluggerdtes mit einem Hindernis, bedingt durch die gegen Kollision
geschitzten rotierenden Elemente des Auftriebskdrpers, ein Absturz sicher ver-
hindert werden kann. Ein flr den Piloten sicheres und kollisionsfreies Verlassen
des Fluggerates mittels Schleudersitz ist ebenfalls mdglich, und stellt einen wei-
teren Anspruch dar.

ErfindungsgemaB werden diese Aufgaben dadurch geldst, dass die Auftriebskér-
per durch mindestens ein Antriebsaggregat angetrieben sind und jeweils eine
Zylinderachse aufweisen, die im Wesentlichen parallel zu einer Langsachse des
Fluggerates ist. Dabei ist jeder Rotor mit einer bestimmten Anzahi tragfliigelédhn-
licher Rotorflligel versehen, die im wesentlichen an zwei scheibendhnlichen End-
kérpern derart angeordnet sind, dass wahrend einer vollen Umdrehung des Auf-
triebskorpers (Rotors) die Mittelachse des Rotorblattes eine Kreisbewegung mit
dem Abstand von der Drehachse als Radius ausfihrt, und das Rotorblatt vor-
zugsweise wahrend einer vollen Umdrehung individuell in seiner Lage verandert
werden kann. Damit kann in jeder augenblicklichen Position des Rotorblattes eine
definierte Krafteinwirkung (z. B. Auftriebskraft, Querkraft) auf das Fluggerat er-
zeugt werden. Diese Verdnderung der Lage kann als Ganzes erfolgen, es ist aber
auch moglich, dass der hintere Abschnitt des Rotorblattes unabh&ngig vom vor-
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deren Abschnitt schwenkbar ist, um so eine jeweils optimale Tragflligelform zu
erreichen.

Durch geeignete Wahl der Anordnung der Auftriebskdrper im Fluggerat ist zudem
der Raum oberhalb der Pilotenkanzel freigehalten, sodass dem Piloten ein siche-
res und kollisionsfreies Verlassen des Fluggerdtes mittels Schleudersitz méglich
ist (dies ist z. B. bei einem Hubschrauber nicht moglich).

Fir den militérischen Einsatzbereich bietet diese Anordnung der Auftriebskorper
eine weitere Moglichkeit und zwar kénnen fur Aufklarungszwecke Radar- bzw.
andere optische Gerdte auch oberhalb des Fluggerdtes angeordnet werden. Mit
diesem Fluggerét ist es nicht notwendig eine schiitzende Gelédndeformation zu
verlassen, ohne zuvor mit einem flexibel mit dem Fluggerdt verbundenen Auf-
kldarungsgerat, welches z. B. vertikal oberhalb des im Schwebezustand verhar-
renden Fluggerdtes in die Héhe verbracht und anschlieBend wieder eingeholt
werden kann, das Geschehen hinter der Geldndeformation erfasst und beurteilt
zu haben.

Die erfindungsgeméaBe Lésung erlaubt ein Mandvrieren des Fluggerats auch bei
niedrigen Geschwindigkeiten oder im Schwebflug, ohne die Drehzahl des An-
triebsaggregats verdandern zu mussen, da Richtung und Starke der Auftriebs-
krafte durch die Steuerung der Rotorbldtter in weiten Grenzen variierbar sind.
Dadurch wird eine extrem groBe Wendigkeit erreicht.

Durch die Anordnung der Auftriebskdrper parallel zum Rumpf kdnnen mehrere
Vorteile gleichzeitig erreicht werden. Zum einen kdnnen die Auftriebskorper ei-
nen relativ groBen Durchmesser aufweisen, ohne die Querschnittsflache in Fort-
bewegungsrichtung allzu sehr zu erh6hen, wodurch auch im schnellen Reiseflug
ein geringer Treibstoffbedarf gegeben ist. Zum anderen ist das erfindungsge-
maBe Fluggerat duBerst kompakt aufgebaut und benétigt somit nicht nur wenig
Platz in einem Hangar oder dergleichen, sondern ist auch extrem wendig. Dies
ermdglicht beispielsweise die Landung auf Waldlichtungen oder im inner stadti-
schen Bereich zwischen Bauwerken, wo die Landung eines Hubschraubers auf-
grund des vorgegebenen Rotordurchmessers nicht mehr mdglich wére. Uberdies
sind die als Rotor ausgebildeten Auftriebskorper besonders robust im Aufbau und
umfassen im Allgemeinen auBer den Rotorblattern selbst keine weiteren beweg-
lichen Teile, so dass der technische Aufwand vertretbar ist. Durch die Anbringung
der Auftriebskdrper im unmittelbaren Nahbereich des Rumpfes ist die mechani-
sche Beanspruchung der Rotoraufhdngungen sehr gering, so dass eine entspre-
chende Leichtbauweise mdglich ist, die wiederum zur Treibstoffersparnis beitragt.

Eine besonders raumékonomische Anordnung der einzeinen Bauteile ist gegeben,
wenn die Auftriebskérper im oberen Bereich des Rumpfes angeordnet sind. Zu-
sétzlich wird dadurch eine besonders aerodynamisch giinstige Ausfiihrung er-
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reicht, da der Ansaugbereich véllig frei und unbehindert durch sonstige Bauteile
des Fluggerédtes angestrémt werden kann.

Eine weitere besonders begtinstigte Ausflihrungsvariante der Erfindung sieht vor,
dass die Auftriebskérper durch Gasturbinen gegenldufig angetrieben sind. Ahnlich
wie bei Hubschraubern ist auch hier bei Einsatz von Gasturbinen ein besonders
glnstiges Verhéltnis von Leistung zu Eigengewicht gegeben. Ein zuséatzlicher
Vorteil gegeniiber Hubschraubern besteht bei der vorliegenden Erfindung darin,
dass die Drehzahlen der rotierenden Auftriebskérper wesentlich h6her liegen als
die von Ublichen Hubschrauberrotoren, so dass sich der bauliche Aufwand fir
Getriebe wesentlich verringert. Je nach BaugroBe, Einsatzzweck und Sicherheits-
vorschriften kénnen die beiden Rotoren von einer gemeinsamen Gasturbine an-
getrieben werden, oder es kann jedem Auftriebskérper eine eigene Gasturbine
zugeordnet werden.

Der Wirkungsgrad der Auftriebskdrper kann insbesondere dadurch weiter verbes-
sert werden, dass die im Rotor beweglich angeordneten Rotorblatter aus min-
destens einer feststehenden Achse und zwei unabh&dngig voneinander beweg-
lichen Rotorblattsegmenten bestehen, damit die Rotorblattgeometrie in jedem
Augenblick in jeder aktuellen Position optimal an die jeweilige Situation ange-
passt werden kann; damit kénnen sowoh| die Auftriebskréfte und Seitenkréfte
optimiert und die Widerstandskrafte minimiert werden.

Besonders hohe Reisegeschwindigkeiten kénnen dadurch erreicht werden, dass
zusatzliche Triebwerke zur Erzeugung eines Schubs fir den Vortrieb des Flugge-
rates vorgesehen sind. An sich ist es méglich und grundsétzlich fir geringere
Reisegeschwindigkeiten auch ausreichend, dass der Vortrieb durch die verstell-
baren Rotorflligel der Auftriebskérper erzeugt wird, in dem das Fluggerat in eine
nach vorne abgesenkte Lage gebracht wird und aus der resultierenden Auftriebs-
kraft eine Vorschubkraft abgeleitet wird. Die Reisegeschwindigkeit ist jedoch in
diesem Fall begrenzt, so dass flr hohere Reisegeschwindigkeiten in vorteilhafter
Weise zusatzliche Triebwerke eingesetzt werden. Diese kénnen beispielsweise als
Mantelstromtriebwerke ausgebildet werden. Der Start- und Landevorgang kann
dadurch unterstiitzt werden, dass die zusatzlichen Triebwerke schwenkbar ange-
ordnet sind. Einerseits kann dadurch die Auftriebskraft erhéht werden, wenn der
Triebwerksstrahl senkrecht nach unten gerichtet ist, und andererseits kann durch
entsprechende Steuerung des Schwenkwinkels die Mandvrierbarkeit zusatzlich
erhoht werden.

Der Treibstoffverbrauch beim Senkrechtstart bzw. bei der Landung und beim
Schwebeflug wird maBgeblich von der umgesetzten Luftmenge beeinflusst. Es ist
daher insbesondere glinstig, wenn sich die Auftriebskérper (ber mindestens
40%, vorzugsweise (ber mindestens 70% der Lédnge des Rumpfes erstrecken.
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Auf diese Weise ist es mdglich, bei vorgegebener Querschnittsflache eine groBt-
mogliche Auftriebsleistung der Auftriebskdrper zu erzielen.

Die Mandvrierfahigkeit, insbesondere im Schwebeflug und beim Start bzw. bei
der Landung, kann dadurch verbessert werden, dass im Bereich der Luftauslass-
offnungen verstellbare Leitschaufeln vorgesehen sind. Bei niedrigen Flugge-
schwindigkeiten ist die Mdglichkeit der Steuerung durch das Leitwerk stark ein-
geschrankt, so dass sich eine ausreichende Mandvrierbarkeit durch die individu-
elle Verstellbarkeit der Rotorbldtter ergibt. Um eine Rotation des Fluggerdtes
auch um eine vertikale Achse zu ermdglichen, ist es in diesem Zusammenhang
besonders bevorzugt, wenn die verstellbaren Rotorbldtter in zwei paarweise ge-
genlaufigen Auftriebskérpern angeordnet sind und aus jeweils zwei Segmenten
bestehen, die unabhadngig voneinander betdtig bar sind. Weitere verstellbare
Leitschaufeln, die um eine Querachse des Fluggerdtes schwenkbar sind, ermég-
lichen eine Vorwarts- und Rickwéartsbewegung im Schwebezustand, die beson-
ders fein steuerbar ist.

Weiters ist es besonders bevorzugt, wenn die Auftriebskérper mit einer duBeren
Verkleidung als mechanischen Schutz der Rotorbldtter gegen eine Kollision mit
einem festen Hindernis ausgebildet sind. Dies bedeutet, dass die Verkleidung
nicht nur zur Aufnahme der Lagerung der Rotorwelle, sondern auch in mecha-
nisch entsprechend robuster Weise ausgebildet ist, um die Auftriebskérper ge-
genlber einer Beschadigung zu schiitzen, wenn das Fluggerdt mir geringer Rela-
tivgeschwindigkeit eine Kollision mit einem Hindernis erleidet.

In der Folge wird die vorliegend Erfindung anhand der in den Figuren dargestell-
ten Ausflhrungsbeispiele ndher erldutert.

Es zeigen:

Fig. 1  eine schematische Ansicht eine ersten Ausflihrungsvariante eines
erfindungsgemaBen Fluggerates in axonometrischer Darstellung;

Fig. 2  eine Seitenansicht des Fluggerétes von Fig. 1;

Fig. 3  einen Schnitt des Fluggeradtes von Fig. 1 entlang der Linie A - A in
Fig. 2;

Fig. 4  einen Schnitt des Fluggerates von Fig. 1 entlang der Linie A - A in
Fig. 2 mit der Darstellung einer geéffneten bzw. geschlossenen
Verkleidung der Auftriebskdrper, wie sie fiir eine hohe Reisege-
schwindigkeit vorgesehen sind;

Fig. 5 eine Ansicht des Fluggerates von Fig. 1 von vorne;

Fig. 6  eine Ansicht des Fluggerates von Fig. 1 von oben;
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und Fig. 7b schematisch einen Auftriebskdrper des Fluggerates von
Fig. 1;

Fig. 8a und Fig. 8b die Anordnung, Drehrichtung und Wirkungs-
weise des Auftriebskérpers des Fluggerates von Fig. 1;-

Fig. 9a und Fig. 9b ein Rotorblatt mit zwei beweglichen Segmenten
im Querschnitt in der Stellung Auftriebskrafte neutral, maximaler
Auftrieb und negativer Auftrieb des Fluggerates von Fig. 1;

Fig. 10a, Fig. 10b, Fig. 10c und Fig. 10d Rotorblétter-Al{ﬁstellungen
in ausgewahlten Positionen entlang der Drehrichtung} des Auf-
triebskérpers des Fluggerdtes von Fig. 1;

eine Variante eines Auftriebskdrpers mit einteiligen Rotorblattern
und mechanischer Anstellung der Rotorblatter eines Auftriebskor-
pers des Fluggerétes von Fig. 1;

die einzelnen Auftriebskrdfte der Auftriebskérper zur ‘Erzielung
eines stabilen Gleichgewichtes in der Luft des Fluggerédtes von
Fig. 1;

und Fig. 12b die Lage der Einzel- und Gesamtmassenschwerpunkte
des Fluggerates von Fig. 1;

die nach vorne geneigte Lage des Fluggerates von Fig. 1 zur Erzie-
lung einer Vorwartsantriebskomponente fiir eine langsame Vor-
wartsbewegung;

Fig. 14a, Fig. 14b, Fig. 14c und Fig. 14d die Auftriebskérperanord-
nung und die Anstellung der Rotorblatter zur Erzeugung von Sei-
tenkraften flir die Querbewegung des Fluggerates von Fig. 1;

die Erzeugung einer paarweise gegensinnig wirkenden Kraftkom-
ponente quer zur Langsachse des Fluggerédtes zur Erzeugung einer
Drehbewegung des Fluggerates um die Vertikalachse;

Fig. 16a, Fig. 16b und Fig. 16¢ eine besondere Variante eines Auf-
triebskorpers mit "doppelter" Lénge und schrank baren Rotorblat-
tern zur Erzeugung unterschiedlicher Auftriebs- bzw. Querkrafte
des Fluggerates von Fig. 1;

die Anstellung der Rotorblédtter wahrend eines Sinkfluges im freien
Fall zwecks Autorotation des Auftriebskérpers z. B. nach einem
Motorausfall des Fluggerdtes von Fig. 1;

und Fig. 18a bis Fig. 18g eine Ausflihrungsvariante eines Fluggera-
tes mit nur zwei Auftriebskérpern, die gegenldufig angetrieben,
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hintereinander in einer Mittelachse des Fluggerdtes angeordnet
sind;

Fig. 19, Fig. 19a und Fig. 19b eine AusflUhrungsvariante eines Fluggerates
mit einem System gegenldufiger Querstromrotore mit einer ge-
meinsamen Drehachse;

Fig. 20 eine schematische Ansicht eines erfindungsgemaBen Fluggerates
mit der Anordnung eines mit dem Fluggeréat flexibel verbundenen
Aufklarungsgerates;

Fig. 21 eine weitere Ausfihrungsvariante der Erfindung in einer Darstel-
lung von vorne;

Fig. 22 die Ausfihrungsvariante von Fig. 21 von oben;

Fig. 23 die Ausflhrungsvariante von Fig. 21 in einer axonometrischen Dar-
stellung;

Fig. 24 eine weitere Ausfiihrungsvariante der Erfindung in einer seitlichen
Darstellung;

Fig. 25 die Ausfihrungsvariante von Fig. 24 von vorne;

Fig. 26 eine schematische Darstellung zur Erklérung der Ansteuerung der
Rotorblatter; und

Fig. 27 ein Detail von Fig. 26.

Das Fluggerat gem&B Fig. 1 bis Fig. 6 besteht aus einem Rumpf 1 mit einer
Langsachse la und aus vier parallel zu dieser Ldngsachse la in bevorzugter
Weise oberhalb der Schwerpunktlage angeordneten Auftriebskorpern 2, 3, 4 und
5, die von einem Seitenschutz 6 gegen Kollision mit einem festen Hindernis ge-
schiitzt sind. Im hinteren Bereich 9 befinden sich in an sich bekannter Weise ein
Hohenleitwerk 11 und ein Seitenleitwerk 10, vorzugsweise auch das Antriebsag-
gregat z. B. eine od. zwei Gasturbine(n) und das Getriebe sowie zuséatzliche An-
triebsaggregate (hier nicht naher dargestellt), ausgefihrt als z. B. Mantelstrom-
triebwerke, die dem Fluggeréat eine hohe Reisefluggeschwindigkeit verleihen bzw.
bei entsprechender schwenkbarer Ausfilhrung den Start- und Landevorgang
unterstitzen kénnen. Kufen bzw. &hnliche Standbeine 12 stitzen das Fluggerat
am Boden ab. Mittels Léngsstreben 13, 14, die eine strémungsglnstige Quer-
schnittsform oder eine gewichtsoptimierte Fachwerkskonstruktion aufweisen
kénnen, ist der hintere Bereich des Fluggeradtes mit dem vorderen Bereich ver-
bunden, weiters ist mit den Léngstreben und dem Seitenschutz eine stabile Kon-
struktion fir eine Lagerung (hier nicht ndher dargestellt) der Auftriebskérper 2,
3, 4, 5 im mittleren Bereich vorgesehen.
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In Fig. 2 sind die Ldngenverhaltnisse ersichtlich, wonach die Lénge der rotieren-
den Auftriebskorper 2, 3, 4, 5 etwa 50 % der Gesamtldnge, vorzugsweise 30 bis
70 %, des Fluggerates entspricht. In Fig. 3 sind die gegenldufig um die Drehach-
sen 7a, 7b rotierenden Auftriebskdrper 2, 3, 4, 5 mit den Drehrichtungen 20a,
20b und den zur Erzeugung der Auftriebskraft erforderlichen Rotorbldttern 8 er-
sichtlich. Fir eine hohe Reisegeschwindigkeit bei gleichzeitiger Treibstoffékono-
mie, sind die zusatzlichen Antriebsaggregate, hier nicht néher dargestellt, vorge-
sehen und zur Reduzierung des Luftwiderstandes, werden die Auftriebskérper 2,
3, 4, 5, die bei einer hohen Reisegeschwindigkeit nicht den erforderlichen Auf-
trieb erzeugen kénnen, mittels geeigneter Verkleidungsschiirzen strémungs-
glinstig im Fluggerdt abgedeckt. GemaR Fig. 4 kénnen diese Verkleidungsschir-
zen als kompakte Flachen 40a, 40b ausgebildet sein (wie z. B. in Fig. 4 im geoff-
neten Zustand, flr eine optimale Wirkung der Auftriebskdrper, dargestellt), bzw.
als ein System von Lamellen 40a’, 40b’, 41a’, 41b’, die wahlweise zu einer ge-
schlossenen Verkleidung oder fur einen ungehinderten Luftdurchlass angestellt
werden kénnen.

Wie in Fig. 7 dargestellt, besteht ein Auftriebskérper 2, 3, 4, 5 im Wesentlichen
aus einer Drehachse 7, aus zwei Endscheiben 2a - 2b, 3a - 3b, 4a - 4b, 5a - 5b
mit dem Durchmesser D 23b und einer bestimmten Anzahl (vorzugsweise 4 bis
10) von Rotorblattern 8, die beweglich um eine Schwenkachse 8a in den beiden
Endscheiben (z. B. 2a - 2b) angeordnet sind, und bei einer vollen Umdrehung
eine Kreisbahn 23a mit dem Radius R 23 beschreiben. Die Tiefe des Rotorblattes
t 8e ist Abhdngig von der GréBenordnung der Gesamtkonstruktion und betrégt
ca. 30 bis 50% des Kreisbahnradius R 23, die Lédnge L 8d des Rotorblattes 8 be-
tragt vorzugsweise ca. 25 bis 35% der Gesamtldnge des Fluggerdtes. Im Be-
triebszustand rotiert der Auftriebskérper mit Nenndrehzahl (vorzugsweise ca.
750 bis 3000 1/min) um die Drehachse 7, und wahrend einer vollen Umdrehung
werden die Rotorblatter 8 in jeder augenblicklichen Position individuell in Bezug
auf die Tangente 23b der Kreisbahn 23a mit dem Radius R 23 angestellt, sodass
im Bereich der oberen und unteren Extremlage maximale Auftriebskréfte erzeugt
werden konnen und in den beiden vertikalen Extrempositionen ausschlieBlich
Stromungswiderstandskréfte auf das Rotorblatt einwirken. Die bevorzugte An-
ordnung der Drehrichtung 20 der Auftriebskérper im Fluggerat ist gegenlaufig.

In Fig. 8 sind die Strémungsverhaltnisse ndher dargestellt, wobei aufgrund der
Rotorbldttergeometrie die Tragflligeltheorie maBgeblich ist, der zufolge jeweils
unterhalb des angestellten Rotorblattes bei einer definierten Relativgeschwindig-
keit eine Druckerhdhung und oberhalb ein Unterdruck erzeugt wird. Die entspre-
chenden Kraftkomponenten, die auf ein Rotorblatt einwirken, resultieren aus die-
sen beiden Druckkomponenten. Bei entsprechender Anstellung der Rotorblatter
relativ zur Tangente 23b der Kreisbahn 23a wahrend einer vollen Umdrehung der
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Auftriebskérper 2, 3, 4, 5 mit Nenndrehzahl wird Umgebungsluft bevorzugt von
oben angesaugt 18a, in den rotierenden Auftriebskdrper hineingepresst 18b,
nach unten angesaugt 19a und hinausgepresst 19b. Eine optimale Ausflihrungs-
variante ist in den Fig. 9, Fig. 9a und Fig. 9b dargestellt. Bei dieser Ausflihrungs-
variante besteht das Rotorblatt 8 aus mindestens drei Elementen und zwar einer
stabilen Schwenkachse 8a, einer beweglichen Rotorblattnase 8b und einer be-
weglichen Rotorblattspitze 8c. Fir den Normalbetrieb sind die Rotorblattnase 8b
um den Winkel o 21a, vorzugsweise um +/- 3° - 10° relativ zur Tangente der
Kreisbahn 23a schwenkbar und die Rotorblattspitze 8c um den Winkel B 21b,
vorzugsweise um +/- 3° bis 10° relativ zur Tangente der Kreisbahn 23a
schwenkbar. Flir den Sonderfall "Autorotation" sind Rotorblattspitze und Rotor-
blatthnase um > 90°, vorzugsweise ca. 105° aus schwenkbar. GemaB Fig. 9a ist
eine vertikale Kraftkomponente Fa 22 in Richtung Drehachse 7 des Auftriebskor-
pers erzeugbar, wenn bei Nenndrehzahl in der oberen Extremposition die Rotor-
blattnase 8b mit dem Winkel o < 0° und die Rotorblattspitze mit dem Winkel B >
0°, jeweils bezogen auf die Tangentenrichtung 23b der Umlaufkreisbahn 23a,
angestellt werden und vice versa gemaB Fig. 9b ist eine vertikale Kraftkompo-
nente Fa 22 entgegen Richtung Drehachse 7 des Auftriebskorpers erzeugbar,
wenn bei Nenndrehzahl in der oberen Extremposition die Rotorblattnase 8b mit
dem Winkel o > 0° und die Rotorblattspitze mit dem Winkel B < 0°, jeweils be-
zogen auf die Tangentenrichtung 23b der Umlaufkreisbahn 23a, angestellt wer-
den. In Fig. 10 sind die beiden gegenldufig angetriebenen Auftriebskdrper mit
den zur Erzeugung einer maximalen Auftriebskraft bei Nenndrehzahl optimalen
Anstellungen der Rotorblétter in den unterschiedlichen Positionen im Detail dar-
gestellt. Fig. 10a (Detail W von Fig. 10) zeigt die Winkelverhaltnisse der Rotor-
blattnase und Rotorblattspitze beim Eintritt in die obere Umlaufbahn nach dem
Verlassen der neutralen Vertikalposition, Fig. 10b (Detail X von Fig. 10) zeigt die
Winkelverhaltnisse der Rotorblattnase und Rotorblattspitze in der oberen Ex-
tremposition der Umlaufbahn, Fig. 10c (Detail Y von Fig. 10) zeigt die Winkel-
verhdltnisse der Rotorblattnase und Rotorblattspitze in der oberen Umiaufbahn
vor dem Eintritt in die neutrale Vertikalposition, Fig. 10d (Detail Z von Fig. 10)
zeigt die Winkelverhaltnisse der Rotorblattnase und Rotorblattspitze in der unte-
ren Extremposition der Umlaufbahn.

Eine vereinfachte Variante eines Auftriebskorpers ist in Fig. 11 dargestellt. Diese
Variante unterscheidet sich von der zuvor beschriebenen dadurch, dass die Ro-
torblatter 8 einteilig um eine Schwenkachse schwenkbar ausgefiihrt sind und
mechanisch mit Hilfe eines Kopplungsgliedes 28, welches als Gesténge oder einer
sonstigen Konstruktion, zur Ubertragung von Zug- und Druckkréften, ausgefiihrt
sein kann, angesteuert werden kénnen. In einer bevorzugten Ausfiihrungsvari-
ante wird das Kopplungsglied in einer speziellen Kulisse 29, 30, die in den beiden



WO 2004/054875 PCT/AT2003/000371
-11 -

Endscheiben 2a-2b, ... 5a-5b untergebracht ist, derart gefiihrt, dass, zur Erzeu-
gung einer optimalen Auftriebskraft bei Nenndrehzahl, wahrend einer vollen Um-
drehung des Auftriebskorpers 2, 3, 4, 5 um die Drehachse 7 mit der Drehrich-
tung 20 und dem jeweils aktuellen Drehwinkel 8 31 das Rotorblatt 8 in der
oberen Extremlage mit dem Winkel o’ 21c, in der unteren Extremlage mit dem
Winkel o 21d > o' 21c und in den beiden seitlichen Extremiagen jeweils vertikal,
d. h. parallel zur Tangentenrichtung der Umlaufkreisbahn 23a, angestellt werden
kann. Seitenkréfte zur Erzeugung einer Seitwartshewegung bzw. einer Drehbe-
wegung um die Vertikalachse des Fluggerates werden durch eine entsprechende
Verstellung der Kulisse 29, 30 in Querrichtung 27x erreicht, wobei unter Beibe-
haltung der Drehzahl des Auftriebskdrpers die Auftriebskrafte unveréndert blei-
ben. Eine Beeinflussung der Auftriebskrafte ist durch Verstellung der Kulisse 29,
30 durch Veranderung der Mittelpunktslage 27 in Vertikalrichtung 27z vorgese-
hen. Die Mittelachse 27y liegt parallel zur Drehachse 7. Ein Fluggerat, ausgerts-
tet mit einem Auftriebskdérper gemaB dieser AusfUhrungsvariante ware sogar
vollstdndig mechanisch steuerbar.

Eine stabile Gleichgewichtslage in Fig. 12 bis Fig. 12b in der Luft ist dadurch ge-
geben, dass jeder einzelne Auftriebskérper 2, 3, 4, 5 individuelle Auftriebskrafte
A; bis A; 35a, 35b, 35¢c und 35d erzeugen kann und damit ein Gleichgewichtszu-
stand zum Gesamtmassenschwerpunkt S 32 der Gesamtmasse m 33 bzw. zu den
Hauptteilmassenschwerpunkten 32a der Teilmasse aus Pilotenkanzel m; 33a, mit
dem Teilschwerpunktsabstand s; 34a, und 32b der Teilmasse aus dem rlckwarti-
gen Bereich des Fluggerdates m; 33b, mit dem Teilschwerpunktsabstand s, 34b,
und dem seitlichen Schwerpunktsabstand s; 34c des Gesamtmassenschwerpunkt
S 32 der Gesamtmasse m 33 zu jeder Situation hergestellt werden kann. Damit
kann jederzeit auch auf sich verdndernde Gleichgewichtslagen reagiert werden.

Nach Erreichen einer definierten Hohenposition, die mittels der rotierenden Auf-
triebskérper 2, 3, 4, 5 eingenommen werden kann, ist ein Ubergang von einem
Schwebezustand in eine langsame Vorwartsbewegung bzw. Rickwartsbewegung
dadurch maéglich, dass das Fluggerat eine Neigungslage (Fig. 13) einnimmt und
aus der resultierenden Auftriebskraft 35a, 35b der Auftriebskdrper eine Kraft-
komponente 35a‘, 35b’ abgeleitet werden kann, die eine Vorwarts- bzw. Rick-
wartsbeschleunigung erméglicht, wahrend die vertikale Kraftkomponente 35a”,
35b"" das Fluggerat weiterhin vertikal im Gleichgewicht halt.

Eine Bewegung des Fluggerdtes quer zur Langsachse ist im Schwebezustand
durch eine spezielle Anstellung der Rotorbldtter zur Tangentenrichtung 23b der
Bewegungsbahn 23a der Rotorblatter méglich. In Fig. 14 ist eine Querbewegung
mit der Geschwindigkeit vy 36 dargestellt, die dadurch erreicht wird, dass gemas
Fig. 14a die Rotorblétter in der Position der Vertikalen Extremlage in eine ent-
sprechende Neigungslage 21 gebracht werden, sodass von einer Richtung Luft
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angesaugt 18a und quasi quer durch das Fluggerat ausgepresst 19b wird; auch
hier ist die Tragfligeltheorie anzuwenden. In Fig. 14b ist die Rotorblattstellung in
einer neutralen Lage dargestellt, wahrend gemdaB Rotorblattanstellung nach
Fig. 14c auf das Fluggerat eine Kraftkomponente Fq 22 von der Drehachse weg
ausgelibt werden wiirde und eine Bewegung mit der Geschwindigkeit vy 36 von
rechts nach links zur Folge hatte und gem. Darstellung nach Fig. 14d auf das
Fluggerdt eine Kraftkomponente Fq 22 in entgegen gesetzter Richtung, in Rich-
tung der Drehachse ausgelibt werden wirde und eine Bewegung mit der Ge-
schwindigkeit vx 36 von links nach rechts zur Folge hatte. Durch paarweise ge-
gensinnige Erzeugung der Kraftkomponenten Fq 22 im vorderen und rlickwar-
tigen Bereich des Auftriebskdrpers gemé&B Fig. 15, kann eine Drehbewegung 36a
im Schwebezustand um die Vertikalachse 1b des Fluggerates im bzw. gegen den
Uhrzeigersinn erreicht werden.

Die gleichen wie zuvor beschriebenen Effekte und Mandéver lassen sich auch dann
erreichen, wenn anstatt vier nur zwei paarweise gegenldufig angeordnete Auf-
triebskérper 2, 3 eingesetzt werden, die jedoch mit einer doppelten Lange 2L 8d
ausgefihrt werden (Fig. 16). Bei dieser Ausfihrungsvariante sind die Rotorblat-
ter elastisch um die Schwenkachse 8a deformierbar. Die Rotorblattnase 8b und
die Rotorblattspitze 8c kénnen parallel an beiden Enden verschoben werden oder
unterschiedlich. In Fig. 16a ist eine neutrale Lage des Rotorblattes (Schnitt II - II
von Fig. 16) dargestellt, wie sie bei einer gegensinnigen Verschiebung der beiden
Enden des Rotorblattes gem. Fig. 16b (Schnitt I - I von Fig. 16) und Fig. 16¢
(Schnitt IIT - III von Fig. 16) entsteht. Damit ist es mdglich, bei einer Ausfiih-
rungsvariante mit nur zwei gegensinnig rotierenden Auftriebskérpern, unter-
schiedliche Schwerpunktslagen im Flug zu korrigieren, Vorwarts- und Rlckwarts-
bewegungen mit geringer Fluggeschwindigkeit auszufiihren und Drehbewegun-
gen um die Vertikalachse ausfiihren zu kdénnen.

Bei genligend groBer Verstellmdglichkeit der Schwenkbewegung des Rotorblattes
ist im Sinkflug nach einem z. B. Ausfall eines Antriebsaggregates oberhalb einer
kritischen Flughdhe eine Autorotation der Auftriebskérper und dadurch ein si-
cherer Landevorgang mdoglich. Fig. 17 zeigt die entsprechenden Anstellungswin-
kel o 21 der Rotorbldtter und den Relativluftstrom 41 sowie die Rotationsrichtung
20 der Auftriebskorper, wenn das Fluggerdt mit der Sinkgeschwindigkeit 40 im
freien Fall in vertikaler Richtung nach unten fallt.

Eine weitere Ausfihrungsvariante eines Fluggerdates mit zwei gegensinnig rotie-
renden Auftriebskdrpern 2, 3 ist in Fig. 18 dargestellt, wobei Fig. 18a eine Sei-
tenansicht und Fig. 18b eine Frontansicht zeigt. Die beiden gegensinnig rotieren-
den Auftriebskdrper sind entlang der Mittelachse des Fluggerates entlang einer
gemeinsamen Drehachse hintereinander angeordnet. Fig. 18c zeigt einen Schnitt
I - I von Fig. 18a, worin die Lagerung der Drehachse der Auftriebskorper 2, 3
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und die Seitenschutzverkleidung dargestellt sind. Fig. 18d zeigt den Schnitt II -
IT von Fig.r 18a und Fig. 18e den Schnitt III - III von Fig. 18a woraus die Anord-
nung und Drehrichtung der beiden hintereinander liegenden Auftriebskérper er-
sichtlich sind, in der Darstellung flir einen (blichen Schwebezustand bzw. Steig-
flug. Fig. 18f zeigt den Schnitt II - II von Fig. 18a und Fig. 18g zeigt den Schnitt
ITI - IIT von Fig. 18a in der Stellung der Rotorblatter zur Erreichung der Autoro-
tation im freien Sinkflug nach z. B. Ausfall eines Antriebsaggregates.

Fig. 19 zeigt eine weitere Ausflihrungsvariante eines Fluggerdtes, geeignet fir
den vertikalen Start- und Landevorgang, ausgefiihrt jedoch mit Auftriebskérpern
36, 37, 38, 39, die als Querstromrotoren ausgebildet sind. Fig. 19a zeigt die
Draufsicht eines derartigen Fluggerdtes und Fig. 19b eine Darstellung gemaB
Schnitt I - T von Fig. 19. Bei dieser Ausfiihrungsvariante sind so genannte Quer-
stromrotoren im Einsatz, die mit duBeren Strémungsleiteinrichtungen 6 versehen
sind, die entsprechend verstellbar angeordnet sind und damit wiederum eine
schier unbegrenzte Mandvrierbarkeit (Vorwartsbewegung, Rlickwartsbewegung,
Querbewegung, Drehbewegung um die Vertikalachse) erreichen lassen. Diese
Auftriebskoérper 36, 37, 38, 39, ausgeflhrt als Querstromrotoren, bestehen aus
jeweils zwei runden Endscheiben, die eine Vielzahl von Rotorflligeln 36a, 37a
tragen und um eine Drehachse rotieren. In einer bevorzugten Ausflihrungsvari-
ante sind zur Erhdhung von strémungstechnischen Wirkungsgraden, in jeweils
einen auBeren Querstromrotor 36 ein innerer kleinerer Querstromrotor 37, mit
gegenlaufiger Drehrichtung, eingefligt.

Bedingt durch die Tatsache, dass oberhalb des Fluggerates keine rotierenden Ag-
gregate vorhanden sind, ist dem Piloten im Bedarfsfall auch ein gefahrloses und
sicheres Verlassen des Fluggerates auch mittels Schleudersitz mdoglich. Weiters
kann gemaB Fig. 20 oberhalb des Fluggerates auch ein als Aufklarungsgerat 43
bezeichnetes Aggregat (Radar, optischer Sensor, ...) vorgesehen sein, welches
bei Bedarf, im Schwebezustand des Fluggerdtes, mittels einer flexiblen Verbin-
dung 44 vertikal in die Hohe verbracht und anschlieBend wieder eingezogen wer-
den kann. Dies ist u. a. dann sinnvoll, wenn mit dem Fluggerdt im militarischen
Einsatz ein Unterfliegen feindlicher Radarstrahlen hinter schiitzender Deckungen
im Geldnde oder in Gebdudefluchten erreicht werden soll, und zur Erfassung der
militérischen Situation z. B. hinter einer schitzenden Geléndeformation, anstatt
eines kurzfristigen gefahrvollen "Auftauchens" nur das Aufklarungsgerdt 43 verti-
kal in die H6he geschossen, die militdrische Situation erfasst und anschlieBend
das Aufklarungsgerdt mit der flexiblen Verbindung wieder sicher in den Rumpf
des Fluggerates eingebracht wird.

Das Fluggerét der Fig. 21 besteht aus einem Rumpf 1 mit einer Langsachse 1la
und zwei oberhalb dieser Langsachse la angeordneten Querstromrotoren 2 und
3. Im hinteren Bereich des Rumpfes sind in an sich Gblicher Weise ein Hohenleit-
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werk 11 und ein Seitenleitwerk 10 vorgesehen. Kufen 46 stltzen das Fluggerat
am Boden ab. Hinter den Querstromrotoren 2, 3 sind im Bereich der Leitwerke 4,
5 zwei Mantelstromtriebwerke 47 vorgesehen, um den nétigen Vortrieb zu er-
zeugen.

Aus Fig. 22 ist ersichtlich, dass die Lédnge L1 der Querstromrotoren 2, 3 etwa
50% der Lénge L des gesamten Fluggerates entspricht.

In Fig. 25 ist der Aufbau des Fluggerétes in groBerer Detaillierung im Schnitt dar-
gestellt. Die Rotoren 2, 3 besitzen eine Vielzahl von Schaufeln 8, die entlang des
Umfanges angeordnet sind. Am Umfang sind die Rotoren 2, 3 jeweils durch eine
erste Leitflache 49 und eine zweite Leitflaiche 50 abgedeckt. Dabei ist die erste
Leitflache 49 als Teil der AuBenflache des Rumpfes 1 ausgebildet, wahrend die
zweite Leitflaiche 50 jeweils als Strémungsleitblech ausgebildet ist. Durch die
Drehung der Querstromrotoren 2, 3 im Sinne der Pfeile 51 wird eine Luftstro-
mung induziert, so dass Luft entlang der Pfeile 52 angesaugt wird und in Rich-
tung der Pfeile 53 ausgestoBen wird. Der obere offene Bereich der Rotoren 2, 3
dient somit als Lufteinlasséffnung 54, und der untere offene Bereich als Luftaus-
lass6ffnung 55. Durch den Impuls der nach unten ausgestoBenen Luftmengen
ergibt sich insgesamt eine Auftriebskraft auf das Fluggerat, die durch den Pfeil 56
dargestellt ist und die bei entsprechender Auslegung ausreicht, das Fluggerat
vom Boden abzuheben.

Unterhalb der Rotoren 2, 3 sind verstellbare Leitschaufeln 17 vorgesehen, die bei
den Ausfliihrungsvarianten der Fig. 24 aus mehreren Segmenten 17a, 17b, 17c
bestehen, die unabhangig voneinander um eine zur Lédngsachse des Fluggerates
parallelen Achse schwenkbar sind. Dadurch kann durch die Leitschaufeln 17 auch
eine Drehung des Fluggerdtes um eine Vertikalachse 1b bewirkt werden. Es ist
gezeigt, dass die unterhalb der LuftausstoBéffnungen 55 angeordneten Leit-
schaufeln 17 die Richtung der Luftstrahlen im Sinne der Pfeile 53 entsprechend
abgeandert werden kann. In der in Fig. 6 gezeigten Stellung wird durch Ver-
schwenkung der beweglichen Leitschaufeln 17 eine Kraftkomponente nach Back-
bord erzeugt, was durch den Pfeil 56 angedeutet ist. Innerhalb der Querstrom-
rotoren kénnen Leitschaufeln 58 zur verbesserten Luftstrémungsfiihrung vorge-
sehen sein. Die Leitschaufeln 58 kénnen beweglich ausgefiihrt sein, was die Ma-
novrierfahigkeit bei hohem Wirkungsgrad verbessert.

Der Antrieb der Querstromrotoren 2, 3 kann im Prinzip durch Kolbenmotoren er-
folgen, wird jedoch bevorzugt Gber Gasturbinen durchgefiihrt, was in den Zeich-
nungen nicht dargestellt ist.

Aus Fig. 26 ist ersichtlich, dass die einzelnen Rotorblatter 8 Uiber eine Zugstange
60 um einen Drehpunkt 61 schwenkbar angeordnet sind. Die Zugstangen 60 sind
in einem gemeinsamen Sternpunkt 62 gelagert, der beliebig gegeniiber der
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Achse 63 verschoben werden kann. Dadurch kann eine Gesamtstromung in
beliebiger Richtung eingestellt werden. Die Rotorblatter 8 sind (ber Zapfen 64 in
Kulissen 65 geflihrt, um die entsprechende Stabilitdt zu gewahrleisten.

Aus Fig. 27 ist erkennbar, dass ein Endbereich 66 des Rotorblatts 8 separat ver-
stellbar ist. Ein mit dem Endbereich 66 verbundener Hebel 67 besitzt einen
Zapfen 68, der in einer zweiten Kulisse 69 geflihrt ist, so dass das Rotorblatt 8
ein asymmetrisches Tragfllgelprofil annimmt, was die Fdrderleistung und den
Wirkungsgrad verbessert. Je stérker das Rotorblatt 8 insgesamt angestellt wird,
um so starker ist auch die zusatzliche Anstellung des Endbereichs 66 und damit
die Gesamtprofilierung des Rotorblatts 8.

Die vorliegende Erfindung beschreibt ein Fluggerédt, welches die Méglichkeit eines
senkrechten Starts und einer senkrechten Landung aufweist, eine fast unbe-
grenzte Mandvrierbarkeit im Schwebezustand erlaubt, eine hohe Reisegeschwin-
digkeit bei gleichzeitiger Treibstoffékonomie bietet, dem Piloten im Bedarfsfall ein
sicheres Verlassen des Fluggerdtes ermdéglicht und ein flexibel angeordnetes Auf-
kldrungsgeréat oberhalb des Fluggerédtes unterbringt.
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PATENTANSPRUCHE

Fluggeradt mit einem Rumpf (1) und mindestens zwei am Rumpf (1) ange-
brachten Auftriebskdrpern (2, 3, 4, 5), die im Wesentlichen hohlzylindrisch
ausgebildet sind und die eine Vielzahl von Rotorblatter (8) aufweisen, die
sich Uber den Umfang des Auftriebskérpers (2, 3, 4, 5) erstrecken, wobei
der Umfang des Auftriebskérpers (2, 3, 4, 5) durch mindestens eine Leitfla-
che (49, 50) teilweise abgedeckt ist, dadurch gekennzeichnet, dass die
Auftriebskorper (2, 3, 4, 5) durch mindestens ein Antriebsaggregat ange-
trieben sind und jeweils eine Zylinderachse aufweisen, die im Wesentlichen
parallel zu einer Ldngsachse (1a) des Fluggerates ist.

Fluggerat nach Anspruch 1, dadurch gekennzeichnet, dass eine Leitflache
(49, 50) zumindest teilweise von einer AuBenfldche des Rumpfes (1) gebil-
det ist.

Fluggerdt nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass der
Umfang des Rotors durch eine erste Leitflache (49) und eine zweite Leitfla-
che (50) teilweise abgedeckt ist, so dass zwischen diesen Leitflachen (49,
50) eine Lufteinlassoffnung (14) und eine Luftauslass6ffnung (15) gebildet
werden.

Fluggerat nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet,
dass die Rotorblatter (8) beweglich ausgefiihrt sind und vorzugsweise um
ihre Langsachse schwenkbar angeordnet sind.

Fluggerdt nach einem der Anspriche 1 bis 4, dadurch gekennzeichnet,
dass die Auftriebskérper (2, 3, 4, 5) oberhalb der Schwerpunktslage des
Fluggerates angeordnet sind.

Fluggerét nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet,
dass die Auftriebskérper (2, 3, 4, 5) hohlzylindrisch ausgebildet sind und
gegenlaufig rotieren.

Fluggerdt nach einem der Anspriiche 1 bis 6, dadurch gekennzeichnet,
dass die Auftriebskorper (2, 3, 4, 5) durch Gasturbinen gegenldufig ange-
trieben sind.

Fluggerat nach einem der Anspriche 1 bis 7, dadurch gekennzeichnet,
dass flr eine hohe Reisegeschwindigkeit zusatzliche Triebwerke (47) vorge-
sehen sind.

Fluggerat nach Anspruch 8, dadurch gekennzeichnet, dass die zusatzli-
chen Triebwerke schwenkbar ausgeflhrt sind, um eine zusétzliche Unter-
stlitzung beim Start, bei der Landung oder bei sonstigen Mandvern zu er-
méglichen.
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Fluggerdt nach einem der Anspriiche 1 bis 9, dadurch gekennzeichnet,
dass das Fluggerat mit zwei Auftriebskérpern (2, 3) ausgefiihrt ist, die ent-
lang der Ldngsachse (la) des Fluggerates hintereinander liegend, gegen-
laufig rotierend angeordnet sind.

Fluggeradt nach einem der Anspriiche 1 bis 9, dadurch gekennzeichnet,
dass das Fluggerdt mit zwei Auftriebskérpern (2, 3) ausgefihrt ist, deren
Mittelachsen parallel nebeneinander liegen.

Fluggerat nach einem der Anspriiche 1 bis 9, dadurch gekennzeichnet,
dass das Fluggerat mit vier Auftriebskorper (2, 3, 4, 5) ausgeflihrt ist, wo-
bei jeweils zwei Auftriebskdrper (2, 3, 4, 5) gegenlaufig rotieren und paral-
lel zueinander angeordnet sind.

Fluggerat nach einem der Anspriiche 1 bis 12, dadurch gekennzeichnet,
dass im Inneren der Auftriebskdrper (2, 3, 4, 5) jeweils mindestens eine
Leitschaufel (18) vorgesehen ist.

Fluggerat nach Anspruch 13, dadurch gekennzeichnet, dass die Leit-
schaufel (18) im Inneren der Rotoren (2, 3) verstellbar ausgebildet ist.

Fluggerat nach einem der Anspriche 1 bis 14, dadurch gekennzeichnet,
dass im Bereich von Luftauslasséffnungen (15) verstellbare Leitschaufeln
(17) vorgesehen sind.

Fluggerét nach Anspruch 15, dadurch gekennzeichnet, dass die verstell-
baren Leitschaufeln (17) aus zwei, vorzugsweise aus drei Segmenten (17a,
17b, 17c) bestehen, um eine Rotation um eine Vertikalachse (1b) zu er-
moglichen.

Fluggerat nach einem der Anspriiche 1 bis 16, dadurch gekennzeichnet,
dass sich die Auftriebskorper (2, 3, 4, 5) Uber mindestens 40%, vorzugs-
weise Uber mindestens 70% der Lange des Rumpfes (1) erstrecken.

Fluggerat nach einem der Anspriche 1 bis 17, dadurch gekennzeichnet,
dass weitere verstellbare Leitschaufeln (19) vorgesehen sind, die eine Vor-
warts- bzw. eine Riickwéartsbewegung im Schwebezustand erlauben.

Fluggeréat nach einem der Anspriiche 1 bis 18, dadurch gekennzeichnet,
dass eine zweite Leitflache (50) der Auftriebskérper (2, 3, 4, 5) als mecha-
nischer Schutz der Rotorbldtter (8) gegen eine Kollision mit einem festen
Hindernis ausgebildet ist.

Fluggerat nach einem der Anspriiche 1 bis 19, dadurch gekennzeichnet,
dass die Rotorblatter (8) der einzelnen Auftriebskérper (2, 3, 4, 5) individu-
ell verstellbar sind, um Auftriebskrafte und Seitenkrafte erzeugen zu kén-
nen, sowie um unterschiedliche Schwerpunktlagen ausgleichen zu kénnen.
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Fluggerédt nach einem der Anspriche 1 bis 20, dadurch gekennzeichnet,
dass die Auftriebskdrper (2, 3, 4, 5) mit Abdeckungen (40, 41) versehen
sind, ausgeflihrt als kompakte Abdeckungen oder als ein System von La-
mellen, die einerseits einen ungehinderten Luftdurchlass gewahrleisten und
flir eine hohe Reisegeschwindigkeit, wo der Wirkungsgrad der Auftriebskér-
per (2, 3, 4, 5) begrenzt ist, die Stromungsverluste reduzieren.

Fluggeradt nach einem der Anspriche 1 bis 20, dadurch gekennzeichnet,
dass die Auftriebskérper (2, 3, 4, 5) seitlich eine Schutzverkleidung (6)
aufweisen, die einen ungehinderten Luftdurchlass gewéhrleisten, im Be-
darfsfall jedoch den rotierenden Auftriebskérper (2, 3, 4, 5) gegen Kollision
mit einem festen Hindernis schiitzen.

Fluggerat nach einem der Anspriiche 1 bis 22, dadurch gekennzeichnet,
dass der Auftriebskérper (2, 3, 4, 5) mit Rotorblattern (8) versehen ist, die
tragfllgeldhnlich ausgebildet sind und als Ganzes um eine Schwenkachse
(8a) beweglich sind.

Fluggerédt nach einem der Anspriiche 1 bis 22, dadurch gekennzeichnet,
dass der Auftriebskdrper (2, 3, 4, 5) mit Rotorblattern (8) versehen ist, die
tragfligeldhnlich ausgebildet sind und deren hintere Teile unabhangig von
der vorderen Teilen um eine Schwenkachse (8a) beweglich sind.

Fluggerat nach einem der Anspriiche 23 oder 24, dadurch gekennzeich-
net, dass eine gemeinsame Verstelleinrichtung flr die Rotorblatter (8) eines
Auftriebskérpers (2, 3, 4, 5) vorgesehen ist.

Fluggerét nach einem der Anspriiche 23 bis 25, dadurch gekennzeichnet,
dass die Rotorbldtter (8) der Auftriebskdrper (2, 3, 4, 5) ein im wesentli-
chen symmetrisches Profil aufweisen.

Fluggerédt nach einem der Anspriiche 1 bis 26, dadurch gekennzeichnet,
dass der Auftriebskérper (2, 3, 4, 5) im Wesentlichen aus einer Drehachse
(7), zwei Endscheiben (2a, 2b) und Rotorbldttern (8) besteht.

Fluggerét nach einem der Anspriiche 1 bis 27, dadurch gekennzeichnet,
dass oberhalb des Fluggerates keinerlei rotierende Aggregate vorhanden
sind, so dass im Bedarfsfall der Pilot das Fluggerat mittels Schleudersitz si-
cher verlassen kann oder ein spezielles Aufkldrungsgerat (43) vertikal in die
Hohe geschossen und wieder eingebracht werden kann.

Fluggeradt nach einem der Anspriiche 1 bis 28, dadurch gekennzeichnet,
dass mindestens ein Auftriebskérper (2, 3, 4, 5) als Querstromrotor ausge-
fahrt ist.
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ZUSAMMENFASSUNG

Die Erfindung betrifft ein Fluggerdt mit einem System spezieller Auftriebskdrper
(3, 4,5, 6 bzw. 36, 37, 38, 39), die um eine Drehachse rotieren, die im Flugge-
rat vorzugsweise in Langsrichtung angeordnet ist, und das dem Fluggerét Eigen-
schaften verleiht, die es ermdéglichen, aus dem Stillstand senkrecht zu starten,
vertikal in die H6he zu steigen, wahlweise einen Schwebezustand einzunehmen,
wahiweise in der Luft eine Vorwartsbewegung oder Rickwartsbewegung mit ge-
ringer Geschwindigkeit auszufiihren, eine Drehbewegung in oder gegen den Uhr-
zeigersinn um die Vertikalachse auszufiihren, in der Luft eine Querbewegung
nach Backbord oder Steuerbord auszufiihren, in der Luft aus einem Schwebezu-
stand in eine rasche Vorwartsbewegung (berzugehen und vertikal aus der Luft
ohne einer zusatzlich Gberlagerten Horizontalbewegung zu landen. Weiters zeich-
net sich die Erfindung dadurch aus, dass keine rotierenden Antriebseinheiten
uber die AuBenkontur des Fluggerdtes hinausragen, sodass dem Fluggerat damit
Eigenschaften verliehen werden, die ein heran Fliegen an ein festes Hindernis (z.
B. Felswand, Hauserwand) erlaubt, ohne dabei Gefahr zu laufen, dass bewegte
Elemente bei einer Kollision mit einem festen Hindernis beschadigt werden und
zu einem Absturz des Fluggerates (wie z. B. im Falle eines Hubschraubers) fiih-
ren wurde. In einer bevorzugten Ausfiihrungsvariante sind die um die Drehachse
rotierenden Auftriebskérper autorotationsfahig, sodass selbst bei einem Ausfall
des Antriebsaggregates oberhalb einer kritischen H6he, eine sichere Landung
mdoglich ist. Weiters ist dem Piloten ein sicheres und kollisionsfreies Verlassen
des Fluggerdtes mittels Schleudersitz méglich und ein Aufklarungsgerat kann
oberhalb des Rumpfes vertikal in die Hohe verbracht und wieder eingebracht
werden, ohne dass eine Kollision mit einem rotierenden Auftriebskdrper stattfin-
den kann.

Fig. 1
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Die Erfindung betrifft ein Fluggerat mit einem System spezieller Auftriebskérper,
die als Rotoren ausgebildet sind, mit einer Drehachse die im wesentlichen paral-
lel zur Langsachse des Fluggerdtes angeordnet ist, wobei jeder Rotor mit einer
bestimmten Anzahl tragfliigeldhnlicher Rotorblatter versehen ist, die im wesent-
lichen an zwei Scheibendhnlichen Endkérpern derart angeordnet sind, dass
wéhrend einer vollen Umdrehung des Auftriebskérpers (Rotors) die Mittelachse
des Rotorblattes eine Kreisbewegung mit dem Abstand von der Drehachse als
Radius ausflihrt, und das Rotorblatt wahrend einer vollen Umdrehung individuell
in seiner Lage verandert werden kann. Damit kann in jeder augenblicklichen Po-
sition des Rotorblattes eine definierte Krafteinwirkung (z. B. Auftriebskraft, Quer-
kraft) auf das Fluggerat erzeugt werden.

Es sind vielfache Anstrengungen unternommen worden, die Vorteile eines Flug-
zeugs mit denen eines Hubschraubers zu vereinen. Von besonderem Interesse ist
dabei die Eigenschaft von Hubschraubern, senkrecht starten und landen zu kén-
nen, oder auch bei Bedarf in der Luft stillstehen zu kénnen, um beispielsweise
Personen zu bergen, bzw. um spezielle Transport- und Montageflugmandéver oder
ahnliche Aufgaben zu erfillen. Nachteilig bei bestehenden Hubschraubern sind,
der hohe technische Aufwand, insbesondere im Bereich der Rotorsteuerung, so-
wie das enorme Absturzrisiko bereits bei geringfligigster Beriihrung der rotieren-
den Rotorfligel mit einem Hindernis wie z. B Baumwipfel oder Felswénde. Gerade
Einsatzbedingungen, wie Alpinbergungen, sind duBerst kritisch, da einerseits eine
Position moglichst nahe an z. B. einer Felswand erforderlich wére, andererseits
die geringste Kollision bereits fatale Auswirkungen zur Foige hat; somit kann nur
unter Einhaltung entsprechend groBer Sicherheitsabsténde gearbeitet werden.
Ein weiterer Nachteil ist der hohe Treibstoffverbrauch von Hubschraubern, der
auch im Reiseflug gegeben ist.

Um diese Nachteile zu vermeiden, sind so genannte VTOL- oder STOL-Flugzeuge
entwickelt worden, die vom Aufbau her grundsétzlich Flugzeugen dhneln, jedoch
durch verschiedene technische MaBnahmen mit der Fahigkeit ausgestattet sind,
senkrecht starten und landen zu kénnen, oder zumindest mit extrem kurzen
Start- und Landebahnen auskommen.

Eine solche Lésung ist beispielsweise in der EP 0 918 686 A offenbart. Diese
Druckschrift beschreibt ein Flugzeug, das Tragflichen aufweist, die im Wesent-
lichen durch Querstromrotoren gebildet sind. Auf diese Weise ist es ‘méglich,
durch entsprechende Strahlumlenkung einen vertikal nach unten gerichteten
Luftstrahl zu erzeugen, um den Senkrechtstart des Fluggerdtes zu ermdglichen.
Fir den Reiseflug kann der Schub entsprechend umgelenkt werden.




Nachteilig bei dieser bekannten Lésung ist zum einen, dass die auf die Auftriebs-
erzeugung optimierten Tragflaichen einen hohen Luftwiderstand aufweisen, so
dass der Treibstoffverbrauch insbesondere bei héheren Fluggeschwindigkeiten
Ubermasig groB ist und dass das Fluggerdt insgesamt eine relativ groBe Spann-
weite aufweist. Es bendtigt daher viel Platz und ist auch unter beengten Verhalt-
nissen nicht oder nur schlecht einsetzbar.

Ein weiteres Fluggerat, das Auftrieb unter Verwendung von abgewandelten Quer-
stromventilatoren erzeugt, ist in der DE 196 34 522 A offenbart. Abgesehen von
der Frage der nicht unmittelbar ersichtlichen Funktionsféhigkeit eines solchen
Fluggerdtes sind auch hier die oben beschriebenen Nachteile gegeben.

Ein weiteres Fluggerat mit einem Querstromrotor als Antriebselement ist aus der
US 6,016,992 A bekannt. Auch hier ergibt sich durch den Querstromrotor in
Flugrichtung eine sehr groBe Querschnittsflaiche, und der Platzbedarf ist dhnlich
hoch wie bei den oben beschriebenen Lésungen.

Ein weiteres bekanntes Fluggerdt mit der Méglichkeit des Senkrechtstarts ist in
der US 3,361,386 A offenbart. Bei diesem Flugzeug sind extrem variable Trag-
flaichen vorgesehen, die mit Offnungen zum Gasaustritt versehen sind. Durch den
systembedingt schlechten Wirkungsgrad eines solchen Systems ist der Treib-
stoffverbrauch extrem hoch.

Eine weitere Variante eines derartigen Fluggerdtes ist auch in der Patentanmel-
dung AT 10461 beschrieben.

Dem Stand der Technik nahe liegend ist auch jenes Antriebskonzept flir Wasser-
fahrzeuge, welches als Voith - Schneider Antrieb bekannt ist. Dieses seit ca. 75
Jahren bekannte Antriebssystem unterscheidet sich im wesentlichen dadurch,
dass die Schwenkbewegung der einzelnen Schaufeln, wahrend einer vollen Um-
drehung des Drehkranzes, in einem festen kinematischen Verhditnis zueinander
ablauft. Damit ist eine Vorschubkraft immer nur in eine einzige Richtung maglich.
Im Unterschied dazu ist bei dem hier vorgestellten erfinderischen rotierenden
Auftriebskodrper, unabhéngig von einer ersten Kraftkomponente, z. B. gleich blei-
bende vertikale Auftriebskomponente, eine zweite Kraftkomponente in Quer-
richtung erzeugbar.

Die gegenstandliche Erfindung bezieht sich auf weitere Ausfiihrungsvarianten von
VTOL-Fluggeréaten, die mit rotierenden Auftriebskdrpern ausgeristet sind, deren
Drehachse im Wesentlichen parallel zur Langsachse des Fluggerates angeordnet
ist.

Aufgabe der vorliegenden Erfindung ist es, ein Fluggerdt zu schaffen, das einen
senkrechten Start und eine senkrechte Landung ermdéglicht, das in der Luft einen




Schwebezustand einnehmen kann, mit einer Beweglichkeit, die eine langsame
Vorwarts-, Riickwarts-, parallele Seitwartsbewegung nach Backbord oder Steuer-
bord sowie eine Drehbewegung um die Vertikalachse in bzw. gegen den Uhrzei-
gersinn ausfihren kann, und das gleichzeitig fir eine hohe Reisefluggeschwin-
digkeit geeignet ist. Durch die gewdahlte Ausbildung der duBeren geometrischen
Form des Fluggerites ist der Ubergang von einem Schwebezustand in eine Vor-
wartsbewegung mit hoher Reisefluggeschwindigkeit zu gewahrleisten. Insbeson-
dere soll dabei eine hohe Treibstoffékonomie erreicht werden, bei vergleichs-
weise geringem, technischem Aufwand. Ein weiterer Anspruch betrifft die Erfil-
lung der héchsten Sicherheitstechnischen Standards, die dem Fluggerat selbst
bei einem Totalausfall der Antriebsmotore eine sichere Landung ermdglichen.
Weiters sollen die rotierenden Auftriebskdrper mit einer Verkleidung derart ge-
- schiutzt werden, dass das Fluggerdt auch sehr nahe an Hindernisse (z. B. Fels-
wand, Hochhauswand) heran manévriert werden kann und dass selbst bei Be-
rihrung des Fluggerdtes mit einem Hindernis, bedingt durch die gegen Kollision
geschitzten rotierenden Elemente des Auftriebskérpers, ein Absturz sicher ver-
hindert werden kann. Ein fur den Piloten sicheres und kollisionsfreies Verlassen
des Fluggerates mittels Schleudersitz ist ebenfalls mdglich, und stellt einen wei-
teren Anspruch dar.

ErfindungsgemaB werden diese Aufgaben dadurch gelést, dass das Fluggerat mit
Auftriebskérpern versehen ist, die als Rotoren ausgebildet sind, mit einer Dreh-
achse die im wesentlichen parallel zur Langsachse des Fluggerdtes angeordnet
ist, und dass jeder Rotor mit einer bestimmten Anzahl tragfligeldhnlicher Rotor-
fligel versehen ist, die im wesentlichen an zwei Scheibendhnlichen Endkérpern
derart angeordnet sind, dass wahrend einer vollen Umdrehung des Auftriebskér-
pers (Rotors) die Mittelachse des Rotorblattes eine Kreisbewegung mit dem Ab-
stand von der Drehachse als Radius ausfiihrt, und das Rotorblatt wahrend einer
vollen Umdrehung individuell in seiner Lage verandert werden kann. Damit kann
in jeder augenblicklichen Position des Rotorblattes eine definierte Krafteinwirkung
(z. B. Auftriebskraft, Querkraft) auf das Fluggerat erzeugt werden.

Durch geeignete Wahl der Anordnung der Auftriebskérper im Fluggerét, ist zu-
dem der Raum oberhalb der Pilotenkanzel freigehalten, sodass dem Piloten ein
sicheres und kollisionsfreies Verlassen des Fluggerdtes mittels Schleudersitz
maoglich ist (dies ist z. B. bei einem Hubschrauber nicht méglich).

Fir den militdrischen Einsatzbereich bietet diese Anordnung der Auftriebskérper
eine weitere Mdoglichkeit und zwar kénnen fir Aufkldrungszwecke Radar- bzw.
andere optische Gerate auch oberhalb des Fluggerates angeordnet werden. Mit
diesem Fluggerat ist es nicht notwendig eine schiitzende Geldndeformation zu
verlassen, ohne zuvor mit einem flexibel mit dem Fluggerdt verbundenen Auf-




klarungsgerat, weIChes z. B. vertikal oberhalb des im Schwebezustand verhar-
renden Fluggerdtes in die Héhe verbracht und anschlieBend wi_eder eingeholt
werden kann, das Geschehen hinter der Geldndeformation erfasst und beurteilt
zu haben.

Die erfindungsgemaBe Lésung erlaubt ein Mandévrieren des Fluggerats auch bei
niedrigen Geschwindigkeiten oder im Schwebflug, ohne die Drehzahl des An-
triebsaggregats verandern zu missen, da Richtung und Stéarke der Auftriebs-
krafte durch die Steuerung der Rororbldtter in weiten Grenzen variierbar sind.
Dadurch wird eine extrem groBe Wendigkeit erreicht.

Durch die Anordnung der Auftriebskérper parallel zum Rumpf kénnen mehrere
Vorteile gleichzeitig erreicht werden. Zum einen kénnen die Auftriebskdrper ei-
nen relativ groBen Durchmesser aufweisen, ohne die Querschnittsflache in Fort-
bewegungsrichtung allzu sehr zu erhéhen, wodurch auch im schnellen Reiseflug
ein geringer Treibstoffbedarf gegeben ist. Zum anderen ist das erfindungsge-
maBe Fluggerdt duBerst kompakt aufgebaut und bendétigt somit nicht nur wenig
Platz in einem Hangar oder dergleichen, sondern ist auch extrem wendig. Dies
ermoglicht beispielsweise die Landung auf Waldlichtungen oder im inner stédti-
schen Bereich zwischen Bauwerken, wo die Landung eines Hubschraubers auf-
grund des vorgegebenen Rotordurchmessers nicht mehr méglich wére. Uber dies
sind die als Rotor ausgebildeten Auftriebskérper besonders robust im Aufbau und
umfassen im Allgemeinen auBer den Rotorblattern selbst keine weiteren beweg-
lichen Teile, so dass der technische Aufwand vertretbar ist. Durch die Anbringung
der Auftriebskorper im unmittelbaren Nahbereich des Rumpfes ist die mechani-
sche Beanspruchung der Rotoraufhdngungen sehr gering, so dass eine ent-
sprechende Leichtbauweise méglich ist, die wiederum zur Treibstoffersparnis
beitragt.

Eine besonders raumodkonomische Anordnung der einzelnen Bauteile ist gegeben,
wenn die Auftriebskérper im oberen Bereich des Rumpfes angeordnet sind. Zu-
satzlich wird dadurch eine besonders aerodynamisch glinstige Ausfiihrung er-
reicht, da der Ansaugbereich vollig frei und unbehindert durch sonstige Bauteile
des Fluggerates angestrémt werden kann.

Eine weitere besonders beglinstigte Ausfihrungsvariante der Erfindung sieht vor,
dass die Auftriebskorper durch Gasturbinen gegenléufig angetrieben sind. Ahnlich
wie bei Hubschraubern ist auch hier bei Einsatz von Gasturbinen ein besonders
glinstiges Verhaltnis von Leistung zu Eigengewicht gegeben. Ein zusétzlicher
Vorteil gegeniiber Hubschraubern besteht bei der vorliegenden Erfindung darin,
dass die Drehzahlen der rotierenden Auftriebskérper wesentlich héher liegen als
die von Ublichen Hubschrauberrotoren, so dass sich der bauliche Aufwand flr
Getriebe wesentlich verringert. Je nach BaugroBe, Einsatzzweck und Sicherheits-




vorschriften konnen die beiden Rotoren von einer gemeinsamen Gasturbine an-
getrieben werden, oder es kann jedem Auftriebskérper eine eigene Gasturbine
zugeordnet werden.

Der Wirkungsgrad der Auftriebskdrper kann insbesondere dadurch weiter verbes-
sert werden, dass die im Rotor beweglich angeordneten Rotorblatter aus min-
destens einer feststehenden Achse und zwei unabhé@ngig voneinander beweg-
lichen Rotorblattsegmenten bestehen, damit die Rotorblattgeometrie in jedem
Augenblick in jeder aktuellen Position optimal an die jeweilige Situation ange-
passt werden kann; damit kénnen sowohl die Auftriebskrafte und Seitenkréfte
optimiert und die Widerstandskrafte minimiert werden. 4

Besonders hohe Reisegeschwindigkeiten kénnen dadurch erreicht werden, dass
zusatzliche Triebwerke zur Erzeugung eines Schubs fiir den Vortrieb des Flugge-
rates vorgesehen sind. An sich ist es mdglich und grundséatzlich fur geringere
Reisegeschwindigkeiten auch ausreichend, dass der Vortrieb durch die verstell-
baren Rotorfligel der Auftriebskérper erzeugt wird, in dem das Fluggerat in eine
nach vorne abgesenkte Lage gebracht wird und aus der resultierenden Auftriebs-
kraft eine Vorschubkraft abgeleitet wird. Die Reisegeschwindigkeit ist jedoch in
diesem Fall begrenzt, so dass fir héhere Reisegeschwindigkeiten in vorteilhafter
Weise zusatzliche Triebwerke eingesetzt werden. Diese kénnen beispielsweise
als Mantelstromtriebwerke ausgebildet werden. Der Start- und Landevorgang
kann dadurch unterstlitzt werden, dass die zusétzlichen Triebwerke schwenkbar
angeordnet sind. Einerseits kann dadurch die Auftriebskraft erhdht werden, wenn
der Triebwerksstrah! senkrecht nach unten gerichtet ist, und andererseits kann
durch entsprechende Steuerung des Schwenkwinkels die Manévrierbarkeit zu-
satzlich erhéht werden.

Der Treibstoffverbrauch beim Senkrechtstart bzw. bei der Landung und beim
Schwebeflug wird maBgeblich von der umgesetzten Luftmenge beeinflusst. Es ist
daher insbesondere giinstig, wenn sich die Auftriebskérper Uber mindestens
40%, vorzugsweise lber mindestens 70% der Lédnge des Rumpfes erstrecken.
Auf diese Weise ist es mdglich, bei vorgegebener Querschnittsflache eine gréBt-
mdogliche Auftriebsleistung der Auftriebskdrper zu erzielen.

Die Mandvrierfahigkeit, insbesondere im Schwebeflug und beim Start bzw. bei
der Landung, kann dadurch verbessert werden, dass im Bereich der Luftauslass-
o6ffnungen verstellbare Leitschaufeln vorgesehen sind. Bei niedrigen Flugge-
schwindigkeiten ist die Mdglichkeit der Steuerung durch das Leitwerk stark ein-
geschrankt, so dass sich eine ausreichende Mandvrierbarkeit durch die individu-
elle Verstellbarkeit der Rotorbldtter ergibt. Um eine Rotation des Fluggerates
auch um eine vertikale Achse zu ermdglichen, ist es in diesem Zusammenhang
besonders bevorzugt, wenn die verstellbaren Rotorbldtter in zwei paarweise ge-




genldufigen Auftriebskoérpern angeordnet sind und aus jeweils zwei Segmenten
bestehen, die unabhéngig voneinander betdtig bar sind. Weitere verstellbare
Leitschaufeln, die um eine Querachse des Fiuggerdtes schwenkbar sind, ermoég-
lichen eine Vorwarts- und Rickwartsbewegung im Schwebezustand, die beson-
ders fein steuerbar ist.

Weiters ist es besonders bevorzugt, wenn die Auftriebskérper mit einer auBeren
Verkleidung als mechanischen Schutz der Rotorblatter gegen eine Kollision mit
einem festen Hindernis ausgebildet sind. Dies bedeutet, dass die Verkleidung
nicht nur zur Aufnahme der Lagerung der Rotorwelle, sondern auch in mecha-
nisch entsprechend robuster Weise ausgebildet ist, um die Auftriebskdrper ge-
geniber einer Beschadigung zu schitzen, wenn das Fluggerdt mit geringer Rela-
tivgeschwindigkeit eine Kollision mit einem Hindernis erleidet.

In der Folge wird die vorliegend Erfindung anhand der in den Figuren dargestell-
ten Ausflihrungsbeispiele naher eridutert.

Es zeigen Fig. 1 eine schematische Ansicht eines erfindungsgemaBen Fluggerates
in axonometrischer Darstellung, Fig. 2 eine Seitenansicht des Fluggerates von
Fig. 1, Fig. 3 einen Schnitt des Fluggeradtes von Fig. 1 entlang der Linie A - A in
Fig. 2, Fig. 4 einen Schnitt des Fluggerdtes von Fig. 1 entlang der Linie A - Ain -
Fig. 2 mit der Darstellung einer geéffneten bzw. geschlossenen Verkleidung der
Auftriebskorper, wie sie fiir eine hohe Reisegeschwindigkeit vorgesehen sind, Fig.
5 eine Ansicht des Fluggerdtes von Fig. 1 von vorne, Fig. 6 eine Ansicht des
Fluggerates von Fig. 1 von oben, Fig. 7 - Fig. 7b zeigen schematisch einen Auf-
triebskorper des Fluggerates von Fig. 1, Fig. 8 - Fig. 8b zeigen die Anordnung,
Drehrichtung und Wirkungsweise des Auftriebskérpers des Fluggerates von Fig.
1, Fig. 9 bis Fig. 9b zeigen ein Rotorblatt mit zwei beweglichen Segmenten im
Querschnitt in der Stellung Auftriebskréfte neutral, maximaler Auftrieb und ne-
gativer Auftrieb des Fluggerdtes von Fig. 1, Fig. 10 - Fig. 10d zeigen Rotorblat-
ter Anstellungen in ausgewdhlten Positionen entlang der Drehrichtung des Auf-
triebskdrpers des Fluggerates von Fig. 1, Fig. 11 zeigt eine Variante eines Auf-
triebskdrpers mit einteiligen Rotorbléttern und mechanischer Anstellung der Ro-
torblatter eines Auftriebskérpers des Fluggerates von Fig. 1, Fig. 12 zeigt die ein-
zelnen Auftriebskréfte der Auftriebskérper zur Erzielung eines stabilen Gleichge-
wichtes in der Luft des Fluggerates von Fig. 1, Fig. 12a und Fig. 12b zeigen die
Lage der Einzel- und Gesamtmassenschwerpunkte des Fluggerates von Fig. 1,
Fig. 13 zeigt die nach vorne geneigte Lage des Fluggerates von Fig. 1 zur Erzie-
lung einer Vorwartsantriebskomponente fiir eine langsame Vorwartsbewegung,
Fig. 14 - Fig. 14d zeigen die Auftriebskérperanordnung und die Anstellung der
Rotorblatter zur Erzeugung von Seitenkrdften fir die Querbewegung des Flug-
gerates von Fig. 1, Fig. 15 zeigt die Erzeugung einer paarweise gegensinnig wir-




kenden Kraftkomponente quer zur Ldngsachse des Fluggerates zur Erzeugung
einer Drehbewegung des Fluggerates um die Vertikalachse, Fig. 16 - Fig. 16c
zeigen eine besondere Variante eines Auftriebskdérpers mit ,,doppelter® Lange und
schrank baren Rotorbiattern zur Erzeugung unterschiedlicher Auftriebs- bzw.
Querkrafte des Fluggerdtes von Fig. 1, Fig. 17 zeigt die Anstellung der Rotor-
blatter wahrend eines Sinkfluges im freien Fall zwecks Autorotation des Auf-
triebskdrpers z. B. nach einem Motorausfall des Fluggerates von Fig. 1, Fig. 18 -
Fig. 18g zeigen eine Ausflihrungsvariante eines Fluggerdates mit nur zwei Auf-
triebskorpern, die gegenldufig angetrieben, hintereinander in einer Mittelachse
des Fluggerates angeordnet sind, Fig. 19 - Fig. 19b zeigen eine Ausfiihrungsvari-
ante eines Fluggerdtes mit einem System gegenldufiger Querstromrotore mit ei-
ner gemeinsamen Drehachse, Fig. 20 zeigt eine schematische Ansicht eines er-
findungsgemdBen Fluggerdtes mit der Anordnung eines mit dem Fluggerat flexi-
bel verbundenen Aufkidrungsgerates.

Das Fluggerdt gem. Fig. 1 bis Fig. 6 besteht aus einem Rumpf (1) mit einer
Langsachse (la) und vier parallel zu dieser Ldngsachse in bevorzugter Weise
oberhalb der Schwerpunktlage S (32) angeordnete Auftriebskoérper (2, 3, 4 und
5), die von einem Seitenschutz (6) gegen Kollision mit einem festen Hindernis
geschutzt sind. Im hinteren Bereich (9) befinden sich in an sich bekannter Weise
‘ein Hohenleitwerk (11) und ein Seitenleitwerk (10), vorzugsweise auch das An-
triebsaggregat (z. B. eine od. zwei Gasturbine(n) und das Getriebe) sowie zu-
sédtzliche Antriebsaggregate (hier nicht naher dargestellt), ausgefiihrt als z. B.
Mantelstromtriebwerke, die dem Fluggerdt eine hohe Reisefluggeschwindigkeit
verleihen bzw. bei entsprechender schwenkbarer Ausfihrung den Start- und
Landevorgang unterstiitzen kdénnen. Kufen bzw. ahnliche Standbeine (12) stit-
zen das Fluggerdt am Boden ab. Mittels Langsstreben (13, 14), die eine stro-
mungsglnstige Querschnittsform oder eine Gewichtsoptimierte Fachwerkskon-
struktion aufweisen kénnen, ist der hintere Bereich des Fluggerates mit dem vor-
deren Bereich verbunden, weiters ist mit den Lédngstreben und dem Seitenschutz
eine stabile Konstruktion fir eine Lagerung (hier nicht ndaher dargestellt) der
Auftriebskdrper im mittleren Bereich vorgesehen. In Fig. 2 sind die Langenver-
haltnisse ersichtlich, wonach die Lange der rotierenden Auftriebskorper etwa 50
% der Gesamtlange, vorzugsweise 30 bis 70 %, des Fluggerates entspricht. In
Fig. 3 sind die gegenldufig um die Drehachsen (7a, 7b) rotierenden Auftriebskor-
per (2, 3, 4, 5) mit den Drehrichtungen (20a, 20b) und den zur Erzeugung der
Auftriebskraft erforderlichen Rotorblattern (8) ersichtlich. Fiir eine hohe Reisege-
schwindigkeit bei gleichzeitiger Treibstoffokonomie, sind die zusatzlichen An-
triebsaggregate, hier nicht néher dargestellt, vorgesehen und zur Reduzierung
des Luftwiderstandes, werden die Auftriebskérper, die bei einer hohen Reisege-
schwindigkeit nicht den erforderlichen Auftrieb erzeugen kénnen, mittels geeig-
neter Verkleidungsschirzen strémungsgunstig im Fluggerdt abgedeckt. GeméaB




Fig. 4 kénnen diese Verkleidungsschiirzen als kompakte Flachen (40a, 40b) aus-
gebildet sein (wie z. B. in Fig. 4 im gedéffneten Zustand, fir eine optimale Wir-
kung der Auftriebskérper, dargestellt), bzw. als ein System von Lamellen (40a’,
40b’, 41a’, 41b’), die wahlweise zu einer geschlossenen Verkleidung oder fiir ei-
nen ungehinderten Luftdurchiass angestellt werden kdnnen. Wie in Fig. 7 darge-
stellt, besteht ein Auftriebskérper (2, 3, 4, 5) im Wesentlichen aus einer Dreh-
achse (7), aus zwei Endscheiben (2a - 2b, 3a - 3b, 4a - 4b, 5a - 5b) mit dem
Durchmesser D (23b) und einer bestimmten Anzahl (vorzugsweise 4 bis 10) von
Rotorblattern (8), die beweglich um eine Schwenkachse (8a) in den beiden End-
scheiben (z. B. 2a - 2b) angeordnet sind, und bei einer vollen Umdrehung eine
Kreisbahn (23a) mit dem Radius R (23) beschreiben. Die Tiefe' des Rotorblattes t
(8e) ist Abhangig von der GréBenordnung der Gesamtkonstruktion und betragt
ca. 30 bis 50% des Kreisbahnradius R (23), die Lange L (8d) des Rotorblattes (8)
betréagt vorzugsweise ca. 25 bis 35 % der Gesamtldnge des Fluggerates. Im
Betriebszustand rotiert der Auftriebskdrper mit Nenndrehzahl (vorzugsweise ca.
750 bis 3000 1/min) um die Drehachse (7), und wéahrend einer vollen Umdre-
hung werden die Rotorblatter (8) in jeder augenblicklichen Position individuell in
Bezug auf die Tangente (23b) der Kreisbahn (23a) mit dem Radius R (23) ange-
stellt, sodass im Bereich der oberen und unteren Extremlage maximale Auf-
triebskrafte erzeugt werden kénnen und in den beiden vertikalen Extrempositio-
nen ausschlieBlich Strémungswiderstandskrafte auf das Rotorblatt  einwirken.
Die bevorzugte Anordnung der Drehrichtung (20) der Auftriebskdrper im Flug-
gerat ist gegenlaufig. In Fig. 8 sind die Strémungsverhdltnisse naher dargestellt,
wobei aufgrund der Rotorblattergeometrie die Tragflligeltheorie maBgeblich ist,
der zufolge jeweils unterhalb des angesteliten Rotorbiattes bei einer definierten
Relativgeschwindigkeit eine Druckerhohung und oberhalb ein Unterdruck erzeugt
wird. Die entsprechenden Kraftkomponenten, die auf ein Rotorblatt einwirken,
resultieren aus diesen beiden Druckkomponenten. Bei entsprechender Anstellung
der Rotorblétter relativ zur Tangente (23b)\der Kreisbahn (23a) wahrend einer
vollen Umdrehung der Auftriebskérper mit Nenndrehzahl wird Umgebungsiuft
bevorzugt von oben angesaugt (18a), in den rotierenden Auftriebskérper hinein-
gepresst (18b), nach unten angesaugt (19a) und hinausgepresst (19b). Eine op-
timale Ausfihrungsvariante ist in den Fig. 9, Fig. 9a und Fig. 9b dargestellt. Bei
dieser Ausfihrungsvariante besteht das Rotorblatt (8) aus mindestens drei Ele-
menten und zwar einer stabilen Schwenkachse (8a), einer beweglichen Rotor-
blattnase (8b) und einer beweglichen Rotorblattspitze (8c). Fir den Normalbe-
trieb sind die Rotorblattnase (8b) um den Winkel o (21a), vorzugsweise um +/-
3° - 10° relativ zur Tangente der Kreisbahn (23a) schwenkbar und die Rotor-
blattspitze (8c) um den Winkel B (21b),:vorzugsweise um +/- 3° bis 10° relativ
zur Tangente der Kreisbahn (23a) schwenkbar. Fir den Sonderfall ,Autorotation™
sind Rotorblattspitzé;und Rotorblattnase um > 90°, vorzugsweise ca. 105° aus
schwenkbar. GemaB Fig. 9a ist eine vertikale Kraftkomponente Fa (22) in Rich-




tung Drehachse (7) des Auftriebskbrpers,grzedgbar, wenn bei Nenndrehzahl in
der oberen Extremposition die Rotorblattnase (8b) mit dem Winkel a < 0° und
die Rotorblattspitze mit dem Winkel B > 0°, jeweils bezogen auf die Tangenten-
richtung (23b) der Umlauf}éreisbahn (23a), angestellt werden und vice versa ge-
maB Fig. 9b ist eine vertikale Kraftkomponente Fa (22) entgegen Richtung Dreh-
achse (7) des Auftriebskérpefs erzeugbar, wenn bei Nenndrehzahl in der oberen
Extremposji;ion die Rotorblattnase (8b) mit dem Winkel o > 0° und die Rotor-
blattspitze mit dem Winkel B < 0°, jeweils bezogen auf die Tangentenrichtung
(23b) der Umlaufkreisbahn (23a), angestellt werden. In Fig. 10 sind die beiden
gegenlaufig angetriebenen Auftriebskdrper mit 'den zur Erzeugung einer maxi-
malen Auftriebskraft bei Nenndrehzahl optimalen Anstellungen der Rotorblatter in
den unterschiedlichen Positionen im Detail dargestellt. Fig. 10a (Detail W von Fig.
10) zeigt die Winkelverhaltnisse der Rotorblattnase und Rotorblattspitze beim
Eintritt in die obere Umlaufbahn nach dem Verlassen der neutralen Vertikalposi-
tion, Fig. 10b (Detail X von Fig. 10) zeigt die Winkelverhaltnisse der Rotorblatt-
nase und Rotorblattspitze in der oberen Extremposition der Umiaufbahn, Fig. 10c
(Detail Y von Fig. 10) zeigt die Winkelverhéitnisse der Rotorblattnase:und Rotor-
blattspitze in der oberen Umlaufbahn vor dem Eintritt in die die neutrale Verti-
kalposition, Fig. 10d (Detail Z von Fig. 10) zeigt die Winkelverhaltnisse der Ro-
torblattnase und Rotorblattspitze in der unteren Extremposition der Umlaufbahn.

Eine vereinfachte Variante eines Auftriebskdrpers ist in Fig. 11 dargestelit. Diese
Variante unterscheidet sich von der zuvor beschriebenen dadurch, dass die Ro-
torblatter (8) einteilig um eine Schwenkachse schwenkbar ausgefiihrt sind und
mechanisch mit Hilfe eines Kopplungsgliedes (28), welches als Gestdnge oder
einer sonstigen Konstruktion, zur Ubertragung von Zug- und Druckkréften, aus-
gefiuhrt sein kann, angesteuert werden kénnen. In einer bevorzugten Aus-
fuhrungsvariante wird das Kopplungsglied in einer speziellen Kulisse (29, 30), die
in den beiden Endscheiben (2a-2b, ... 5a-5b) untergebracht ist, derart gefiihrt,
dass, zur Erzeugung einer optimalen Auftriebskraft bei Nenndrehzahl, wahrend
einer vollen Umdrehung des Auftriebskérpers (2, 3, 4, 5) um die Drehachse (7)
mit der Drehrichtung (20) und dem jeweils aktuellen Drehwinkel & (31) das Ro-
torblatt (8) in der oberen Extremlage mit dem Winkel o' (21c), in der unteren
Extremlage mit dem Winkel a” (21d) > o’ (21c) und in den beiden seitlichen, Ex-
tremlagen jeweils vertikal, d. h, parallel zur Tangentenrichtung der Umlaufk’feis-
bahn (23a), angestellt werden kann. Seitenkréafte zur Erzeugung einer Seitwérts-
bewegung bzw. einer Drehbewegung um die Vertikalachse des Fluggerites wer-
den durch eine entsprechende Verstellung der Kulisse (29, 30) in Querrichtung
(27x) erreicht, wobei unter Beibehaltung der Drehzahl des Auftriebskérpers, die
Auftriebskrafte unverandert bleiben. Eine Beeinflussung der Auftriebskrafte ist
durch Verstellung der Kulisse (29, 30) durch Veréanderung der Mittelpunktslage
(27) in Vertikalrichtung (27z) vorgesehen. Die Mittelachse (27y) liegt parallel




zur Drehachse (7). Ein Fluggerat, ausgeristet mit einem Auftriebskérper ge}'néB
dieser Ausfihrungsvariante ware sogar vollstdndig mechanisch steuerbar.

Eine stabile Gleichgewichtslage (Fig. 12 bis Fig. 12b) in der Luft ist dadurch ge-
geben, dass jeder einzelne Auftriebskérper (2, 3, 4, 5) individuelle Auftriebs-
krafte A, bis A4 (35a, 35b, 35c und 35d) erzeugen kann und damit ein Gleichge-
wichtszustand zum Gesamtmassenschwerpunkt S (32) der Gesamtmasse m (33)
bzw. zu den Hauptteilmassenschwerpunkten (32a) der Teilmasse aus Pilotenkan-
zel m,; (33a), mit dem Teilschwerpunktsabstand s; (34a), und (32b) der Teil-
masse aus dem riackwartigen Bereich des Fluggerates m; (33b), mit dem Teil-
schwerpunktsabstand s; (34b), und dem seitlichen Schwerpunktsabstand s;
(34c) des éesamtmassenschwerpunkt S (32) der Gesamtmasse m (33) zu jeder
Situation hergestelit werden kann. Damit kann jederzeit auch auf sich verdn-
dernde Gleichgewichtslagen reagiert werden.

Nach Erreichen einer definierten Hohenposition, die mittels der rotierenden Auf-
triebskérper (2, 3, 4, 5) eingenommen werden kann, ist ein Ubergang von einem
Schwebezustand in eine langsame Vorwartsbewegung bzw. Rlckwartsbewegung
dadurch méglich, dass das Fluggerdt eine Neigungslage (Fig. 13) einnimmt und
aus der resultierenden Auftriebskraft (35a, 35b) der Auftriebskdrper eine Kraft-
. komponente (35a’, 35b’) abgeleitet werden kann, die eine Vorwarts- bzw. Rick-
wartsbeschleunigung erméglicht, wahrend die vertikale Kraftkomponente (35a”,
35b”) das Fluggerét weiterhin vertikal im Gleichgewicht hait.

Eine Bewegung des Fluggerdtes quer zur Langsachse ist im Schwebezustand
durch eine spezielle Anstellung der Rotorblatter zur Tangentenrichtung (23b) der
Bewegungsbahn (23a) der Rotorblatter moglich. In Fig. 14 ist eine Querbewe-
gung mit der Geschwindigkeit v, (36) dargestellt, die dadurch erreicht wird, dass
gemaB Fig. 14a die Rotorblétter in der Position der Vertikalen Extremlage in eine
entsprechende Neigungslage (21) gebracht werden, sodass von einer Richtung
Luft angesaugt (18a) und quasi quer durch das Fluggerdt ausgepresst (19b)
wird; auch hier ist die Tragflligeltheorie anzuwenden. In Fig. 14b ist die Rotor-
blattstellung in einer neutralen Lage dargestellt, wéhrend gemaB Rotorblattan-
stellung nach Fig. 14c auf das Fluggerat eine Kraftkomponente Fq (22)von der
Drehachse weg ausgeiibt werden wiirde und eine Bewegung mit der Geschwin-
digkeit v« (36) von rechts nach links zur Folge hdtte und gem. Darstellung nach
Fig. 14d auf das Fluggerat eine Kraftkomponente Fq (22) in entgegen gesetzter
Richtung, in Richtung der Drehachsé“ausgel’Jbt werden wiirde und eine Bewegung
mit der Geschwindigkeit v, (36) von links nach rechts zur Folge héatte. Durch
paarweise gegensinnige Erzeugung der Kraftkomponenten Fq (22) im vorderen
und rickwartigen Bereich des Auftriebskérpers gemaB Fig. 15, kann eine Dreh-




bewegung (36a) im Schwebezustand um die Vertikalachse (1b) des Fluggerdtes
im bzw. gegen den Uhrzeigersinn erreicht werden.

Die gleichen wie zuvor beschriebenen Effekte und Manéver lassen sich auch dann
erreichen, wenn anstatt vier nur zwei paarweise gegenlaufig angeordnete Auf-
triebskérper (2, 3) eingesetzt werden, die jedoch mit einer doppelten Ldange 2L
(8d) ausgefihrt werden (Fig. 16). Bei dieser Ausfiihrungsvariante sind die Ro-
torblatter elastisch um die Schwenkachse (8a) deformierbar. Die Rotorblattnase
(8b) und die Rotorblattspitze (8c) kdnnen parallel an beiden Enden verschoben
werden oder unterschiedlich. In Fig. 16a ist eine neutrale Lage des Rotorblattes
(Schnitt II-IT von Fig. 16) dargestellt, wie sie bei einer gegensinnigen Verschie-
bung der beiden Enden des Rotorblattes gem. Fig. 16b (Schnitt I-I von Fig. 16)
und Fig. 16¢ (Schnitt III-III von Fig. 16) entsteht. Damit ist es méglich, bei einer
Ausfuhrungsvariante mit nur zwei gegensinnig rotierenden Auftriebskérpern,
unterschiedliche Schwerpunktslagen im Flug zu korrigieren, Vorwérts- und Rick-
wartsbewegungen mit geringer Fluggeschwindigkeit auszufihren und Drehbewe-
gungen um die Vertikalachse ausfiilhren zu kénnen.

Bei gentigend groBer Verstellméglichkeit der Schwenkbewegung des Rotorblattes
ist im Sinkflug nach einem z. B. Ausfall eines Antriebsaggregates oberhalb einer
kritischen Flughdhe eine Autorotation der Auftriebskérper und dadurch ein si-
cherer Landevorgang mdglich. Fig. 17 zeigt die entsprechenden Anstellungswin-
kel o (21) der Rotorblatter und den Relativiuftstrom (41) sowie die Rotations-
richtung (20) der Auftnebskorper, wenn das Fluggerdt mit der Sinkgeschwindig-
keit (40) im freien Fall in vertikaler Richtung nach unten falit.

Eine weitere Ausfihrungsvariante eines Fluggerdtes mit zwei gegensinnig rotie-
renden Auftriebskérpern (2, 3) ist in Fig. 18 dargestellt, wobei Fig. 18a eine Sei-
tenansicht und Fig. 18b eine Frontansicht zeigt. Die beiden gegensinnig rotieren-
den Auftriebskdrper sind entlang der Mittelachse des Fluggerdtes entlang einer
gemeinsamen Drehachse hintereinander angeordnet. Fig. 18c zeigt einen Schnitt
I-I von Fig. 18a, worin die Lagerung der Drehachse der Auftriebskérper und die
Seitenschutzverkleidung dargestellt sind. Fig. 18d zeigt den Schnitt II-II von Fig.
18a und Fig. 18e den Schnitt III-III von Fig. 18a woraus die Anordnung und
Drehrichtung der beiden hintereinander liegenden Auftriebskdrper ersichtlich
sind, in der Darstellung fur einen ublichen Schwebezustand bzw. Steigflug. Fig.
18f zeigt den Schnitt II-II von Fig. 18a und Fig. 18g zeigt den Schnitt III-III von
Fig. 18a in der Stellung der Rotorblatter zur Erreichung der Autorotation im
freien Sinkflug nach z. B. Ausfall eines Antriebsaggregates.

Fig. 19 zeigt eine weitere Ausfluhrungsvariante eines Fluggerates, geeignet flr
den vertikalen Start- und Landevorgang, ausgefiihrt jedoch mit Auftriebskérpern
(36, 37, 38, 39), die als Querstromrotoren ausgebildet sind. Fig. 19a zeigt die
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Draufsicht eines derartigen Fluggerdtes und Fig. 19b eine Darstellung gem.
Schnitt I-I von Fig. 19. Bei dieser Ausfuhrungsvariante sind so genannte Quer-
stromrotoren im Einsatz, die mit duBeren Strémungsleiteinrichtungen (6) verse-
hen sind, die entsprechend verstelibar angéordnet sind und damit wiederum eine
schier unbegrenzte Mandvrierbarkeit (Vorwartsbewegung, Rickwartsbewegung,
Querbewegung, Drehbewegung um die Vertikalachse) erreichen lassen. Diese
Auftriebskérper, ausgefiihrt als Querstromrotoren bestehen aus jeweils zwei run-
den Endscheiben, die eine Vielzahl von Rotorfligeln (36a, 37a) tragen und um
eine Drehachse rotieren. In einer bevorzugten Ausfiihrungsvariante sind zur Er-
héhung von strémungstechnischen Wirkungsgraden, in jeweils einen &uBeren
Querstromrotor (36) ein innerer kleinerer Querstromrotor (37), mit gegenlaufiger
Drehrichtung, eingefiigt.

Bedingt durch die Tatsache, dass oberhalb des Fluggerates keine rotierenden Ag-
gregate vorhanden sind, ist dem Piloten im Bedarfsfall auch ein gefahrioses und
sicheres Verlassen des Fluggerates auch mittels Schleudersitz moglich. Weiters
kann gema Fig. 20 oberhalb des Fluggerates auch ein als Aufklarungsgerat (43)
bezeichnetes Aggregat (Radar, optischer Sensor, ..) vorgesehen sein, welches
bei Bedarf, im Schwebezustand des Fluggerates, mittels einer flexiblen Verbin-
dung (44) vertikal in die Hohe verbracht und anschlieBend wieder eingezogen
werden kann. Dies ist u. a. dann sinnvoll, wenn mit dem Fluggerat im militari-
schen Einsatz ein Unterfliegen feindlicher Radarstrahlen hinter schitzender De-
ckungen im Gelande oder in Gebdudefluchten erreicht werden soll, und zur Erfas-
sung der militarischen Situation z. B. hinter einer schiitzenden Geldndeformation,

anstatt eines kurzfristigen gefahrvollen ,Auftauchens" nur das Aufklarungsgerat
' (43) vertikal in die H6he geschossen, die militarische Situation erfasst und an-
schlieBend das Aufklérungsgeréitf'”.'mit der flexiblen Verbindung wieder sicher in
den Rumpf des Fluggerates eingef)racht wird.

Die vorliegende Erfindung beschreibt ein Fluggerat, welches die Mdglichkeit eines
senkrechten Starts und einer senkrechten Landung aufweist, eine fast unbe-
grenzte Mandvrierbarkeit im Schwebezustand erlaubt, eine hohe Reisegeschwin-
digkeit bei gleichzeitiger Treibstoffékonomie bietet, dem Piloten im Bedarfsfall ein
sicheres Verlassen des Fluggerates ermdglicht und ein flexibel angeordnetes Auf-
kldrungsgerat oberhalb des Fluggerates unterbringt.




PATENTANSPRUCHE

. Fluggerat bestehend aus einem Rumpf (1) und mindestens zwei am Rumpf
(1) angebrachten, hohlzylindrisch ausgebildeten Auftriebskérpern (2, 3, 4,
5), und eine definierte Anzahl von beweglichen Rotorblattern (8) aufwei-
sen, die sich Uber den Umfang des Auftriebskdrpers vorzugsweise gleich
verteilt erstrecken, dadurch gekennzeichnet, dass die Mittelachsen der
Rotorbldtter (8) im wesentlichen parallel zur Léngsachse des Fluggerates
ausgerichtet sind, dass die Auftriebskérper (2, 3, 4, 5) vorzugsweise ge-
genlaufig rotieren, und dass mindestens ein Antriebsaggregat vorgesehen
ist, um die Auftriebskérper (2, 3, 4, 5) mit Nenndrehzahl anzutreiben.

. Fluggerdt nach Anspruch 1, dadurch gekennzeichnet, dass diese Auf-
triebskorper oberhalb der Schwerpunktslage des Fluggerdtes angeordnet
sind.

. Fluggerat nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die
Auftriebskoérper (2, 3) durch Gasturbinen gegenlaufig angetrieben sind.

. Fluggerdt nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet,
dass fUr eine hohe Reisegeschwindigkeit zusétzliche Triebwerke vorgese-
hen sind.

. Fluggerdt nach einem der Anspriiche 1 bis 4, dadurch gekennzeichnet,
dass diese zusatzlichen Triebwerke schwenkbar ausgefiihrt sein kénnen,
um eine zusatzliche Unterstiitzung beim Start, bei der Landung oder bei
sonstigen Mandvern zu ermdglichen.

. Fluggerat nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet,
dass das Fluggerdt mit zwei Auftriebskdrpern (2, 3) ausgefihrt ist, die
entlang der Mittelachse des Fluggerdtes hintereinander liegend, gegenlau-
fig rotierend angeordnet sind.

. Fluggerdt nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet,
dass das Fluggerdt mit zwei gegenlaufig rotierenden Auftriebskoérpern (2,
3) ausgefiihrt ist, deren Mittelachse parallel nebeneinander liegen.

. Fluggerdt nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet,
dass das Fluggerat mit vier Auftriebskérper (2, 3, 4, 5) ausgefihrt ist, wo-
bei jeweils zwei Auftriebskérper gegenldufig rotieren und parallel angeord-
net sind.
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9. Fluggerat nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet,
dass mittels individuell verstellbarer Rotorbldtter (8) bei Nenndrehzahl
Auftriebskréafte und Seitenkréfte erzeugt werden kénnen.

10.Fluggerat nach einem der Anspriche 1 bis 9, dadurch gekennzeichnet,
dass mittels individuell verstellbarer Rotorblatter (8) bei Nenndrehzahl im
Schwebezustand unterschiedliche Schwerpunktlagen ausgeglichen werden
kénnen.

11.Fluggeréat nach einem der Anspriiche 1 bis 10, dadurch gekennzeichnet,
dass mittels der individuell verstellbaren Rotorblatter (8) bei Nenndrehzahl
ein vertikaler Steigflug, ein Schwebezustand, eine langsame Vorwarts-
bzw. Riickwartsbewegung, eine Drehbewegung gegen bzw. im Uhrzeiger-
sinn und ein vertikaler Sinkflug ausgefiihrt werden kann.

12.Fluggerat nach einem der Anspriiche 1 bis 11, dadurch gekennzeichnet,
dass die Auftriebskérper (8) mit Abdeckungen (40, 41) versehen sind,
ausgefiihrt als kompakte Abdeckungen oder als ein System von Lamellen,
die einerseits einen ungehinderten Luftdurchiass gewdhrieisten und fir
eine hohe Reisegeschwindigkeit, wo der Wirkungsgrad der Auftriebskérper
begrenzt ist, die Stromungsverluste reduzieren.

13.Fluggerat nach einem der Anspriiche 1 bis 12, dadurch gekennzeichnet,
dass die Auftriebskérper seitlich eine Schutzverkleidung (6) aufweisen, die
einen ungehinderten Luftdurchlass gewahrleisten, im Bedarfsfall jedoch
den rotierenden Auftriebskdrper gegen Kollision mit einem festen Hinder- \
nis schitzen.

14.Fluggerat nach einem der Anspriche 1 bis 13, dadurch gekennzeichnet,
dass der Auftriebskérper mit Rotorblattern (8) versehen ist, die Tragfligel-
ahnlich ausgebildet sind und deren vorderer Teil unabhangig vom rtck-
wartigen Teil um eine Schwenkachse (8a) beweglich ist.

15.Fluggerat nach einem der Anspriiche 1 bis 13, dadurch gekennzeichnet,
dass der Auftriebskérper mit Rotorblattern (8) versehen ist, die Tragflligel-
ahnlich ausgebildet sind und als Ganzes um eine Schwenkachse (8a) be-
weglich sind.

16.Fluggerat nach einem der Anspriiche 1 bis 13 und 15, dadurch gekenn-
zeichnet, dass das Fluggerdt mechanisch gesteuert werden kann.

17.Fluggerat nach einem der Anspriiche 1 bis 15, dadurch gekennzeichnet,
dass der Auftriebskérper im Wesentlichen aus einer Drehachse (7), zwei
Endscheiben (z. B. 2a, 2b) und Rotorblattern (8) besteht.
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18.Fluggerdat nach einem der Anspriiche 1 bis 17, dadurch gekennzeichnet,
dass oberhalb der Pilotenkanzel keine rotierenden Aggregate vorhanden
sind und im Bedarfsfall der Pilot das Fluggerat mittels Schleudersitz sicher
verlassen kann.

19.Fluggerat nach einem der Anspriiche 1 bis 18, dadurch gekennzeichnet,
dass oberhalb des Fluggerates keinerlei rotierende Aggregate vorhanden
sind, sodass ein spezielles Aufkldrungsgerat (43) vertikal in die H6éhe ge-
schossen und wieder eingebracht werden kann.

20.Fluggerat nach einem der Anspriche 1 bis 19, dadurch gekennzeichnet,
dass die Rotorbldtter derart angestellt werden kdnnen, dass bei einem
Totalausfall eines Antriebsaggregates oberhalb einer kritischen Hoéhe, der
Auftriebskorper im Sinkflug des Fluggerdtes in Autorotation versetzt wer-
den kann und eine sichere Landung des Fluggerates mdoglich ist.

21.Fluggerat nach einem der Anspriche 1 bis 6 und 18 bis 19, dadurch ge-
kennzeichnet, dass der Auftriebskdrper als Querstromrotor ausgefihrt
ist.

22.Fluggerat nach einem der Anspriiche 1 bis 6 und 18, 19 und 21, dadurch
gekennzeichnet, dass zwei Querstromrotoren gegenlaufig rotierend hin-
tereinander angeordnet sind.

23.Fluggerat nach einem der Anspriiche 1 bis 6 und 18, 19 und 21, dadurch
gekennzeichnet, dass in jeweils einem &uBeren Querstromrotor ein
zweiter kleinerer Querstromrotor mit gegenldufiger Drehrichtung einge-
schrieben ist.

/_gt Patentanwalt
Dipl.-Ing. Mag. Michael Babeluk
A-1150 Wien, Marlahiiter Gartel 39/137

Tel.: (+43 1 ) 892 89 33.0 Fax: (+43 1) 892 89 333
&-mail: patent@babeluk.at
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Fluggerat mit einem Rumpf (1) und mindestens zwei am Rumpf (1) ange-
brachten Auftriebskérpern (2, 3, 4, 5), die im Wesentlichen hohlzylindrisch
ausgebildet sind und die eine Vielzahl von tragfliigeldhnlich ausgebildeter
Rotorblatter (8) aufweisen, die sich Gber den Umfang der Auftriebskérper
(2, 3, 4, 5) erstrecken und beweglich um ihre Langsachse schwenkbar an-
geordnet sind, wobei der Umfang der Auftriebskorper (2, 3, 4, 5) durch
mindestens eine Leitflaiche (49, 50) teilweise abgedeckt ist, und wobei die
Auftriebskoérper (2, 3, 4, 5) durch mindestens ein Antriebsaggregat ange-
trieben sind und jeweils eine Zylinderachse aufweisen, die im Wesentlichen
parallel zu einer Langsachse (1a) des Fluggerédtes ist, dadurch gekenn-
zeichnet, dass die Auftriebskorper (2, 3, 4, 5) mit Rotorblattern (8) verse-
hen sind, deren hintere Teile unabhangig von der vorderen Teilen um eine
Schwenkachse (8a) beweglich sind.

Fluggerat nach Anspruch 1, dadurch gekennzeichnet, dass diese Auf-
triebsk6érper oberhalb der Schwerpunktslage des Fluggerédtes angeordnet
sind.

Fluggerat nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die
Auftriebskérper (2, 3) durch Gasturbinen gegenldufig angetrieben sind.

Fluggerat nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet,
dass fiir eine hohe Reisegeschwindigkeit zusatzliche Triebwerke vorgesehen
sind.

Fluggerdt nach einem der Anspriiche 1 bis 4, dadurch gekennzeichnet,
dass diese zusatzlichen Triebwerke schwenkbar ausgefiihrt sein kénnen, um
eine zusatzliche Unterstitzung beim Start, bei der Landung oder bei sonsti-
gen Mandvern zu erméglichen.

Fluggerat nach einem der Anspriche 1 bis 5, dadurch gekennzeichnet,
dass das Fluggerat mit zwei Auftriebskérpern (2, 3) ausgefuhrt ist, die ent-
lang der Mittelachse des Fluggerdtes hintereinander liegend, gegenldufig
rotierend angeordnet sind.
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10.

11.

12.

13.

14,

15.

Fluggerdt nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet,
dass das Fluggerat mit zwei gegenldufig rotierenden Auftriebskorpern (2, 3)
ausgefuhrt ist, deren Mittelachse parallel nebeneinander liegen.

Fluggerdt nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet,
dass das Fluggerat mit vier Auftriebskérper (2, 3, 4, 5) ausgefihrt ist, wo-
bei jeweils zwei Auftriebskérper gegenlaufig rotieren und parallel angeord-
net sind.

Fluggerat nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet,
dass mittels individuell verstellbarer Rotorbldtter (8) bei Nenndrehzahl Auf-
triebskréfte und Seitenkrafte erzeugt werden kénnen.

Fluggerat nach einem der Anspriiche 1 bis 9, dadurch gekennzeichnet,
dass mittels individuell verstellbarer Rotorblatter (8) bei Nenndrehzahl im
Schwebezustand unterschiedliche Schwerpunktlagen ausgeglichen werden
kénnen.

Fluggerat nach einem der Anspriiche 1 bis 10, dadurch gekennzeichnet,
dass mittels der individuell verstellbaren Rotorblatter (8) bei Nenndrehzahi
ein vertikaler Steigflug, ein Schwebezustand, eine langsame Vorwarts- bzw.
Ruckwértsbewegung, eine Drehbewegung gegen bzw. im Uhrzeigersinn und
ein vertikaler Sinkflug ausgefiihrt werden kann.

Fluggerdt nach einem der Anspriiche 1 bis 11, dadurch gekennzeichnet,
dass die Auftriebskérper (8) mit Abdeckungen (40, 41) versehen sind, aus-
gefluhrt als kompakte Abdeckungen oder als ein System von Lamellen, die
einerseits einen ungehinderten Luftdurchlass gewahrieisten und flr eine
hohe Reisegeschwindigkeit, wo der Wirkungsgrad der Auftriebskérper be-
grenzt ist, die Strémungsveriuste reduzieren.

Fluggerat nach einem der Anspriiche 1 bis 12, dadurch gekennzeichnet,
dass die Auftriebskdrper seitlich eine Schutzverkleidung (6) aufweisen, die
einen ungehinderten Luftdurchlass gewdhrieisten, im Bedarfsfall jedoch den
rotierenden Auftriebskdrper gegen Kollision mit einem festen Hindernis
schiitzen.

Fluggerat nach einem der Anspriiche 1 bis 13, dadurch gekennzeichnet,
dass der Auftriebskdérper im Wesentlichen aus einer Drehachse (7), zwei
Endscheiben (z. B. 2a, 2b) und Rotorbldttern (8) besteht.

Fluggerat nach einem der Anspriiche 1 bis 14, dadurch gekennzeichnet,
dass oberhalb der Pilotenkanzel keine rotierenden Aggregate vorhanden
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16.

17.

18.

19.

20.

Ba

sind und im Bedarfsfall der Pilot das Fluggerat mittels Schleudersitz sicher
verlassen kann,

Fluggerat nach einem der Anspriiche 1 bis 15, dadurch gekennzeichnet,
dass oberhalb des Fluggerdtes keinerlei rotierende Aggregate vorhanden
sind, sodass ein spezielles Aufklarungsgerat (43) vertikal in die Héhe ge-
schossen und wieder eingebracht werden kann.

Fluggerat nach einem der Anspriiche 1 bis 16, dadurch gekennzeichnet,
dass die Rotorbldtter derart angestellt werden kénnen, dass bei einem To-
talausfall eines Antriebsaggregates oberhalb einer kritischen Héhe, der Auf-
triebskorper im Sinkflug des Fluggerates in Autorotation versetzt werden
kann und eine sichere Landung des Fluggerédtes maéglich ist.

Fluggerat nach einem der Anspriiche 1 bis 7, dadurch gekennzeichnet,
dass der Auftriebskérper als Querstromrotor ausgefiihrt ist.

Fluggerdat nach einem der Anspriiche 1 bis 18, dadurch gekennzeichnet,
dass zwei Querstromrotoren gegenldufig rotierend hintereinander angeord-
net sind.

Fluggerat nach einem der Anspriiche 1 bis 19, dadurch gekennzeichnet,
dass in jeweils einem duBeren Querstromrotor ein zweiter kleinerer Quer-
stromrotor mit gegenlaufiger Drehrichtung eingeschrieben ist.
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UNITED STATE

2,037,377

S PATENT OFFICE

2,037,377 _
CONSTRUCTION FOR AIRCRAFT .
Albert B. Gardner, Racine, Wis.

Original application January 14
332,269, Divided and this

1934, Serial No. 730,847

, 1929, Serial No.
application June 15,

33 Claims. (CL 244--16)

This invention relates to airéraft and, more
specifically, to aircraft 'of the so-called heavier-
than-air type. ) : . =

This invention also relates to, and the features
thereof are. fully described in.the drawings and
specifications of, former application Serial Num-
ber 332,269, filed January 14, 1929, now Patent
11,975,098 dated October 2, 1934, of which this
application is a division. ] _ SR

One of the objects of this invention is to pro-
vide a practical construction of the above nature
which shall be simple and dependable. Another
object is to provide a construction of the above
nature characterized by efficient action. Other
chiects are to provide a construction of the above
nature which shall be readily adaptable to meet
conditions of use, easily controlled, characterized
by a high degrec of safety in performance, €co-
nomical of power, and adapted to maintain its
original efficiency thioughout the hardest ‘use.
‘More specifically, the object of this invention is
to provide a practical construction of the above
nature wherein the craft is sustained in the air
by means of a plurality of lifting units disposed
to rotate in twin or twin-tandem formation, the
axes of which units are disposedin a substantially
parallel relation to the longitudinal axis of the.
fuselage, each unit comprising, in combination, &
drive shaft, a plurality of wing-like lifting vanes
carried by said. shaft and positioned in spaced
circumferential relation thereto, the leading and
trailing edges of any one of sald vanes follow-
ing, nearly, in the same path, in their respective
orbits, varying only to the extent and by reason
of the angle of air incidence created by the
varying and changeable eccentricity between their
respective  axes, an eccentric pivotally disposed
and operatable during flight to vary the maxi-
mum amount of eccentricity between the axes
of the -lifting unit and sald eccentric along a
- fixed line, and wherein the pivots of these ec-
centrics in any twin-disposed units are positioned -
at one side of a horizontal line passing trans-
versely through the axes of sald units so as to
provide an angle-of-dihedral effect between said
twin units during any lifting epoch to. establish
an inherent lateral stability in the craft, These
units also provide a governing action to control
the power input of the motor, being that the
sustaining medium is constantly varying, because
cf the usual atmospheric distribution conditions,
necessitating a constant change in the speed of .
maintain a constant lifting force,
when encountering air-pockets- where-

especially.
ad is suddenly removed from the mo-

upon the lo

craft provides its own relat;

ways in relation to the circular,

. last mentioned spee

" the axes of the lifting uni

"rotative speed o
. resistance to turn,

tor because of a lack of stability in the sustain-~
ing medium, the motor will. automatically ac- -
celerate In speed and provide the necessary
amount of lifting force to maintain the desired
altitude and in this regard, being that this air- 5.
ive wind speed as :
a component of lift it will maintain a relatively
low-cost high-speed operation at higher altitudes
than are possible of negotiation. with the con-
ventional type of aircraft, also because the craft, 10
operated “tail high”, will convert the drag due
to incidence into a forward thrust eomponent.
Further in regard to the aforementioned “for-
ward thrust component”, it can be readily seen
that the axes of the twin arranged lifting units 15
are disposed in pivotal relation coaxially with
shaft 35, Fig. 5 of drawings, therefore, the axes
of the twin units may be positiqned in angular
relation to a plane passing horizontally through
the fore and aft axis of the fuselage without 20
adding any feature to the construction, nor de-
stroying the transverse dihedral lifting action of
the twin units the means for the provision of
which is one of the important novel features of
this invention. The axes of thelifting units may- 25
be positioned at a forward tilted angle in air-
craft constructed for the highest economical 0p~-
eration, and at a rearward tilted angle in air-
oraft constructed for high speed service wherein
the cost of operation is & secondary . considera- 30
tion. : . :
In explanation of the foregoing paragraph it
is well to set forth that during sustained flight
of an aircraft having this type.of revolvable wings,
the factors for producing 1lift, such 8s, the angle 35
of air incidence of the wings, the wing cross sec-
tion, the wing curves, and relative chord, are al-
or spiral, path
this .

ot travel of any given point in the wing;

" path is constantly chaaging In accordance with 40

the variation in the forward speed of the air-
eraft and the rotative speed of the lifting unit,
and there Is a certain relation between these two
‘ ds at which the most economi-
d. - Where higher speeds 45
ired, the positioning of ‘
ts at a rearward angle
compensates in a measure for the loss of lift -
due tb operating speeds at which said spiral path
approaches & near ‘parallel relation to the fore 50
and/aft axis of the wing, thereby keeping the -
¢ the lifting unit and consequent
"down to a minimum.
visions for safety, more
objects of this invention 55

cal operation. is reache
of aircraft service is requ

Regarding the pro
specifically, one of the
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is to eliminate as much as practicable the human
element in stabilization which is accomplished in
this invention by the fixed transverse dihedral
lifting effect, simple, dependable adjustment,
along pre-established non-changeable lines only,
to effect longitudinal equilibrium and simple

- means for quickly and positively causing auto-
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rotation of the-lifting units in event of power
faillure in mid-air. Auto-rotation of the units
is accomplished by the manipulation of a single
actuating  device, the handwheels 65, by means
of which the eccentrics of all lifting units may
be quickly reversed after which the action upon
the relative, wind due to the more or less per-
pendicular descent of the craft, will recurrently
and constantly develop kinetic energy as each
wing-like vane enters, again and again, the lift-
ing epoch of the orbital paths of their travel.
This kinetic energy and consequent lifting effect
may be greatly increased at the time of alight-
ing or whenever desirable by quickly returning
the vanes to their original lifting angle. Other

. objects are to provide stream-line means for

supporting the stress in the wing-like vanes, at
intermediate points along their longitudinal axes,
against the strains due to centrifugal force and
the tension and compression strains due. to lift,
means for controlling the horizontal position of
the craft during hovering flight and means for
slowing down the speed of the craft. Regarding
economy: because of compactness, this craft has
lower internal strain components, Tequires less
stress elements, and is much lighter in weight,
and because the lifting vanes are very thin the
structural resistance is low per unit of 1ift.

Inherent longitudinal stabilization may be pro- -

- vided by the application of the automatic stabi-

40

46

50

b6

lizing device desecribed in .the drawings and
specifications of .former application Serial Num-
ber 443,139, filed April 10, 1930, now Patent
1,972,336 dated Sept. 4, 1934; and the craft thus

provided with inherent stability will maintain.
“an even keel and constant altitude under the

usual atmospheric distribution conditions with-
out the attention of the pilot. 2

In short, the main object of this invention is to
brovide a construction of the above nature which;
with the addition of a device to provide automatic
longitudinal stability, will eliminate, almost en-
tirely, the human factor of stabilization and
withal, an aireraft which will be economical in

‘operation and fly at a high rate of speed at higher

altitudes than the present
Other objects will be in
pointed out hereinafter, . .

The invention accordingly consists in the fea-

conventional types.
part obvious and ‘part

" tures . of construction, combination of elements,

60

€5 .

70

({]

and arrangement of parts as will be exemplified
in the structure to be hereinafter described and
the scope of the application of which will be in-
dicated in the following claims. - o
“In the accompeanying drawings, in. which are
shown one or more of various possible embodi-
ments of the several features of this invention,
Figure 1 is a plan of the entire apparatus:

Fig. 2 is a front elevation of the apparatus -

shown In Fig. 1; . -
Fig.’3 is a side elevation of the same;
Fig. 4 is a front elevation of & pair of lifting
devices and associated parts; )
Fig. 5 is a plan of two lifting devices partially
}n section in order to show the ‘parts more clear-
Y ) -

Fig. 6 is a'sectional elevation of a lifting de-

vice showing driving and adjusting- mechanism;

2,087,377
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Fig. 7 Is a diagrammatic front elevation of ap-
paratus comprising another embodiment of cer-
tain features of the invention:

Fig. 8 Is a sectional elevation taken substan-
tially along the line 8—8 of Fig. 5; and

Fig. 9 is a sectional plan taken along the line
8—9 of Fig. 8. ‘

Similar reference characters refer to similar
parts throughout the several views of the draw-
ings. o
Referring now to Fig. 2 of the drawings in de-
tail, there is shown at 20 a body or fuselage which
is mounted upon running gear 2{ of any desired
type. At the forward end of the fuselage is a

" motor 22 driving a propeller 23 of the usual form.

. At the rear end of the fuselage is the usual ap-
paratus 24 for vertical and horizontal steering of

‘the craft. This is controlled in the usual way.

Mounted upon the fuselage is a frame 25 pro-
vided with laterally extended wings 28 at each
side adapted to exercise the usual lifting func-
tion to some substantial extent when traveling

through the air. These wings are not essential to"

the success of this invention but are shown as
& possible embodiment to provide means for sus-

" talning flight in event of power failure in mid-

air. ;

Recurring to frame 28, it will be seen, as shown
in plan, that this frame is provided with four
lifting devices 27, 28, 29 and 30. Each of these
devices is substantially identical in construction,

and it is to be noted that many of the advantages

of this invention will be gained with a single pair
of these lifters, although for best action a greater
number of them is now considered preferable.
Taking up now the construction of these lift-
ing units, and having reference first to Fig. 6 of

~ the drawings, there is shown at 31 an engine of

any  desired type driving the shaft 32 which,
through bevel gears 33 and 34, drives the cross
shaft 85. As best shown in Fig. 5 of the draw-
ings, the shaft 35 drives directly a bevel pinion
36 and, through the spur gears 37, drives like-
wise a bevel gear 38. These pinions 36 and 38
respectively drive the bevel gears 389 and 40 which
form the primary driving elements of the lifting
units 28 and 30 respectively. It is understood
that the shaft 35 extending'in the opposite direc-
tion crosswise of the machine drives by similar
means lifting units 27 and 29. The action of the
bevel gear 39 and parts driven thereby, being sub-
stantially identical with that of the corresponding
parts in the other lifting units, will alone be de-
scribed in detail. This gear, acting through the
sleeve-like extension 41 and link connection 42,
drives a rotary frame 43 journaled by suitable
ball bearings at 44 and 45 upon a central non-
rotary tube 46. This frame comprises fittings or
spiders 47 connected by the longitudinal tubes 48
and each provided with four radial ‘arms or
spokes 43. ) ,

Recurring to Fig. 6 of the drawings, each of the
arms 49 has pivotally secured at its outer end a
lifting vane 50 which i5 likewise pivoted to the
opposite arm 49 of the lifting device in such a
manner that the vane may rock about a line sub-
stantially central thereof and parsllel to the
central tube 46. 'These vanes, as shown in the
drawings, are of stream-line form and are pivot-

‘ally connected at points adjacent their rear edges

by means of the links 51 and 52 with a central fit-
ting 53 journaled upon an eccentric 54. The link
52 is rigidly connected at its inner end with the
eccentric ring 53, whereas the remaining links 51
are pivotally connected thereto. The eccentric
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" fuselage thus providing a
effect to provide an inherent transverse stabiliza-

_journaled upon the central tube

54 is pivoted at 85 to the frame of the machine,
as shown in Fig. 5 of the drawings, and is pro-
vided with an arcuate slot §8 through which the
tube 46 passes.. Formed on this eccentric is &
gear segment 57 meshing with and controlled bya
mutilated pinion 8. Asthe latter part is rotated,

it is seen that the eccentric is swung about the’

pivotal connection 55 and its eccentricity varied,
as desired, along a fixed line of action passing
through the axes of eccentric 54 and the central
tube 48. It is also seen that the pivotal con-
nection §5 is positioned on a line at one side-of &
horizental line passing transversely through the
axes of the central tubes 48 of any Jtwin-arranged
lifting units, and that the amount of this offset
in the position of said pivotal connection 55 may
be such as to provide an inclination of the mean
direction of thrust, during the lifting epoch of
vanes 50, toward the upper
vertically through the longitudinal axis of the

tion of the craft. ] :

The swinging of the pinions 58, which may be
about as shown in Fig. 4 of the drawings by cranks
§9 connected by links 60 with worm wheel seg-

ments 61 meshing with worms €2 formed in the -

case of each pair of lifting devices respectively
upon & rotary tube 63 and an inner shaft 64 con-
trolled by hand-wheels 65. It will thus be seen
that the pitch or inclination of the lifting vanes
may be adjusted as desired, and the lifting effect
with a given speed of rotation may be correspond-
ingly varied. It will also be seen that the lift-
ing vanes are substantially streamline in their
action, lifting by the lateral element of their
travel and substantially feathering in their up-
and-down movement. It is also seen that were
the arcuate slot ‘56 extended an equal distance
each side of the axis of the eccentric 54 a down-
ward as well as an upward thrust may be pro-
vided, therefore by one movement of hand-
whesls 66 all eccentrics could be simultaneously
and quickly reversed to cause auto-rotation of the
lifting units in event of power failure in mid-air.

Tt is-also to be noted that by a suitable adjust- '

ment of the above parts the rate and time of
change of incidence to the air may be altered.
For example, denoting the positions of these
planes in their travel by analogy to the hands of
a clock, 12 and 6 o’clock being on g line passing
through the axes of the central tube 46 and its

-eceentric 54, they may be so arranged that at the
5 nine-o’clock and three-o’clock positions they move

substantially edgewise, and from the half past
ten- to half past one-, as well as from the half

" past four- to half past seven-positions, they main-

60

65

70

tain & substantially constant incidence at the

most effective angle. Their change from this
angle of incidence to and from their angles of
what might be termed zero incidence occurs
from the half past seven- to the half past ten-
positions and from the half past one- to the
half past four-positions. The ‘angle of incidence,

of courde, has reference to the circle dencting

the path of travel of the vanes.
At the center of each lifting device, or at fre-
quent intervals in lifting units of great length,

* there is preferably provided a feathering strut

75

the stream-=line fairing of which provides modi- -

fied propelier vanes 68 each having a universal
pivotal connection as shown at ‘8T in Fig. 8 of
the drawings at their outer ends with one of the

2,087,877

end of a line passing

‘transverse dihedral

46, is brought.

3

litting vanes §0. Aligned with the pivotal con-
,nection 67 is a pivotal connection 68 at the inner
“ends of the vanes 66. The journals at each end

ample a ball-bearing of the so-called deep-
groove - type) to support end thrust: caused. by
centrifugal force or the load due to lift. The
axis of the pivots is near the forward edgé of
the vane so that it tends to move toward a plane
transverse to the axis about which the ‘corre-

sponding lifting device rotates, this tendency
being resisted in each case by & spring 69 con-
nected by a crank 70 with the propeller vane.
In this manner, as the speed of rotation of the
propeller vane increases, its pitch automatically
becomes less. The springs 69 are all connected
with & ring 71 seated in a flanged ‘ecllar 12 which
is non-rotatable but is slidably mounted upon
the inner tube 46. 'This collar 12, and with it
the tension of the springs 68, is:adjustable by
means of a wire 18 passing over a pulley 14 and
having its ends controlled as shown in Fig. 4
of the drawings by a hand lever 15 pivoted at
76, In this manner the action of the propeller
vanes 68 is manually controlled so that their

_ of vanes 66 to be equipped with means (for ex-

10
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20

25

automatic veriation of pitch may be governed .

as desired. . - .
1t is to be noted that by allowing free move-
ment of cable 13, or positioning the collar T2 at
4 central point in relation to the spiral path
traversed by vane 68 at any given speed of the
craft, the struts will offer the least possible re-
sistance to turn and produce the least possiblé
disturbance of the air especially were the vanes
of a spiral form asin an ideal propeller propor-
tioned for the cruising speed at which the craft
is to operate. It is also ‘to be noted that by
moving the hand lever farther, the corresponding

" ¢ollar. 12 is moved to such an extent that the pitch

reversed, and thus any
be at any desired time

of the blades or vanes is
of these propellers may

30

35

40

reversed and reversed to anydesired degree of .

pitch. This action, of course, brings about a
corresponding reversal of thrust. of the- pro-
peller and & corresponding gain in fiexibility of
cohtrol of the entire craft. .
It will thus be seen that there is provided ap-
_paratus which 1s of a simple and dependable
character and which is nevertheless suscepti-
bie of complete adjustment in all particulars to
meet the varying conditions of use. The pri-
mary lifting elements are of essentially efficient
character and may be utilized for substantially
vertical ascent or descent. In the forward travel
of the machine, however, the ordinary vanes aid

in a lifting effect and the propeller at the nose’

of the machine, as well as those of the lifting
devices, contributes to a high speed of travel
_through the air. The automatic ad;ustment of
the vanes governed as herein deseribed. tends to
reculate the effect of the propellers by giving an

45

50

60

increased thrust in proportion to the speed as ‘

the speed diminishes.: The {inherent stability of
the craft, provided in this invention by thz fixed
transverse dihedral effect established by -the

proper positioning of the pivotal supports. of the

eccentrics controlling the angle of incidence of

- the rotary wings, is of exceptional advantage for

safety because no degree of skill or aleriness of
‘the pilot can serve as-a-substituté for inherent
stability in the craft itseif. In

jects of the invention and is well adapted to mect
the conditions of the ‘hardest practical-use.
As many possible embodiments may. be made

. In short, the appa~
ratus herein described- attains the various ch-.
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~ of the above invention and‘as: many .changes:
might be made in the embodiment above set forth,

- it i5. to- be understood. that all ‘matter. herein-
- befole 'set forth or shown in.the:accompanying
drawings is to be:interpreted:as illustrative a.nd
not ina hrmtmg sense
T claim:

S 1 Inan axrcra.ft having asupportmg rotor in: i°
~eluding -an-axlé normally extending: substantially-

) parallelto-the line of ‘flight and aplurality of
blades mounted parallel to and- spaced from said
- axle.and rigid struts connecting each -blade ad-

" jacent-each end thereof tosaid axle;, whereby"
" upon“the:revolving of said blades about the axis -
of the rotor and their translation along the line-

of flight’ their effective aspect. ratio and effec-

' ;. tive:lift: vary, and a rigid strut supporting each.

. saxd ‘blades intermediate sald end struts to
o hereby effectively support the stresses due to
-said-variation in the effectivé aspect ratio and
effective lift of said blades.

. 2. In an aircraft having a supporting rotor .
dncluding an elongated frame disposed for rota- .

tion on an axis substantially parallel to the line

of flight including a plurality of lifting blades

extending along said frame and connected ad-
Jacent each:end of each blade to the respective
end’ of said frame, said blades disposed longitu-
dinally fore and aft whereby upon the revolving

0 of said-bladés about sald axis and their trans-

.lation along the line of flight their effective
.. aspect ‘ratio and effective Uft vary, and rigid
" means supporting each of sald blades intermedi-
ate said end connections to thereby effectively
»- support the stresses due to said variation in the
. aspect ratio and Hft. -

3. An aircraft ‘having twin arranged pairs of
rotatable lifting iinits’ disposed for rotation on
- axes. disposéd- longitudinally fore and aft, each

including s plurality of pivotally supported re-
. volvable - wings, and -eccentric-devices for each
unit:for controlling:the amount of air Incidence

- of the’ wings including pivotal supports for the
- eccentric devices, the pivots of said supports fix-
5 edly disposed-in spaced relation to and on the

same side of a horizontal line passing transversely -

through the axes of the palr of lifting units,
. Whereby the reaction line of a pair of lifting units

. lie at.an, angle to- each:other.
4. In-an aircraft as’ ‘claimed in claim. 3, and

‘adJu tmg means for sald. supports.

5. Iman afrcraft as claimed in claim 3, and

‘rack and- pinion a.dju.stins ‘means for said sup-
poerts, .

6. Th an aircraft as claimed in claim 3, and
adjusting means for said supports including self
‘locking means.

7. In an aireraft as claimed in claim 3 includ-
ing " reciprocatively operatable means  for co-
incidently - increasing the lifting action of the
" pair of lifting units at one end of the aifreraft
over that of the pair at the other end, to there-
. by effect longitudinal equilibrium during flight.

* 8. In an-aircraft as claimed in claim 3, includ-

ing’ reciprocatively operatable means for coin-
cidently increasing the lifting action of all of the
lifting units on one side of the aircratt over that )

of all.of those on the other side, to thereby ef-
fect. Iateral equilibrium during fiight. .

S..In an aircraft as claimed in. claim 3, in-
~ cluding: reciprocatively-operatable means for ad-
_“Justing all of the etcentric supports: coincidently,
to therehy control:the amount of the combined
_lifting effect of all'of the llftins units in constant
—altitude ﬂight o

10; In an aircraft as claimed: in claim ‘3, in-
cluding reciprocatively operatable means for ad--"
justing'all:ofthe eccentric supports coincidently, .

to thereby ‘control the 'amount:of .the .combined

lifting . effect. of ‘all of the lifting units. in con=..
stant: altltude flight, -and self: locking means_ for - - -
holdinig: said’ eccentric supports in any. adjusted.-.~,
position;
11. In:

\ dircraft as claimed in’ clatm 3, ine-

:cludmg ‘reciprocatively - operatable:: means for 10-

quickly:and- positively adjusting the air mcldence
of all of. the pivotally supportéd revolvable wings,:-
during. their lifting _epoch, ‘coincidently . from a .
I an; o-&-gllding angle; to-thereby cause E

auto-rotation of said lifting units to sustain the.ls-' -

aircraft in slow vertical descent; .

12:°In an- aircraft as:élaimed: in cla.im 3 and ~
streamline’ feathering=struts: for: supporting ‘the:
stress’ of ' sald -wings at~intermediate points in
theirlength against the: stralns -due .to litt and 20
centrifugal force. )

13. In an aircraft as claimed in claim 3. and
streamline feathering struts for supporting the
stress. of sald wings at' intermediate points in - -
their length against the strains due to lift and 25
centrifugal force; the streamline fairing of whlch
struts-provide propeller vanes.

14. In an aircraft as claimed in claim 3, and -
streamline feathering struts for supporting the
stress of sald wings at intermediate points in zo

. their length against the strains due to lift and

centrifugal force, the streamline fairing of which
struts provide propeller vanes, and means con-
trollable by -pressure for varying the pitch of said
vanes, to thereby control the directional position 35
of the alreraft during hovering ﬂight or vertical -
ascent, and descent.

15. In an aircraft as claimed in claim 3, in -

" which the streamline fairing of said struts pro-

vide modified -propeller vanes; and means con- 49
trollable by, pressure for varying the direction
of thrust. of said vanes from a forward, or neu- .

‘tral, to a rearward, to thereby cause a brake ac-

tion on the air for slowing - down the forward_

speed of the aircraft. 45
16.- An aircraft having a plurality of pivotally

supported revolvable wings forming rotatable lift-

,ing units disposed in twin formation for rota-

tion on axes disposed longitudinally fore and aft,
each unit including an eccentric device for con- gq
troiling the amount of air incidence of the wings,
including a. pivotal support for each of the ec-
centric devices, the pivots of said supports fixed-

1y disposed in spaced relation to and on the same ‘
side of a horizontal line passing transversely 55
through the ‘axes of the pair of lifting units,
whereby the reaction lines of the pair of lifting
units lie at an angle to each other.

17. In an aircraft as claimed in claim 16, the
further feature residing in an adjustable support gg
for the eccentric device rotatably disposed co-
axially with the lifting unit.

.18, In an aircraft as claimed in claim 16, the
further feature residing in a worm and segment -
adjusting means for sald supports. 85

19. An afrcraft having a plurality of pivotally
supported - revolvable wings forming rotatable

" lifting units disposed- in twin formation for ro-

tation on axes disposed longitudinally fore and
aft, each unit including an eccentric device for ;¢
controlling the amount of air incidence of the

. wings, and means for adjusting said eccentric de--

vicés tpward and to one side, whereby the re-
action Hnes of the pair of liftins u.nits lie at an

_'angletoeachother. . S 75
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20. An aircraft as claimed In claun 19, and
means for adjusting the eccentric devices inde-
pendently of each other, to thereby effect equi-

librium of the aircraft.

21, An aircraft as claimed in claim 19, and
means for adjusting all of the eccentric devices
simultaneously to a reverse position, to thereby
effect auto-rotation of the lifting units,

22. An aircraft as claimed in claim 19, and ad-
justing means including self locking means.

23. In an aircraft, a body, a rotatable lifting
device, means for effecting rotation of said lift-
ing device, including an axle mounted longitudi-
nally fore and aft on said body, an elongated
frame surrounding said axle and mounted for
rotation thereon, a plurality of lifting blades
mounted on and substantially parallel to said
frame, struts supporting each blade from said
frame adjacent the ends thereof, and a rigid
strut 'connecting each blade to said frame in-
termediate said end struts.

24. An aircraft as claimed in claim 23, and
streamline fairing for said struts.

25. An saircraft as claimed in claim 23, and
pivotal supports for said struts.

26. An aircraft as claimed in claim 23, stream-
line fairing for said struts, and pivotal supports
for said fairing disposed adjacent the leading
edge thereof, to thereby.cause the strut to feather
into the relative wind due to flight and/or the ro-
tation of the lifting device.

27. An aircraft as claimed in claim 23, stream—
line fairing for sald struts, pivotal supports for
said fairing, and means responsive to pressure
for controliing the radial position of the stream-
line fairing of said struts.

28. In an aircraft, a body, a plurality of rotata-
ble lifting devices disposed in twin formation for
rotation on axes disposed longitudinally fore and

aft, means for effecting rotation of said lifting -

devices, including axles. mounted on said body,
each lifting device including an elongated frame
surrounding one of said axles and mounted for
rotation thereon, a plurality of lifting blades
mounted on and substantially parallel to said

frame, struts supporting each bhlade from sald.

frame, means for controlling the lifting effect of
said blades, and means for adjusting the last
mentioned means upward and to one side, where-
by the reaction lines of the twin pair of lifting
devices lie at an a.ngle to each other.

8

29. In an aircrait having a supporting rotor
including & frame disposed for rotation on an axis
normally parallel to the line of ‘flight including a
plurality of lifting airfoils extending along said

frame and connected adjacent each end of each.

airfoil to the respective end of said frame where-
by upon the revolving of said airfoils about said
axis and their translation along the line of flight
their effective aspect ratio and effective lift vary,
rigid means supporting each of said airfoils inter-
mediate said end connections to thereby effective-

1y support the stresses due to said variation in the

aspect ratio and lift, and said frame constructed

cylindrical in form to thereby facilitate the sup-’

porting of said airfolls intermediate said end
connections.

30. In an aircraft as claimed in claim 29, and
means for preventing the free flow of air through

‘said frame whereby a substantial amount of air

is impounded within said frame and whereby upon
the translation of said frame along the line of
flight and its rotation on its axis the air displaced
and thrown off by sald respective actions of said
frame with its' impounded air momentarily in-
creases the density of the air, and-relative wind

10
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25

speed, immediately surrounding said airfolls fo

thereby increase their lifting effect.

31. In an sircraft as claimed in claim 29, and
said frame constructed cylindrical in form with a
large portion of its outer walls substantially

closed whereby the condition of the air immedi-

ately surrounding said airfoils is effectively con-
trolled to thereby increase the lifting effect of
said airfoils.

-32. In an alrcraft as claimed in claim 29, and
a lifting airfoil connected to and extending from

each side of said aircraft to sustain the aircraft
in slow descent in event of the failure of the

rotor in a like functioning.

33. In the combination as claimed in claim 29,
a fuselage to which said rotor is pivotally con-
nected and disposed for adjustment about & hori-

zontal transverse axis, a tractor propeller disposed

on the fuselage forward said rotor whereby upon
adjusting said rotor to a position wherein its fore
and aft axis lies at an angle to the line of air-
fiow from said propeller and its translation along
the line of fiight the lifting air-foills become
bathed in said air-flow or the relative wind due

‘to flight or both, to thereby effect auto-rotation

of said rotor,
ALBERT B, GARDNER,
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FLYING APPARATUS FOR A VERTICAL
TAKE OFF AND LANDING

BACKGROUND OF THE INVENTION

The present invention relates to a flying apparatus for
vertical take-off and landing.

The existing flying apparatus of the above mentioned type
use the principle of throwing away air and therefore gener-
ating a reactive lifting force. Helicopters are built on this
principle, and they are the closest as to the construction to
the apparatus of the present invention. A known helicopter
includes a body, lifting force generating units formed as a
aerodynamic blades which are rotatable in a plane parallel to
the ground surface, or in other words in a plane which is
perpendicular to the symmetry plane of the body. The
aerodynamic blades form a so-called carrying screw which,
when rotating, throws the air stream downwardly to create
a reactive lifting force. Helicopters are widely used because
of their highly efficient performance, simple construction
and convenience to use. However, the helicopters have the
following disadvantages. The principle of generating a lift-
ing force by throwing down the airstream with a carrying
screw makes difficult performing operations on low
altitudes, in a mode of suspension, and on the ground. Also,
they are characterized by an aerodynamic crisis of the
carrying screw which occurs at the speed of horizontal flight
80-100 m/sek. With this relatively low speed, the lifting
force of the carrying screw lowers. Therefore, all existing
helicopters have a limited speed of horizontal flight.

SUMMARY OF THE INVENTION

Accordingly, it is an object of present invention to provide
a flying apparatus of the above mentioned general type,
which avoids the disadvantages of the prior art.

In keeping with these objects and with others which will
become apparent hereinafter, one feature of present inven-
tion resides, briefly stated, in a flying apparatus in which the
lifting force generating units are arranged parallel to a plane
of symmetry of the body and are turnable in a vertical plane,
and they are formed as rotors including aerodynamic blades
having a symmetrical profile and arranged on a disk at equal
distances from a rotary axis and capable of turning.

When the flying apparatus is designed in accordance with
the present invention, it eliminates the disadvantages of the
prior art and provides for highly advantageous results.

The novel features which are considered as characteristic
for the present invention are set forth in particular in the
appended claims. The invention itself, however, both as to
its construction and its method of operation, together with
additional objects and advantages thercof, will be best
understood from the following description of specific
embodiments when read in connection with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a—1c and 2 are side views and a plan view of a
flying apparatus in accordance with the present invention;

FIGS. 3, 4 and § are views showing sections of a lifting
force generating unit of the inventive flying apparatus;

FIG. 6 is a view showing a section a lifting force
generating unit with three aerodynamic blades;

FIGS. 7, 8, 9, and 10 are views showing a double-rotor
lifting force generating unit in a longitudinal and transverse
cross-section; and
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FIGS. 11, 12 and 13 are views showing three positions for
changing the aero shape of the acrodynamic blades of the
lifting force generating unit.

DESCRIPTION OF PREFERRED
EMBODIMENTS

A flying apparatus for a vertical take-off and landing
shown in FIGS. 1 and 2 has a body 1, a power unit 2, lifting
force generating units of a rotor type 3 and 4 arranged on
FIGS. 5 and 6 and having an aerodynamic profile in a
cross-section, a keel 7 with a turning rudder 8. The lifting
force generating unit with one rotor is shown in FIGS. 3, 4
and 5 and has aerodynamic blades 10 which have a sym-
metrical aerodynamic profile and are arranged on disks 11
through axles 12. The axles 12 pass through centers of
gravity of the aerodynamic blades 10. The axles 12 are
mounted on disks so as to be able to rotate, through
corresponding bearings 13. The aerodynamic blades 10 are
arranged uniformly on the circumference B as shown in FIG.
5. The disks 11 are mounted on a mounting unit 9 so that
they can turn in bearings 21. The mounting unit 9 is mounted
in the body 1, not shown in the drawings, so that it can turn
relative to an axis A. The lifting force generating unit
includes a motor 14 which is arranged on the mounting unit
9 and connected with the disk 11, and through the disk 11
with the rotor. The mater 14 can be of any type, but
preferably it is formed as an electric motor.

The aerodynamic blades 10 have a mechanism for setting
an attack angle, which includes a cam disk 15, a unit 16 for
turning the cam disk, and a rod 17 connected to the blade 10
with a roller 18 which cooperates with a profiled groove 19
of the cam disk 15 so that the aerodynamic blades are set
with a positive attack angle in any point of the
circumference, with the exception of a zone Y where the
rearrangement of the aerodynamic blades 10 takes place.
The mechanism for setting an attack angle can have a
different design, which can provide a positive attack angle of
the aerodynamic blades 10 in any point of the circumfer-
ence.

The lifting force generating units shown in FIGS. 3, 4 and
5 are provided with aerodynamic streamliners 20 which
merge into the fins § and 6.

The single rotor lifting force generating unit shown in
FIG. 6 has aecrodynamic blades 22, 23 and 24 located on
different circumferences B1, B2 and B3 of the disks 11.
Therefore, the acrodynamic blades 22, 23, 24 are arranged
at different distances from the rotary axis.

The areas of the aerodynamic blades 22, 23, 24 and the
aerodynamic profile of their cross-sections are not neces-
sarily identical, and their magnitudes are determined from
their application.

The lifting force generating unit is also provided with a
mechanism for setting the attack angle which is not shown
in the drawings and can be the same as described above for
the single-rotor lifting force generating unit.

The multi-rotor lifting force generating unit shown in
FIGS. 7, 8, 9 includes aerodynamic blades 25 and 27
arranged on the disks 26 and 28 similarly to the single-rotor
lifting force generating unit. This unit is illustrated as a
double-rotor lifting force generating unit. The disk 26 is
arranged on the disk 28 through bearings 28. The disks 26
and 28 are connected with a motor 30 through a reducer 31.
The lifting force generating unit is also provided with a
mechanism for setting an attack angle similar to the above
described. It includes a cam disk 32 which is turnable by a
motor 33. Rods 34 and 35 are connected with the aerody-
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namic blades correspondingly 26 and 28, and through rollers
38 and 39, with profiled grooves 40 and 41. The profiled
grooves 40 and 41 have different sizes which correspond to
the sizes of the corresponding rotor. The roller 38, 39 are
arranged on rods 34 and 35 through axles 36 and 37.

In the single-rotor or multi-rotor lifting force generating
unit, instead of the motor 14 of FIG. 3 or motor 30 of FIG.
7, electromagnetic coils are arranged as shown in FIG. 10.
The electromagnetic coils 43 are arranged on aerodynamic
streamliners 42, while electromagnetic coils 44 are arranged
on disks 45. In order to supply electric current to the
clectromagnetic coils 44, commutators 46 and 47 are pro-
vided.

The single-rotor or multi-rotor lifting force generating
unit is provided with a mechanism for changing an arrow
angle of the aecrodynamic blades shown in FIGS. 11, 12 and
13.

For this purpose the acrodynamic blades are composed of
three parts including a middle part 49 and two end parts 50
and 51 which are connected with one another by hinges 52
and 53, and radial guides 66 and 67 formed inside the end
parts 50 and 51. The end parts S0 and 51 are connected by
further radial guides 62 and 63 with carriages 64 and 65,
which, through axles 54 and 55, are connected so as to turn
with the disks 56 and 57. The carriage 64 and 65 is
connected with the mechanism for setting the attack angle,
not shown in the drawings. The end parts 50, 51 of the
aerodynamic blades are connected through a rod 60 and 61
with a reciprocating mechanism 58 and 59.

The flying apparatus for a vertical take-off and landing
with a rotor-type lifting force generating unit shown in
FIGS. 1 and 2 flies in the following manner.

After turning on and setting the power unit 2 to a nominal
operational mode, the energy generated by the power units
2 is supplied to the motors 14 of FIG. 3 or motors 30 of FIG.
7, or to the electromagnetic coils 43 and 44 of FIG. 10. They
start turning the disks 11 with the aerodynamic blade 10
shown in FIGS. 3, 4, 10 or with the aecrodynamic blades 22,
23, 24 of FIG. 6, or the disks 26 and 28 with the aerody-
namic blades 25 and 27 of FIG. 9. During rotation of the
aerodynamic blades 10, or 22, 23, 24, or 25, 27, the attack
angle of each aerodynamic blade is positive in any point of
their trajectory, with the exception of the zone Y for reset-
ting. The position of the acrodynamic blades is provided by
the mechanism for setting the attack angle, since during
rotation of the blades, rods 17 with the rollers 18 of FIGS.
3, 4 or rods 34 with the rollers 38 and rods 35 with the rollers
39, the rollers 18 or the rollers 38 move along the profiled
grooves 19 of the cam disk 15 of FIG. 3, 4 or along the
profiled grooves 40, 41 of the cam disk 32. The profiled
grooves 19 and 44, 41 are formed so that they provide the
above mentioned value of the attack angle. Thereby the
mechanism for setting the attack angle in each of the above
described constructions orients the aerodynamic blades in
any point of the trajectory to the positive attack angle, so that
during rotation of the acrodynamic blades 10 of FIG. 3 or 22,
23, 24 of FIG. 6, or 25, 27 of FIG. 9 a lifting force is
generated. A sum of the lifting forces of all aerodynamic
blades constitutes the lifting force of the lifting force unit 4,
5 of FIG. 1.

The lifting force is increased with the increase of number
of revolutions, and therefore when the rotary speed of the
aerodynamic blades is increased to reach a lifting force
which exceeds the weight of the flying apparatus, the flying
apparatus vertically takes off from the ground and reaches a
desired altitude.
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The lifting force of the lifting force generating unit can be
expressed as follows:

7 Di?n?

Y= Z Yi= E (2 sing; +k;cosgo;)Cy;ps;T

wherein ¢ is an angle between centers of gravity of aero-
dynamic blades with an apex in a rotary point and located on
one setting diameter D;

K, is a coefficient depending on the number of blades;

Cy is a coefficient of a lifting force of a utilized aerody-
namic profile at the given deck angle;

p is an air density;

S, is an area of the aerodynamic plane;

D, is a setting diameter of the aerodynamic blades;

n is a number of revolutions of a rotor.

From the above presented expressions, it can be seen that
the greater the number of blades, the lower the amplitude of
fluctuation of lifting force. However, if the aerodynamic
blades 10 of FIGS. 3, 4, 5 are located on the same setting
circumference close to one another, then any of the aerody-
namic blades 10 will be in a stream generated by a forward
aerodynamic blade.

Therefore the single-rotor lifting force generating unit
with a single setting circumference of FIGS. 3, 4, § has a
limited number of aerodynamic blades 10 and has a limited
lifting force.

In order to obtain the lifting force generating unit with a
greater specific lifting force, the aecrodynamic blades 22,23,
24 can be installed as shown in FIG. 6 on the disks 11 from
different setting circumferences B1, B2, B3 . . . Bi. With this
construction is possible to have a great number of aerody-
namic blades which are sufficiently spaced from one another.

The same result can be obtained with the use of a
multi-rotor lifting force generating unit shown in FIGS. 7, 8,
9. In this construction it is also possible to provide a great
number of aerodynamic blades 25, 27, etc. Since the rotation
of each rotor and aerodynamic blades is performed in
different directions, there is no twisting of the airstream.

After the take-off and gaining required altitude, the flying
apparatus can maneuver without a traveling speed. Maneu-
vering is performed by changing or inclining a lifting force
generated by the lifting force generating units 4, 5 in FIG. 1
and 2. By turning the lifting force generating units around
the axis A of the element 9 in FIG. 3, it is possible to obtain
a component of the lifting force, directed forwardly or
rearwardly so as to move forward and rearward with high
speed. By turning the cam disk 15 with the mechanism 16
of FIGS. 3, 4, 5, it is possible to obtain a component of the
lifting force directed laterally, so as to move the flying
apparatus sideways. It should be mentioned that with simul-
taneous turning of the lifting force generating units around
the axis A of the element 9, turning of the cam disks 15 and
changing the rotary speed of the rotors, the lifting force is
changed and the flying apparatus can assume any position
relative to the ground.

The horizontal flight of the flying apparatus is performed
by the pulling force which is generated in the power units 2
of FIGS. 1, 2, while the lifting force is generated by the
lifting force generating units 3, 4 and partially by the fins 5,
6 having an aerodynamic profile in their cross-section.

Inclined flight can be performed by increasing or reducing
the rotary speed of the lifting force generating units 4 and as
a result by increasing or reducing the lifting force. The
turning of the flying apparatus is performed by the turning
rudder 8 located on the keel 7, in condition of high hori-
zontal speeds.
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High horizontal speeds and high load capacity of the
flying apparatus of the present invention can be obtained
with the use of the mechanism for turning of a row orien-
tation of the acrodynamic blades of FIGS. 11, 12, 13. At low
speeds of the horizontal flight, the oncoming airstream,
despite the streamliners 20 moves along the aerodynamic
blades and causes a tearing off of the stream from the blades
with resulting reduction of the lifting force. At high rotary
speeds M of the aerodynamic blades, when their linear
speeds approach 0.6-0.8 M, also the tearing off of the
airstream takes place. In this case, the mechanism for
changing the arrow orientation of the blades of FIGS. 11, 12,
13 can be utilized. The mechanism for changing an attack
angle, and more particularly the lifting force generating unit
with the aerodynamic blades and changing aero orientation
operates in the following manner.

When critical parameters of movement of aerodynamic
blades 40, 50, 51 of FIGS. 11, 12, 13 are reached, the
reciprocating mechanism 59 is turned on. The rods 61 move
the end part of the blades 51, which moves along the radial
guide 63 of the carriage 64 and turns relative to the hinge 53
so as to simultaneously turn the middle part of the aerody-
namic blades 49 to form the aero angle of the blade as shown
in FIG. 12. The movement of the end part of the aerody-
namic blade 50 is performed in the same manner, for which
purpose the reciprocating mechanism 58 with the rod 60 is
used as shown in FIG. 13. The movement of the end parts
of the aerodynamic blades 50, 51 is performed both simul-
taneously and successively.

The flying apparatus for vertical take-off and landing of
FIGS. 1 and 2 has higher maneuverability and higher speed
than the helicopters. Moreover, the aerodynamic blades of
the lifting force generating units do not throw the airstream
downwardly, which makes this flying apparatus especially
suitable during saving works in the mode of suspension
above a target as well as maneuvering at the low altitudes.

It will be understood that each of the elements described
above, or two or more together, may also find a useful
application in other types of constructions differing from the
types described above.

While the invention has been illustrated and described as
embodied in flying apparatus for a vertical take off and
landing, it is not intended to be limited to the details shown,
since various modifications and structural changes may be
made without departing in any way from the spirit of the
present invention.

Without further analysis, the foregoing will so fully reveal
the gist of the present invention that others can, by applying
current knowledge, readily adapt it for various applications
without omitting features that, from the standpoint of prior
art, fairly constitute essential characteristics of the generic or
specific aspects of this invention.

What is claimed as new and desired to be protected by
Letters Patent is set forth in the appended claims:

1. A flying apparatus, comprising a body; power means;
and lifting force generating units, said lifting force gener-
ating units being arranged parallel to a vertical plane of
symmetry of said body an turnable in a vertical plane, each
of said lifting force generating units is formed as a rotor
including a plurality of aerodynamic blades arranged uni-
formly on a disk and at equal distances from an axis of
rotation so as to be turnable, said aecrodynamic blades having
axes of rotation located parallel to said vertical plane of
symmetry of said body and being tunable about an axis
extending perpendicular to said plane, said aerodynamic
blades having a symmetrical acrodynamic profile, said aero-
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dynamic blades being located at different distances from an
axis of rotation of said rotor and on different circumferences
and have different acrodynamic areas and also are located
with an offset.

2. A flying apparatus, comprising a body; power means;
and lifting force generating units, said lifting force gener-
ating units being arranged parallel to a vertical plane of
symmetry of said body and turnable in a vertical plane, each
of said lifting force generating units is formed as a rotor
including a plurality of aerodynamic blades arranged uni-
formly on a disk and at equal distances from an axis of
rotation so as to be turnable, said aerodynamic blades having
axes of rotation located parallel to said vertical plane of
symmetry of said body and being turnable about an axis
extending perpendicular to said plane, said aerodynamic
blades having a symmetrical aerodynamic profile, each of
said lifting generating units including at least two rotors
which are rotatable in different directions and each provided
with said aerodynamic blades, an area and number of
aerodynamic blades of one rotor being different from an area
and a number of dynamic blades of the other rotor.

3. A flying apparatus, comprising a body; power means;
and lifting force generating units, said lifting force gener-
ating units being arranged parallel to a vertical plane of
symmetry of said body and turnable in a vertical plane, each
of said lifting force generating units is formed as a rotor
including a plurality of aerodynamic blades arranged uni-
formly on a disk and at equal distances from an axis of
rotation so as to be turnable, said aerodynamic blades having
axes of rotation located parallel to said vertical plane of
symmetry of said body and being turnable about an axis
extending perpendicular to said plane, said aerodynamic
blades having a symmetrical aerodynamic profile, each of
said lifting force generating units including at least two said
rotors which are coaxial with one another, so that said
aerodynamic blades of said rotors together with said rotors
rotate in different directions and have different number of
revolutions.

4. A flying apparatus as defined in claim 3, wherein each
of said lifting generating units includes at least two rotors
which are rotatable in different directions and each provided
with said aerodynamic blades.

5. A flying apparatus as defined in claim 4, wherein an
area and number of aerodynamic blades of one rotor is
different from an area and a number of aerodynamic blades
of the other rotor.

6. A flying apparatus as defined in claim 3, wherein said
disks of said lifting force generating units are provided with
electromagnetic coils and means for supplying electric cur-
rent to said electromagnetic coils.

7. A flying apparatus as defined in claim 3; and further
comprising aerodynamic streamliners provided with elec-
tromagnetic coils and means for supplying electric current to
said electromagnetic coils.

8. A flying apparatus as defined in claim 4, wherein said
electrodynamic blades have a changeable acrodynamic pro-
file.

9. A flying apparatus as defined in claim 8, wherein each
of said aerodynamic blades is composed of three parts
hingedly connected with one another and guided in guides,
said parts of each of said aerodynamic blades including two
end parts which are connected through said guides and axles
with said disks, said end parts of each of said aecrodynamic
blades being reciprocatingly moveable.

#* #* % #* #*
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[571 ABSTRACT

A lift augmenting device to provide a vertical take-off
capability in aircraft which includes a pair of rotor
assemblies with independently individually pivoted
rotor vanes so that the attitude of the vanes can be
changed at different positions along the circumferential
rotational path of the vanes as they rotate with the rotor
assemblies to pump air therethrough and selectively
generate lift on the aircraft.
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LIFT AUGMENTING DEVICE FOR AIRCR:A'I_H'

BACKGROUND OF THE INVENTION

Various devices have been suggested in the past for
augmenting the lift on an aircraft either to reduce the

required wing area or to decrease the required forward.

speed of the aircraft during take-off and landing. Such
devices have not enjoyed widespread success due pri-
marily to the fact that such devices have had difficulty
in providing adequate control over the aircraft at low
speed, especially when vertical take-offs and landings
were attempted. One type of suggested 1ift augmenting
device uses rotors positioned in the wings. Examples of
this type of lift augmenting device are shown in U.S.
Pat. Nos. 2,344,515 and 3,065,928. These rotors are
fixed vanes in the rotors making it difficult to vary the
flow of air through the rotors. -

SUMMARY OF THE INVENTION

These and other problems and disadvantages associ-
ated with the prior art are overcome by the invention
disclosed herein by the provision of rotor assemblies on
opposite sides of the aircraft flight axis in communica-
tion with the air above and below the aircraft. The
vanes on the rotor assemblies are each. individually
pivoted so that the rotor vanes can be pivoted in one
direction to draw air into the rotor assembly while the
vanes in-communication with the air above the aircraft
and can be pivoted in the opposite direction to dis-
charge air from within the rotor assembly while the
vanes are in communication with the air below the
aircraft toexert lift on the aircraft. The vanes on both
the rotor assemblies can be simultaneously oriented in
the same sense and degree of pivoting or can be pivoted
in the opposite sense. This allows the rotor assemblies to
be selectively controlled so as to give the- alrcraft a
vertical take-off and landing capability.

These and other features and advantages of the inven-
tion will become more fully understood upon consider-
ation of the following description and the accompany-
ing drawings wherein like characters of reference des1g-
nate correspondmg parts throughout the several views
and in whlch

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective v1ew of an alrcraft embodymg
the invention;

FIG. 2'is a partial side view of the aircraft of FIG. 1
with some of the internal components thereof shown in
phantom lines;

FIG. 3 is a cross-sectional view taken generally along
line 3—3 in FIG. 1 showing the constructlon of the
rotor assembly,

FIG. 4’is a view similar to FIG. 3 showmg different
operational positions of the rotor vanes in the rotor
assembly;

FIG. 5 is a view taken generally along line 5—S5 in
FIG. 2 showing the drive connection between the rotor
assemblies;

FIG. 6 is a view taken generally along line 6—6 in
FIGS. 2 and §;

FIG. 7 is a top plan view of a second alrcraft embody-
ing the invention;

FIG. 8 is a view taken generally along line 8—8 in
FIG. 7; and,

FIG. 9 is a front view of the second aircraft.
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2
These figures and the following detailed description
disclosespecific embodiments of the invention; how-
ever, it is to be understood that the inventive concept is
not limited thereto since it may be embodied in other
forms

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

As seen in FIG. 1, the invention is embodied in an
aircraft 10 with delta wings 11, a pair of vertical stabiliz-
ers 12, and an elevator 14 extending between the verti-
cal stabilizers 12. The forward flight of the aircraft 10 is
powered by a propeller 15 in a cutout 16 in wings 11
between the vertical stabilizers 12 and forwardly of

. elevator 14. The elevator 14 is located so that a portion

of the rearwardly directed airflow generated by the
propeller 15 is directed across the elevator 14 as will
become more apparent. The rear edges of the wings 11
outboard of the vertical stabilizers are provided with
conventionally operating ailerons 18 and the vertical
stabilizers 12 are provided with conventionally operat-
ing rudders 19. Rear landing wheels 20 are mounted in
the bottom of the vertical stabilizers and a retractable
nose wheel 21 is provided in the forward portion of the
fuselage 22 as seen in FIG. 2. An appropriate pilot cock-
pit 24 is provided in the forward portion of fuselage 22.
The fuselage 22 has a long:tudmal flight axis Ap along
which the aircraft I0 moves in forward flight. The
fuselage 22 further mounts an engine 25 shown by phan-
tom lines in FIG. 2 forwardly of the propeller 15 for
driving same.

' The aircraft 10 is provided with a lift augmenting
means 30 mounted in the wings 11 on opposite sides of
the fuselage 22 as seen in FIG. 1. The lift augmenting
means 30 includes a pair of rotor assemblies 31, one
being rotatably mounted in each wing 11. The rotor
assemblies 31 are rotatably mounted about a common
rotational axis Ag (FIGS. 1-5) normal to the flight axis
Arona common drive shaft 32 (FIGS. 3-5) which is
driven by the engine 25 through a transmission 34 (FIG.
2), transfer drive shaft 35 (FIGS. 2 and 3) and right
angle drive 36 (FIGS. 2-4). Each of the rotor assemblies
31 has an effective length Lg and a nominal diameier
Drg best seen in FIGS. 1 and 3 and both are located
equadistant from the flight axis A pof the aircraft as will
become more apparent. Each of the rotor assemblies 31
is mounted in a rotor cutout 38 in each of the wings 11
where the wings 11 have an effective thickness Tw
which is less than the diameter Dg of the rotor assem-
blies 31. Thus, it will be seen that each rotor assembly
31 projects above and below the wings 11 so that the
rotor assemblies 31 are in communication with the air
above and below the aircraft. Each of the rotor assem-
blies 31 project above the wings 11 the height Hr and
projéct below the wings 11 the height Hp. It will be
further noted that the height Hp is greater than the
height Hras will become more apparert. The common
drive shaft 32 mountmg the rotor assemblies 31 is appro-
priately journaled in the wings 11 so that the drive shaft
32 and rotor assembly 31 can rotate about the rotor axis
AR. Appropriate fairings 39 are provided at the out-
board and inboard ends of the rotor assemblies 31 to
streamlme the exposed ends of the rotor assemblies 31.
It will be'noted that the rotor assemblies 31 are rotated
in the same direction so that the top of the rotor assem-
blies projecting above the wings 11 are moving toward
the front of the fuselage 22 or counterclockwise as seen
in FIG. 3. Becausé more of the rotor assemblies 31 are
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exposed more below the wings 11 than above the wings
11, the natural flow of the air flowing above and below
the wings 11 will try to rotate the rotor assemblies 31 in
this same direction.

Each of the rotor assemblies 31 includes a pair of
spaced apart support arbors 45 mounted on the common
drive shaft 32 at the opposite ends of the rotor assem-
blies 31 as best seen in FIGS. 3-5. Each of the support
arbors 45 is provided with a plurality of radially extend-
ing support arms 46 which are equally spaced circum-
ferentially around the arbors 45. While different num-
bers of support arms 46 may be provided on the arbors
45, eight such support arms are illustrated in the figures.
It will be seen that each of the support arbors 45 is
keyed to common drive shaft 32 through a key 48 as
best seen in FIG. 4 so that the support arbors 45 are
rotated with the drive shaft 32. The support arms 46
individually pivotally mount a plurality of rotor vanes
49 at the outboard ends of the support arms 46, with the
rotor vanes 49 having a length about equal to the effec-
tive length Lg of the rotor assemblies 31 and oriented
generally parallel to the rotor axis Ag. It will thus be
seen that each of the rotor vanes 49 is pivotally con-
nected to the support arms 46 about a separate vane
pivot axis Ay so that each of the rotor vanes 49 may be
individually pivoted over a limited range about the vane
pivot axes Ay parallel to the rotor axis Ag. This allows
each of the rotor vanes 49 to be individually positioned
relative to the support arms 46 about the vane pivot axes
Ay.

A vane positioning drive mechanism 50 is provided at
the inboard end of the rotor assembly 31 inboard of the
inboard support arbor 45 as best seen in FIGS. 3-5 to
selectively pivot the rotor vanes 49 about the vane pivot
axes Ay. The vane positioning drive mechanism 50
includes generally an inner annular race member 51
having an inside diameter d; which is significantly
larger than the outside diameter d; of the common drive
shaft 32 as best seen in FIG. 3. Because of the differ-
ences in inside diameter of the race member 51 and
outside diameter of the shaft 32, it will be seen that the
inner race member 51 can be shifted about the common
drive shaft 32 for a limited amount of movement with-
out interference between the race member 51 and the
drive shaft 32. The annular race member 51 rotatably
mounts thereon just inboard of the inboard support
arbor 45 an outer annular positioning ring 52 through
bearings 54 between the positioning ring 52 and inner
race member 51. This allows the race member 51 to be
held rotationally stationary while the outer positioning
ring 52 is free to rotate about the inner race member 51
on the bearing 54. The outer positioning ring 52 is
pinned to each of the rotor vanes 49 through a position-
ing link 55 so that the relative pivotal position of the
rotor vanes 49 with respect to the vane pivot axes Ay
can be controlled by appropriate movement of outer
positioning ring 52 by the race member 51. It will be
seen that each of the positioning links 55 is pinned to
each of the rotor vanes 49 a distance d3 from the vane
pivot axis Ay and that each of the positioning links 55
has the same length L so that, when the positioning
ring 52 is concentric about the rotor axis Ag, all of the
rotor vanes 49 will have the same relative rotational
position about the individual vane pivot axes Ay with
each of the vanes 49 being oriented generally normal to
a radial line connecting the vane pivot axis A pwith the
rotor axis Ag. It will further be seen that when the inner
race member 51 is moved diametrically of the rotor axis
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AR, the rotor vanes 49 adjacent one end of this diamet-
rical path of movement will be pivoted in one rotational
direction while those rotor vanes 49 adjacent the oppo-
site end of the diametrical path of movement will be
pivoted in the opposite direction. In this particular ap-
plication, it will be seen that the inner race member 51
is provided with a pair of diametrically opposed guide
bars 56 extending radially outwardly from the inboard
end of the inner race member 51 along diametrically
opposed paths. These guide bars 56 are slidably re-
ceived in a U-shaped guide 58 which is provided with a
central upstanding web 59 and outwardly projecting
legs 60. The U-shaped guide member S8 is attached to
the frame work inside the fuselage 22 and is positioned
so that the buide bars 56 are slidably carried in the legs
60 of the U-shaped guide 58 so that the inner race mem-
ber 51 is diametrically movable with respect to the rotor
axis Ar along a diametrical path P; shown on FIG. 3
which is normal both to rotor axis A g and the flight axis
AFr. An appropriate clearance passage 61 is provided
through central web 59 of the U-shaped guide 58
through which the common rotor drive shaft 32 con-
cenirically extends so that the shaft 32 can rotate with-
out the U-shaped guide 58 rotating.

A drive mechanism controller 65 is provided for
selectively moving the inner race members 51 along the
positioning paths P to selectively change the rotational
position of the rotor vanes 49. The drive mechanism
controller 65 includes basically a common drive bar 66
which is connected at its opposite ends with one of the
driving projections 68 fixedly mounted on each race
member 51. The connections between the drive bar 66
and driving projection 68 are slip-pin joint connections
which allow the drive bar 66 to shift with respect to the
drive pin 69 on the driving projection 68 as they extend
through the slots 70 in opposite ends of the drive bar 66
as will become more apparent. The drive bar 66 is
fixedly mounted on a positioning shaft 71 which is in
turn rotatably journaled on bearings 72 in a positioning
housing 74. The positioning 74 is provided with diamet-
rically -opposed guide bars 75 which are in turn
mounted on a U-shaped guide 76 fixedly carried by the
aircraft frame structure. The U-shaped guide 76 is pro-
vided with a central upstanding web 78 and a pair of
forwardly projecting legs 79 which slidably receive
guide bar 75 therethrough. The U-shaped guide 76 is
positioned so that the positioning housing 74 is movable
along a path P; parallel to the inner race member paths
P; and normal to the flight axis Ar. It will further be
noted that the positioning housing 74 about a position-
ing axis A, which is centered between the inner annular
race members 51 and oriented generally parallel to the
flight axis Ar. Thus, the positioning housing 74 can be
selectively moved along the path P, while the position-
ing shaft 71 can be selectively rotated about the posi-
tioning axis A, independently of the position of the
positioning housing 74 along the path P».

. The projecting ends of the guide bar 75 are provided
with appropriate attachment eyes 80 best seen in FIGS.
2 and 6 so that an appropriate vane attitude control
mechanism can be attached to the guide bar 75 to selec-
tively position the positioning housing 74 along the path
P,. It will further be noted that, as long as the rotational
position of the positioning shaft 71 about the positioning
axis A, remains the same, movement of the positioning
housing 74 along the path P, will cause the same
amount of movement of the inner race members 51 in
the same direction along the paths P to simultaneously



4,194,707

5

change the relative rotational positions of the rotor
vanes 49 of each of the rotor assemblies 31 with the
vanes 49 of both rotor assemblies 31 being changed in
the same manner. On the other hand, if the positioning
housing 74 is maintained in the same position along the
path Py, rotation of the positioning shaft 71 will cause
one of the inner race members 51 to be shifted along the
path Py in one direction while the opposite inner race
member 51 will be shifted a like amount in the opposite
direction along its path Py. This causes the vanes 49 of
one of the rotor assemblies 31 to be shifted directly
opposite to the way the vanes 49 of the other rotor
assembly 31 is shifted.

Referring now specificaily to FIG. 2 and also to FIG.
5, it will be seen that the positioning shaft 71 is con-
trolled from the cockpit 24 by a vane attitude roll con-
trol 81. The vane attitude roll control 81 is incorporated
in the aircraft aileron control system 82. Usually, the
aircraft aileron control system 82 has a drive shaft 84
which mounts the aileron connection 85 to move the
ailerons 18 in response to rotation of the drive shaft 84.
A transfer shaft 86 connects the drive shaft 84 on the
aileron control system to the positioning shaft 71 so that
rotation of drive shaft 84 rotates shaft 71. When the
aircraft is provided with a control stick 88 in the cockpit
24 as seen in FIG. 2, the drive shaft 84 usually serves as
the pivot point for the control stick 88 and is rotated
about its axis as the control stick 88 is moved laterally of
the flight axis of the airplane. Thus, when the contro}
stick 88 is moved laterally of the flight axis Apby the
pilot, the ailerons 18 will be appropriately pivoted by
the aileron connection 85 to cause the plane to bank. At
the same time, the movement of the control stick 83
laterally of the flight axis of the aircraft will also cause
the positioning shaft 71 to rotate about the positioning
axis A, to correspondingly shift the vanes 49 on the two
rotor assemblies 31 in the opposite sense to exert a like
banking movement to the aircraft as will become more
apparent. Movement of the control stick 88 along the
flight axis A rcauses the elevator connection 89 thereon
to move the elevator 14 in conventional manner.

A vane attitude lift control 90 is connected to the eyes
80 on the positioning housing 74 to selectively move the
positioning housing 74 along the path P;. The vane
attitude lift control 90 is best seen in FIG. 2 and includes
a vane lift control lever 81 pivotally mounted in the
cockpit 24. The vane lift control lever 91 is connected
to vane control cable 92 appropriately trained over
cable pulleys 94 so that the motion imparted to the vane
control cable 92 moves the positioning housing 74 along
the path P>. The ends of the cable 92 are connected to
the attachment eyes 80 so that movement of the cable in
one direction by the control lever 91 will shift the posi-
tioning housing 74 along the path P in a first direction
while the movement of the cable in the opposite direc-
tion will shift the positioning housing 74 in the opposite
direction. As seen in FIG. 2, pivoting the control lever
91 counterclockwise will raise the positioning housing
74 while pivoting the control lever 91 clockwise will
lower the positioning housing 74.

The elevator 14 includes a generally horizontal fixed
section 106 as seen in FIGS. 1 and 2 to which is pivoted
a movable elevator section 101 as best seen in FIG. 2.
The elevator section 101 has a cutout 162 on the under-
side thereof in which is movably mounted a reversing
flap 104. The movable elevator section 181 is controlled
in a conventional manner from the elevator connection
89 on the control stick 88. The position of the reversing
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flap 104 is controlled by an appropriate mechanism such
as a screw drive 186 which moves the pivot point of the
reversing flap from a forwardmost position as illus-
trated in solid lines in FIG. 2 to a rearmost position as
shown by phantom lines in FIG. 2. The pivotal position
of the reversing flap 104 as seen in FIG. 2 is controlled
by a fixed length positioning link 105 seen by phantom
lines in FIG. 2 when the reversing flap 104 is in its
lowered position. The positicning link 165 is pivoted
about the fixed pivotal axis Agrso that as the pivotal
connection of the reversing flap 104 is shifted rear-
wardly along the cutout 102, the positioning link 105
causes the reversing flap 104 to pivot downwardly
toward the position shown by phantom lines in FiG. 2.
This causes the thrust of the propeller to be reversed on
the aircraft as will become more apparent.

The operation of the rotor assemblies 31 will be best
understood by reference to FIG. 4. As seen in FIG. 4,
the inner race member 51 has been shifted downwardly
along the path P the distance dy. It will further be
noted that each of the rotor vanes 49 has an airfoil cross
sectional shape with a rounded leading edge 110, with a
curvilinear outboard side surface 111, and a generally
planar inboard side surface 112 that joins with the out-
board side surface 111 to form a relatively sharp trailing
edge 114. When the rotor assembly 31 is in its neutral
position, as seen in FIG. 3, it will be seen that the planar
inboard side surfaces 112 are generally normal to the
radius of the drive shaft 32. When the annular inner race
member 51 of the vane positioning mechanism 50 is
shified downwardly along path P; to the position
shown in FIG. 4, it will be seen that those vanes 49
extending above the wings 11 will be pivoted clockwise
while those vanes 49 projecting below the wings 11 will
be pivoted counterclockwise. The vanes 49 passing
through the rotor cutout in the wings 11 will generally
be in the same position as when the rotor assembly 31 is
in its neutral position. Thus, it will be seen that the
leading edges 118 of the vanes 49 are pivoted outwardly
from the rotor axis AR as the vanes 49 move above the
wings 11 while the leading edges 118 of the vanes 49
will be pivoted inwardly as the vanes 49 pass below the
wings 11. This serves to cause the vanes 49 of the rotor
assembly 31 to draw air from above the wing into the
interior of the rotor assembly 31 and then discharge this
air outwardly below the wings 11 as shown by the air
flow lines in FIG. 4. The net resuit is that the air pres-
sure directly above the wing 11 is lowered while the air
pressure immediately below the wing 11 is raised since
the rotor assemblies 31 are pumping air from above to
below the wings 11. This.causes a net lifting effect to be
imparted -to the aircraft due to the pumping action of
the rotor assemblies 31. When the rotor assemblies 31
and the vanes 49 are appropriately sized, the lifting
effect generated by the rotor assemblies 31 will be suffi-
cient to lift the aircraft 10. Thus, it will be seen that the
rotor assemblies 31 give the aircraft 10 a vertical takeoff
capability when the vanes 49 are pivoted in the direc-
tion shown by solid lines in FIG. 4.

On the other hand, raising the inner race members 51
from the position shown by solid lines in FIG. 4 first
through the neutral position seen in FIG. 3 and then
toward the reversed position shown by dashed lines in
FIG. 4. When the vanes are in the reversed position
shown by dashed lines in FIG. 4, the leading edges 110
of the vanes 49 are pivoted inwardly as they pass above
wing 21 and pivoted outwardly as they pass below the
wing 11 so that air is pumped from below wing 11
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through the rotor assembly 31 and then out above wing
11. This serves to reduce the lift on the aircraft in in-
creasing its descent.

On the other hand, raising the inner race members 51
from the position shown by solid lines in FIG. 4 serves
to pivot the vanes 49 first through the neutral position

seen in FIG. 3 and then toward the reversed position
shown by dashed lines in FIG. 4. When the vanes are in

the reversed position shown by dashed lines in FIG. 4,
the leading edges 110 of the vanes 49 are pivoted in-
wardly as they pass above wing 11 and pivoted out-
wardly as they pass below the wing 11 so that air is
pumped from below wing 11 through the rotor assem-
bly 31 and then out above wing 11. This serves to re-
duce the lift on the aircraft in increasing its descent.

The pilot is able to control the position of the vanes
49 to simultanously increase and decrease the lift of
both rotor assemblies 31 using the lift control lever 91.
As seen in FIG. 2, rotation of lever 91 clockwise will
increase lift while rotation of lever 91 counterclockwise
decreases lift. Because the control stick 88 also controls
the rotational position of the positioning shaft 71
through the vane attitude roll control 81, the pilot
moves the control stick 88 laterally of the flight axis Ar
to vary the relative between the rotor assemblies 31.
This allows the pilot to control the roll attitude of the
aircraft about the flight axis Ax.

To use the vertical takeoff capability of the aircraft
10, the pilot starts the engine 25 and engages the rotor
transmission as well as the propeller transmission 26.
The rotor assemblies 31 are now being rotated in the
direction shown in FIGS. 3 and 4 so that the vanes 49
have a forward component of motion as they pass above
the wings 11. The propeller 15 will probably be of the
variable pitch type and will usually be set at about the
neutral position. The pilot then moves the lift control
lever 91 clockwise as seen in FIG. 2 to pivot the vanes
49 toward their maximum lift position shown by solid
lines in FIG. 4. As the engine 25 is speeded up, the rotor
assemblies 31 generate a lift on the aircraft 10 to lift it
off the ground. The roll attitude of the aircraft is con-
trolled by the pilot by appropriately shifting the control
stick 88 laterally of the flight axis A . The pitch attitude
of the aircraft about the rotor axis Ag is controlled by
the pilot by adjusting the pitch of the propelier 15 in
known manner and by adjusting the position of the
elevator 14 with fore and aft movement of the control
stick 88. Lowering the elevator section 101 raises the
rear end of the aircraft while raising section 101 lowers
the rear end of the aircraft. When the rotor axis Ag is
located forwardly of the center of gravity CG of the
aircraft as seen in FIG. 2, the pitch of the propeller 15
and the position of elevator 14 is adjusted so that the
force of the air from propeller 15 against the elevator 14
serves to lift the rear end of the aircraft. The pilot can
also adjust the fore and aft movement of the aircraft by
adjusting the position of the reversing flap 104. Thus, it
will be seen that the aircraft can lift off the ground
vertically, hover or move forwardly or rearwardly
while hovering. The yaw attitude of the aircraft about
the yaw axis A, in FIG. 1 is controlled by the pilot by
adjusting the pitch of the propeller 15 and the position
of rudders 19.

When the aircraft has been lifted off the ground, the
pilot can transfer gradually into full forward flight by
increasing the pitch of the propeller 15. The rotor as-
semblies 31 continue to supply the lift necessary to
maintain the aircraft airborne. As the aircraft gradually
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accelerates toward full flying speed, the lift setting of
the vanes 49 can be gradually lowered by rotating the
lift control lever 91 back toward its neutral position so
that the vanes 49 reach their neutral position after the
aircraft has reached full flying speed. Once the aircraft
has reached full flying speed, the rotor assemblies can

be disengaged from the engine 25 by rotor transmission
34 and stopped or allowed to free wheel. If the rotor

assemblies 31 are allowed to free wheel, the greater
exposure below the wings 11 will continue to rotate the
rotor assemblies 31 in the direction shown in FIGS. 3
and 4. At full flying speed, the aircraft operates gener-
ally conventionally. For a vertical landing, the process
is reversed.

If a loss of power in the engine 25 is experienced, the
rotor assemblies 31 can be used to assist in the safe
landing of the aircraft. If the rotor assemblies 31 are free
wheeling sufficiently fast, the pilot can move the vanes
49 toward the lift position as the aircraft slows and use
the rotational momentum of the rotor assemblies 3% to
create the necessary lift to allow the aircraft to land at
a slow speed or vertically. If sufficient altitude is avail-
able and the rotor assemblies 31 are not free wheeling
fast enough, the pilot can speed up the rotation of the -
rotor assemblies by moving the lift control lever 91
toward its descent position to pivot the vanes 4% toward
their descent positions shown by dashed lines in FIG. 4.
The force of the air flowing from below the wings 11
through the rotor assemblies 31 to above the wings 12
speeds up the rotation of the rotor assemblies 31 io
increase their rotational momentum. Then, as the air-
craft approaches the ground, the vanes 49 can be shifted
to their lift positions to cause the rotational momentum
to create the necessary lift to allow the aircraft to safely
land.

SECOND EMBODIMENT

A second embodiment of an aircraft embodying the
invention is seen in FIGS. 7 and 8. The aircrafi is desig-
nated generally by the numeral 210 and is designed for
much higher speeds than aircraft 10. The aircraft 210
has a pair of forward wings 211 and a pair of aft wings
212. A vertical stabilizer 214 is provided between the aft
wings 212 and a pair of elevators 215 are provided in
exhaust cutouts 216 in the trailing portions of the aft
wings 212. The vertical stabilizer 214 is provided with
high and low speed rudders 218 and 219 while the trail-
ing edges of the aft wings 212 are provided with aile-
rons 220. The aircraft 210 has a fuselage 221 with a
forward cockpit section 222 that carries the pilot and a
trailing propulsion section 224 which mounts the power
plant. The upper and lower surfaces 225 and 226 of the
propulsion section 224, while not shown as such, may
be aerodynamically curved to generate lift. A pair of
propulsion jet engines 228 are provided in the aft end of
the propulsion section 224 of the fuselage and dis-
charges the exhaust gases rearwardly therefrom over
the elevators 215 in cutouts 216. The intakes to the
engines 228 are connected to ducts 229 opening onto the
leading end of the propulsion section 224 of the fuselage
to supply air to the engines 228.

The lift augmenting device 230 is operatively com-
municating with the ducts 229 and with the air below
the aircrafi. The lift augmenting device 230 has 2 pair of
rotor assemblies 231 mounted on common rotor shaft
232. The rotor assemblies 231 have the same construc-
tion as the rotor assemblies 31, and the specific con-
struction thereof will not be repeated here. Also, be-



4,194,707

9

cause the controls for the rotor assemblies 231 is the
same as the controls for the rotor assemblies 31, their
description will not be repeated. The common drive
shaft 232 is driven by a fluid motor 234 powered by a
bleed line from engines 228 rather than by ‘a direct
drive. The rotor drive shaft 232 is oriented on a rotor
axis Ag normal to the longitudinal flight axis Arof the
aircraft. The rotor assemblies 231 are mounted in a pair
of rotor cutouts 235 which extend from each duct 229
out through the bottom of the propulsion section 224 of
the fuselage 221 so that the rotor assemblies 231 pump
air back and forth between the ducts 229 and the bottom
of the aircraft in accordance with the operation de-
scribed for rotor assemblies 31. The bottom of cutouts
235 below the rotor assemblies 231 can be selectively
opened and closed by a set of shutter vanes 236 pivoted
about axes generally normal to the rotor axis Ag and
parallel to the flight axis Ap.

The exposure of the rotor assemblies 231 to the air
below the aircraft can also be regulated by pairs of
pivotable gates 238 on the forward and trailing edges of
the cutouts 235. The gates 238 are shown in their low-
ered positions by solid lines in FIG. 8 and in their raised
positions by phantom lines.

The forwardly facing intake openings 240 to ducts
229 are provided with closure doors 241 which can be
pivoted from an open position shown by dashed lines in
FIG. 7 to a closed position shown by phantom lines in
FIG. 7 to prevent the flow of air into the ducts 229
through the intake openings 240. The propulsion sec-
tion 224 of fuselage 221 is provided with a pair of intake
cutouts 242 from the top of the aircraft 210 to the ducts
229 over the rotor assemblies 231. The cutouts 242 are
selectively closed by intake shutter assemblies 244 with
shutter vanes 245 pivoted about vane axes normal to the
flight axis Ar and parallel to the rotor axis Ag. This
allows the rotor assemblies 231 to communicate with
the air above the aircraft as will become more apparent.

The forward wings 211 are pivoted about axes Ay
normal to the flight axis A Fand parallel to the rotor axis
Ag. This allows the forward wings 211 to also act as
ailerons to assist in controlling the banking of the air-
craft. Each of the movable wings 211 is provided with
upwardly and downwardly directed jet nozzles 249 that
pivot-with the wings 211 supplied with air from engines
228 to selectively generate a thrust from each to selec-
tively control the roll attitude of the aircraft about flight
axis Arin combination with similar jet nozzles 250 in
the aft wings 212 and jet nozzles 251 in the vertical
stabilizer 214. The jet nozzles 249 in the movable for-
ward wings 211 can also be used to stabilize the aircraft
forwardly and rearwardly along the flight axis Arby
rotating wings 211.

The elevators 215 are each provided with a fixed
section 255 and a movable section 256 similarly to ele-
vator 14 on aircraft 10. The movable sections 256 are
also provided with reversing flaps 258 similar to eleva-
tor 14. The elevators 215 operate similarly to the eleva-
tor 14.

In operation, it will be seen that the second embodi-
ment of the invention also has the vertical takeoff and
landing capability similar to the first embodiment.
When the aircraft 210 is to be started from a vertical
takeoff position, it will be seen that the rotor assemblies
231 will be operated by the pilot from the pilot cockpit
similarly to the rotor assemblies 31 in the first embodi-
ment aircraft 10. When this occurs, the rotor assemblies
231 will be pumping air from within the ducts 229 out
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through the bottom of the aircraft since the shutter
vanes 236 below the rotor assemblies 231 are in their
open position. In order to impress the pressure differen-
tial across the aircraft itself, the pilot, through appropri-
ate controls, opens the shutter vanes 245 in intake shut-
ter-assemblies 244 closing cutouts 242 in the top of the
propulsion section 224 while operating an appropriate
closure mechanism to pivot the closure doors 241 at the
intake opening 240 to ducts 229 to the position shown
by phantom lines in FIG. 7 so that the closure doors 221
close the intake opening 240. This places the air above
the propulsion section 224 of the aircraft 210 in commu-
pication with the intake to the rotor assemblies 231 so
that the air is now pumped from above the aircraft to
below the aircraft by the rotor assemblies 23% to gener-
ate a lift on the aircraft. Where the rotor assemblies 231
are located forwardly of the center of gravity CG of the
aircraft 210 as illustrated in FIG. 8, the thrust generated
by the jet engines 228 will be adjusted against the mov-
able sections 256 of the elevators 215 so as to lift the rear
end of the aircraft 210. This will cause the aircraft to lift
vertically for a vertical takeoff. The attitude of the
aircraft can be adjusted by appropriately manipulating
the rotor assemblies 231 in the manner explained for the
first embodiment, and in addition, can be controlled
using the jet nozzles 249 in the forward wings 211 and
the jet nozzles 250 in the aft wings 212. It will be noted
that the jet nozzles 249 and 250 are connected to appro-
priate air bleed lines from the engines 228 and are pro-
vided with appropriate valves so that the pilot can con-
trol the thrust generated by the air flowing through the
jet nozzles from the cockpit section 222 of the aircraft.
The yaw attitude of the aircraft can be controlled using
the low speed rudder 19 in the vertical stabilizer 214 in
a manner described for the first embodiment of the
invention and, in addition, by using the jet nozzles 251
in the vertical stabilizer 214 which is also connected by
appropriate bleed lines and values to the jet engines 228.
The reversing flap 258 is used in a manner similar to that
described for the first embodiment of the invention. The
forward wings 211 may be rotated about their axes A
so that the jet nozzles 249 iherein can be used to control
the fore and aft movement of the aircraft 210 along the
flight axis Ap. After takeoff, the pilot can increase the
thrust on the jet engines 228 and start propelling the
aircraft forwardly alorg the flight axis Ar. As the speed
of the aircraft increases so that the fore and aft wings
211 and 212 start producing lift, the pilot can vary the
setting on the rotor assemblies 231 to reduce the airflow
therethrough and/or can start opening the closure
doors 241 closing the intake to the ducts 229 so that the
air starts passing through the ducts to the intakes on the
jet engines 228. As the shutter vanes 245 in the shutter
assembly 244 are moved toward a closed position, the
intake of the air from above the aircraft into the ducts
229 can be regulated. When full forward flying speed is
reached, the shutter vanes 245 can be completely closed
as well as the shutter vanes 236 below the rotor assem-
blies 231 and the rotor assemblies 231 stopped from
rotating or rotated in a neutral position so that aircraft
operates relatively conventionally. Because of the aero-

‘dynamic inside shape of the ducts 229, it may be desir-

able to'not fully close the intake shutter vanes 245 so
that air is continued to be drawn into ducts 229 through
the shutter assemblies 244 as well as through the intake
openings 240 to the ducts 229. By leaving the shutter
vanes 245 partly open, it will be seen that the flow
pattern of the air through the ducts 229 can be more
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accurately controlled to maximize the amount of intake
air passing into the intakes of the jet engines 228 from
the ducts 229. To make a vertical landing with the air-
craft 210, it will be seen that the procedure described
will be reversed so that the forward flight of the aircraft
along the flight axis Ar can be slowed and eventually
stopped with the rotor assemblies 231 again supporting
the weight of the aircraft for landing.

If a failure of the engines 228 is experienced, the rotor
assemblies 231 can be manipulated similarly to that
described for the first embodiment of the invention to
speed up the free wheeling rotation of the rotor assem-
blies 231 to store sufficient rotational momentum
therein to allow the rotor assemblies 231 to be reversed
just prior to landing and permit safe landing of the air-
craft. When this occurs, the gates 238 will usually be
opened to increase the exposure of the rotor assemblies
231 to the air below the aircraft so as to rotate the rotor
assemblies 231 sufficiently fast to store the required
amount of rotational momentum to permit a safe land-
ing.

I claim:

1. A lift augmenting device for an aircraft having a
longitudinally flight axis along which the aircraft flies
and a pilot cockpit and defining a pair of air intake ducts
therein having forwardly facing air intakes thereto on
opposite sides of the aircraft flight axis, said lift aug-
menting device comprising:

a pair of rotor assemblies positioned on opposite sides
of the aircraft flight axis and rotatable about a com-
mon horizontal rotor axis generally normal to the
aircraft flight axis, both of said rotor assemblies
communicating with the air above and below the
aircraft, one of said rotor assemblies operatively
communicating with each of said air intake ducts
for pumping air from within said intake duct
through said rotor assembly to below the aircraft,
each of said rotor assemblies including:

a plurality of rotor vanes circumferentially spaced
about and rotatable with said rotor assembly,
each of said rotor vanes individually pivoted
about an individual vane pivot axis generally
parallel to said rotor axis;

closure means for selectively closing each of said air
intakes to said air intake ducts;

louver means for selectively connecting each of said
air intake ducts to the air above the aircraft; and

vane control means for selectively controlling said
rotor vanes on both of said rotor assemblies as said
rotor vanes rotate with said rotor assemblies about

said rotor axis to selectively change the lift im-

parted to the aircraft by said rotor assemblies; said

vane control means including:

a pair of positioning drive mechanisms, one of said
positioning drive mechanisms operatively associ-
ated with said rotor vanes of each of said rotor
assemblies and including an inner race member
rotatably fixed with respect to said common
rotor axis and diametrically movable with re-
spect to said common rotor axis along a position-
ing path generally normal to said rotor axis and
the aircraft flight axis, an outer positioning ring
rotatably mounted on said inner race member for
rotation about said inner race member with said
rotor assembly associated therewith, and a plu-
rality of positioning links connecting said outer
positioning ring individually with each of said
rotor vanes on said rotor assembly so that shiting
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said inner race member along its positioning path
causes said rotor vanes in communication with
the air above the aircraft to pivot individually
about their respective individual vane pivot axes
in one pivotal direction while simuitaneously
causing said rotor vanes in communication with
the air below the aircraft to pivot about their
individual pivot axes in the opposite pivotal di-
rection to selectively change the amount of air
pumped from about the aircraft to below the
aircraft and thereby change the lift imparted to
the aircraft by said rotor means; and

a common drive mechanism controller operatively
connecting said inner race members to selec-
tively position said inner race members along
their respective said positioning paths, said drive
mechanism including first vane attitude control
means selectively operated from the pilot cock-
pit for simultaneously moving both of said inner
race members along said positioning paths in the
same direction and second vane attitude control
means selectively operated from the pilot cock-
pit for simultaneously moving said inner race
members along their respective said positioning
paths in opposite directions, said second vane
attitude control means moving said inner race
members independently of said first attitude con-
trol means.

2. A lift augmenting device for an aircraft having a
longitudinal flight axis-along which the aircraft flies and
a pilot cockpit; defining a pair of air intake ducts therein
on opposite sides of the aircraft flight axis having for-
wardly facing air intakes thereto and a rear end; and
including forward propulsion means operatively associ-
ated with the rear ends of the air intake ducts for gener-
ating forward thrust to propel the aircraft forwardly
along the aircraft flight axis; said lift augmenting device
comprising:

a pair of rotor assemblies positioned on opposite sides
of the aircraft flight axis and rotatable about gener-
ally horizontal rotor axes, one of said rotor assem-
blies communicating with each of said air intake
ducts between the air intake thereto and the rear
end thereof and with the air below the aircraft so
that each rotor assembly can selectively pump air
from within the duct to below the aircraft;

closure means for selectively closing the air intakes to
the air intake ducts; and

louver means for selectively connecting each of the
air intake ducts between the air intake thereto and
the rear end thereof to the air above the aircraft so
that, when said closure means closes the air intakes
and said louver means connects the air intake ducts
to the air above the aircraft, said rotor assemblies
can pump air from above the aircraft through the
air intake ducts to below the aircraft to generate lift
on the aircraft.

3. The lift augmenting device of claim 2 wherein the
center of gravity of the aircraft is located rearwardly of
the lift forces generated by said rotor assemblies so that
the rear end of the aircraft is urged downwardly when
said rotor assemblies lift the aircraft and further includ-
ing elevator flap means operatively associated with the
forward thrust generating gas stream from the forward
propulsion means so that said elevator flap means coop-
erates with the forward thrust generating gas stream to
selectively impart a lifting force to the aircraft rear-
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wardly of the center of gravity to assist in keeping the
aircraft level during lifting.

4. The lift augmenting device of claim 3 wherein each
of rotor assemblies includes a plurality of rotor vanes
circumferentially spaced about and rotatable with said
rotor assembly about said rotor axis, each of said rotor
vanes oriented generally parallel to said rotor axis and
individually pivoted about an individual vane pivot axis
generally parallel to said rotor axis; and

vane control means operated from the pilot cockpit

for selectively and individually pivoting each of
said rotor vanes about its individual vane pivot axis
as said rotor vanes rotate with said rotor means
about said rotor axis to selectively change the lift
imparted to the aircraft by said rotor assemblies.

S. A lift augmenting device for an aircraft having a
longitudinal flight axis along which the aircraft flies, a
pilot cockpit, a pair of generally horizontally oriented,
opposed aerodynamic wings for lifting the aircraft
when in forward flight along the flight axis, and for-
ward propulsion means for generating forward thrust to
propel the aircraft forwardly along the aircraft flight
axis; said lift augmenting device comprising:

a generally vertically oriented rotor cutout defined

through each of said wings;
a pair of rotor assemblies, one of said rotor assemblies
rotatably mounted in each of said rotor cutouts

~ about a generally horizontal rotor axis, each of said
rotor assemblies projecting out of said cutout
above the wing and below the wing so that said
rotor assembly communicates with the air above
the wing and the air below the wing; each of said
rotor assemblies including a plurality of rotor vanes
circumferentially spaced about said rotor assembly,
each of said rotor vanes individually pivoted about
a vane pivot axis generally parallel to said rotor
axis; said rotor vanes spaced from said rotor axis so
that each of said rotor vanes extends above the
wing during a first portion of the rotation of said
rotor vane about said rotor axis and extends below
the wing during a second portion of the rotation of
said rotor vane about said rotor axis; and

vane control means operated from the pilot cockpit

for slectively pivoting each of said rotor vanes

about its individual vane pivot axis as said rotor

vanes rotate with said rotor assemblies, said vane

control means including a pair of positioning drive

mechanisms, one of said positioning drive mecha-

nisms operatively associated with said rotor vanes

of each of said rotor assemblies and each of said

positioning drive mechanisms comprising:

an inner race member rotatably fixed with respect
to said common rotor axis and diametrically
movable with respect to said common rotor axis
only along a positioning path generally normal
to said rotor axis and the aircraft flight axis,

an outer positioning ring rotatably mounted on said
inner race member for rotation about said inner
race member with said rotor assembly associated
therewith and for movement with said inner race
member along said positioning path, and

a plurality of positioning links connecting said
outer positioning ring individually with each of
said rotor vanes on said rotor assembly so that
shifting said inner race member upwardly along
its positioning path causes said rotor vanes to be
pivoted while moving above the wing to force
air from above the wing into said rotor assembly,
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to be pivoted to a substantially neutral position
while moving through said rotor cutout through
the wing, and to be pivoted while moving below
the wing to force air from within said rotor as-
sembly to below the wing to generate only gen-
erally vertically oriented lift forces tending to lift
the aircraft, the amount said rotor vanes are
pivoted above and below the wing selectively
variable by the amount of upward shifting of said
inner race along its positioning path, »

said vane control means further including a common

drive mechanism controller operatively connect-
ing said inner race members to selectively position
said inner race members along their respective said
positioning paths, said common drive mechanism
operated from the pilot cockpit to selectively con-
trol the vertical lift on the aircraft by said rotor
assemblies so that the vertical lift for the aircraft is
provided by said rotor assemblies unit while the
aircraft is moved sufficiently fast along its longitu-
dinal flight axis by the forward propulsion means
for the lift generated by the aerodynamic wings to
keep the aircraft airborne.

6. The lift augmenting device of claim § wherein said
drive mechanism controller includes first vane attitude
control means selectively operated from the pilot cock-
pit for simultaneously moving both of said inner race
members along said positioning paths in the same direc-
tion and second vane attitude control means selectively
operated from the pilot cockpit for simultaneously mov-
ing said inner race members along their respective said
positioning paths in opposite directions, said second
vane attitude control means moving said inner race
members independently of said first attitude control
means.

7. The lift augmenting device of claim 5§ wherein the
center of gravity of the aircraft is located rearwardly of
the lift forces generated by said rotor assemblies so that
the rear end of the aircraft is urged downwardly when
said rotor assemblies lift the aircraft and further includ-
ing elevator flap means operatively associated with the
forward thrust generating gas stream from the forward
propulsion means so that said elevator flap means coop-
erates with the forward thrust generating gas stream to
selectively impart a lifting force to the aircraft rear-
wardly of the center »f gravity to assist in keeping the
aircraft level during hiiing.

8. The lift augmenting device of claim 5 further in-
cluding power means for rotating said rotor assemblies
in a direction so that said rotor vanes move forwardly
with respect to the flight axis as said rotor vanes project
above said wing and move rearwardly with respect to
the flight axis as said rotor vanes project below said
wing so that forward motion of the aircraft along its
flight axis increases rather than decreases the pumping
efficiency of said rotor assemblies generating vertical
lifting forces on the aircraft. ‘

9. The lift augmenting device of claim 8 wherein each
of said rotor assemblies project below the wing a dis-
tance greater than the distance said rotor assembly
projects above the wing so that, when said rotor vanes
are adjusted to a neutral position completely around
said rotor assembly, the air drag on said rotor assemblies
while the aircraft is moving forwardly along its flight
axis tends to rotate said rotor assemblies in the same
rotational direction as when powered by said power

means.
* ¥ * & *®
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paddle wheels is provided for controlling pitch of the
aircraft. In another embodiment of the invention, the
aircraft is provided with both forward and aft pairs of
paddle wheels such that differential operation of the
blades of the forward and aft paddle wheels provides
pitch control of the aircraft without need of a separate
pitch control rotor, while also providing lift, thrust,
roll, and yaw control.
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1
PADDLE WHEEL ROTORCRAFT

CROSS-REFERENCES TO RELATED
APPLICATIONS

The application is a continuation-in-part of applica-
tion Ser. No. 07/716,431, filed Jun. 17, 1991 now aban-
doned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to vertical
takeoff and landing aircraft and, more particularly, to
such aircraft which derive aerodynamic lift and thrust
from opposed rotatable paddle wheel assemblies of
airfoil-shaped blades in place of the wings and propel-
lers or jet engines of a conventional airplane.

2. Description of the Prior Art

The history of the aircraft industry has been marked
with innovations that have contributed in varying mea-
sure to the development of the present day aircraft,
with each innovation recognizing or anticipating a
changing need as ground transport gradually gave way
to air transport. Early innovations in this development
were directed to the range, speed and cargo capacity of
the aircraft, with later innovations aimed at improved
maneuverability and lift as aircraft size and weight in-
creased and as urban areas mushroomed to lessen the
adequacy of the city based airport.

With the obsolescence of the city-based airport, new
airports of more adequate acreage were established in
areas remote from the cities, at distances ranging from
10 to 50 miles and frequently necessitating more land
travel time than flight time. Although aircraft accessi-
bility was improved with the advent of air shuttle and
land limousine services, the latter have provided but
slight reductions in land travel time, and air shuttle
service has remained generally out of the financial
reach of the general public for use on a regular basis.
With the advent of today’s giant sized aircraft, even the
remote area airports have required expansion, with
runways being lengthened to satisfy their take off and
landing requirements.

In recognition of the lift limitations of fixed wing
aircraft and the cargo limitations of the helicopter, fur-
ther innovation is required if present airport patterns are
to be altered, with remote area airports ever expanding
to accommodate commercial aircraft, and with city
airports remaining the exclusive property of private and
small commercial aircraft and helicopters.

In recent years, there has been more and more inter-
est in the development of vertical takeoff and landing
cargo and passenger carrying aircraft that have the
capability of taking off and landing on either the shorter
runways of the city airport or the longer runways of
remote area airports, thereby preserving the utility of
existing airports while at the same time bringing the
ultimate destination of the traveler within more accessi-
ble and convenient reach, with land travel time reduced
to its former more proportionate ratio. Tilt wing and tilt
rotor concepts have generated particular interest as
design compromises that have the vertical takeoff and
landing advantages of the helicopter and approach the
speed and range capability of conventional fixed wing
aircraft. Such concepts have significant military poten-
tial as well as commercial.

In U.S. Pat. No. 1,754,977 to Bergman, an airplane is
provided with rotatable assemblies of impeller blades
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having the shape of an inverted trough. As the impeller
blades are rotated, shutter vanes pivotably suspended
on each blade are opened or closed by air pressure to
provide lift and thrust when closed, and to minimize
drag when opened. The position of each impeller blade
relative to its supporting assembly is controlled by a
control eccentric to provide for vertical and horizontal
motion of the aircraft.

In U.S. Pat. No. 2,123,916 to Rohrbach, an aircraft is
provided with revolving assemblies of wings. The angle
of incidence of the revolving wings is said to be con-
trolled to the aerodynamically correct position relative
to the incident airflow for all wing positions by an oscil-
lation gear mechanism for all flight conditions.

In British Patent No. 480,750, a cyclogyro aircraft is
provided with rotor assemblies each having a plurality
of vanes distributed around the rotor axis. As the rotor
rotates, the vanes are constrained to rotate relative to
the rotor by an eccentric gear mechanism or, in another
embodiment, a cam slot and pin follower, so that each
vane is maintained at a substantially constant angle of
attack relative to the resuitant airstream. The gear or
cam mechanism is adjustable to vary the phase, or angu-
lar disposition, of the vanes relative to the aircraft fuse-
lage.

In US. Pat. 2,507,657 to Wiessler, an aircraft is
equipped with rotors of pivotably mounted blades
which operate in paddle wheel fashion. The cyclic vari-
ation of incidence of the blades and their initial relative
inclination are controlled by supports which are jour-
naled in a fixed axis. The fixed axis is slotted so that it
may be positioned eccentrically relative to the rotor
shaft. Screw mechanisms driven by motors vary the
eccentricity of the fixed axis. The rotors may be held in
fixed position when sufficient airspeed is attained, so
that the blades act as conventional wings.

In U.S. Pat. No. 2,413,460 to Main, an airplane is
provided with conventional wings and rotatable Cy-
cloidal propellers disposed beneath the wings. Each
propeller comprises an assembly of blades which are
pivotably connected to spokes of the propeller. As the
propeller rotates, the angles of incidence of the pivota-
bly connected blades are controlled by a cam, roller,
and linkage mechanism.

In U.S. Pat. No. 2,580,428 to Heuver, a cycloidal
rotor for aircraft is described. The rotor provides lift
and thrust as the rotor is rotated by the cycloidal motion
of a series of airfoil members or blades relative to the
rotor. Control of the airfoil motion, or pitch, is accom-
plished through a system of sprocket wheels, gear
trains, linkages, eccentric pins, and levers.

In one interesting development disclosed in U.S. Pat.
No. 4,210,299 to Chabonat, an aircraft is provided with
a propulsion and lifting rotor comprising two diametri-
cally opposed wings of aerofoil section located at re-
spective sides of a fuselage at right angles to the rotor
axis. Each of the wings is mounted for pivotal move-
ment about a respective axis spaced from the axis of the
rotor and lying parallel to the leading edge of the wing.

In one embodiment, a cam mechanism changes the
angle of incidence of the blades both coliectively and
cyclicly. The cam preferably forms part of a set of cams
keyed slidably on the cam shaft. By displacing the set of
cams, it is possible to modify the pattern of incidence
variation as a function of the speed of flight.

In another development, as disclosed in U.S. Pat. No.
4,194,707 t0-Sharpe, an aircraft is provided with rotor
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assemblies on opposite sides of its flight axis. The vanes
on the rotor assemblies are each individually pivoted by
means of a complex linkage system so that the rotor
vanes can be pivoted in one direction to draw air into
the rotor assembly while the vanes are in communica-
tion with the air above the aircraft and can be pivoted in
the opposite direction to discharge air from within the
rotor assembly while the vanes are in communication
with the air below the aircraft to exert lift on the air-
craft. The vanes on both the rotor assemblies can be
simultaneously oriented in the same sense and degree of
pivoting or can be pivoted in the opposite sense. This
allows the rotor assemblies to be selectively controlled
80 as to give the aircraft a vertical takeoff and landing
capability.

U.S. Pat. No. 4,482,110 to Crimmens, Jr., describes a
composite aircraft in which a system of wing and blade
airfoils rotate about the horizontal longitudinal axis of a
lighter-than-air gas containment bag to provide lift and
thrust for augmenting or opposing the aerostatic lift
forces of the gas containment bag. Engines mounted on
the airfoil components rotate the wing and blade airfoils
and gas containment bag about the longitudinal axis of
the gas containment bag. Each wing airfoil and engine
assembly are rotatably mounted on a structural support,
their rotation being controlled by a system of cylinders,
pulleys, and cables such that, in forward flight when the
cyclorotor does not rotate, the wings can be rotated to
a point where the spanwise axis of the wings is perpen-
dicular to the horizontal axis of the aircraft and thus
provide lift in the manner normal to fixed wing aircraft.

The angle of attack of each wing is further controlled.

by a system of cylinders, pulleys, and cables which
rotate each wing about its spanwise axis. The angle of
attack of the blade airfoils is also controlled by a system
of cylinders, pulleys, and cables to rotate the blades
about their spanwise axes, so that the blades provide
propeller-like thrust for forward or rearward move-
ment of the composite aircraft.

The positions of the wing and blade airfoils are con-
trolled through an electronic control system which
accepts input commands from the pilot, or a remote
contro] operator, or an autopilot, and also input data as
to aircraft altitude, attitude, heading, and ground rela-
tive positions, and generates cyclic and collective con-
trol signals for servo control of blade and wing airfoil
positions.

And, in U.S. Pat. No. 5,100,080 to Servanty, a rotor
for developing lift and propulsive forces for an aircraft
is disclosed. The rotor comprises several rotatable pro-
filed blades. The angle of incidence of each blade is
controlled in real time as a function of the angular posi-
tion of the blade in the rotor’s rotation cycle and the
flight conditions of the aircraft to produce the optimum
lift and propulsion forces from each blade for the then-
existing flight conditions.

In Servanty, a computational device is used to store
physical configuration information about the rotor and
blades, to measure and determine at each instant the
aerodynamic conditions governing the production of
lift and thrust by the blades and also the azimuthal posi-
tion of each profiled blade, to generate control signals
representative of the lift and drag forces desired for a
particular flight condition, and to calculate the instanta-
neous geometric angle required for each blade as a
function of the aforementioned stored parameters, de-
termined values, and control signals. Control means are
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provided to position each blade at each instant to the
instantaneous geometric angle calculated for that blade.

The movement of each profiled blade is obtained by
combining an average movement, or cyclic angle of
incidence, and a complementary movement, or addi-
tional angle of incidence. The average movement is
produced by a “kinematic chain” which is common to
the set of profiled blades and has a mechanical structure
corresponding to the particular “law” chosen for the
average movement, as for example a circular translation
of each blade during one revolution of the rotor.

The “kinematic chain” comprises a flange connected
to the rotor shaft, which supports the body of a rotary
hydraulic actuator associated with each profiled blade,
and a toothed wheel centered on the rotor shaft, which
is coupled to a mechanical phase shifter and drives the
bodies of the rotary hydraulic actuators as the rotor
revolves to rotate the profiled blades according to the
selected average cyclic “law” of incidence.

The complementary movement is obtained by a hy-
draulic system, powered by rotation of the rotor, which
includes distributors and servo valves associated with
each rotary actuator to provide hydraulic power to that
actuator to generate the complementary movement in
response to control signals from the calculating means.

In Servanty, the mechanical structure and configura-
tion of the kinematic chain are defined by the particular
cyclical variation of blade angle selected, and cannot be
changed without massive redesign of the kinematic
chain. Although the invention of Servanty thus pro-
vides for a relatively reduced amplitude of movement
of the rotary actuators, it precludes operational flexibil-
ity of the rotor to adapt to conditions where other pat-
terns of cyclic variation would be more effective for a
particular flight condition, or where no pattern of cyc-
lic variation is required for optimum performance. Ad-
ditionally, the invention of Servanty requires a more
complex implementation of the instantaneous blade
geometric angle , ¥, than the present invention since the
angle is achieved by combining the average and com-
plementary movements discussed above, rather than
directly.

While the basic concepts presented in the aforesaid
patents are desirable, the mechanisms employed to ef-
fect their operation are far too complicated to render
them practical, have limited or no flexibility to adapt to
differing flight conditions, and the extent of control
achieved is minimal. It was in light of the prior art as
just discussed that the present invention has been con-
ceived. In short, it is an object of the present invention
to provide an aircraft having the cargo capacity of the
modern fixed wing aircraft and a lift comparable to the
helicopter, such that existing city based and remote area
airports may be utilized for vertical landings and take-
offs, enabling the traveler to embark and disembark in
closer proximity to his or her home and destination. It is
a further object of the present invention to provide such
an aircraft in which cyclic variations of the individual
blades of the paddle wheel assemblies of the aircraft are
optimized for each flight condition and pilot command,
and in which the blades are pivoted to their respective
optimum angle of incidence by a system of controlled
linear actuators which is more flexible and adaptable to
differing flight conditions than the cam and gear mecha-
nisms of the prior art.
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SUMMARY OF THE INVENTION

To the aforementioned end, the present invention
provides an aircraft having vertical takeoff and landing
capability provided with at least first and second later-
ally extending paddle wheels rotatable on a central axis
perpendicular to the longitudinal axis of the aircraft
fuselage and between its nose and tail. Each of the pad-
dle wheels has a plurality of blades with lateral axes
parallel to the central axis and arranged in a cylindrical
surface at equally spaced circumferential locations equi-
distant from the central axis. One paddle wheel is posi-
tioned adjacent the port side of the aircraft and the
other paddle wheel is positioned adjacent the starboard
side. The pilot is able to operate the aircraft in all re-
gimes of flight by differentially adjusting the attitude of
each of the blades relative to the cylindrical surface
about its lateral axis.

In one embodiment utilizing only a pair of paddle
wheels, differential operation of the blades provides lift,
thrust, roll, and yaw control of the aircraft and an air-
craft pitch control rotor rotatable about a vertical axis
distant from the paddle wheels is provided for control-
ling pitch of the aircraft. In another embodiment of the
invention, an aircraft may be provided with both for-
ward pairs and aft pairs of paddle wheels such that
differential operation of the blades to the forward and
aft paddle wheels can effect pitch control of the aircraft
without need of a separate pitch control rotor.

In this manner, a vertical takeoff and landing aircraft
having superior capabilities in regard to payload, speed,
and handling characteristics is provided. It is of simpli-
fied mechanical construction. At the same time, the
airfoils of the paddle wheels can be controlled in com-
plex patterns by means of a computer to achieve what-
ever flight pattern the pilot chooses.

The airfoils of the paddle wheels require a cyclic
pitch actuation which refers to the fact that, as the
paddle wheel revolves, the airfoil pitch angle needs to
change as a function of vehicle speed and peripheral
position of the airfoil. This is to ensure that, as a starting
condition, the airfoils are brought into alignment with
the local flow direction relative to the revolving blades,
which is the vector sum of vehicle speed and the tan-
gential velocity of the rotating wheel. Superimposed on
these cyclic blade pitch deflections are deflections re-
quired to generate air loads on the blades as they rotate
past specific positions on the wheel circumference. The
blade airloads represent either lift or thrust depending
on the direction of these forces. The magnitudes of the
airfoil pitch angles at various peripheral positions need
to be accurately and precisely controlled according to
complex schedules which ensure the required produc-
tion of lift and thrust at any flight condition, defined as
a certain combination of airspeed, altitude, maneuver-
ing load factor, acceleration and deceleration, and level,
climbing, or descending flight path.

Satisfying a flight condition implies certain power
settings, paddle wheel rotation rates and cyclically
varying pitch settings. Each flight condition is associ-
ated with a specific advance ratio which relates the
speed of flight to the tangential velocity of the rotating
paddlie wheel. The advance ratio, &, is commonly used
in propeller and helicopter design theory and is defined
by the following formula:
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VW
N=Tnd
where V , is the speed of travel of the vehicle measured
in feet per second; n is paddle wheel revolutions per
second; and d is diameter of the paddle wheel in feet. It
follows that the vehicle speed must be measured contin-
uously and a corresponding signal be used in setting the
proper blade incidence.

It was previously noted that the construction in the
U.S. Pat. No. to Chabonat, No. 4,210,299, utilizes a cam
and follower arrangement for positioning its airfoils. In
that instance, one particular cam shape would satisfy
the cyclic blade pitch variations for one particular flight
condition. However, many different cam shapes would
be necessary to cover the operations at a sufficient num-
ber of flight conditions. Similar limitations and disad-
vantages are found in the inventions of the other refer-
ences.

And, although the invention of Servanty, No.
5,100,080, provides some flexibility in this regard by
superimposing a complementary blade angle movement
upon the average cyclic angle of incidence for the blade
produced by the kinematic chain, the flexibility of the
Servanty invention is limited by the fixed mechanical
configuration of the kinematic chain.

It is this lack of flexibility of mechanical cam and
push rod systems, and the complexity of such systems,
which the present invention overcomes. This is accom-
plished by providing a variable stroke linear piston and
cylinder blade pitch actuation system, which is oper-
ated by computer signals of an electronic airfoil (blade)
pitch control system which embodies the cyclic steering
commands in mathematical form, instead of the me-
chanical systems of the prior art. The flight computer
processes both the pilot steering commands and signals
from an inertial and air data system to generate compos-
ite guidance commands for the blade pitch actuation
mechanisms.

Other and further features, advantages, and benefits
of the invention will become apparent in the following
description taken in conjunction with the following
drawings. It is to be understood that the foregoing gen-
eral description and the following detailed description
are exemplary and explanatory but are not to be restric-
tive of the invention. The accompanying drawings
which are incorporated in and constitute a part of this
invention, illustrate one of the embodiments of the in-
vention, and, together with the description, serve to
explain the principles of the invention in general terms.
Like numerals refer to like parts throughout the disclo-
sure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view of a vertical takeoff and
landing aircraft depicting one embodiment of the inven-
tion,;

FIG. 2 is a perspective view of certain components
illustrated in FIG. 1,

FIG. 3 is a cross section view taken generally along
line 3—3 in FIG, 2;

FIG. 4 is a detail end elevation view of the paddle
wheel illustrated in FIG. 3;

FIG. § is a top plan view of another embodiment of
the invention;
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FIG. 6 is a simplified schematic diagram of a control
system for operating an aircraft embodying the inven-
tion; and,

FIG. 7 is a detailed block diagram of the control
system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In FIG. 1, a vertical takeoff and landing aircraft 20
embodying the invention is illustrated. The aircraft 20
derives aerodynamic lift and thrust from large paddie
wheels 22, 24 respectively extending from the opposite
port and starboard sides of a fuselage 26. Fuselage 26
has a nose at its forward end and a tail at its aft end, and
a longitudinal axis extending therebetween. Each pad-
dle wheel 22, 24 is mounted to the fuselage 26 for rota-

tion about a common axis which extends perpendicular .

to the longitudinal axis between the nose and the tail.
Each of the paddle wheels 22, 24 is provided with a
plurality of airfoil-shaped blades 28 positioned about its
periphery. The blades 28 of the paddle wheels 22, 24 are
actuated in response to a complex mixture of control
parameters which:

(a) ensure that the blades produce lift or thrust or at
least operate without an adverse load;

(b) change magnitude of lift and thrust; (¢) accommo-
date the changes in the flow relative to the blades
as caused by changing flight speed and wheel rota-
tion rate;

(d) achieve roll and yaw control;

(e) provide vehicle stability and damping of yaw and
roll motions; and

(f) account for flow interference between the blades.

It will be appreciated that as an inherent safety fea-
ture, the paddle wheels are capable of autorotation.
This feature can be demonstrated by operational paddle
wheel type windmills which are rotatable about vertical
axes.

As compared to a helicopter, the aircraft 20 has the
inherent advantage of symmetry. It does not suffer from
the maximum speed limitations of the helicopter arising
from stall at the retreating blade since retreating blades
on the aircraft 20 need not maintain lift and can be
deactivated by appropriate pitch deflections so that
they carry no adverse airload. Furthermore, the periph-
eral speed of the advancing blades need not be higher
than the free stream velocity of the aircraft 20. In other
words, the rotors of the aircraft 20 and, specifically, of
the paddle wheels 22, 24, can be slowed down at higher
flight speeds and, as a consequence, the critical blade
Mach number is desirably increased. A further increase
in critical blade Mach number can be achieved by
sweeping the blades, i.e., by mounting them obliquely
on the wheel periphery.

Additionally, the aircraft 20 fits into the high speed,
high disk loading category currently represented by tilt
rotor aircraft. It is therefore appropriate to compare the
salient features of the two concepts. While the tilt rotor
design must tilt the combined rotor and engine assembly
in order to transition from hover to high speed flight
and return, the aircraft of the invention achieves transi-
tion by simply changing blade pitch. For safety reasons,
the outboard engines of the tilt rotor aircraft are cross
shafted while the rotors of the aircraft 20 have a com-
mon drive axle. The tilt rotor aircraft cannot land safely
with its rotors operating in its propulsion mode, a condi-
tion which does not apply to the aircraft 20. Addition-
ally, while the tilt rotor aircraft requires a wing to pro-
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vide aerodynamic lift at high speeds and to support the
engine and rotor assemblies, the aircraft 20 does not
require a wing.

It will be appreciated that design constraints limit the
relative size of the paddle wheels 22, 24. Their diame-
ters are limited to approximately twice the height the of
the fuselage 26 assuming the axles 30 and 32 on which
they rotate are positioned adjacent the uppermost re-
gions of the fuselage. For structural reasons, the span of
each of the paddle wheels 22, 24, would preferably be
the same order as their diameters.

The main load member for each of the paddle wheels
22, 24, are the axles 30, 32, respectively, previously
noted. The axles 30, 32 are suitably mounted on the
fuselage for rotation about the common axis and extend,
respectively, from the port and starboard sides of the
fuselage. By means of a cross axle 34, the axles 30, 32 are
joined for unitary rotation. The paddle wheels 22, 24
are shown as powered by a pair of engines 36, as for
example gas turbine engines, mounted to fuselage 26
which drive the axles 30, 32 in rotational motion via
drive shafts 38, 40 operating through suitable transmis-
sions 42 and cross axle 34 as diagrammatically illus-
trated in FIG. 2. Those skilled in the art will appreciate
that in other embodiments a single gas turbine engine,
or more than two gas turbine engines, may be utilized.

With particular reference to FIG. 3, the construction
of a paddle wheel will now be described. Although the
description of a paddle wheel will be with respect to the
paddle wheel 22, the description will pertain to paddie
wheel 24 and any other paddle wheels which may be
employed. Hence, the paddle wheel 22 is seen to include
the axle 30 which extends laterally away from the fuse-
lage 26 and is aligned with a central axis of the paddle
wheel and the common axis. A pair of laterally spaced
hubs 44 are fixed to the axle 30 for rotation therewith,
each hub 44 having a plurality of spokes 46 integral with
the hub 44, each spoke 46 extending radially away from
the hub 46 to a tip end 48.

Paddle wheel 22 has a plurality of airfoil-shaped
blades positioned about the periphery of the paddle
wheel. Each blade 28 has a pair of laterally spaced
support lugs 50 extending inwardly toward axle 30 from
a underside of the blade 28 at opposing ends of each
blade 28 and which are pivotably attached, respec-
tively, by means of support pins 52, to the tip ends 48 of
an associated pair of spokes 46 extending in similar
radial positions from hubs 44. Each blade 28 also has a
pair of laterally spaced control lugs 76 (FIG. 4) at op-
posing ends of the blade 28, which extend inwardly
towards axle 30 and which are spaced chordwise from
the support lugs 50 for pivoting the blade 28 as is dis-
cussed below.

As seen in FIG. 4, each hub 44 has associated there-
with a plurality of variable stroke linear actuators 72,
each actuator 72 being associated with one of the plural-
ity of spokes 46 of the hub 44 and with the blade 28
pivotably attached to the tip end 48 of the associated
spoke 46, the actuator 72 extending in similar radial
position from the hub 44 as the associated spoke 46.
Only three blades 28, spokes 46, and actuators 72 have
been shown, but it is to be understood that all blades 28
of the paddle wheels 22, 24 are configured as those
blades 28 which are shown. The actuators 72 may be of
any suitable mode of operation, that is, electromagnetic,
hydraulic, pneumatic, or the like. A pitch control rod 74
is associated with each actuator 72 and extends from the
actuator 72 to a control lug 76 inwardly extending
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toward axle 30 from an underside of the blade 28, the
pitch control rod 74 being pivotably attached to the
control lug 76 by a control pin 77. The control lug 76 is
associated with the support lug 50 of the blade 28 pivot-
ably attached to the spoke 46 associated with the actua-
tor 72, and is spaced chordwise from the support lug 50
such that movement of the pitch control rod 74 in the
directions indicated by double arrowhead 78 results in
pivotal movement of the blade 28 about the support pin
52 in the manner indicated by a double arrowhead 80.

By proper differential control of the stroke of the
actuators 72 and thereby of the pivotal movement of the
blades 28 of the first paddle wheel 22 of aircraft 20 of
FIG. 1, relative to the strokes of the actuators 72 and
the pivotal movement of the blades 28 of the second
paddle wheel 24, lift, thrust, yaw, and roll control is
achieved. However, for pitch control of the aircraft,
that is control of the aircraft about an axis parallel to
and aligned with the axles 30, 32, an aircraft pitch con-
trol rotor 54 is provided as shown in FIG. 1. In addition
to providing pitch control, rotation of the rotor 54 gen-
erates moment forces to counter the torque developed
by rotation of paddle wheels 22 and 24. The pitch con-
trol rotor 54 is rotatably mounted at tail 56 of the air-
craft fuselage 26, longitudinally spaced along an axis of
the fuselage 26 aft of the axles 30, 32. The pitch control
rotor 54 has a plurality of rotor blades 58 which define

" a rotor disk which lies in a plane generally parallel to
the plane of the common axis of rotation of the paddle
wheels 22, 24 and the longitudinal, or roll, axis of air-
craft 20. The pitch control rotor 54 may be driven in a
suitable fashion by the engines 36 or, alternatively, may
be driven by an auxiliary power plant (not shown).

Another embodiment of the invention is illustrated in
FIG. 5 and represented by reference number 60. In this
instance, two pairs of paddle wheels, forward paddle
wheels 62, 64 and aft paddle wheels 66, 68, are provided
at different longitudinally spaced locations along a fuse-
lage 70. Forward paddle wheel 62 and aft paddle wheel
66 are pivotably mounted to and extend laterally away
from the port side of the fuselage 60, and forward pad-
dle wheel 64 and aft paddle wheel 68 are pivotably
mounted to and extend laterally away from the star-
board side of the fuselage 60. Forward paddle wheels
62, 64 are mounted to the fuselage 70 for rotation about
a first common axis as has been described with respect
to paddle wheels 22, 24. Aft paddle wheels 66, 68 are
mounted to the fuselage 70 for rotation about a second
common axis generally parallel to the first common axis
and laterally spaced from the first common axis be-
tween the first common axis and the tail of fuselage 70.
An engine or engines (not shown) drive the axles of
forward paddle wheels 62, 64 as was discussed earlier
with respect to axles 30,32, and also drive the axles of
aft paddie wheels 66,68 through a second transmission
and cross axle joining the axles of aft paddle wheels 66,
68 for unitary rotation.

Aft paddle wheels 66, 68 are mirror images of for-
ward paddle wheels 62, 64 but may be of different diam-
eters than forward paddle wheels 62, 64. They rotate in
opposite senses to counteract each other’s torque. In all
other respects, the paddle wheels 62, 64, 66, and 68 are
similar to the paddle wheels 22, 24. In this embodiment,
however, pitch control is achieved as well as lift, thrust,
yaw, and roll control, by differential adjustment of the
strokes of the actuators and the pivot angles of the
blades of the forward and aft paddle wheels 62, 64, 66,
and 68. Yaw and roll control of the aircraft 60 is
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achieved by differentially adjusting the strokes of the
actuators and the pivot angle of the blades of the port
paddle wheels 62, 66 as compared to the strokes of the
actuators and the pivot angles of the blades of the star-
board paddle wheels 64, 68. Pitch control is achieved by
differentially adjusting the strokes of the actuators and
the pivot angle of the blades of the forward paddle
wheels 62, 64 relative to the strokes of the actuators and
the pivot angles of the blades of the aft paddle wheels
66, 68.

The stroke of each of the actuators 72 is controlled by
a sophisticated control system 82 depicted schemati-
cally in FIG. 6. Hence, operation of a control yoke 84
by a pilot imparts inputs to a computer 86 which, in
turn, operates the actuators 72 for each of the paddle
wheels 22, 24 illustrated in FIG. An airspeed sensor,
such as pitot tube 88 schematically depicted in FIG. 6,
provides an input signal which the computer must uti-
lize in addition to the pilot’s command in order to deter-
mine the optimum blade settings. A somewhat more
complicated control system would be required for the
aircraft 60 depicted in FIG. 5. The stroke of the actua-
tors 72 is controlled by the computer 86 which accounts
for changes in advance ratio and in accordance with the
pilot commands inputted via the control yoke 84.

The control scheme for the aircraft of the present
invention is shown in detail in the block diagram of
FIG. 7, depicting the processing and flow of informa-
tion controlling the actuation of each rotor blade. Itis a
digital control system allowing the superposition of
various control parameters by using a flight control
computer.

Control inputs originate as pilot commands and sig-
nals from the inertial and air data systems. Similar to a
helicopter, the aircraft of the present invention does not
have natural flight stability. In other words, if the air-
craft attitude or flight path is disturbed by a gust of air,
for instance, it does not develop restoring forces or
moments. In order to relieve the pilot from constantly
controlling the aircraft attitude, artificial stability is
provided by the control system which acts in response
to signals from the inertial and air data systems.

In FIG. 7, the parameters Ny, N, and N, denote the
aircraft accelerations in the directions of its longitudi-
nal, lateral, and vertical axes, respectively. The parame-
ter V., denotes the aircraft vertical rate of ascent or
descent, as applicable. The term V ,, represents aircraft
speed of travel, and the term 8 represents the aircraft
side slip angle. Other outputs from the modules of Col-
umn I are as indicated, i.e.,, climb/descend commands,
aircraft altitude, fore/aft motion commands, roll com-
mands, horizon position (i.e., bank angle), aircraft roll
rate, yaw rate, pitch rate, and rudder commands.

For reasons of space limitations, the engines of the
aircraft are depicted in Blocks V and W as “ENG1” and
“ENG?2,” respectively, and the actuators operating on
the individual blades of the rotors and the tail rotor
swash plate have been depicted by those blocks marked
“Act”. It will be appreciated that the lines connecting
the blocks of FIG. 7 in some instances represent electri-
cal connections while in other instances, as between the
engines and gear box and between the gear box and the
rotors and tail rotor swash plate, they represent me-
chanical connections such as a power transmission drive
train. It will also be appreciated that, although not
shown, signal transmissions between the actuator con-
trol electronics and the rotor-mounted actuators are
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achieved by any conventional means known in the art
such as slip rings.

The blocks in Column I (Blocks A through F) repre-
sent control input devices and aircraft and air data sen-
sors providing information for aircraft control and sta-
bilization. The blocks in Column II (Blocks H through
M) represent computer modules for combining pilot
commands and stabilization parameters to ensure
smooth execution of the commands and stable flight.
The functions performed by the modules of Blocks H
through M include signal conversion from analog to
digital, filtering, and gain scheduling. The processed
control signals are then transmitted to the correspond-
ing controller modules for the rotor blade pitch actua-
tors, tail rotor swash plate, and engine power control-
lers, through the modules of Column III (Blocks N
through Q) which further process the converted input
commands according to their respective control algo-
rithms to embody the steering commands in mathemati-
cal form. In the modules of Column III, the processed
signals are combined and distributed to the various
controller modules of Column IV (Blocks R through
U). The distribution process requires additional infor-
mation on rotor shaft rate and circumferential blade
position, which is provided through the indicated feed-
back loops.

Piloting the aircraft of the present invention is unique
in that independent control of vertical and horizontal
motion is provided. A climb/descend lever (A), prefer-
ably for the pilot’s left hand, controls the vertical com-
ponent of the aircraft motion vector. Movement of the
fore and aft control stick (B) controls the horizontal
component of the aircraft motion vector. Therefore,
either command affects not only the rotor blade posi-
tion but also the power setting of the engines.

Changing the lift of the aircraft can be achieved as in
ordinary aircraft by changing the angle of attack, a, of
the aircraft, i.e., the angle between the aircraft longitu-
dinal axis and the aircraft speed (V ..) vector. However,
in the aircraft of the present invention, the lift is prefera-
bly changed in a more direct way by changing the blade
deflections. The fuselage attitude is controlled by the
control system rather than the pilot. This is achieved by
module L of Column II. There are two modes for this
attitude stabilization. In regular flight, the fuselage lon-
gitudinal axis is maintained in alignment with the veloc-
ity vector, i.e., in a level orientation during horizontal
flight and in a nose-up or nose-down orientation during
climb and descent, respectively. The attitude stabiliza-
tion is switched to a level attitude hold mode during
hover and during flight at low airspeeds when the angle
of attack is not accurately determinable by the air data
system (F). In that case, the optical and inertial refer-
ence systerr (E) inputs ensure that a horizontal attitude
of the aircraft is maintained. For an aircraft design hav-
ing two opposed rotor assemblies on either side of the
fuselage, a tail rotor provides primary attitude control
and anti-torque moments.

Roll and yaw control and stabilization are also
achieved through blade pitch angle changes. Pilot com-
mand inputs for such controls are made by conventional
means as for fixed-wing aircraft through the use of
rudder pedals (D) and a roll control stick (C).

All pilot input commands, aircraft and air data system
inputs, and stabilization inputs as depicted in blocks H,
1, J, and K result in the determination of an incremental
blade deflection angle which is combined with the zero
load blade deflection angle determined for each blade of
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each rotor. The zero load blade deflection angle for a
blade is that deflection angle necessary to align the
blade with the local flow vector. The local flow vector
is the vector sum of the aircraft velocity and the tangen-
tial velocity of the rotating paddle wheel blade at the
peripheral position of the particular blade. In response
to a pilot input command, a flight condition as sensed by
the inertial reference system and the air data system,
and the stabilization inputs, the incremental and zero
load blade deflection angles are continuously deter-
mined in mathematical form for each blade at each
peripheral blade position as the paddle wheel rotates.
The determined instantaneous incremental and zero
load blade deflection angles are combined to produce an
optimum net blade pitch angle for each blade at each
peripheral position, and the stroke of each actuator is
controlled to continuously pivot each blade to the opti-
mum net blade pitch angle for the input command and
sensed flight condition as the paddle wheel rotates. By
pivoting each blade to the optimum net blade pitch
angle, the paddle wheels operate at optimum efficiency
in response to each pilot input command, flight condi-
tion, and stabilization input.

When a blade carries an airload, it will deflect the air
flow passing it, and this air flow deflection alters the air
flow directions at the other blades. The magnitude of
these interferences is small, and in general only the
adjacent downstream blades are affected. A larger in-
terference exists in the four-rotor configuration of FIG.
5, where the collective flow deflection generated by the
forward paddle wheels 62, 64 produces a downwash at
the aft paddle wheels 66, 68. The present digital control
system can easily produce compensating blade deflec-
tions to account for such phenomena and thereby
achieve a performance gain. The flow interference can
be calculated using computational fluid dynamics meth-
ods known in the art, or they can be determined experi-
mentally through wind tunnel testing and mathemati-
cally modeled. In one embodiment of the present inven-
tion, such blade interference information is provided to
the contro! system computer in the form of look-up
tables or curve-fitting equations, as represented by
Block G of FIG. 7. Blade interference information from
Block G is utilized together with the rotor shaft rate and
position feedback information in Block 0 and P to pro-
duce the appropriate blade deflection corrections for
blade interference effects.

The aircraft of the present invention thus provides a
vertical take-off and landing aircraft which employs a
practical, simple, and flexible approach to controlling
the individual blade angles of incidence of the airfoils of
the paddle wheel assemblies. Because a variable stroke
piston and cylinder actuator system controls the instan-
taneous blade pitch angle of each blade in response to
blade pitch control signals processed electronically in
mathematical form, blade pitch angle is controlled with-
out recourse to the complex gear drives, cam/follower
mechanisms, kinematic chains, and similar mechanical
devices of prior art rotorcraft. The aircraft of the pres-
ent invention thus provides an innate flexibility to adapt
to changing flight conditions through changes in the
blade pitch angles which are not constrained by physi-
cal and mechanical implementations of specific pitch
control laws. And, through modeling of bladeé interfer-
ence effects, the control system of the present invention
enables the performance of the aircraft of the present
invention to be optimized with respect to such effects, a
feature not provided by the prior art.
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While preferred embodiments of the invention have
been disclosed in detail, it should be understood by
those skilled in the art that various other modifications
may be made to the illustrated embodiments without
departing from the scope of the invention as described
in the specification and defined in the appended claims.

What is claimed is:

1. An aircraft having vertical takeoff and landing
capabilities, comprising:

a fuselage having a nose and a tail, a longitudinal axis
extending therebetween, and port and starboard
sides;

first and second paddle wheels rotatably coupled to
the fuselage for rotation about a first common axis
perpendicular to the longitudinal axis between the
nose and the tail, the first paddle wheel extending
laterally away from the port side, the second pad-
dle wheel extending laterally away from the star-
board side, each paddle wheel having

an axle aligned with a central axis of the paddle wheel
and rotatably coupled to the fuselage,

first and second laterally spaced hubs fixed to the axle
for rotation therewith,

a plurality of spokes integral with each hub for rota-
tion therewith, each spoke extending radially away
from the axle to a tip end,

a plurality of airfoil-shaped blades pivotably attached
to the spoke tip ends, each blade being pivotably
attached to an associated spoke integral with the
first hub and to an associated spoke integral with
the second hub for rotation about a lateral axis of
the blade, the associated spokes having similar
equi-distant radial positions in the plane of the hub,
and,

a plurality of variable-stroke piston and cylinder actu-
ators integral to each hub for rotation therewith,
each actuator having a pitch control rod extending
between and pivotably connecting the actuator and
an associated on of the plurality of blades, a vari-
able stroke of the actuator pivoting the associated
blade in response to a cyclic steering command;
and,

control means coupled to each actuator for determin-
ing an aerodynamically optimum airfoil pitch angle
for each blade at each peripheral position of the
blade relative to the central axis for a selected flight
condition, and for providing the cyclic steering
command to each variable-stroke piston and cylin-
der actuator to pivot the associated blade to the
determined airfoil pitch angle, the control means
being responsive to an input command from a pilot
and to an input signal from an airspeed sensor, the
pivoted blades providing a cyclic pitch of each
paddle wheel required for the selected flight condi-
tion.

2. An aircraft as set forth in claim 1 wherein said
control means differentially controls actuators of said
first paddle wheel relative to actuators of said second
paddle wheel to differentially pivot said blades of said
first paddle wheel about their said lateral axes relative
to said blades of said second paddle wheel to control
roll of said aircraft about said longitudinal axis and to
control yaw of said aircraft about a first vertical axis
perpendicular to both said longitudinal axis and said
first common axis; and

further comprising an aircraft pitch control rotor for
controlling pitch of said aircraft about a pitch axis
generally parallel to said first common axis, said
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pitch control rotor being rotatable about a second
vertical axis parallel to said first vertical axis and
distant from said paddle wheels generally along
said longitudinal axis.

3. An ajrcraft as set forth in claim 2 wherein said pitch
control rotor is rotatably mounted at said tail and has a
rotor disk which lies in a plane generally perpendicular
to said first vertical axis.

4. An aircraft as set forth in claim 1 further compris-
ing drive means for rotating each of said first and sec-
ond paddle wheels about its said central axis, each said
central axis of said first and second paddle wheels being
aligned with the first common axis.

5. An aircraft as set forth in claim 4 wherein said
drive means includes at least one engine and power
coupling means drivingly engaging said engine and
each of said paddle wheels.

6. An aircraft as set forth in claim 1, further compris-
ing:

third and fourth paddle wheels rotatably coupled to
the fuselage for rotation about a second common
axis, the second common axis being aligned with
and parallel to the first common axis and spaced
rearwardly thereof on the fuselage, the third pad-
dle wheel extending laterally away from the port
side, the fourth paddle wheel extending laterally
away from the starboard side; wherein

the control means differentially controls actuators of
the first and third paddle wheels relative to actua-
tors of the second and fourth paddle wheels to
differentially pivot the blades of the first and third
paddle wheels relative to the blades of the second
and fourth paddle wheels for controlling roll of the
aircraft about the longitudinal axis and for control-
ling yaw of the aircraft about a first vertical axis
perpendicular to the longitudinal axis and to the
first common axis, and wherein further

the control means differentially controls actuators of
the third and fourth paddle wheels relative to actu-
ators of the first and second paddle wheels to dif-
ferentially pivot the blades of the third and fourth
paddle wheels relative to the blades of the first and
second paddle wheels for controlling pitch of the
aircraft about a pitch axis parallel to the first com-
mon axis.

7. An aircraft as set forth in claim 6, further compris-
ing drive means for rotating each of said third and
fourth paddle wheels about its said central axis, each
said central axis of said third and fourth paddle wheels
being aligned with the second common axis.

8. An aircraft as set forth in claim 1 wherein further
said control means account for flow interference effects
among said blades.

9. An aircraft as set forth in claim 6 wherein said
control means account for flow interference effects
among said blades and for downwash effects generated
by said first and second paddle wheels at said third and
fourth paddle wheels.

10. A vertical takeoff and landing aircraft comprising
in combination a fuselage, a plurality of paddle wheels,
engine means, and control means operatively connected
and characterized as follows:

(a) said fuselage comprising a nose and a tail and
having a longitudinal axis extending therebetween
and port and starboard sides;

(b) said paddle wheels being mounted to said fuselage
for rotation about a first common axis extending
perpendicular to said longitudinal axis between
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said nose and said tail, a first of said paddle wheels

extending from said port side of said fuselage, a

second of said paddle wheels extending from said

starboard side of said fuselage, each said paddle
wheel comprising:

an axle suitably mounted on said fuselage for rota-
tion of said axle and said paddie wheel about said
first common axis, said axle extending laterally
away from said fuselage and being aligned with a
central axis of said paddle wheel and with said
first common axis,

a pair of laterally spaced hubs fixed to said axle for
rotation therewith,

a plurality of spokes integral to each said hub, each
spoke of said plurality of spokes extending radi-
ally away from each said hub to a tip end,

a plurality of airfoil-shaped blades positioned about
a periphery of said paddle wheel, each blade of
said plurality of blades having a pair of laterally
spaced support lugs extending inwardly toward
said axle from an underside of said blade at op-
posing ends of said blade, each of said support
lugs being pivotably attached by a support pin to
an associated tip end of each spoke of an associ-
ated pair of spokes, said associated pair of spokes
extending in similar radial position from said
hubs, each said blade further having a pair of
control lugs extending inwardly toward said axle
from said underside of said blade at opposing
ends of said blade, each of said control lugs being
spaced chordwise from an associated support lug
of said blade,

a plurality of variable stroke linear actuators associ-
ated with each said hub, each actuator of said
plurality of actuators being associated with one
spoke of the plurality of spokes of said hubs and
with said blade pivotably attached to said tip end
of said associated spoke, said actuator extending
in similar radial position from said hub as said
associated spoke, and,

a pitch control rod and extending between each
said actuator and an associated control lug, said
pitch control rod being pivotably attached to
said associated control lug by a control pin, said
associated control lug being further associated
with said support hub of said blade pivotably
attached to said tip end of said associated spoke,
whereby movement of said pitch control rod by
actuation of said actuator results in pivotal
movement of said blade about said support pin;

(c) said engine means comprising at least one gas
turbine engine mounted to said fuselage, said en-
gine driving said axles of said first and second pad-
dle wheels in rotational motion about said first
common axis by rotational actuation of a drive
shaft, said drive shaft engaging a first transmission
and a first cross axle, said first cross axle joining
said axles of said first and second paddle wheels for
unitary rotation; and,

(d) said control means being operatively connected

with each said actuator for adjusting a stroke of

each said actuator to pivot each said blade about
said control pin in response to a pilot input com-
mand, a flight condition as sensed by an inertial

reference system and an air data system, and a

stabilization input, wherein an incremental blade

deflection angle and zero load blade deflection
angle are continuously determined in mathematical
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form for each said blade at each peripheral position
of each said blade for each said pilot input com-
mand, flight condition, and stabilization input as
said paddle wheels rotate, said incremental blade
deflection angle and zero load blade deflection
angle being combined to produce an optimum net
blade pitch angle for each said blade at each said
peripheral position, said stroke of each actuator
being controlied to pivotably move each said biade
to said optimum net blade pitch angle, whereby an
optimum cyclic pitch for said paddle wheels is
produced for said pilot input command, flight con-
dition, and stabilization input.

11. A vertical takeoff and landing aircraft as set forth
in claim 9, wherein said control means differentially
adjusts said strokes of said actuators to differentially
pivot said blades of said first paddle wheel relative to
said blades of said second paddle wheel, whereby yaw
and roll control of said aircraft is achieved.

12. A vertical takeoff and landing aircraft as set forth
in claim 11, wherein said aircraft further comprises a
pitch control rotor rotatably mounted at said tail of said
fuselage aft of said axles of said paddle wheels, said
pitch control rotor having a plurality of rotor blades
defining a rotor disk lying in a plane generally parallel
to said first common axis and to said longitudinal axis, a
rotation of said pitch control rotor generating moment
forces for pitch control of said aircraft and compensa-
tion for torques produced by rotation of said first and
second paddle wheels.

13. A vertical takeoff and landing aircraft as set forth
in claim 1%, wherein:

said plurality of paddle wheels further comprises

third and fourth paddle wheels mounted to said
fuselage for rotation about a second common axis
generally parallel to said first common axis and
laterally spaced from said first common axis be-
tween said first common axis and said tail, said
third paddie wheel extending laterally away from
said port side of said fuselage, said fourth paddle
wheel extending laterally away from said starboard
side of said fuselage,

said third and fourth paddle wheel being mirror im-

ages respectively of said first and second wheels,
and being rotated in a direction opposite to a rota-
tion direction of said first and second paddle
wheels, whereby rotational torques of said paddle
wheels are counteracted,

said engine means further driving said axles of said

third and fourth paddle wheels in rotational motion
about said second common axis, said drive shaft of
said engine means further engaging a second trans-
mission and a second cross axle, said second cross
axle joining said axles of said third and fourth pad-
dle wheels for unitary rotation,

said control means differentially adjusting said

strokes of said actuators to differentially pivot said
blades of said first and third paddle wheels relative
to said blades of said second and fourth paddle
wheels, whereby yaw and roll control of said air-
craft is achieved, and

said control means differentially adjusting said

strokes of said actuators to differentially pivot said
blades of said first and second paddle wheels rela-
tive to said blades of said third and fourth paddle
wheels, whereby pitch control of said aircraft is
achieved.
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14. A vertical takeoff and landing aircraft as set forth
in claim 10, wherein said control means further adjusts
said stroke of each said actuator and pivot angle of each
said blade in response to blade interference effect infor-
mation in the form of look-up tables of data stored in
said control means.

15. A vertical takeoff and landing aircraft as set forth
in claim 10, wherein said control means further adjusts
said stroke of each said actuator and pivot angle of each
said blade in response to blade interference effect data in
the form of an equation stored in said. control means.
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16. A vertical takeoff and landing aircraft as set forth
in claim 13, wherein said control means further adjusts
said stroke of each said actuator and pivot angle of each
said blade in response to blade interference effect and
downwash effect information in the form of look-up
tables of data stored in said control means.

17. A vertical takeoff and landing aircraft as set forth
in claim 13, wherein said control means further adjusts
said stroke of each said actuator and pivot angle of each
said blade in response to blade interference effect and
downwash effect information in the form of an equation

stored in said control means.
* * * * L 3
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- This invention relates to an airplane hav-
ing the capacity to rise vertically and to trav-
erse through the air horizontally at will.
The primary object of this invention is to
provide an aircraft combining the advan-
tages-of the helicopter with those of the air-
plane. ‘ i

The invention provides an improved appli-
cation of the feathering blade paddle wheel
type of propeller to vertical rising aircraft.
whereby the torques of such wheels are bal-
anced one against another, so that there is no
resultant tendency whatever to rotate the
machine about the axes of such wheels, and:
at the same time having the wheels disposed
with. their rotational axes transverse to the
line of flight of the machine whereby the hori-
zontal components of thrust may be utilized
to propel the machine horizontally. .

A further object of the invention is to pro-
vide an improved propelling means for driv-.
ing aircraft and the like in any desired direc-.
tion. The invention further provides im--
proved means for stabilizing vertical rising-
airplanes at times when the forward speed
of the machine would be insufficient to render
the ordinary controls, such as are applied to
the standard heavier-than-air machine today
effective for the purpose of obtaining:longi-
tudinal and lateral stability. o

According to the present invention there is
provided an aircraft of the heavier-than-air
type, having the capacity to rise vertically
from the ground without any running take-

. off whatever and to descend vertically in still

alr upon a given ground space and without
detrimental shock to the machine. = The ma-

chine is capable of horizontal flight at a-

chosen elevation at speeds considerably in ex- .
cess of the velocity of any of the impeller
parts, and its course, and lateral and longitu--
dinal stability are at all times under the con-

" trol of the pilot, regardless of whether the mo-

45

_tors are running or at a standstill. A verti-
cal rising airplane according to this inven-

.of the propelling surfaces divided into three ;
S e

1925, Serial No. 43294,

tion is provided, by virtue of the design and
arrangement of the propelling surface and
certain auxiliary sustaining areas, with suf-
ficient lifting surface to permit it to glide or
volplane safely to the ground without the
application of any power whatsoever to the
propelling means. According to one design
for'a man-carrying machiue of the type now
being described, the total load on the sustain-
ing surface which would bs active in gliding
flight is less than six pounds per square foot.
This is well within the safeloading forgliding
at ordinary landing speeds. When the ma-
chine is in full horizontal flight the ordinary
aileron, rudder, and stabilizer surfaces may be
employed to control its course.. Until normal .

50

horizontal flying speed has been attained °

means are provided for independently con-
trolling the efficiency of the several impeller
devices, whereby through increasing the lift-
ing efficiency of one or more or decreasing
the efficiency of others the machine may be
kept on an even keel. ' '
Referring to the drawings,— ,
Figure 1 shows a plan view of one form of
heavier-than-air machine according to the

‘present invention.

Fig. 2 is a side elevation partly in section
of the same machine. oo

Fig. 3 is a front elevation of the assembled

machine according to Figs. 1 and 2, the for- -

ward left-hand rotary’ impeller - being re-
moyved to show the rear left-hand impeller.
Fig. 4 shows in side elevation one of the
wheel propelling ‘devices and illustrates va-
rious. adjustments of the blade feathering
device. . ' - L
Fig. 5 shows in detail a plan view of a mod-
ified form of surface element of an impeller
blade. o
. Fig. 6 is a cross section of the impeller
biade shown in Fig. 5. ‘ o
Fig. 7 shows a further modification of one

shutter sections.
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The invention according to the preferred
embodiment illustrated in the drawings com-
prises a body portion or fuselage 1 upon
which are mounted a plurality of feathering
blade impellers preferably four in number,
and arranged in fore and aft pairs, the right
and left-hand forward impellers as viewed
from the front of the machine being desig-
nated as A A’ and the corresponding im-
pellers in the rear being B B’ respectively.
The transverse supporting frame 2 is rigidly
attached to the central body 1 and at its out-
ward extremities carries longitudinal truss
members 3 at the forward and rear ends of
which are provided suitable mountings for
the outward bearings of the several rotary
impellers, as shown. The transverse frame 2
is preferably of the wire braced truss con-
struction similar to that employed in the
usual biplane, and its upper and lower por-
tions may be formed externally in accordance
with standard wing construction, the top and
bottom surfaces of each wing being cambered

- in accordance with proper wing design for

35

the speed at which the machine is intended
to fly. The machine is provided with suit-
able landing gear as shown, which will be
hereinafter more fully described.

The principal sustaining means and pret-

erably the sole propelling ‘surfaces are com--

prised by the blades or active pressure sur-
faces of the rotary impellers A A” and B B’.
One of these impellers will now be described
in detail, it being understood that each of the
others is prefera%ly of the same identical con-

~ struction with the exception that the impeller

40
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on the opposite side of the machine from the
one now to be described will be a right hand
duplicate, since the present one will be the
left-hand forward impeller A.

According to the preferred embodiment
illustrated in the drawings, the impeller is
constructed as follows:

Power is applied to the impeller A at its
central axis ang at a point adjacent the fuse-
lage, said axis comprising a relatively large
tubular shaft 10, as this shaft is required to
transmit quite heavy torque. Itismade pref-
erably in hollow cylindrical form, as this af-
fords a greater rigidity against deformation
through twisting stresses than a solid shaft of
the same weight. At either end of the driving
tube 10 are blade-supporting arms 11, 117, 11%,
113, preferably 90° apart, the corresponding
arms at either end of the tube being parallel.
At their inner portions these arms are rigidly
attached to the torque tube 10 and at their
outer ends are provided with bearings suitable
for the pivotal support of the impeller blades
12, 127,122, 123, A bearing shaft 13 extends
from the outer portion of the impeller A and

is suitably journaled in a bearing supported

by the longitudinal truss member 3. Pivot-
ally mounted on said shaft and inwards of
the longitudinal truss member is an eccentric

1,754,977

14 on the face of which may be cut an arc of
gear teeth 15, having the axis 13 as a center.
A control shaft and pinion 16 is rotatably
mounted on the truss member 3, the pinion
meshing with teeth 15, whereby the position
ot the eccentric 14 may be regulated and fixed
in any desired relationship with the shait 13.
Surrounding the eccentric 14 is an eccentric
band 20 at the four quadrants of which are
blade feathering arms 21, 217,212,212, These
arms are rigidly attached to the eccentric
band and at their outer extremities are pro-
vided with studs or bosses 22. The bosses 22
form a pivotal connection with crank arms
23, which arms are rigidly attached to shafts
94 passing through the bearing in the outer
ends of arms 11, 11/, 112 and 11°. To each

shaft is fixed respectively the impeller blades’

12, 127, 12% and 12°. :

By virtue of the arrangement of the impel-
ler arms 11, 11/, 112 and 11° and the feather-
ing control arms 21, 21%, 212 and 219, the ef-
fective center of the feathering control eccen-
tric 14 being disposed at a distance from the
center 18 equivalent to the length of the crank
arm 23 and the line of said centers being
parallel to said crank arm, there is provided
a parallel motion device, whereby the crank
arms 23 and consequently the impeller blades
rigidly connected therewith, will be main-
tained parallel to a predetermined plane
throughout their entirve revolution about the
axis 13. The plane with respect to which all
the blades will be parallel may be varied at
will by shifting the eccentric 14 under the con-
trol of pinion 16, as will be more fully de-
scribed hereafter. :

The impeller blades will now be described
in detail, reference being had to the blade 12,
which, however, is typical and similar in
every respect to each of the other blades on
the four impellers A A’ and B B”. Because of
the preferred method of feathering the
blades, namely, causing them to maintain po-

sitions parallel to a given plane throughout

their entire rotation about the central shaft
of the impeller, it is necessary to provide
means for rendering the blades effective in
their action against the air in directions that
render them useful in producing lift or hori-
zontal thrust and at the same time to reduce
the efficiency of these surfaces to a minimum
when they are traveling in directions not
suited to the production of such lift or thrust.
Other types of feathering may be employed
whereby the blades are caused to automati-
cally assume as a whole, varying angles of
incidence suitable to the production of the
desired air reactions and at times when their
motions are such as to render them incapable
of producing such reactions, to assume angles
of approximately zero incidence, whereby the
rotation of such blades through their inactive
ares of travel will absorb in such useless ro-
tation as little power as possible. Because of
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the complication and various structural dif-
ficulties of obtaining such latter feathering
motion as described above, the comparatively

simple parallel motion type of feathering has.

been chosen and the blades themselves pro-
vided with automatic shutter devices which
perform.the function of feathering the blades
at the appropriate times for the purpose of
minimizing the air resistance during the inac-
tive rotation of the blades without any me-

. chanical control whatsoever other than the air
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pressure. Accordingly, in the preferred em-
bodiment of the invention, the impeller
blades, active pressure surfaces or aerofoils, as
they may be termed, are constructed as fol-
lows: ’

As will be seen in Figure 1, the blades com-

“prise a plurality of shutter vanes, thirty-two

1n number in the particular form illustrated,
although the number of vanes are not mate-
rial and structural considerations may dictate

the use of many small vanes or a compara-

tively few larger ones. The blade is prefer-
ably formed as an inverted trough (see Figs.
1, 2, 3 and 5), the upper, forward and rear-
ward surfaces C and D of which form an
angle of approximately 120° between each
other. The valley or long axis of the trough
is furthermore, in the pre%erred form, at right
angles to the longitudinal axis of the machine.
Pivotally hung in-a suitable frame 30 and
forming when closed the aforesaid surfaces

.G, D, are rows of shutter-vanes or flaps 81

and 32 respectively, the same being adapted
to swing down into a substantially vertical
plane whenever there is'a resulting pressure
on the upper faces thereof, and to be swung
into the planes of the blade surfaces C, D

_ respectively when the resultant pressure is

40
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from the underside of the blade. - As has
been previously described, the crank arm 23
actuating the shaft.24, positively controls the
angle of incidence of the blade 12 at all times,
the shaft being rigidly secured to the frame
of the blade. ' ' :
One of the objects in constructing the im-
peller blade 12 in the form of an inverted

- trough is to provide a blade for striking a

50
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downward blow on the air more effectively
than is possible with a flat blade; also to
provide members, which, while traveling up-
wardly over a necessary idle arc of rotation
and while the vanes 31 are open, will present

_inclined surfaces to the air which will offer

less resistance than if they were disposed nor-
mally to their path of motion through the air.
A further advantage of constructing the blade
as a trough is that the rear surfaces of blades

rotating in a clockwise direction, such as are

the blades of impeller A’, will close and be-
come effective as lifting surfaces earlier than

. if they were disposed in a horizontal plane,

- 65

and this will produce a condensation of air

within the trough which causes the earlier

closing of vanes 81 in the forward surface C
of the impeller blade 12.

It will be seen in Figure 2 that the forward
row of vanes comprising the surface C of im-

Eeller blade 12, are still open, while the rear .

lades 32 are closed. When blade 12 has
reached the position now occupied by blade
12, both the forward and rear shutter vanes
will be closed, ds shown.  Continuing further
in the course of a revolution, to the position
now occupied by the blade 122, it is seen, the
rear vanes 32 will have opened under the air
pressure acting downwardly through the sur-

face D while the forward vanes 31 still re-

main closed by virtue of their angle of inci-
dence and a certain condition of pressure still
obtaining within the trough. When the blade
reaches the position now occupied by blade
12%, both the forward and rear surface ele-
ments or vanes 31 and 382 respectively will
have opened to the vertical position render-
ing the impeller surfaces C and D from that
point upward to the position first described
in the orbit of the blades, practically free
from resistance. It will thus be seen that

_the impeller blades in traveling from the po-

sition 1llustrated for blade 12t to the position

of blade 122 will be acting downwardly

against the air with maximum efficiency, the

‘blade throughout this are of travel forming

a perfect inverted trough, the upper surfaces
of which are tightly closed and spillage from
the ends may also be reduced by vertical tri-
angular end surfaces 33. From the position
represented by blade 12 to that of blade 122,
the efficiency averages considerably above

-3
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fifty per cent. of the maximum possible effi- .

ciency of the blade, as is also true of the
travel from the position represented by blade
122 to that of blade 123. From the position
of 123 to that -of 12 the vanes in the 90° arc
therebetween are necessarily idle.

el
<
t

In Figure 1 it will be observed that the -

vanes 31 and 32 of the impeller blades are
set at a slight angle to the axis of the ma-
chine. The purpose ef thisis to give the vanes
an inherent tendency to close after they have
swung into the vertical position; by virtue of

‘their being carried through the air, their po-

sition being such that with respect to the plane
of rotation of the impeller there is present.an
angle of incidence or attack, to the air
through which they are being carried hori-
zontally and which causes them to be swung
transversely and caused to approach towards
the plane of the blade surfaces C and D. By
this means the danger of the vanes falling
into a state of neutral equilibrium and not

‘being caused to return to their working posi-
tions in which they act on the air to produce

useful lift and thrust, is practically avoided.
However, it is preferable to provide, as shown
in Figures 5 and 6, spacing rods 34 tying all
the vanes of a common surface together and
which rod engages a portion of the blade

zac
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frame 30 at a point 85 to prevent the vanes
from swin%ing quite into the vertical posi-
tions thereby avoiding a tendency for them
to fall into a state of neutral equiliﬁrium with
resg)ect to the air pressures acting on them,
and which, as above mentioned, might inter-
fere with their proper closing.

In Figure 7 there is illustrated in cross sec-
tion a modified form of impeller blade in
which the inverted trough frame has three
vane-carrying surfaces instead of two as in
the form previously described, the three rows
of vanes being shown as 37, 38 and 39. Such
a modified blade construction is probably
slightly more efficient than the two-sided
trough form but has 50% more parts and is
correspondingly more expensive to build.
Obviously for the sake of efficiency the num-
ber of rows of surface elements comprising
the trough-like impeller blades may be in-
creased until the surface of the trough closely
approximates the cambered- surface of the
usual airplane wing, although this construc-
tion is not preferred because of its costliness.
.-In Figure 4 the impeller blades 12, 127, 12?
and 12¢ are shown adjusted to-a position in
which they form a very considerable angle
with the horizontal. With the blades adjust-
ed to the position shown, the effect of their
rotation in their substantially circular orbit

" about the center 13 is to produce, in addition

to a vertical lift,’a horizontal component of
force which tends to propel the machine for-
wardly in the direction of the arrow. When
‘he four impellers of the machine are caused

" to rotate by the engine, the machine is being
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lifted by the vertical force due to the down-
ward travel of the blades through the course
of their effective rotation, and at the same
time it may be said to be gliding forward on
the said surfaces. As adjusted in Figure 4,
these surfaces provide lifting areas inclined to
the horizontal, which, if the impellers were
stationary, would provide sufficient surface to
permit the machine to glide at high speed in
the course of a gliding descent.

In the case where power is applied to the
impellers, the necessary loss of altitude
through such pure gliding action is overcome
and the body of the machine is caused to main-
tain a constant altitude or even to ascend,
while at the same time the machine may be

said to be gliding forward and at a rate of.

speed greatly in excess of the rotational speed
of the impeller blades. This may be better un-
derstood if the gliding flight of an ordinary
airplane is considered. The motor of an air-
plane may be stopped; and by suitably inclin-
ing the axis of the machine to the horizontal,
the airplane, if it has sufficient altitude, may
be caused to fly at a high rate of speed and for
long distances without any propulsive force
whatever other than the action of gravity in
producing what is recognized as gliding
flight. It is this principle which is availed

1,754,977

of to produce the horizontal travel of the pres-
ent machine, and as already pointed out, per-
mits it to travel forward at relatively high

speeds and at a constant altitude when the

motor is running, and which also, when the
motor is shut off, permits the machine to con-
tinue its flight by gliding downwardly and
gradually losing altitude. Furthermore,
while so gliding, the machine can be maneu-
vered and landed in the same way as the usual
type of airplane does at present.

The blade 12 in Figure 4 is shown in dotted
lines in various positions which it may be
caused to assume by the action of the feather-
ing control eccentric 14. In these various po-
sitions the machine may be caused to rise ver-
tically or to perform any desired combination
of vertical and horizontal motion within its
speed limits. When adjusted to the extreme
counter-clockwise position illustrated, the
blades will exert a considerable thrust in a di-
rection opposite to that indicated by the arrow
in Figure 4. A capacity to produce thrust in
this direction may be useful in retarding the
forward flight of the machine or causing it to
hover over a given point on the ground when
the wind is blowing from the rear of the ma-
chine, with the consequent tendency to cause it
to drift forward. By inclining the impeller

- blades of both the forward and rear impellers

parallel to a common plane, the thrust pro-
duced by forward impellers A, A’ and rear
impellers B, B’ will both be in the same direc-
tion in spite of the fact that these two pairs of
impellers are rotated in opposite directions.
This fact permits of the use of rotary impel-
lers of the present type to produce useful hori-
zontal and vertical forces, but without any
resultant torque whatsoever due to-the rota-
tion of the said impellers because of the fact
that any number may be arranged in symmet-
rical oppositely rotated pairs whereby their
resultant torques are neutralized. Each is
rotated about an axis transverse to the line of
flight- of the machine whereby their horizon-
tal components may be added together to pro-
duce useful flying thrusts without resultant
torque, and thus dispensing with auxiliary
horizontal propelling means heretofore re-
sorted to for the purpose of maintaining hori-
zontal flight in a machine capable also of ris-
ing vertically.

According to the present invention there
is provided means for individually control-
ling the inclinations of the vanes of the four
impellers each independently of the others so
that the vertical and horizontal components
of force of each impeller may be varied at
will, whereby the machine may be stabilized
both laterally and longitudinally and also
turned in a horizontal plane to the right or
left by the appropriate relative adjustment
of the several impellers. For example, if the
nose of the machine is lower than the tail,
and the pilot desires to right it, the lifting
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efficiency of the forward impellers A, A’ may
be increased or the lift of the rear impellers
B, B” diminished. If the machine is tipped
to the left, the lifting efficiency of the im-

pellers A%, B’ may be -increased or the ef-

ficiency of impellers A, B diminished; and the
machine will be laterally. stabilized to the de-
sired horizontal position. If it is desired to
cause the machine to travel in a circle or even
to practically pivot about its own center with-

out any horizontal flight whatever, the lifting

efficiencies of the impellers A, B may be main-
tained equal to that of the rotors A’, B’, but
the horizontal components of the right and
left hand impellers may be oppositely direct-

-ed, A and B producing a forward thrust and

A’, B’ producing a rearward thrust. This
will create a force couple tending to revolve
the machine in a clockwise direction. Obvi-
ously the reverse adjustment of the right and
left hand impellers will cause the machine to
turn in a counter-clockwise direction.

The same adjustments above described may
be made use of to control the free gliding
flight of the machine when the motor is not
running, the impellers in fact. constituting
four lifting surfaces of an airplane, the in-

* cidence of each of which may be varied in-
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dependently of the others. However, when
a horizontally flying speed of over forty miles

per hour is attained, the control of the sta- -

bility and direction of flight may be accom-
plished without interfering with the lifting
or propelling efficiency of the impellers by
the use of the usual control surfaces, namely,
ailerons, elevator and rudder. Ailerons 40
may be carried, as.shown, extending out-
wardly from the transverse supporting frame
2. The elevator and rudder 41 and 42 re-
spectively are mounted at the rear of the
machine in accordance with standard air-
plane practice, a stabilizing plane 43 complet-
ing the surface formed by the elevator 41
into a tail plane contiguous with the fuselage
of the machine. '

Through the individual control of the im-

- pellers as above set forth, an adjustment may

be obtained by which practically automatic
longitudinal stability may be achieved when
the machine is rising vertically. This is ac-
complished by setting the blades of the for-
ward impellers to form a slightly positive

_angle of incidence with respect to the lon-
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gitudinal axis of the machine, and the blades
of the rear impellers with a slightly negative
angle of incidence thereto. Because of the
dihedral angle between the forward and rear
surfaces, automatic longitudinal stability is

obtained in the same way as it is achieved in -

airplane design by making the incidence of
the rear stabilizer plane slightly less than

.that of the main lifting surfaces. With such

© an arrangement, when the machine tilts for-

65

ward the front surfaces become more efficient

than the rear surface, and consequently, the

machine tends to right itself. _
The machine may be driven by any suitable
source .of power, the power unit or units be-
ing preferably situated within the fuselage
of the machine and so-disposed with respect
to the center of lift of the. combined blade
surfaces of the several impellers that the cen-
ter of gravity of the machine will substan-
tially coincide therewith. ‘

The running gear of the machine may com-

prise forward and réar main wheels mounted,
as shown, in suitable frames 45 and 46 re-

70,
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spectively, the forward wheel frame being ro-

tatable about a vertical axis and susceptible
of directional control by any suitable steer-
ing mechanism. The rear wheel frame 46 is

preferably swivel hung, the pivotal point be- -

ing somewhat ahead of the wheel axle, as
shown at 47. Balancing wheels 48 and 49
may be conveniently mounted in forks rigidly
connected to the longitudinal truss members
3 and at an elevation somewhat above the
plane of the main wheels so that the major
landing stress will be normally received by
said wheels. The wheels are preferably each
provided with - suitable shock-absorbing
mountings in accordance with usual airplane
practice. '

While only a single embodiment of the in-
vention has been illustrated and described, it
is to be understood that the scope of the in-
vention is not limited thereto and that it may
be variously modified without departing

from the spirit of the invention. The num-

ber and arrangement of the several rotary
impellers is not material, the important
aspect of the impeller - arrangement being
only that whatever the number employed
they are to be arranged in oppositely rotated
pairs with the axes of rotation substantially
at right angles to the horizontal line of fight
of the machine. The system of impellers
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hereinabove described is furthermore ap- -

plicable to the propulsion of lighter than air

machines and also as a means of marine pro-’

pulsion. By suitable adaptation, the impel-
lers may be used in any fluid medium what-
soever. ' . :

. In the specification and claims it is to be
understood that the expression “trough-like
surfaces” applied to the impeller blades is in-
tended to convey merely the idea of the sur-
face being concave in the same sense that the
airplane wing is said to be concave on its
under side, it being not in any way essential
that vertical end surfaces be provided to close
the ends of the trough-like surfaces.

What I claim is: ,

1. A vertically rising airplane including
oppositely rotating frames revolving about
axes substantially transverse to the horizon-
tal line of flight of the machine, and aero-
foils carried thereby through substantially

circular orbits, said aerofoils comprising in-
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verted, trough-like surfaces, said trough-like
surfaces being disposed with their valleys
substantially parallel to the axes of rotation
of the frames, and each of said surfaces being
formed of a plurality of feathering shutter
vanes. *

9. A vertically rising airplane including a
rotating frame revolving about an axis
transverse to the horizontal line of flight of
the machine, aerofoils carried thereby
through substantially circular orbits, said
aerofoils comprising dihedral surfaces, the

Jine of intersection of the two planes of said -

surfaces being substantially parallel to the
axis of rotation of the frame, and each of said
surfaces comprising a plurality of feathering
shutter vanes, the vanes of one surface being
operable independently of those of the other.

8. A vertically rising airplane includjnﬁ
a rotating frame, aerofoil surfaces carriet
thereby through substantially circular orbits
about an axis which is transverse to-the hori-
zontal line of flight of the airplane, said aero-
foil surfaces being formed by & plurality of
feathering vanes, the individual pivotal axes
of said vanes being substantially parallel to
the line of flight of said airplane.

4. A vertically rising airplane including
substantially axially transverse, oppositel
rotated fore and aft rotary frames, eac
frame carrying a plurality of aerofoil sur-
faces pivotally mounted thereon, mechanical
feathering means for automatically regulat-
ing the fore and aft or longitudinal incidence
of said surfaces while they are rotated with

" the frames, said surfaces comprising sets of

40

45
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35

longitudinally pivoted vanes adapted to be
feathered by the variation in air reaction
whereby their transverse inclination is auto-
matically varied to effect an opening and clos-
ing shutter action. o

5. A vertically rising airplane
substantially axially transverse, oppositely
rotated, fore and aft rotary frames, aerofoil
surfaces pivotally mounted thereon and
feathering mezns adapted to maintain the
operative surfaces of said fore and aft frames
substantially parallel to a chosen plane
oblique to the horizontal throughout the rota-
tion of said frames, whereby the airplane will
be propelled in the same direction by the
surfaces of both fore and aft rotary frames:.

6. A rotary propelling device adapted for
use in a fluid medium, said device including
a rotary frame, propelling surfaces ivotally
mounted thereon, said surfaces including a
plurality of shutter vanes the pivotal axes
of which are substantially at right angles to
the axis of said rotary frame, and eccentric
means adapted to maintain said surfaces par-
allel to a chosen plane throughout the rota-
tion of said frame. :

7. A rotary propelling device according to
claim 6, further characterized in that stop

including

means are provided to- prevent at any time

1,754,977

the said shutters from opening quite to dead
center with respect to fluid pressures nor-
mally tending to close them.

8. A vertically rising airplane comprising
a fuselage, fore and aft pairs of coaxial, trans-
verse rotary frames, each pair being medially
supported by said fuselage, each frame carry-
ing a plurality of aerofoil surfaces, feather-
ing means for said surfaces, a transverse sup-
porting structure extending outwardly on
either side of the fuselage and between said
fore and aft rotary frames, at least one hori-
zontal surface of said structure being covered
to form a stationary lift area, each outer por-
tion of said transverse supporting structure
carrying longitudinal truss members which
support the outer bearings of said fore and aft
rotary frames.

9. A vertically rising airplane, said air-
plane including inverted trough-like aero-
Toils the active surfaces of which consist of
shutter vanes, said aerofoils being disposed
with their long axes substantially at right an-
gles to the longitudinal axis of the machine,
aerofoil actuating means adapted to continu-
ously move certain of said aerofoils in oppo-
site directions over closed orbits, the planes of
which orbits are substantially parallel to the
longitudinal axis of the machine, and me-
chanical feathering means adapted to main-
tain said aerofoils parallel to a common plane
throughout their orbital movements.

10. A vertically rising airplane including

a plurality of rotating frames, and aerofoils

the active surfaces of which consist of shut-
ter vanes, said aerofoils being moved by said
frames through closed orbits, the planes of
said orbits being substantially parallel to the
longitudinal axis of the airplane, one half of
said aerofoils being moved in one direction
through said orbits, the other half of said
aerofoils bei\'xﬁg moved in the opposite direc-
tion through. said orbits, and feathering
means adapted to incline the aerofoils mov-
ing in both directions through said orbits, to
substantial parallelism with a common plane
which is oblique to the horizontal, whereby a
common propulsive thrust is obtained from
the aerofoils of said frames. _

11. A propelling device including a frame,
means for moving said frame about a closed
orbit,” said frame carrying two series of,
feathering vanes, the vanes of one series form-
ing with relation to the vanes of the other

‘series a dihedral angle such that the angle of

incidence of one series relative to the orbital
movement differs from that of the other, the
vanes forming when closed a trough-like aero-
foil the valley of which is transverse to the
plane of orbital movement.

12. A propelling device for use in air, said
device including a rotatable frame, vane-sup-
porting frames pivotally mounted on said ro-
tatable frame, mechanical feathering means
adapted to maintain said- vane-supporting
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frames’ substantially parallel to a .common
fixed plane, and at least two series of pivoted
vanes carried by each of said supporting:
frames and adapted to be' automatically
feathered by air reaction, the vanes of one
series being disposed so as to form a dibedral
angle in the plane of rotation of said frames,
with respect to the vanes of the other series, .
whereby the vanes of one series will have a
different angle of air attack from the vanes of
the other series and will therefore open and
close at different times. .

In witness whereof, I have hereunto signed

my name. .
AXEL G. BERGMAN.
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1

ROTOR FOR DEVELOPING SUSTAINING AND
PROPELLING FORCES IN A FLUID, STEERING
PROCESS, AND AIRCRAFT EQUIPPED WITH
SUCH ROTOR

This invention relates to an improved rotor assembly,
hereinafter referred to as a “rotor”, comprising at least
one profiled wing and intended to be caused to rotate in
a fluid in order to develop sustaining and/or propelling
forces. The invention also relates to a steering process
for said rotor permitting controlling at each instant the
movement of the profiled wings in order to obtain de-
sired aerodynamic (or hydrodynaniic) forces. The in-
vention applies in particular in the aeronautical field for
the production of aircraft.

BACKGROUND AND OBJECTS OF THE
INVENTION

Helicopters are known which have a rotor compris-
ing vanes caused to rotate about an axis perpendicular
to their longitudinal direction; each section of the vane
is thus driven with a linear speed relatively proportional
to its distance from the axis of rotation. Under these
conditions, the sustaining and/or propelling forces pro-
duced, relative to the swept surface, remain limited by
aerodynamic phenomena (maximum speed at the tip of
the vane, very low efficiency near the hub, . .. } and it
therefor follows that the energy efficiency of this type
of rotor is limited (specific lift on the order of 40 to 50
Newtons per horsepower.)

Another type of rotor has been the object of study,
and one can refer for example to the following patents
which describe examples thereof: French patents
2,375,090, 2,309,401, 2,181,486 and 2,080,452. These
rotors comprise profiled vanes or wings (hereinafter
referred to as “‘profiled wings” by reason of their ar-
rangement with respect to the flow of fluid which is
similar to that of the wings of airplanes) which are
caused to rotate about an axis parallel to their longitudi-
nal direction. Under these conditions, each profiled
wing section works under the same aerodynamic condi-
tions (identical speed, incidence, circulation). One
would therefor expect that this type of rotor would
benefit from an aerodynamic efficiency which is much
superior to that of helicopter rotors. However, in this
type of rotor, each profiled wing is brought during its
rotation to follow a rule or law of incidence which
determines the performances of the rotor and the theory
behind known rotors of this type directs a fixed rule of
incidence, that is, one which repeats indefinitely, identi-
cally to itself: the relatively arbitrary choice of this rule
(in particular imposed by technological constraints)
cannot in any case in known rotors of this type, permit
optimizing the efficiency when the operating conditions
vary (speed of rotation of the rotor, speed of advance,
relative incidence of the air . . . ). Further, these rotors
of fixed kinetics are unusable in practice since, in the
given operating conditions, they impose the intensity
and/or the direction of the aerodynamic force pro-
duced and do not permit producing the necessary mod-
ulations for an effective steering of the aircraft. Further,
even in the theoretical scheme, the prior documents
which describe this type of rotor do not provide any
suggestions which would permit adjusting the law of
incidence to the desired forces.

The present invention seeks to overcome the defi-
ciencies of known rotors of the aforementioned type
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2

having profiled blades or wings rotating about an axis
paraliel to the longitudinal direction of the profiled
wings. The invention seeks to benefit fully from the
advantages that may be expected from this type of ro-
tor, in particular improved aerodynamic efficiency with
respect to that of helicopter rotors.

One of the objects of the invention is in particular to
provide an improved rotor having profiled wings or
blades, the incidence of which is adjustable in real time
according to a non-fixed rule.

Another object is to provide a process for steering
said rotor, permitting at each instant controlling the rule
of incidence of each profiled wing for obtaining sustain-
ing and/or propelling forces desired at the moment
considered, with an optimum energy efficiency.

DESCRIPTION OF THE INVENTION

The rotor provided by the invention, which is in-
tended to be attached to an airframe movable in a fluid
for exerting thereon sustaining and/or propelling
forces, is of the type comprising a supporting structure
mounted on the airframe in such a manner as to be able
to be rotatingly driven about an axis of rotation (O} and
at least one profiled wing extending parallel to the axis
of rotation (O) and articulated about its supporting struc-
ture by a pivot connection of the axis (B) essentially
parallel to said axis of rotation (O) at a speed of rotation:
the controlling process according to the invention com-
prises:

storing preliminarily data representative of the fol-
lowing structural parameters of the rotor: n (number of
profiled wings of the rotor); E (the span of each profiled
wing); R (the distance between the axis of rotation O and
the axis B of the pivot connection); r (the distance on
the chord of the profiled wing between the axis Band a
point P situated essentially at the rear quarter of the
profile); a (coefficient of transformation conforming to
the profiled wing);

A=2m@ —a) + S
B =2m(a; + a* — S)

aas )
+— )

w(A_1 — a1d) — 2a342 — 3a3d3...)

aja
C1=217( 122
a

where aj, a3 . . . a;are the terms of the congruent trans-
formation developed in the Laurent series, A_1, Ay, . .
. A;are the terms of the product of the congruent trans-
formation and its conjugate developed in the Lauren-
tian series and S the surface normal to the profile,

measuring and determining at each instant the rela-
tive speed V of displacement of the airframe with re-
spect to the fluid, the speed of rotation @ of the rotor
and the volumic mass p of the fluid from measurements
of the dynamic pressure, the static pressure and the
temperature of the fluid,

measuring and permanently determining during rota-
tion, the aerodynamic azimuth ¢ of each profiled wing
for generating a corresponding measurement signal,
said aerodynamic azimuth being the angle formed by
the direction of the relative wind and the plane M con-
taining the axis of rotation O and the axis B of the pivot
connection of the profiled wing considered,

generating reference signals representative of the
desired forces on the airframe (forces translated by their
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projections P and T respectively according to a direc-
tion perpendicular to the relative wind and according to
the direction of the relative wind, said forces P and T
being designated by the sequence of lift and drag),

determining permanently, for each profiled wing, 5
from the stored parameters, the measured values and
the reference signals, the instantaneous geometric angle
Y defined by the chord of the profiled wing and by the
plane M corresponding to 0.2 radians close to the
following relationships (all angles being defined in the
trigonometric sense):

10

(¢)]
Csin(p — ¥) + cos¥ + —R';— (w _r

&1
7E 2n g
p=.._2_..,,-J’O - f r -B o -5

}
2 20
5W
)
2
Onf([r +A(m ——5;’—)]1+

Cosd; =
15

@

_Ag

& }sin@ —w).5 4+

nE
27

~

5

2
Cl% —B%- os(d — ¥) - 8¢
& 30
nE 2n
- —f(I:F—B(m-———-—%‘t’ )]m_
0
2
Cl(w—sa—‘f) — 4% eost — w86 + 35
nE 2n o
e —f([l'-t-A(w—T 1+
0 40
2
61%'— B% in{¢ — ¥)- 5
0=sén=49p=nw ) 45
;= ¢11 and T = 4maRo(cosdy) if —d11 < & < 11 5)2)
$;=odand I = 4waRow(cosd)if 11 = ¢ < d12 (5Xb)
b; = b1pand T = 4maRw(cosd1n) if b2 < ¢ < 2 — b1z (5Xe)
¢; = ¢ and T = 4maRo(cosd) if 27 — dp1p £ ¢ = 27 —  (5Xd)
¢
! = —~Rolsin¥ + Ccos(d¢ — ¥)] 6) 50
Q)]
m = Rolcos¥ + Csin(d — )] — o (,,, -2
and 55
S @)
C=2F

and controlling the instantaneous geometric angle of
each profiled wing at the value of the angle ¥ obtained
for said wing.

A model of the non-stationary aerodynamic phenom-
ena has permitted determining a family of rules of inci-
dence corresponding to a maximum energy efficiency,
defined by equations (1), (4) and (5). In the process of 65
the invention, the rotational cycle (one turn of the ro-
tor) is divided into four sectors limited by the angles
Wi, Y12, 2r—V¥y3, 2r— Wy, called commutation an-

60
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gles. The two sectors which correspond to the aerody-
namic azimuth ¥ comprise between 27 —W1;and W110n
the one hand and ¥z and 27 —W¥;3, are governed with
alaw of incidence which assures a discharge at constant
circulation (which may be different for each of the
sectors). These laws are characterized by the constance
of the circulation and are translated by differential equa-
tion (1) under the corresponding conditions (5 a, ¢): no
energy loss is generated over these sectors by reason of
the constance of the circulation. The two other sectors
assure the continuity of the circulation between the two
sectors with the aforesaid constant circulation. This
continuity is assured by differential equation (1) under
the corresponding conditions (5 b, d) and authorize the
effective passage from one law of incidence to the
other. The direction and the intensity of the forces
produced are adjusted at each moment by the value
which is given to each cycle at each of the commutation
angles, according to equations (2), (3), (6) and (7). The
integration at each instant of the differential equation (1)
under the condition (5) (corresponding to the sector in
progress) provides the record of control of the instanta-
neous geometric angle ¥ of each profiled blade. It is
suitable to note that the the assembly of the aforesaid
relationships (1) through (8) define the kinematics of a
profiled blade, the aerodynamic azimuth ¥ being rela-
tive to this profiled blade.

According to a preferred embodiment, the instanta-
neous geometric angle ¥ is determined by the following
operations:

for the assembly of profiled blades:

determining preliminarily from a table of correspond-

ance of values between the parameters W11, ¥i2,

P T

and
Cuwlp olp

s

this table being determined by carrying out on the
parameters Vi1, ¥z (called commutation angles),
the discrete values arranged in a series over the
range of variation (4) and calculating for each pair
of values (W11, ¥12) the values of the solutions

P and A
Culp w?p

of the relations (2), (3),
storing said table of correspondance,
calculating permanently the magnitudes

4 P T

s » and
©wp ' Colp wlp

as a function of the desired forces P and T and the
parameters V, o and p determined,

searching the correspondence table for retrieving the
couple

P T

Cawlp ’ wlp

closest to the corresponding calculated magnitudes
and extracting the values of the corresponding
parameters ¥y, W12,

- for each profiled blade:
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resolving the differential equation (1), while giving to
the parameters W11, W2 the values extracted from
the tabie, for obtaining the searched for value of
the instantaneous geometric angle ¥ concerning
the profiled blade considered.

The determination of the commutation angles from
the aerodynamic forces to be generated (P, T) leads to
calculations which are very burdensome by reason of
the inverse character of the equations (permitting an
easy calculation of the forces P and T from a law of
incidence of the family, but much more complex in the
reverse direction). The correspondence tables men-
tioned above are established preliminarily by means of a
calculator arranging a memory in which are stored the
structural parameters of the rotor, while resolving the
equations in the direct direction; this permits subse-
quently, during flight, a rapid determination by quick,
conventional calculating means, of the commutation
angles ¢11, ¢12from the forces P and T (a determination
compatible with control in real time). Then, integration
of the differential equation over each sector of the cycle
is a calculating operation running in real time, which
provides the desired geometric angle ¢ for controlling
the operating mechanism.

To assure the continuity of the real movement of each
profiled blade, the real value ¥, of the instantaneous
geometric angle of each profiled blade comprises:

providing an operating means for the assembly of
profiled blades according to a cyclic average law of
incidence ¥,,=1{(¢) by a reversible kinematic able to
provide or recover energy according to the load char-

_acteristics of the profiled blades,

providing a complementary operating mechanism for
each profiled blade, from the calculated value of the
instantaneous geometric angle ¥, while adjusting at
each instant an additional incidence ¥,=¥-—-V¥, by
means of an actuator.

This operating mechanism by totalizing permits mini-
mizing the power to be instalied for driving the rotor
and the adjusting the incidence of the profiled blades. In
effect, at certain moments of the cycle, the profiled
blades are generators of power, while at other moments,
they require significant power. The reversible kine-
matic chain common to profiled blades operates a trans-
fer of energy between the different profiled blades,
while the actuator of the complementary operating
mechanism associated with each profiled blade provides
a fine adjustment of the geometric angle ¥ of the blade
considered: because of the presence of the reversible
kinematic chain, these actuators have less energy to be
furnished (lesser dimensions, lesser response time . .. ).

The invention relates to an improved rotor compris-
ing a carrier member adapted to be mounted on the
airframe in such a manner as to be able to be driven in
rotation about an axis of rotation (O) and at least one
profiled blade extending parallel to the axis of rotation
(O) and articulated on the carrier member by a pivot
connection about axis (B) essentially parallel to the axis
of rotation (O); according to the present invention, this
rotor comprises, combined with the preceding means:

means for storing specific data of the rotor,

means for measuring and determining the relative
speed V of the displacement of the cell, of the speed of
rotation o of the rotor and of the volumic mass of the
fluid p,

means for measuring and determining the aerody-
namic azimuth ¢ of each profiled wing during rotation,

25

30

45

50

55

65

6

means for generating a control signal representative
of the desired forces P, T,

means for calculating the instantaneous geometric
angle ¥ for each profiled blade as a function of the
stored parameters, the values determined and the con-
trol signals,

control means for each profiled blade, adapted to
control at each instant the angular position of the blade
at the value ¥ calculated and emitted from the calculat-
ing means.

According to a preferred embodiment, the control
means comprises:

a kinematic chain, common to the assembly of pro-
filed blades and mechanical structure adapted to cause
at its output a rotation according to a cyclic law of
incidence ¥p,

a hydraulic distributor with a servo-valve, associated
with each profiled wing, said distributor receiving a
signal representative of the angular variation ¥ —¥,, for
the profiled blade considered and being adapted to gen-
erate a hydraulic power directly related to said angular
variation,

and a rotary hydraulic actuator associated with each
profiled blade and receiving the hydraulic power from
the corresponding distributor, said actuator comprising
a rotatably movable body driven by the kinematic chain
according to the average law ¥, an output shaft con-
nected to the profiled blade for achieving the angular
position thereof.

Thus, the kinematic chain may for example provide a
circular translation of the assembly of profiled blades, in
such a manner that the actuator body associated with
each profiled blade produces an adjustment with re-
spect to the relative wind, imposed by the cyclic law of
incidence. This law is once and for all fixed by the
structure of the kinematic chain. The controlling and
optimizing of the law of incidence (such as previously
defined) are obtained by the intervention of the hydrau-
lic distributor and actuator attached to each blade,
which imposes thereon its effective angle of incidence
at each instant. The additional angle caused by this
hydraulic actuator is adjustable at each instant through
the hydraulic distributor. This hydraulic solution per-
mits very high [massique] forces and limits the inertia of
the moving parts, thus permitting the rapid accelera-
tions necessary for obtaining the optimum law of steer-
ing of the rotor defined above.

Preferably the aforementioned kinematic chain com-
prises a phase shifter adapted to permit a predetermined
adjustment of the origin ¥, of the cyclic law of inci-
dence ¥y, while limiting the maximum amplitude that
each actuator must provide. At each cycle, it is, in ef-
fect, possible to minimize the peak amplitude of the
additional angle ¥, which must be provided to each
actuator by a controllable [recalage] and appropriate to
the angular position of the actuator bodies with respect
to the relative wind (the origin of the law ¥,,,).

The hydraulic distributor and servo-valve associated
with each profiled blade is advantageously connected to
at least one hydraulic supply pump and to at least one
hydraulic reservoir, arranged in such a manner that said
hydraulic reservoir will be filled in case of excess power
available on the pump and drained in the opposite case.
The power to be provided is reduced considerably,
since, for the pumps, only the average maximum power
is to be provided (and not the instantaneous maximum
power).
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The invention also relates to an aircraft comprising at
least one rotor such as described above and an inte-
grated motor group at its airframe and coupled with the
motor shaft of each rotor.

DESCRIPTION OF THE DRAWINGS

The invention having been described in its general
form, the description which follows in reference to the
accompanying drawings showing one embodiment and
illustrating the steering process. In these drawings
which form an integral part of the present description:

F1G. 1is a schematic side view of an aircraft accord-
ing to the invention;

FIG. 2 is a half-section from above;

FIG. 3 is a partial and simplified cross-sectional view
of a rotor through plane Py;

FIG. 4 is a perspective schematic view with parts
broken away; ’

FIG. 5 is a transverse schematic cross-sectional view
of the rotor through a plane Py;

FIG. 6 is an block diagram showing the steering
process;

FIGS. 7, 9 and 10 are block diagrams illustrating the
calculating procedures, while FIG. 8 is a simplified
example of the correspondence table initially prepared
and stored;

FIG. 11 is an operating diagram of the control loop;

FIG. 12 is a block diagram of the power train and
operating mechanism of the rotor;

20

25

FIG. 13 is a general mechanical schematic view of 30

the reversible kinematic chain assuring the average law
‘Pm,

FIG. 14 is a detailed schematic of phase shifter of this
chain;

FIG. 15 is a schematic view of the implementation of 35

hydraulic power means;

FIG. 16 is a partial longitudinal cross-section of the
rotor through a plane P3, and

FIG. 17 is a partial transverse cross-sectional view
along a broken line P3.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The aircraft shown by way of example in FIGS. 1
and 2 comprises a airframe 1 of a conventional type, on
which are mounted in the example shown four rotors
according to the invention, such as 2. The two front
rotors of reduced dimensions are intended to permit the
control of the aircraft according to the axis of pitch and
play the role of the horizontal rear ailerons of conven-
tional airplanes. These rotors are steered according to a
law of incidence giving giving purely sustaining forces
with respect to the relative wind (T=0P>0). They are
structurally identical to the primary rear rotors in-
tended to develop sustaining forces and/or propulsion
forces as a function of the directions from the pilot. The
laws of incidence of the two primary rotors are identical
in rectilinear flight and symmetrical conditions and will
be differentiated by the commands in the goal of obtain-
ing desired movements of looping and rolling.

Each rotor 2 comprises a longitudinal rotating shaft 3
(the term “longitudinal” referring to the direction of the
rotor) which is carried on one side by a hub 4 connected
to the airframe 1 and which is supported on the other
side by a fixed profiled member 5 provided with a bear-
ing, this member extending back and attached to the
airframe 1. In the example, the profiled member 5§ is
provided with a wheel 7.
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The airframe encloses a motor group which is com-
mon the the assembly of the rotors and of which the
output shaft 8 may be seen in FIG. 4. This shaft 8 is
coupled to the shaft 3 of each rotor by a mechanical
transmission, assuring the rotational driving of the rotor
considered at a speed .

Each rotor comprises five profiled blades such as 9,
angularly distributed by 72° about the central shaft 3.
The longitudinal spread of each profiled blade is desig-
nated by -E-.

The profiled blades 9 are carried by a carrier member
comprising two flanges 10 and 11 on which they are
articulated by axles such as 12, comprising a pivot con-
nection of the axis B. The end of the axle 12 situated on
the side of the airframe is driven in rotation as will be
seen below for imposing a predetermined incidence to
the profiled blade, while the other axle serves only as a
bearing.

Shown in FIG. § is a cross-section of the rotor
through a plane P, perpendicular to its axis. The pro-
filed blades 9 are in the example symmetrical biconvex
profiles, especially of the “KARMAN-TREFITZ”
type, but may be of a different type following the de-
sired performances. The internal rib structure of each
profiled blade is of a conventional type, with caissons or
otherwise.

The profiled blade is articulated about its axles 12
essentially in the quadrant ahead of its chord; this point
constitutes approximately the center of the profile and it
is with respect thereto that the aerodynamic forces
generate the weakest average torque on the wing.

FIG. 5 shows for one of the profiled blades the vari-
ous characteristic parameters of this blade and of its
position at any given moment:

R: the distance between the axis of rotation O (axis of
the shaft of the rotor 3) and the axis B of the pivot
connection;

r: the distance between the axis B of the pivot connec-
tion and the point P situated essentially a fourth to the
rear of the profile;

the instantaneous geometric angle ¥ defined by the
chord of the profiled blade and a plane M containing the
axis of rotation O and the axis B of the pivot connection;

the angular azimuth ¢ formed by a reference plane
connected to the cell, for example the axis -Cel- of the
airframe and by the plane M;

the aerodynamic azimuth ¢ formed by the direction
of the relative wind V (in fact by the projection of the
relative wind on a transverse plane perpendicular to the
plane M) and by the plane M;

the angle of incidence of the profiled wing 6 =¢—¥;

the angle of incidence of the airframe i=d4— .

The means described hereinafter with reference to
FIGS. 6 to 13 permit adjustment for each profiled blade
9 of the instantaneous geometric angle W of this blade in
such a manner as to obtain the desired forces P and T
provided by the rotor considered on the cell, these
forces being functions of the external conditions en-
countered and of the flight conditions desired for the
aircraft. This means is adapted to define the angle ¥ of
each blade by the application of the relationships (1) and
(8) already furnished.

The algebraic magnitudes P and T are the projections
of the aerodynamic force to be created by the rotor on
the airframe under the action of the fluid, respectively
according to a direction perpendicular to the relative
wind (lift) and in the direction of the relative wind
(drag).
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FIG. 6 shows the functional diagram of control of the
rotor, which comprises:
data storage means specific for the rotor, comprised
of a read only memory 13 in which is initially stored a
table of correspondence of the values between the an-
gles of commutation ¢11, ¢12 and the magnitudes

P
Colp

T
w?p

and

’

means for measuring and determining the relative
speed V of displacement of the airframe and of the
volumic mass of fluid p, constituted by an anemometric
station 14,

means for generating control signals representative of
the desired forces P, T, constituted by a conventional
system of aeronautical steering 15 (center of inertia,
automatic pitot, flight control and associated electron-
ics).

The table of correspondence is obtained in a prelimi-
nary phase of calculation by means of a non-airborn
calculator, providing a memory in which the following
structural parameters are entered:

nE: equivalent span, equal to the product of the num-
ber n of profiled blades (five for the rotor described in
the example) per their span E;

R: the distance on the chord of the profiled blade
between the axis B and the point P situated essentially a
fourth to the rear of the profile (in the example 1 is
essentially equal to half of the length of the chord);

a: the coefficient of congruent transformation applied
to the profile of the blade (conventional data of the
profile concerned, in the example of the KARMAN-
TREFTZ profile chosen of a relative thickness of 17%:
a=0.2269);

A = 2m(a; — a?) + S, in the example equal to —1.258 X 10~ 2m2,

B = 2m(a) + a® — 8), in the example equal to 4.891 X 10~ 1m?,

azas

a

a)a
C1=21r( =2
a
w41 — a1d) — 2a24) — 3aaAd3. ..

(in the example, C1=6.233X10-3m?3), where aj, a2 . . .
a; are terms of the congruent transformation developed
by the Laurent series, A_1, Ay, . . . A;the terms of the
product of the congruent transformation and of its con-
jugate developed in the Laurent series and S the normal
surface of the profile.

A set of sensors 16 measures at each instant the real
parameters of the configuration of the rotor (¢4: angu-
lar azimuth of a profiled blade of reference, ¥,: instanta-
neous real geometric angle which characterizes at each
instant, each profiled blade).

Further, the system is provided with calculating
means comprising a first calculator 17 called upon to
determinate at each instant the commutation angles 11,
12, and common to the assembly of profiled blades,
and a second calculator 18 associated with each profiled
blade in order to calculate the instantaneous geometric
angle ¥ of said profiled blade.

For this, the read only memory 13 stored a table or
correspondence of the values between the angles of
commutation ¢11, $12 and the magnitudes

Lh
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P
Culp

T
wlp

and

A simplified example of said table is provided in FIG. 8
for the rotor and the KARMAN-TREFITZ profile
considered.

This table is defined in the preliminary step of the
aforementioned calculations by means of the non-air-
born calculator, by giving to the angles ¢1; and 12
discrete values, in the example with a step of 10 degrees
between 90° and 180°, and by calculating for each by
calculating for each pair of values 11, d12 the values of
the magnitudes

P
Cuw?p

and-—jz. .
o°p

by means of the relations (2) and (3). It should be noted
that 90° = 11 < d12=180° corresponds to forces of posi-
tive lift (lifting force) and negative drag (propulsion).
The logic diagram for the calculation of this table is
provided in FIG. 7.

The table of correspondence may thus be stored in
the memory 13 in the form of a four column matrix
corresponding to the values of

P
szp

T
s = 1. b2
w?p

The calculator 17 receives the parameters V, p, o, P
and T from the center 14, the sensors 16 and the gener-
ating means 15. It calculates permanently the magni-
tudes

i T

and
Colp w?p

The constant C=V/wR is determined from the values
of V, o received by the calculator and the numerical
value R, the constant integrated to the computer of the
calculator 17. This then explores the table of correspon-
dence stored in the memory 13 while reading the two
columns

P
Colp ' o

T

for identifying closest pair of calculated values and
extracting the corresponding values ¢11, ¢j2in the two
other columns. All the magnitudes thus indicated are
common to the set of profiled blades, such that the
calculator 17 is unique.

By contrast, a calculator 18 is associated with each
profiled blade. If arranges in its program the numerical
values r and R and receives at each instant:

the angles of commutation ¢11, and ¢12 issued by the
calculator 17,

the angular azimuth ¢4 and the instantaneous real
geometric angle ¥,, issued from the sensors 16 (attached
azimuth and angle of the profiled blade considered),

the relative speed V from the center 14,

the speed of rotation o issued from the sensors 16.

From these values, the calculator 18 resolves for each
profiled blade the differential equation (1) for calculat-
ing the value sought of the instantaneous geometric
angle V.
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The resolution of this differential equation is carried
out at each instant by a calculation having the following
steps: comparing the measured value ¢ to the angles of
commutation ¢13, ¢12 for determining the value of ¢;by
the relations (5),

using the value of ¢; and the measured parameters,
calculated or stored, C, w, 1, R, for resolving said differ-
ential equation by a RUNGE-KUTTA method.

The real value ¥, of the geometric angle of each
profiled blade, which is measured by one of the sensors
16, is introduced at each instant into the calculator 18
for serving as the integration constant.

The logic diagrams of FIGS. 8 and 9 illustrate the
algorithms of calculation, carried out respectively in the
calculators 17 and 18.

The program is executed in a sequential manner due
to the clock signals generated by a clock 20 of a high
frequency with respect to the number of rotations per
second of the rotor (2,000 hertz for example for speeds
of rotation of the rotor on the order of 5 turns per sec-
ond). At each clock pulse, the calculators 17 and 18
read the operating and measured signals, then the calcu-
lations are carried out in the time t separating two clock
pulses for determining the new value of the instanta-
neous geometric angle W called upon to serve as the
operating instruction for the operating mechanism.

The angular integration step h is equal to te which
represents the increase in the angular azimuth ¢4 be-
tween two clock pulses.

FIG. 11 is a functional diagram of the closed operat-
ing mechanism cycle associated with each profiled
blade of the rotor, which from the instantaneous geo-
metric angle V¥ issued by the calculator 18 and the infor-
mation of the relative speed V, controls the angular
position of the profiled blades in such a manner as to
reduce at each instant the variation between the instan-
taneous geometric angle ¥ calculated and the real in-
stantaneous geometric angle ¥,.

In this manner, the real movement of each profiled
blade (angular position ¥,) is obtained by addition of an
average movement (average cyclic angle of incidence
¥,,) and a complementary movement (additional angle
of incidence ¥.). ,

The average movement is assured by a kinematic
chain 22 commeon to the set of profiled blades, of which
the timing of the origin Wn, is assured by a controlled
phase shifter 28. In the example, the law of average
cyclic incidence is chosen to correspond to a circular
translation of the profiled blade, this law being then of
the form: V= + ¢4+ ¥mo. The angle ¢ 4is the aerody-
namic azimuth of each profiled blade and is determined
by means of a sensor 30 fixed on the flange 10 (opposite
the fixed ring 42 described below). In the example de-
scribed, the angle ¥,,,is chosen to be equal to —i such
that the peak amplitude of the additional angle of inci-
dence ¥, is less on each rotation. This permits the use of
the actuators 25 with an amplitude of movement rela-
tively reduced.

It should be noted that the sensor 30, comprised par-
ticularly of a phonic wheel, also delivers a signal repre-
sentative of the speed of rotation .

The complementary movement is assured by hydrau-
lic means 23 associated with each profiled blade and
comprising a hydraulic actuator 25 controlled with the
magnitude of the control V.

The operating mechanism of the hydraulic actuator
25 to the magnitude of the control ¥ is provided in a
closed cycle in a manner as to reduce at each instant the
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angular deviation ¥ —W, where ¥, is the real value of
the angle W. This value ¥, is furnished by a sensor 27
associated with each profiled blade. In the example, as
will be seen below, the sensors 27 are phonic wheel
sensors mounted on the flange 10.

FIG. 12 is a block diagram of the power train and
operating mechanism of the rotor. Shown in heavy lines
in this figure are the transfers of power in the kinematic
chain 22 and the hydraulic means 23, and in finer lines,
the transfers of signals and power in the powered acces-
sories, the sensors and the calculating means. (In 50 is
shown the electrical generation of the conventional
type.)

The motor group shown at 21 provides the power:

in a mechanical form through the rotation of the
rotor, to the kinematic chain 22 which is reversible and
common the set of profiled blades and the mechanical
structure of which (detailed below) is adapted to gener-
ate a rotational output according to the average cyclic
law of incidence ¥,

always through the rotation of the rotor, to hydraulic
means 23 comprising hydraulic feed pumps 26, a hy-
draulic distributor with a servo valve 24 associated with
each profiled blade and fed by the pumps 26, and the
rotary hydraulic actuator 25, which is associated with
each profiled blade and which receives the power from
the distributor 24, the hydraulic structure of this means
(detailed below) being adapted to generate the afore-
mentioned complementary movement W,.

A current representative of the angular deviation
V¥V, is delivered to the hydraulic distributor 24 for
the blade considered and this modulates the hydraulic
power received from the pumps 26 for generating
toward the corresponding actuator 25 a hydraulic
power directly connected to the value of said deviation,
that is, a flow as a direct function of said deviation, in
the example of an actuator constituted by a rotary
screw.

Each actuator 25 comprises a body 25¢ movable
rotationally driven by the kinematic chain 22 according
to the average law ¥,,, an output shaft 25b coupled to
the profiled blade considered for securing its angular
position.

Thus, as the relative angular position of the shaft 256
with respect to the body 25a is defined for the angle ¥,
one achieves at the level of the profiled blade the sum-
mation of the angles: ¥,=%¥,+¥..

FIG. 13 shows the general mechanical schematic of
the kinematic chain 22, FIG. 14 the detailed schematic
of the phase shifter 28 of this chain and FIG. 15 the
schematic for the implementation of the hydraulic
means.

In the example, the kinematic chain 22 comprises
essentially:

a motor shaft 8 arranged to receive a motive driving
power from the rotor,

a rotor shaft 3 arranged on the axis of rotation of the
rotor and coupled by a first transmission 31 to the motor
shaft 8 for rotationally driving the rotor,

a toothed wheel 32 centered on the shaft of the rotor
3 and coupled by a second transmission 33 to the phase
shifter 28, said toothed wheel driving the body 254 of
the rotary actuator associated with each profiled blade,

a flange 10 of the supporting structure, connected to
the shaft of the rotor 3 and supporting the bodies 25a of
the actuators and the axles 12 carrying the profiled
blades,
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the phase shifter 28, of a mechanical nature, arranged
to assure a relative angular shifting W, between the
first transmission 31 and the second transmission 33.

Thus, the phase shifter acts in a collective manner on
the adjustment of the set of profiled blades, while,
through the intermediary of the flange 10 and the
toothed wheel 32, the kinematic chain operates a trans-
fer of mechanical power from the motive profiled
blades toward the receiving profiled blades. This ar-
rangement permits a compact arrangement and is
adapted to loads carried.

Further, the mechanical phase shifter 28 illustrated
by way of example in FIG. 14 comprises essentially:

a reversible bead screw 34 carried by the motor shaft
8 for turning therewith and movable in translation along
this motor shaft,

a screw nut 35 for the bead screw connected to the
second transmission 33 and cooperating with said bead
screw 34 in such a manner as to generate a rotation of
said screw nut connected to the translation of the bead
screw,

a screw jack 36 connected, through the interconnec-
tion of ball stops 37, to the bead screw 35 in order to be
able to move it along the motor shaft,

an endless screw 38 coupled to the screw jack 36 for
actuating it, this endless screw being provided with a
phase shifting control motor 39.

The phase shifter control motor 39 is an electric
motor which controls the angular position of the phase
shifter as a function of the anglé ¥,,, adjustment issued
from the calculating means 29 and of the real angle
W¥,.or determined from the measurement of a sensor 40
mounted on the phase shifter. The motor controls the
angular position of the phase shifter, by reducing at
each instant the angular deviation V,;0—Ymor.

As shown in FIG. 15, the hydraulic distributor with
the servovalve 24 which is associated with each profiled
blade is connected in the example to two hydraulic feed
pumps 26 of the variable cylinder type regulated at
constant pressure Each pump is associated with a hy-
draulic accumulator 41, in such a manner that said accu-
mulator is loaded in case of excess power available on
the pump and restored in the opposite case.

The pumps, five in number, arranged to feed each
two adjacent distributors, are supported by the flange
10 in order to rotate therewith and are mechanically
coupled to a fixed toothed ring 42 connected to the
airframe 1 in order to rotationally drive each of said
pumps.

This hydraulic system is also arranged in a conven-
tional manner with heat exchangers 43, compact, fixed
on the flange 10, a pressurized toroidal chamber 44 as
well as an oil filter 45. Such an architecture furnished a
hydraulic system able to operate at the speeds of rota-
tion of the rotor. For reasons of reliability, each distrib-
utor 24 is comprised of two redundant distribution
members, each modulating the power furnished by the
hydraulic generation with which it is associated. The
arrangement of the pumps about the flange 10 permits a
- driving thereof at speeds required (on the order of 3,500
rpm) from the much slower rotation of the rotor.

FIG. 16 is a partial section of the rotor through a
longitudinal plane Pj passing through the axis of the
rotor 3, through the motor shaft 8 and through the axis
12 of one profiled blade, the rotor being assumed to be
in an angular position such that these three axes are
coplanar. FIG. 17 is a cross-section orthogonal to the
preceding one along a broken line Py. .
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Shown in these figures are:

the rotor shaft 3 which is hollow and provided with
hollow structures and contour structures for supporting
and connecting the various assemblies,

the motor shaft 8 which is orthogonal to the first and
itself hollow and which receives the motive power of
the motive group by the connection of a flexible cou-
pling symbolized at 46,

the axis 12 of the profiled blade concerned,

the second transmission 33 comprised of a pair of
gears,

the phase shifter 28 mounted between the gears 33
and the motor shaft 8 with its ball screw 34, its ball
screw nut 35, its screw jack 36, its ball stops 37, its
endless screw 38, its sensor 40 permitting determination
of the adjustment angle ¥,,r, the control motor 39,

the first transmission 31 of the kinematic chain com-
prising a pair of gears,

the toothed wheel 32 coupled by the gears 33 to the
screw nut 35 of the phase shifter,

the flange 10 comprising the carrier structure of the
Totor, beside the airframe, secured to the rotor shaft 3,

the actuator 25 comprised by a rotary jack composed
of a body 25z which engages the toothed wheel 32 and
a shaft 255,

a pair of gears 47 mounted between this shaft 25b of
the actuator and the axle 12 of the profiled blade,

the distributor 24 hydraulically connected to the jack
25 by a rotating connection and supported by a bearing
on the body of the jack 25a,

one of the two hydraulic pumps 26, associated with
each profiled blade concerned, supported by the flange
10 and engaging the fixed toothed wheel 42, said pump
being connected to the distributor 24,

the hydraulic accumulator 41 associated with the
pump 26, supported by the flange 10 and hydraulically
connected to the distributor 24,

the heat exchanger 43, supported by the flange 10 and
arranged on the return of the hydraulic circuit,

the pressurized chamber 44, in the example of a toroi-
dal shape, supported by the flange 10,

the filter 45 arranged on the circuit of the pump 26,

the sensor 27 measuring the instantaneous real geo-
metric angle ¥,,

the sensor 30 for measuring the aerodynamic azimuth

a fixed housing 48 for protection assuring the reten-
tion of lubricating oil, this lubrication being carried out
by jets of oil under high pressure with the help of con-
ventional means not shown.

The transmission of electric information from the
sensors, electrical orders to the destination of the actua-
tors, and the feeding of the sensors is carried out in a
known manner by a rotating collector mounted at the
output of the shaft of the rotor 3, this transmission assur-
ing the connection toward the corresponding electronic
means mounted in the airframe 1 (calculators 17, 18 and
29, and sources of electric power).

I claim:

1. A process for controlling a rotor connected to an
airframe movable in 2 fluid, for exerting at each instant
on said airframe sustaining and/or propelling forces
desired, said rotor comprising a carrier structure (5, 10,
11) mounted on said airframe (1) in such a manner as to
be able to be rotationally driven about an axis of rota-
tion (O) and at least one profiled blade (9) extending
parallel to the axis of rotation (O) and articulated on
said carried structure by a pivot connection on the axis
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(8) essentially parallel to said axis of rotation (O) at a
rotational speed (w), and being characterized in that it
COmprises:
preliminarily storing data representative of the fol-
lowing structural parameters of the rotor: nE (the
equivalent wingspan equal to the product of the
number of profiled blades n of the rotor and the
spread E of each profiled blade); R (the distance
between the axis of rotation O and the axis B of the
pivot connection); r (the distance on the chord of
the profiled blade between the axis B and a point P
situated essentidlly one quarter to the rear of the
profile); a (coefficient of the congruent transforma-
tion of the profiled blade);

A=2m(a —ad) + 8
B=2wa +a -8

wT(A_| — a1A} — 2a247 — 3a3d3 . ..)
where aj, a3 . . . a; are the terms of the congruent
transformation developed in the Laurent series,
A_), Ay, ... A;are the terms of the product of the
congruent transformation and its conjugate devel-
oped in the Laurentian series and S the surface
normal to the profile,

measuring and determining at each instant the rela-
tive speed (V) of displacement of the airframe with
respect to the fluid, the speed of rotation o of the
rotor and the volumic mass p of the fluid from
measurements of the dynamic pressure, the static
pressure and the temperature of the fluid,

measuring and permanently determining during rota-
tion, the aerodynamic azimuth ¢ of each profiled
wing for generating a corresponding measurement
signal, said aerodynamic azimuth being the alge-
braic angle formed by the direction of the relative
wind and the plane M containing the axis of rota-
tion O-and the axis B of the pivot connection of the
profiled wing considered,

generating reference signals representative of the
desired forces on the airframe (algebraic forces
translated by their projections P and T respectively
according to a direction perpendicular to the rela-
tive wind and according to the direction of the
relative wind),

determining permanently, for each profiled wing,
from the stored parameters, from the measured and
determined values, and from the reference signals,
the instantaneous geometric angle ¥ defined by the
chord of the profiled wing and by the plane M
corresponding to within 0.2 radians to the fol-
lowing relationships (ali angles being defined in the
trigonometric sense):
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and controlling the instantaneous geometric angle of
each profiled wing at the value of the angle ¥
obtained for said wing.

2. A process for controlling as in claim 1, character-
ized in that the instantaneous geometric angle ¥ is de-
termined by the following operations:

for the set of profiled blades:

determining preliminarily from a table of correspon-

dence of the values between the parameters ¥y,
¥z,

45

50

P 4
55 Cw?p wlp
this table being determined by carrying out on the
parameters W11, ¥12 (called commutation angles),
the discrete values arranged in a series over the
€0 range of variation (4) and calculating for each pair
of values (W11, ¥12) the values of the solutions
£ L
Cuw?p o’
65

of the equations (2}, (3),
storing said table of correspondence,
calculating permanently the magnitudes
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as a function of the desired forces P and T and the
parameters V, o and p determined,
searching the correspondence table for retrieving the
couple
P T
Cu?p ’ w?p

closest to the corresponding calculated magnitudes
and extracting the corresponding values of the
parameters W11, Wi,

for each profiled blade:

resolving the differential equation (1), while giving to
the parameters W], ¥12 the values extracted from
the table, for obtaining the searched for value of
the instantaneous geometric angle ¥ concerning
the profiled blade considered.

3. A process for controlling as in claim 2, character-

ized in that, for the set of profiled blades:

the table of correspondence is stored in the form of a

four column matrix corresponding to the values of

P
Cu?p '

T
wlp

11, 12,

searching said table of correspondence consisting of
reading the two columns P/Cw?p, T/w?p, for iden-
tifying the pair closest to the values calculated and
extracting the corresponding values of ¢11and ¢12
in the two other columns.
4. A process of controlling according to claim 2 char-
acterized in that for each profiled blade, the resolution
of the differential equation (1) is carried out at each
instant by a calculation having the following steps:
comparing the measured value ¢ to the angles of
commutation ¢11, ¢12 for determining the value of
¢i by the relationships (5),

utilizing the value of ¢, ¢; and the measured, calcu-
lated or stored parameters C, o, 1, R, for resolving
said differential equation by a RUNGE-KUTTA
method.

5. A controlling process as in claim 2, characterized
in measuring permanently the real value ¥, of the in-
stantaneous geometric angle of each profiled blade and
introducing this real value into the calculator for serv-
ing as the integration constant in the resolution of the
differential equation.

6. A controlling process as in claim 2, characterized
in that the determination of the instantaneous geometric
angle ¥ is achieved, permanently, in a sequential man-
ner while generating clock pulses of a high frequency
with respect to the number of revolutions per second of
the rotor, while reading the measurement and control
signals at each clock pulse, and between two clock
pulses, while carrying out the calculations for determin-
ing the value of the instantaneous angle V.

7. A process for controlling as in claim 2, character-
ized in that the control of the instantaneous geometric
angle of each profiled blade comprises:

assuring an average control of the set of said profiled

blades according to a average cyclic law of inci-
dence ¥m,=1(¢) by a reversible kinematic chain

18

able to provide or recover energy according to the
load characteristics of the profiled blades,
assuring a complementary control of each profiled
blade, from the calculated value of the instanta-
5 neous geometric angle ¥, while adjusting at each
instant an additional incidence ¥,=V¥-—Y¥, by
means of an actuator.

8. A rotor intended to be rotated in a fluid for devel-
oping on an airframe (1) desired lifting and propelling
forces (P, T), comprising a carried member (5, 10, 11)
adapted to be mounted on said airframe in such a man-
ner as to be able to be driven in rotation about an axis of
rotation (O) and at least one profiled blade (9) extending
parallel to the axis of rotation (O) and articulated on the
carrier member by a pivot connection about an axis (B)
essentially parallel to the axis of rotation (O), said rotor
being characterized in that it comprises:

means (13) for storing specific data about the rotor,

means (14, 30) for measuring and determining the
relative speed (V) of displacement of the airframe,
the speed of rotation (w of the rotor and the
volumic mass of the fluid (p),

means (14, 30) for measuring and determining the
aerodynamic azimuth (¢) of each profiled blade
curing the rotation,

means (15) for generating control signals representa-
tive of the desired forced (P, T),

means (17, 18) for calculating the instantaneous geo-
metric angle (¥) of each profiled blade as a func-
tion of the stored data, the determined values and
the control signals,

operating means (22, 23, 28) for each profiled biade,
adapted to adjust at each instant the angular posi-
tion of the blade to a calculated value (¥) issued
from the calculating means.

9. A rotor as in claim 8, characterized in that it com-
prises a sensor (27) for measuring the real value ¥, of
the instantaneous geometric angle of each profiled
blade, the operating means being of a closed loop type,
adapted to receive the real value ¥, and a parameter
related to the calculated value ¥ and assuring the angu-
lar adjustment of the position of the profiled blade con-
sidered tending to reduce at each instant the angular
variation ¥ —W¥,.

10. A rotor as in claim 9, characterized in that the
operating means comprises:

a kinematic chain (22), common to the set of the
profiled blades (9) and of a mechanical structure
adapted to generate an output of rotation accord-
ing to an average cyclic law of incidence ¥,

a hydraulic distributor with a servovalve (24) associ-
ated with each profiled blade, said distributor re-
ceiving a signal representative of the angular varia-
tion ¥— ¥, for the profiled blade considered and
being adapted to generate a hydraulic power di-
rectly related to said angular variation, and

a rotary hydraulic actuator (25) associated with each
profiled blade and receiving the hydraulic power
from the corresponding distributor (24), said actua-
tor comprising a body movable in rotation (25a)
driven by the kinematic chain (22) according to the
average law Wp,, an output shaft (25b) coupled to
the profiled blade considered for fixing the angular
position thereof.

11. A rotor as in claim 10, characterized in that the
kinematic chain (22) comprises a phase shifter (28)
adapted to permit a predetermined adjustment of the
origin of the cyclic law of incidence ¥m.
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12. A rotor as in claim 11, characterized in that the

kinematic chain comprises:

a motor shaft (8) arranged to receive driving motive
power from the rotor,

a rotor shaft (3) arranged along the axis of rotation of
the rotor and coupled by a first transmission (31) to
the motor shaft (8) for rotationally driving the
rotor,

a toothed wheel (32) centered on the rotor shaft (3)
and coupled by a second transmission (33) to the
phase shifter (28), said toothed wheel driving the
body (2540) of the rotary actuator associated with
each profiled blade,

a carrier structure flange (10) connected to the rotor
shaft (3) and supporting the bodies (254) of the
actuators and the axles (12) carrying the profiled
blades,

the phase shifter (28), of a mechanical nature, ar-
ranged to assure a relative angular adjustment ¥,
between the first transmission (31) and the second
transmission (33).

13. A rotor as in claim 12, characterized in that the

mechanical phase shifter comprises:

a reversible ball screw (34) carried by the motor shaft
(8) for turning therewith and movable in transla-
tion along this motor shaft,

a screw nut (35) connected to the second transmission
(33) and cooperating with the ball screw (34) in
such a manner as to generate a rotation of said nut
connected to the translation of the ball screw,

a screw jack (36) connected through ball stops (37) to
the ball screw (35) for being able to move it along
the motor shaft,

an endless screw (38) coupled to the screw jack (36)
for actuating it, this endless screw being provided
with a phase shifting control motor (39).
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14. A rotor as in claim 10, characterized in that the
hydraulic distributor with a servo-valve (24) associated
with each profiled blade (9) is connected to at least one
hydraulic feed pump (26) associated with a hydraulic
accumulator (41), arranged in such a manner that said
hydraulic accumulator is under load in the event of
excess power available on the pump and in restitution in
the opposite case.

15. A rotor as in claim 14, characterized in that the
hydraulic feed pumps (26) are carried by the carrier
structure (10) in order to rotate therewith and are me-
chanically coupled to a fixed toothed ring (42) for rota-
tionally driving each of said pumps.

16. A rotor as in claim 8, characterized in that:

the profiled blades (9) are articulated on two flanges

(10, 11) situated on opposite sides of said carrier
structure,

said flanges are connected by the rotor shaft (3) and

coupled into rotation therewith,

each profiled blade (9) is supported by axles (12)

supported by the flanges (10, 11) and driven in
rotation by a transmission (47), itself connected to
the hydraulic actuator (25) associated with the
blade considered.

17. A rotor as in claim 8, comprising five profiled
blades (9) distributed about the rotation shaft (3) of said
rotor.

18. A rotor as in claim 8, mounted on the airframe of
an aircraft (1), in which the rotor shaft (3) is, on one
side, carried by a hub (4) connected to the airframe of
the aircraft and on the other side supported by a fixed
profiled member (5) provided with a bearing, said mem-
ber extending so as to be attached to the airframe.

19. An aircraft comprising at least one rotor accord-
ing to claim 18 and a motor group integrated to its
airframe and coupled to the motor shaft (8) of each

fotor.
t £ & % 2
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7) ABSTRACT

A hybrid rotor for an aircraft includes a Magnus rotor rotat-
able around a Magnus rotor axis and a transverse flow rotor
that is kept rotating around an axis of rotation and has a
number of axially extending rotor blades that are actuatable to
rotate around the axis of rotation and are configured station-
ary relative to the tangential angle position. The Magnus rotor
is located within the transverse flow rotor and has an axis
extending in the direction of the axis of rotation. The guide
mechanism has a housing segment partially surrounding the
transverse flow rotor in the circumferential direction. The
housing segment has an adjustment mechanism and is
deflectable relative to the Magnus rotor axis. The housing
segment is aligned such that the transverse flow rotor gener-
ates a propulsion force and causes a transverse flow onto the
Magnus rotor to generate lifting force by way of a Magnus
effect.
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HYBRID ROTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. §119 to German 10 2010 055 676.9, filed Dec. 22,
2010, the entire disclosure of which is herein expressly incor-
porated by reference.

BACKGROUND AND SUMMARY OF THE
INVENTION

[0002] The present invention relates to a hybrid rotor for an
aircraft, an aircraft having a hybrid rotor, the use of a hybrid
rotor in an aircraft and a method for flying an aircraft.
[0003] A hybrid rotor, also described as a rotor that is a
hybrid, represents a combination of two different rotor types
or rotor systems. Hybrid rotors are used in aircraft, for
example, airplanes, in such a way that the two rotor types or
rotor systems perform different tasks. For example, German
Patent Document DE 102007 009951 B3 discloses an aircraft
in which a rotating cylinder delivers the lift, while a cycloid
propeller is responsible for controllability and propulsion.
The rotating cylinder is also known as Flettner rotor; in it, a
rotating cylinder is subjected to an incident flow, as a result of
which a force is generated that is aligned transverse to the
direction of the incident flow. This force is generated based on
the Magnus effect, and is therefore also described as Magnus
force. Activation of the propeller elements of the cycloid
propeller is technically complex.

[0004] Therefore, there is a need to provide a hybrid rotor
that is constructed simply and is therefore also light-weight
and can be produced cost-effectively.

[0005] Thisis provided by a hybrid rotor, an aircraft, the use
of a hybrid rotor in an aircraft and by a method according to
exemplary embodiments of the present invention.

[0006] According to an exemplary embodiment of the
invention, a hybrid rotor is provided for an aircraft having a
Magnus rotor, a transverse flow rotor and a guide mechanism.
The Magnus rotor can be propelled rotating around a Magnus
rotor axis by a first propulsion mechanism and has a closed
lateral surface. The transverse flow rotor is kept rotating
around an axis of rotation and has a number of axially extend-
ing rotor blades, which can be propelled rotating around the
axis of rotation by a second propulsion mechanism, and
which are designed fixed relative to the tangential angular
position. The Magnus rotor is located within the transverse
flow rotor and the Magnus rotor axis extends in the direction
of the axis of rotation. The guide mechanism has a housing
segment partially surrounding the transverse flow rotor in the
circumferential direction, whereby the housing segment has
an adjustment mechanism and is designed rotatable, at least
relative to the Magnus rotor axis. The housing segment can be
aligned in such a way that the transverse flow rotor generates
a propelling force and brings about a transverse incident flow
onto the Magnus rotor in such a way, that a force is generated
according to the Magnus effect, which acts as aerodynamic
lift.

[0007] Asaresult, it is possible to generate the two required
forces for an aircraft, i.e., the propulsion force and the aero-
dynamic lift force by using a hybrid rotor. Accordingly, the
transverse flow rotor, due to its fixed rotor blades that do not
change their tangential angular position when the transverse
flow rotor rotates and thus always having the same alignment
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to the rotation center of the rotor in order to move it on a
circular track, are designed as simply as possible, i.e., the
transverse flow rotor is to be designed simple and contributes
to minimizing the weight of the rotor. In combination with the
guide mechanism, the cross flow rotor has, in addition to the
function of generating the propulsion force, a second func-
tion, namely, to bring about a transverse incident flow onto the
Magnus rotor in order to make an aerodynamic lift that is as
large as possible available as dynamic impulse generator with
the rotating Magnus rotor. Due to the adjustability of the
housing segment of the guide mechanism, this provides a
hybrid rotor, which generates controllable acrodynamic lift
forces and propulsion forces and is therefore suitable for an
aircraft.

[0008] In contrast to aircraft that are capable of taking off
vertically according to prior art, for example, so-called oscil-
lating rotor configurations such as, for example, the V-22
Osprey, the aircraft according to the invention provides a
simpler mechanical solution and greater flight safety, in par-
ticular in the transition phase between cruising flight and
takeoff or landing.

[0009] According to the invention, the Magnus rotor is a
rotation-symmetric hollow piece that causes a deflection of an
air flow due to the Magnus effect.

[0010] According to this invention, the transverse flow
rotor generates a circular flow. This is a rotary air flow that is
simultaneously overlaid with a translational air flow which is
likewise generated by the transverse flow rotor, or also by a
movement of the aircraft in the air during a flight process.
[0011] A rotary air flow and a translational air flow form a
combination flow that causes a Magnus effect at a geometric
body that is exposed to the combination flow. Therefore, the
body is also described as Magnus body or Magnus rotor.
[0012] Inacombination flow, the rotary air flow can also be
generated or supported thereby, that the Magnus rotor is acti-
vated by rotating. The rotation of the Magnus body or Magnus
rotor can lead to a stronger development of the Magnus effect.
[0013] The relative motion between the surface of the Mag-
nus rotor and the combination flow having the cited trans-
verse circulating flow or transverse flow and the circular flow
are decisive for the Magnus effect.

[0014] It should be noted that a stationary Magnus rotor or
Magnus body, for example, a stationary cylinder, can already
bring about a Magnus effect due to the rotating transverse
flow rotor and the combination flow.

[0015] For example, the Magnus rotor is designed with a
constant circular cross-section (diameter) extending over the
axis of rotation; the Magnus rotor thus is a cylinder or cylin-
drical body in the geometric sense.

[0016] For example, the Magnus rotor is designed having a
(circular) diameter changing uniformly, for example, a trun-
cated cone, extending over the axis of rotation.

[0017] Forexample, the Magnus rotor is designed having a
(circular) diameter that increases and again decreases para-
bolically, i.e. in the form of a sphere, extending over the axis
of rotation.

[0018] For example, the Magnus rotor can also consist of
different truncated cone segments or cylinder segments.
[0019] According to a further aspect of the invention, the
Magnus rotor axis extends parallel to the axis of rotation of
the transverse flow rotor.

[0020] According to a further aspect of the invention, the
Magnus rotor is located concentric with respect to the trans-
verse flow rotor.



US 2012/0160955 Al

[0021] According to a further aspect of the invention, the
Magnus rotor axis extends at an incline to the axis of rotation
of the transverse flow rotor, whereby the Magnus rotor axis
spans, for example, a plane with the axis of rotation.

[0022] According to a further aspect of the invention, the
hybrid rotor has a rotor axis, whereby the Magnus rotor axis
of the Magnus rotor forms the rotor axis.

[0023] According to a further aspect of the invention, the
Magnus rotor, for example, a cylinder, and the transverse flow
rotor rotate around the rotor axis. The term rotor axis is used
in the geometric sense in this context.

[0024] According to a further aspect of the invention, the
Magnus rotor is propelled by a first shaft and the transverse
flow rotor by a second shaft, whereby the first and the second
shaft are, for example, located concentrically, for example,
inside each other.

[0025] According to a further aspect of the invention, the
Magnus rotor can be actuated in the direction of rotation of
the transverse flow rotor.

[0026] According to a further aspect, the Magnus rotor can
be actuated counter to the direction of rotation of the trans-
verse flow rotor, for example, to generate a targeted down-
force.

[0027] According to a further aspect, the transverse flow
rotor and the Magnus rotor can also be actuated in opposite
directions, for example, for purposes of braking,

[0028] According to a further aspect of the invention, the
force according to the Magnus effect, also called Magnus
force, which is generated at the Magnus rotor, is a lifting force
and/or and a propelling force.

[0029] According to a further aspect of the invention, the
transverse flow rotor generates a flow that extends transverse
to the Magnus rotor axis.

[0030] According to a further aspect of the invention, the
transverse flow rotor, together with the guide mechanism,
forms a transverse flow blower.

[0031] According to a further aspect of the invention, the
transverse flow blower serves as thrust generator.

[0032] According to an exemplary embodiment of the
invention, the housing segment has the shape ofa circular arc
on the side facing the transverse flow rotor.

[0033] According to an exemplary embodiment of the
invention, the housing segment has the same cross-section
shape extending over the entire length of the Magnus rotor.
[0034] According to an alternative aspect of the invention,
the housing segment has different cross-section shapes
extending over the length of the Magnus rotor. As aresult it is
possible, for example, to provide additional aerodynamic
properties of the transverse flow rotor, depending on the
respective position relative to an aircraft.

[0035] According to a further aspect of the invention, in
cross-section (i.e., seen horizontal to the Magnus rotor axis),
the housing segment has the shape of a circular arc segment.
[0036] According to a further aspect of the invention, the
housing segment has adjustable profile elements on the side
facing away from the transverse flow rotor, by means of
which the cross-section shape on the side facing away can be
changed to improve the aerodynamic properties. For
example, the changes take place depending on the rotation
setting.

[0037] According to a further aspect of the invention,
between the lateral surface of the Magnus rotor and the rotat-
ing rotor blades, a distance is provided in radial direction that
depends on the diameter of the Magnus rotor.
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[0038] For example, the diameter of the Magnus rotor is
just as large up to twice the size as the distance of the lateral
surface to the rotor blades.

[0039] According to a further example, the relationship of
the diameter of the Magnus rotor and the distance to the rotor
blades is 2:1.

[0040] According to an aspect of the invention, the profile
depth and the angle of approach of the rotor blades can be
chosen as desired, whereby these two parameters are related
to each other with respect to the effect. Furthermore, the
diameter of the transverse flow rotor can be specified. The
number of rotor blades in turn is related to the diameter of the
transverse flow rotor and the profile depth. If these dimen-
sions are specified, the inner diameter of the transverse flow
rotor is also known, i.e., the distance of the rotor blades from
the center. The diameter of the Magnus rotor, for example, a
cylinder, is then given by the relationship cited above, of the
distance between the rotor blades and the lateral surface of the
Magnus rotor to the diameter of the Magnus rotor.

[0041] According to an exemplary embodiment of the
invention, in cross-sections, the rotor blades respectively
have a curved shape with a concave and a convex side,
whereby the convex side faces the Magnus rotor.

[0042] According to a further aspect of the invention, at
least two, preferably sixteen rotor blades are provided.
[0043] According to an exemplary embodiment of the
invention, in cross-section, the rotor blades respectively have
an angle of 15° to 70° to the radial direction.

[0044] According to a further aspect of the invention, in
cross-section, the rotor blades respectively have an angle of
30° to the radial direction.

[0045] The term radial direction relates to a connection line
between the Magnus rotor axis and the center of the cross-
section of the rotor blade, and the direction in cross-section
relates to the tangential direction for a curved cross-section
shape.

[0046] As has been cited already, the rotor blades do not
change their angle during the rotation of the transverse flow
rotor.

[0047] According to a further aspect of the invention, the
rotor blades extend parallel to the axis of rotation in axial
direction, i.e., they have a constant distance to the axis of
rotation.

[0048] According to a further aspect of the invention, the
rotor blades extend inclined to the axis of rotation in the axial
direction, whereby the rotor blades have an increasing or
decreasing distance with respect to the axis of rotation, i.e.,
the rotor blades respectively extend in a plane with the axis of
rotation and are inclined to the axis of rotation.

[0049] According to an exemplary embodiment of the
invention, the Magnus rotor is a cylinder, and in the area of its
ends it respectively has an end plate that projects over the
cylinder surface. The term cylinder surface relates to the
lateral surface or circumferential surface of the cylinder.
[0050] According to a further aspect of the invention, the
plates are formed at the facing ends of the cylinder.

[0051] According to a further aspect of the invention, the
end plates rotate with the cylinder; for example, the plates are
attached directly to the cylinder.

[0052] According to an exemplary embodiment of the
invention, the cylinder has a number of plates that are located
between the end plates, whereby the plates have a larger
diameter than the lateral surface.
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[0053] According to a further aspect, the plates are pro-
vided in a Magnus rotor that has a different rotation-symmet-
ric shape.

[0054] According to the invention, an aircraft is also pro-
vided that has a fuselage area and at least one hybrid rotor
according to one of the exemplary embodiments and aspects
described above. The Magnus rotor and the transverse flow
rotor of the at least one hybrid rotor are retained at the fuse-
lage area. Furthermore, a first propulsion device for rotating
the Magnus rotor of the at least one hybrid rotor and a second
propulsion device for rotating the transverse flow rotor of the
at least one hybrid rotor are provided. The Magnus rotor axis
is located horizontal to the flight direction, for example, at an
angle between 30° and 150°, preferably 45° to 135°, further
preferred 80° to 100°, for example, 90°.

[0055] This makes it possible to provide an aircraft in
which the hybrid rotor takes on the function of propulsion and
the function of 1ift. In other words, compared with a conven-
tional aircraft having an airfoil and, for example, a propulsion
mechanism, the hybrid rotor takes on the function of the
propeller for propulsion and the function of the airfoils for the
lift.

[0056] According to a further aspect, additional airfoils are
present.
[0057] According to a further aspect of the invention, for

controlling the aircraft, an elevator unit and a fin are provided,
for example, in the posterior section of the fuselage area.
[0058] According to a further exemplary embodiment of
the invention, the aircraft has a longitudinal axis, and on both
sides of the longitudinal axis, at least one hybrid rotor is
provided respectively according to one of the preceding
exemplary embodiments and aspects.

[0059] According to a further aspect of the invention, at
least two hybrid rotors are provided that are located on dia-
metrically opposed sides of the longitudinal axis, whereby the
at least two hybrid rotors are at a distance to each other and
form a propulsion pair or a propulsion group.

[0060] According to a further aspect of the invention, dif-
ferent rpms per hybrid rotor are provided for controlling the
aircraft, i.e., as a result of the different actuation of the hybrid
rotors, different lift and propulsion forces can be generated on
the two sides of the longitudinal axis.

[0061] According to a further exemplary embodiment of
the invention, at least two hybrid rotors located at a distance
in the longitudinal direction are provided according to one of
the preceding exemplary embodiments and aspects.

[0062] According to a further aspect of the invention, in the
longitudinal direction, at least two propulsion pairs or two
propulsion groups are provided.

[0063] The invention also includes the use of a hybrid rotor
according to one of the previously described exemplary
embodiments and aspects in an aircraft.

[0064] According to a further aspect of the invention, the
use of an aircraft having a hybrid rotor according to one of the
previously cited exemplary embodiments and aspects is pro-
vided.

[0065] According to a further exemplary embodiment of
the invention, a method for flying an aircraft is provided that
includes the following steps.

[0066] a) Rotating a Magnus rotor around a Magnus rotor
axis, whereby the Magnus rotor has a closed lateral surface
for generating a force according to the Magnus effect;
[0067] D) rotating a transverse flow rotor around an axis of
rotation that has a number of axially extending rotor blades,
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which are designed stationary relative to the tangential angle
position, whereby the rotation of the transverse flow rotor
generates a propelling force for the aircraft, which runs trans-
verse to the Magnus rotor axis; whereby the Magnus rotor is
located within the transverse flow rotor and the axis of rota-
tion extends in the direction of the Magnus rotor axis; and
[0068] c)aligning a housing segment of a guide mechanism
that partially surrounds the transverse flow rotor in the cir-
cumferential direction by deviating the housing segment rela-
tive to the Magnus rotor axis in such a way that due to the
transverse flow rotor, a transverse flow is created at the Mag-
nus rotor by means of which the force according to the Mag-
nus effect is generated.

[0069] According to a further aspect of the invention, rotat-
ing the Magnus rotor generates a lifting force.

[0070] According to a further aspect of the invention, rotat-
ing the Magnus rotor also generates a propelling force, which
supports the propelling force generated by the transverse flow
rotor.

[0071] According to a further aspect of the invention, the
two rotor types generate a force that has a lift vector and a
propulsion vector.

[0072] According to a further aspect of the invention, the
transverse flow of the Magnus rotor is provided in such a way
that a force according to the Magnus effect is generated that
acts upon the aircraft.

[0073] According to a further aspect of the invention, the
force according to the Magnus effect is a propelling force and
a lifting force, as has already been mentioned above.

[0074] According to a further exemplary embodiment of
the invention, the rotation of the Magnus rotor and the rota-
tion of'the transverse flow rotor and the deflection of the guide
mechanism can be regulated separately in such a way that
different lifting forces and propelling forces can be adjusted.
[0075] The concept of control thereby includes, for
example, the following aspects:

[0076] 1.Therpm ofthetransverse flow rotorinfluences the
speed of the air flow and thus the thrust.

[0077] 2. The rpm of the Magnus rotor influences the
deflection of the air flowing against it and thus on account of
the Magnus effect, the lifting force as well.

[0078] 3. The rotatable deflector plate influences the direc-
tion of the air flowing around and through the hybrid rotor and
thus the direction of the total force (consisting of propulsion
and lift).

[0079] The cited possibilities of regulation thus make rpm
changes possible that influence the magnitude of the forces.
The adjustment of the deflector plate influences the direction
of the forces.

[0080] According to a further aspect of the invention, dif-
ferent directions of flight can be selected.

[0081] According to a further aspect of the invention, the
guide mechanism is adjusted in such a way that a vertical lift
and propulsion force is generated that makes a vertical takeoff
of the aircraft possible, or a short start, i.e., a takeoff with an
extremely short runway.

[0082] Let it be pointed out that the characteristics of the
exemplary embodiments and the aspects of the devices also
apply to embodiments of the method as well as the use of the
device and vice versa. Moreover, even those characteristics
can be freely combined with each other, for which this is not
explicitly mentioned.

[0083] Other objects, advantages and novel features of the
present invention will become apparent from the following
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detailed description of one or more preferred embodiments
when considered in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0084] In the following, with the aid of the attached draw-
ings, an exemplary embodiment of the invention will be
addressed in further detail.

[0085] Shown are:

[0086] FIG. 1 shows an aircraft having a hybrid rotor
according to an exemplary embodiment of the invention;
[0087] FIG. 2 shows a hybrid rotor according to the inven-
tion in a schematic cross-section;

[0088] FIG. 3 shows a cross-section of a hybrid rotor from
FIG. 2;
[0089] FIG. 4 shows a further embodiment of a aircraft

having a hybrid rotor according to the invention;

[0090] FIG. 5 shows a further embodiments of the hybrid
rotor according to the invention;

[0091] FIG. 6 shows a further embodiment of an aircraft
with a hybrid rotor according to the invention;

[0092] FIG. 7 shows a further embodiment of an aircraft
with a hybrid rotor according to the invention;

[0093] FIG. 8 shows a further embodiment of an aircraft
with a hybrid rotor according to the invention;

[0094] FIG.9 shows a further embodiment of a hybrid rotor
according to the invention in a lateral view;

[0095] FIG. 10 shows a further embodiment of a hybrid
rotor according to the invention; and

[0096] FIG.11 shows amethod for flying an aircraft having
a hybrid rotor according to an exemplary embodiment of the
invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0097] FIG. 1 shows an aircraft 10 in an angular view.
Aircraft 10 has a fuselage area 12 and at least one hybrid rotor
14. For example, two hybrid rotors are provided of which
respectively one is located on one side of the fuselage area.
[0098] Aircraft 10 further has a fin 16 and an elevator unit
18 in the posterior section of the fuselage area.

[0099] Aircraft 10 shown in FIG. 1 is, for example,
designed as an aircraft, whereby in addition to smaller pas-
senger planes, wide-bodied airplanes for passengers, as well
as also transport aircraft and other types of aircraft are pro-
vided.

[0100] According to a further aspect of the invention which
is, however, not illustrated in further detail, the aircraft can
also be a different vehicle type, for example, an airship.
[0101] With reference to FIG. 1, hybrid rotor 14 has a
Magnus rotor, a transverse flow rotor and a guide mechanism,
which are, however, not labeled with reference numbers here,
but will be explained in more detail in the following figures.
[0102] The Magnus rotor and the transverse flow rotor of
the at least one hybrid rotor are retained at the fuselage area.
Aircraft 10 further has a first propulsion mechanism 20 for
rotating the Magnus rotor of the at least one hybrid rotor, and
asecond propulsion device 22 for rotating the transverse flow
rotor of the at least one hybrid rotor. The Magnus rotor axis
that is shown in FIG. 1 labeled with reference number 24 is
located horizontal to the flight direction, which is indicated
with an arrow 26 in FIG. 1.

[0103] According to a further aspect of the invention, which
is likewise shown in FIG. 1, aircraft 10 has a longitudinal axis
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28 and on both sides of longitudinal axis 28, at least one
hybrid rotor 14 is provided respectively.

[0104] Before any additional exemplary embodiments
shown in FIGS. 6, 7 and 8 will be addressed relative to the
configuration and number of hybrid rotors, hybrid rotor 14
will be explained in further detail with the aid of FIG. 2 and
those following.

[0105] In FIG. 2, hybrid rotor 14 is shown in a schematic
lateral view. Hybrid rotor 14 for an aircraft has a Magnus rotor
30, a transverse flow rotor 32 and a guide mechanism 34.
[0106] Magnus rotor 30 can be actuated by a propulsion
mechanism to rotate around its Magnus rotor axis, and has a
closed lateral surface 36. The Magnus rotor axis is identified
by reference number 38.

[0107] Tt should be noted that hybrid rotor 14 includes
Magnus rotor 30, transverse flow rotor 32 and the guide
mechanism 34. The first and the second propulsion mecha-
nisms 20, 22 are mentioned in this connection, but in the
embodiment described, they are not a direct component of
hybrid rotor 14 according to the invention.

[0108] According to a further aspect, hybrid rotor 14
includes, in addition to Magnus rotor 30 and transverse flow
rotor 32 and guide mechanism 34, first propulsion mechanism
20 and second propulsion mechanism 22. For example, Mag-
nus rotor 30 can be actuated by first propulsion mechanism 20
that 1s mentioned in FIG. 1, but not shown there in further
detail.

[0109] Transverse flow rotor 32 is kept rotating around an
axis of rotation and has a number 40 of axially extending rotor
blades 42, which can be actuated to rotate around the axis of
rotation by a propulsion mechanism. For example, rotor
blades 42 can be actuated by the second propulsion mecha-
nism 22, which was mentioned in connection with FIG. 1.
[0110] Magnus rotor 30 is located within transverse flow
rotor 32 and Magnus rotor axis 38 extends in the direction of
the axis of rotation. For example, Magnus rotor axis 38
extends parallel to the axis of rotation. According to one
aspect of the invention, Magnus rotor 30 is located concentric
with transverse flow rotor 32.

[0111] According to an exemplary embodiment that is not
shown, Magnus rotor 30 is located within transverse flow
rotor 32, whereby the respective rotor axes are offset with
respect to each other. Thereby, the rotor axes can have an
angle with respect to each other and can lie, for example, in
one plane.

[0112] Rotor blades 42 are designed stationary relative to
the tangential angle position. The tangential angle position is
understood to be the angle that is occupied by the rotor blades
with respect to the tangential. As shown in FIG. 3, rotor blade
42 has a connection line 44 between the two outer points of
rotor blade 42 that has, for example a curved design. During
the rotation of the transverse flow motor, rotor blade 42 per-
forms a motion along a circular path 46 around the Magnus
rotor axis as central point or axis of rotation. The axis of
rotation or the Magnus rotor axis 38 can be connected with a
virtual central point 48 of rotor blade 42, which is shown by
a radially extending connection line 50. Perpendicular to this
connection line 50, a tangential line 52 is shown. With its
alignment that is indicated by line 44, rotor blade 42 has an
angle position 54, which is additionally identified in FIG. 3 by
the symbol a.

[0113] Itshould be noted that the directional straight line 44
does not extend through the virtual center of the rotor blade,
so that the directional straight line 44 also does not cross the
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tangential line 52 in center 48 of the rotor blade, however, a
line extending parallel to directional straight line 44 would
have the same angle 54 to tangential line 52.

[0114] According to the illustrated exemplary embodi-
ment, rotor blades 42 extend parallel to the axis of rotation in
axial direction, i.e., they have a constant distance to the axis of
rotation.

[0115] According to a further aspect of the invention that is
not shown in further detail, rotor blades 42 extend at an
incline to the axis of rotation in axial direction, whereby the
rotor blades have an increasing or decreasing distance to the
axis of rotation, i.e., the rotor blades respectively extend in a
plane with the axis of rotation, but are inclined to the axis of
rotation.

[0116] Guide mechanism 34 shown in FIG. 2 has a housing
segment 56, which partially surrounds the transverse flow
rotor in the circumferential direction. Housing segment 56
has an adjustment mechanism 58, with which housing seg-
ment 56 is designed rotatable at least relative to Magnus rotor
axis 38, which is indicated with a double-arrow symbol 60.
[0117] According to a further aspect or the invention, the
adjustment mechanism has one or more actuators or a differ-
ent propulsion mechanism to perform the rotation or ensure
the adjustment in the respectively attained position, which is,
however, not shown in further detail.

[0118] Asindicated in FIG. 2 by symbolic flow arrows 62,
housing segment 56 can be aligned in such a way that trans-
verse flow rotor 32 causes a propulsion force 64, which is
shown symbolically with an arrow, and simultaneously a
transverse flow onto the Magnus rotor, which is indicated
with arrow symbols 66.

[0119] As indicated in FIG. 2 by a rotation arrow 68, the
rotation of the transverse flow rotor takes place clockwise,
which is otherwise also already given by the setting of the
rotor blades.

[0120] Further, a Magnus rotor rotation arrow 70 indicates
that the Magnus rotor in the shown exemplary embodiment
likewise rotates clockwise.

[0121] Due to the transverse flow 66 and rotation 70 of the
Magnus rotor, a force 72 is generated according to the Mag-
nus effect. Force 72 brings about a lifting force 74 of the
hybrid rotor in addition to the propelling force 64.

[0122] Asis notshown in further detail, the Magnus rotor is
driven by afirst shaft and the transverse flow rotor by a second
shaft which is, for example, located concentrically, for
example, extending into each other.

[0123] Transverse flow rotor 32 forms, together with guide
mechanism 34, a transverse flow blower that generates a flow,
which extends transverse to the Magnus rotor axis 38.
[0124] As can also be seen in FIG. 2, the housing segment
has a side 76 that is facing the transverse flow rotor. This side
76 that faces the transverse flow rotor has the shape of a
circular arc, which is linked to the revolving rotor blades 42.
[0125] According to an embodiment, housing segment 56
is designed with the same cross-section for the entire length of
the Magnus rotor. Alternatively, it the housing segment can
have different cross-section shapes extending over the length
of the Magnus rotor, which is, however, not shown in further
detail.

[0126] InFIG.4,afurther exemplary embodiment is shown
in which aircraft 10 is shown in a schematic and extremely
simplified front view. As can be seen, hybrid rotor 14 that is
located on the right in the drawing, i.e., the backboard hybrid
rotor relative to the flight direction, has Magnus rotor 30 and
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transverse flow rotor 32. Furthermore, guide mechanism 34 is
present which is, however, not shown in further detail.
[0127] 1In FIG. 5a, hybrid rotor 14 is shown with Magnus
rotor 30 which is designed, for example, as a cylinder.
[0128] According to a further aspect of the invention which
is, however, not shown in further detail, the Magnus rotor is
formed as a truncated cone or consists of different truncated
cone and/or cylinder segments. For example, the Magnus
rotor can also have other rotation-symmetric shapes or seg-
ments of other rotation-symmetric shapes, for example,
spherical shapes such as a sphere.

[0129] According to a further exemplary embodiment,
which is shown in FIG. 55, Magnus rotor 30 is a cylinder and
has, in the section of'its ends 76, respectively one end plate 78
projecting over the cylinder surface. For example, end plates
78 are formed at the facing ends of the cylinder and rotate with
the cylinder.

[0130] According to a further exemplary embodiment,
which is shown in FIG. 5¢, the cylinder of Magnus rotor 30
has a number 80 of plates 82, which are located between the
two end plates, whereby plates 82 have a larger diameter than
lateral surface 36.

[0131] As shown in FIG. 5¢, end plates 78 and plates 82
have the same diameter. According to a further exemplary
embodiment that is, however, not shown, plates 82 have a
different diameter than plates 78 at the end, for example, a
smaller diameter. Beyond that, it is also provided that in an
additional exemplary embodiment that is likewise not shown,
plates 82 have different diameters, for example, they become
smaller toward the fuselage area.

[0132] A further aspect is shown in FIG. 6. According to an
exemplary embodiment, aircraft 10 is designed with a hybrid
rotor 14 that is, for example, provided above fuselage 12 and
projects away from the fuselage area on both sides.

[0133] According to a further exemplary embodiment, air-
craft 10 is designed with two hybrid rotors 14 that are at a
distance to each other in the longitudinal direction. As shown
in FIG. 7 schematically, two hybrid rotors 14 are located that
respectively project significantly over the lateral sections of
fuselage 12.

[0134] The illustrated hybrid rotors 14 can, according to a
further exemplary embodiment, also be designed as two
hybrid rotors 14 located directly adjacent to each other, which
is indicated in FIG. 14 by way of example by a joint 83 for
posterior hybrid rotor 14.

[0135] According to a further exemplary embodiment that
has already been presented in FIG. 1, at least two hybrid
rotors 14 are provided perpendicular to longitudinal axis 28,
which are located on diametrically opposed sides of longitu-
dinal axis 28, whereby the at least two hybrid rotors are at a
distance to each other, for example, due to the fuselage area
12 that lies between, and form a propulsion pair or a propul-
sion group 84.

[0136] In FIG. 8, an exemplary embodiment is shown in
which aircraft 10 has two propulsion pairs or propulsion
groups 83 in the longitudinal direction.

[0137] InFIG.9,a further exemplary embodiment of trans-
verse flow rotor 32 is shown. In the illustrated exemplary
embodiment, transverse flow rotor 32 has a number of 16
rotor blades 42.

[0138] According to a further exemplary embodiment, at
least two rotor blades 42 are provided, which is, however, not
shown in further detail.
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[0139] Therotor blades respectively have a curved shape in
cross-section with a concave side 86 and a convex side 88. As
can be seen, concave side 86 faces Magnus rotor 30.

[0140] According to a further aspect of the invention, the
cross-section shape of the rotor blades changes over their
length, i.e., over the width of the aircraft.

[0141] Magnus rotor 30 is only symbolically indicated in
FIG. 9 and can, in particular its dimensions in relation to the
transverse flow motor, also be designed differently.

[0142] As has already been explained in connection with
FIG. 3, the rotor blades have an angle 54 to the radial direction
in cross-section. For example, the value of this angle 54 lies in
a range of approximately 15° to 70°.

[0143] As shown in FIG. 9, the rotor blades respectively
have an angle of 30° to the radial direction, according to an
exemplary embodiment.

[0144] According to one aspect of the invention (not shown
in further detail), between the lateral surface of the Magnus
rotor and the rotating rotor blades, a distance is provided in
radial direction that depends on the diameter of the Magnus
rotor.

[0145] For example, the diameter of the Magnus rotor is
just as large to twice as large as the distance of the lateral
surface to the rotor blades.

[0146] According to a further example, the relationship of
the diameter of the Magnus rotor and the distance to the rotor
blades is 2:1.

[0147] According to a further aspect of the invention, a
distance 89 in radial direction is provided between the rotat-
ing rotor blades 42 and lateral surface 36, which amounts to
one to two times the size of a profile depth 87 of a rotor blade
42.

[0148] As mentioned already, the distance according to a
further example, different than that in FIG. 9, is one time to
one half the size of the diameter of the Magnus rotor.

[0149] According to a further aspect of the invention, rotor
blades 42 have a diameter 85 that is five times to eight times
the size of the profile depth 87 of a rotor blade 42.

[0150] According to a further aspect of the invention, a
circumferential distance 83 of rotor blades 42 is provided that
is at least as large as the profile depth 87 of rotor blades 42.
[0151] The profile depth, the circumferential distance, as
well as the number of the rotor blades can, for example, be
chosen freely in principle. From them are given, for example,
when using the preferred relationship “distance/diameter
Magnus rotor”, the diameter of the Magnus rotor and the
distance between the rotor blades and the lateral surface of the
Magnus rotor.

[0152] As has already been mentioned above, for example,
the rpm of the Magnus rotor, as well as the direction of
rotation can be actuated or adjusted independent of the rpm of
the transverse flow rotor.

[0153] Moreover, in FIG. 9, deflector plate 56 is schemati-
cally indicated, in particular with respect of the dimension or
the structural design.

[0154] In FIG. 10, a further exemplary embodiment of the
hybrid rotor is shown, in which housing segment 56 of guide
mechanism 34 has a side 90 facing away from the transverse
flow rotor that has adjustable profile elements 92, using which
the cross-section shape can be changed on side 90 that faces
away, which is symbolically indicated by a double arrow 94.
It should be noted that profile elements 92 are shown only in
the section on the right, however, they can also be provided in
the left section, i.e., relative to the flight direction—by using
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the flow lines from FIG. 2—anterior section of guide mecha-
nism 34. The change of the cross-section shape takes place,
for example, depending on the rotation setting of the guide
mechanism.

[0155] According to the invention, a method 100 for flying
the aircraft is also provided, which is shown in FIG. 11, and
includes the following steps:

[0156] In one step a), a rotating 110 of a Magnus rotor
around a Magnus rotor axis is provided, whereby the
Magnus rotor, for generating a force 112 according to
the Magnus effect, has a closed lateral surface.

[0157] In a step b), a rotating 114 of a transverse flow
rotor around an axis of rotation is provided that has a
number of axially extending rotor blades, which, relative
to the tangential angle position, are designed stationary,
whereby the rotating of the transverse flow rotor gener-
ates a propelling force 116 for the aircraft, which
extends transverse to the Magnus rotor axis.

[0158] Thereby, the Magnus rotor is located within the
transverse flow rotor and the axis or rotation extends in the
direction of the Magnus rotor axis.

[0159] In a step c) an alignment 118 of a housing seg-
ment of a guide mechanism is provided that partially
surrounds the transverse flow rotor in circumferential
direction, for which a deflection 120 of the housing
segment relative to the Magnus rotor axis is provided in
such a way that the transverse flow rotor causes a trans-
verse flow 122 onto the Magnus rotor, by means of
which force 112 is generated according to the Magnus
effect.

[0160] According to a further aspect of the invention, the
three steps a), b), ¢) take place simultaneously, or step c)
according to need.

[0161] According to a further aspect of the invention, as a
result the rotating 110 of the Magnus rotor, a lifting force is
generated. According to a further aspect of the invention,
rotating the Magnus rotor also, or alternatively generates a
propulsion force.

[0162] Thus, relative to the aircraft, two forces are gener-
ated, namely the force according to the Magnus effect 112,
and the propulsion force 116.

[0163] According to a further exemplary embodiment,
which is indicated in FIG. 11 by a dotted line and rectangle, a
force 122 is generated, that has a lift vector and a propulsion
vector.

[0164] According to a further aspect of the invention which
is, however, not shown further in FIG. 11, rotating 110 of the
Magnus rotor and rotating 114 of the transverse flow rotor,
and deflection 120 of the guide mechanism can be regulated
separately in such a way that different drive and propulsion
forces can be selected or different drive vectors and propul-
sion vector components.

[0165] According to a further aspect, this makes it possible
to select different flight directions, whereby it is to be empha-
sized in particular, that the gnide mechanism can be adjusted
in such a way that a vertical lift and propulsion force is
generated, which makes it possible for the aircraft to take off
vertically or have a short takeoff, 1.c., start with an extremely
short runway.

[0166] The exemplary embodiments described above can
be combined in different ways. In particular, aspects of the
devices for embodiments of the method can also be used, as
well as the devices and vice versa.
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[0167] In addition, it is to be pointed out that “including”
does not exclude any other elements or steps and “one” or “a”
does not exclude several. Further let it be pointed out that
characteristics or steps that have been described referring to
one of the above exemplary embodiments, can also be used in
combination with other characteristics or steps of other exem-
plary embodiments described above. Reference numbers in
the claims are not to be viewed as limiting.

[0168] The foregoing disclosure has been set forth merely
to illustrate the invention and is not intended to be limiting.
Since modifications of the disclosed embodiments incorpo-
rating the spirit and substance of the invention may occur to
persons skilled in the art, the invention should be construed to
include everything within the scope of the appended claims
and equivalents thereof.

What is claimed is:

1. A hybrid rotor for an aircraft, comprising:

a Magnus rotor;

a transverse flow rotor; and

a guide mechanism;

wherein the Magnus rotor is configured to be actuatable to

rotate around a Magnus rotor axis by a first propulsion
mechanism, and has a closed lateral surface;

wherein the transverse flow rotor is configured to be kept

rotating around an axis of rotation and has a number of
axially extending rotor blades that actuatable to rotate
around the axis of rotation by a second propulsion
device, and which are configured stationary relative to
the tangential angle position;

wherein the Magnus rotor is located within the transverse

flow rotor and the Magnus rotor axis extends in the
direction of the axis of rotation;

wherein the guide mechanism has a housing segment par-

tially surrounding the transverse flow rotor in a circum-
ferential direction;
wherein the housing segment has an adjustment mecha-
nism and is configured deflectable at least relative to the
Magnus rotor axis;

wherein the housing segment is aligned in such a way that
the transverse flow rotor generates a propelling force and
brings about a transverse flow onto the Magnus rotor in
such a way that a force is generated according to a
Magnus effect, which acts as lifting force.

2. The hybrid rotor as recited in claim 1, wherein the
housing segment has a shape of a circular arc on a side facing
the transverse flow rotor.

3. The hybrid rotor as recited in claim 1, wherein the rotor
blades respectively have a curved form in cross-section with
a concave and a convex side, and wherein the concave side
faces the Magnus rotor.

4. The hybrid rotor as recited in claim 1, wherein in cross-
section, the rotor blades respectively have an angle ranging
from 15° to 70° to a radial direction.

5. The hybrid rotor as recited in claim 1, wherein the
Magnus rotor is a cylinder and it respectively has an end plate
that extends over the cylinder surface in a section of its ends.

6. The hybrid rotor as recited in claim 5, wherein the
cylinder has a number of plates located between the two end
plates, and wherein the plates have a larger diameter than the
lateral surface.
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7. An aircraft, comprising:

a fuselage area;

at least one hybrid rotor, which comprises
a Magnus rotor;

a transverse flow rotor; and
a guide mechanism;
wherein the Magnus rotor is configured to be actuatable
to rotate around a Magnus rotor axis by a first propul-
sion mechanism, and has a closed lateral surface;
wherein the transverse flow rotor is configured to be
kept rotating around an axis of rotation and has a
number of axially extending rotor blades that actu-
atable to rotate around the axis of rotation by a
second propulsion device, and which are config-
ured stationary relative to the tangential angle posi-
tion;
wherein the Magnus rotor is located within the trans-
verse flow rotor and the Magnus rotor axis extends
in the direction of the axis of rotation;
wherein the guide mechanism has a housing segment
partially surrounding the transverse flow rotor in a
circumferential direction;
wherein the housing segment has an adjustment mecha-
nism and is configured deflectable at least relative to
the Magnus rotor axis;
wherein the housing segment is aligned in such a way
that the transverse flow rotor generates a propelling
force and brings about a transverse flow onto the
Magnus rotor in such a way that a force is generated
according to a Magnus effect, which acts as lifting
force,
wherein the Magnus rotor and the transverse flow rotor
of the at least one hybrid rotor are retained at the
fuselage area;

wherein a first propulsion mechanism is configured to
rotate the Magnus rotor of the at least one hybrid rotor
and a second propulsion mechanism is configured to
rotate the transverse flow rotor of the at least one hybrid
rotor;

wherein the Magnus rotor axis is located horizontal to the
flight direction.

8. The aircraft as recited in claim 7, wherein the aircraft has
a longitudinal axis and on both sides of the longitudinal axis
it respectively has at least one of the hybrid rotors.

9. The aircraft as recited in claim 7, wherein at least two
hybrid rotors are provided at a distance in longitudinal direc-
tion.

10. A method for flying an aircraft, comprising:

a) rotating a Magnus rotor around a Magnus rotor axis,
wherein the Magnus rotor axis has a closed lateral sur-
face for generating a force according to a Magnus effect;

b) rotating a transverse flow rotor around an axis of rotation
that has a number of axially extending rotor blades that
are configured stationary relative to the tangential angle
position, wherein the rotating of the transverse flow
rotor generates a propelling force for the aircraft that
extends horizontal to the Magnus rotor axis, and wherein
the Magnus rotor is located within the transverse flow
rotor and the axis of rotation extends in the direction of
the Magnus rotor axis; and

¢) aligning a housing segment of a guide mechanism par-
tially surrounding the transverse flow rotor in a circum-
ferential direction by a deviating the housing segment
relative to the Magnus rotor axis in such a way that the
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transverse flow rotor brings about a transverse flow onto and the deviation of the guide mechanism are controllable

the Magnus rotor by which the force according to the separately in such a way that different drive and propelling
Magnus effect is generated. forces can be selected.
11. A method according to claim 10, wherein the rotating of
the Magnus rotor and the rotating of the transverse flow rotor ®owok xR
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1
STOL AIRCRAFT

BACKGROUND OF THE INVENTION

Many airfoil modifications have been considered in the
century since the Wright brothers flight at Kitty Hawk.
Matthew Orr, U.S. Pat. No. 1,787,321 introduced comple-
mentary airfoils. H. P. Massey, U.S. Pat. No. 1,82,919,
taught the use of fans and complementary airfoils on wing
and horizontal tail surfaces to provide an aircraft which can
hover. C. DeGanhal, U.S. Pat. No. 1,881,142, taught the use
of slots and engine exhausts to provide boundary layer
control on upper wing surfaces.

Variable camber airfoils are taught to be useful by Serge
Trey, U.S. Pat. No. 2,478,793; G. D. Bryant et al, U.S. Pat.
No. 3,109,613; D. G. Lyon, U.S. Pat. No. 3,179,357, E. M
‘Wright, U.S. Pat. No. 3,332,883; A. W. Smith, U.S. Pat. No.
3,361,386; R. C. Frost et al, U.S. Pat. No. 4,247.066; and S.
K. Ferguson, U.S. Pat. No. 4,582,278.

While the concepts taught in much of the referenced prior
art were appropriate for their purpose, most of these refer-
ences failed to make an impact on aviation. The present
invention provides an air craft utilizing cross flow fan(s) and
better over-the-wing boundary layer control for good STOL
applications.

SUMMARY OF THE INVENTION

The short take-off and landing (STOL) vehicle of this
invention combines several elements to accomplish the
desired result. A primary airfoil(s) with a variable rear
configuration combines with a complementary airfoil(s) to
form the air intake duct(s), cross flow fan housing(s) and
exhaust duct(s) necessary for propulsion and boundary layer
control. During the take-off maneuvers, the rear of the
primary airfoil(s) is flexed downwardly to enhance the
formation of an air cushion. The rear edge of the comple-
mentary airfoil can also be extended to aid in boundary layer
control. Preferably, the STOL vehicles have pontoon(s) or
laterally positioned air dams and secondary airfoils to
enhance lift and/or air cushion formation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a single fuselage, amphibian craft with a
section of the primary and complementary airfoils and a
cross flow fan within the wing.

FIG. 2 is a front view of a preferred craft with pontoons.

FIG. 3 is a partial top view of a second preferred craft.

FIG. 4 is a front view of a double hulled craft.

FIG. 5 is a top view of a craft equipped for both wing and
rear horizontal stabilizer boundary layer control.

FIG. 6 depicts a craft with a separate rear cross flow fan
for enhanced horizontal stabilizer boundary layer control.

FIG. 7 depicts, schematically, a preferred cross flow fan
and ducting configuration.

FIG. 8 depicts a preferred cross flow fan blade configu-
ration.

DETAILED DESCRIPTION OF THE DRAWINGS

The same numbers are used in several of the figures for
analogous elements where possible.

FIG. 1 is a side view of a light weight amphibian aircraft.
The sectioned wing is made up of a primary airfoil 10 and
a complementary airfoil 11 which form the air inlet ducts 12.
Duct(s) 12 direct the intake air into a cross flow fan 13. The
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upper surface of primary airfoil 10 and the lower rear surface
of complementary airfoil 11 also form the exhaust duct 14.

The rear 10a of primary airfoil 10 is made, in part, of a
flexible, light weight material such as sheet metal or sheet
polyaramides. It includes flaps 15 to provide necessary air
craft control. The rear 11a of complementary airfoil 11 is
extensible and can be moved downward to better direct the
exhaust air flow over a depressed rear of the primary airfoil
flaps 15.

Internal spars and struts 16 and 17 create the necessary
rigidity for the central portion of the primary airfoil struc-
ture. When the craft “flares” for landing, the rear of the
airfoil 10 is deformed. The upper ribs 18 are or can be
flexible and bend downwardly when skin 19 is rolled around
reel 20. Other ribs, not shown, provide the stability required
to ensure a desired rib conformation. The extensible rear 11a
and airfoil 11 act as an air braking mechanism when flexed
downwardly.

The fuselage 22 has a step 23 to facilitate take-offs from
water. Nose wheel 24 and main wheels 25 retract into the
fuselage 22 during flight and during water surface opera-
tions. The fuselage 22 has the usual cockpit 25# and vertical
26 and horizontal 27 stabilizers in the tail assembly.

FIG. 2 shows a craft similar to that of FIG. 1. Pontoons
28 with retractable wheels or skids 29 provide additional
lateral stability on land and flotation on water. Power plant
and drive train 30 are positioned below the center of lift for
greater stability.

FIG. 3 provides a top view of a twin boom 31 craft with
secondary airfoils 32 extending beyond booms 31 which
form the top of pontoons 28 at the forward end of the booms.
Booms 31 can extend above the airfoils, as shown, to form
air dams. Servomotor, or hydraulically actuated flaps, 15 can
be extended and angled downwardly to facilitate landings
while reducing landing speeds.

The craft of this Figure is also designed with hinges and
locking mechanisms (not shown) so that the secondary
airfoils 32 can be unlocked and rotated upwardly and/or
rotated backward and upwardly to reduce the hanger “foot-
print” area.

The craft of FIG. 4 has two fuselages 22 and a single flap
15 on the rear of primary airfoil 10. Both utilize servo-
mechanisms for human assisted or computer controlled
flight to provide desired lift and boundary layer control.

FIG. 5 schematically shows ducts 45 used to convey high
pressure air off fans 13 through valving 46, manifolds 47 and
through slots 48 for increased boundary layer control over
the rear horizontal tail surfaces during landings and take-
offs.

FIG. 6 shows an amphibian modification of the craft of
FIG. 5. The power from the engine 30 is transferred, via
drive train element 50 to a cross flow fan 13 within a cowling
52 to provide added thrust and/or boundary layer control by
forcing compressed air from fan 51 through valving 46,
manifolds 47 and out through slot 48 and over the upper rear
surface of horizontal stabilizer 27 and flaps 49. A separate
engine can be substituted for the element 50. Both provide
better performance during aerodynamic fight.

FIG. 7 schematically shows a section of a preferred
configuration for the cross flow and ducting configurations
utilized in the craft of the other figures. The lower surface 55
of complementary airfoil 11 acts as the upper surface of the
air intake 12. The upper surface 56 of a primary airfoil 10
provides the lower surface. A cross flow fan housing is
formed by segment 57 and “point” segment 57a, to provide
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the compression necessary for successful flight. The sur-
faces 58 and 59 form the exhaust duct 14. Inlet duct 12
encloses about 180 degrees of the fan surface while the
exhaust duct 14 encloses approximately 100-105 degrees.

The number of blades in the fan can vary from about 24
to about 44. The efficiency of the fan increases with increas-
ing numbers of blades. This fan design is preferred because
of its low cost, adaptability and its operational efficiency at
a wide range of revolutions per minute.

The ram air traveling through the inlet duct is further
compressed within the rotating fan. Energy is added by the
centrifugal forces exerted by the fan blades. The fan
diameter, length and blade configuration will depend on the
aircraft in which it is to be used. The usage can be in
under-the-wing exhaust designs, e.g., for hovercraft, as well
as the over-the-wing craft of this application.

FIG. 8 is a preferred configuration for the blades 61 of a
cross flow fan 13. They provide, when attached within a
cross flow fan 13, air velocities which range up to 2.5-3
times blade tip speeds. Preferably, the blade angles within
the cross flow fan are controllable for noise control as well
as performance control.

Blades 61 similar to those of FIG. 8 are assembled into the
fan of FIG. 7 with, preferably, an 80 degree forward curve.
The rotating blade angles change with respect to the air
stream flowing through the inlet air ducts. As the angle
changes, the inlet air is compressed and subjected to a
centrifugal force thereby causing compressed air to be
discharged through the exhaust duct at air speeds which
preferably range from about 2 to about 3 times the blade tip
speeds.

The ratio between the chord of a blade 61 and radius of
the fan 13 is approximately 1:5 with the blade biting into the
air stream at angles of about 60 degrees and a blade arc of
about 70 degrees. The air flow across the center of the fan
is minimized. This approach reduces the formation of vor-
tices and other nonplanar air flow problems.

Preferably, the blade angles are controllable to provide
improved noise control at low altitudes.
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I claim:

1. In an aircraft having at least one fuselage, at least one
engine, at least one wing and at least one rear stabilizer, the
improvement comprising:

at least one primary airfoil with the upper side of each

such one airfoil forming the lower surface of an air
intake duct, exhaust duct and a portion of a cross flow
fan housing, and a rear portion of the primary airfoil
which can be flexed downwardly, and

at least one complementary airfoil extending over a

portion of the primary airfoil with the lower side of
each such complementary air foil forming the upper
surface of the air inlet duct, the exhaust duct and a
portion of the cross flow fan housing, and

a cross flow fan positioned within each of the at least one

cross flow fan housing.

2. The craft of claim 1 having multiple fuselages.

3. The craft of claim 1 further including pontoons.

4. The craft of claim 1 further including air brake means.

5. The craft of claim 1 further including secondary airfoil
means for providing additional lift.

6. The craft of claim 1 further including an air dam on
each wing.

7.The craft of claim 1 wherein the rear of each of the at
least one primary airfoils includes reel means for modifying
the rear portion at the rear of the at least one primary airfoils.

8. The craft of claim 1 wherein each of the at least one
primary airfoils includes a rear extensible portion and rota-
tionally operable flaps.

9. The craft of claim 1 further including means for
conducting compressed air from at least one of the cross
flow fans to the at least one rear horizontal stabilizer and to
slots in each upper surface of the at least one rear horizontal
stabilizer.

10. The craft of claim 1 further including within the
forward portion of the rear horizontal stabilizers an addi-
tional intake air duct, cross flow fan housing, exhaust duct
and cross flow fan positioned within the fan housing for
exhausting compressed air over the upper surface of the rear
horizontal stabilizers.

11. The craft of claim 1 wherein each of the at least one
fuselage is stepped.
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A system and method for moving an aerial vehicle along a
flight path includes rotatable hubs mounted on opposite
sides of the vehicle. Elongated airfoils are mounted on the
hubs parallel to a common hub axis for rotation about the
hub axis on a blade path. Each airfoil defines a chord line
and the system includes a gear assembly changeable, during
hub rotation, between a first modality wherein airfoil chord
lines remain tangential to the blade path (curtate flight), and
a second modality wherein airfoil chord lines remain parallel
to the flight path of the vehicle (prolate flight). Also, rotation
of the hub can be stopped and the airfoils used for fixed wing
flight.
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CYCLOIDAL VTOL UAV

FIELD OF THE INVENTION

[0001] The present invention pertains generally to propul-
sion and flight control systems for heavier-than-air and
lighter-than-air vehicles. In particular, the present invention
pertains to propulsion and flight control systems that incor-
porate airfoils which can be held stationary or rotated in
different rotational modes. The present invention is particu-
larly, but not exclusively, useful as a system and method for
in-flight transitions of an aircraft’s propulsion and control
system between a fixed wing flight mode and selected
rotating wing flight modes.

BACKGROUND OF THE INVENTION

[0002] For atmospheric flight by heavier-than-air vehicles,
it is well known that airfoils can be used in various ways to
either propel or control the flight of the vehicle. For
example, propellers are airfoils; the wings of airplanes are
airfoils; and the rotor-blades of helicopters are airfoils.
Broadly defined, an “airfoil” is a part or a surface, such as
a wing, a propeller blade or rudder, whose shape and
orientation control the stability, direction, lift, thrust, or
propulsion of an aerial vehicle. For the purposes of the
present invention, an airfoil is to be generally considered as
an aerodynamically shaped, elongated blade that defines a
longitudinal axis which extends from the root of the blade to
its tip. The blade also defines a chord line that extends from
the leading edge of the blade to its trailing edge, and that is
generally perpendicular to the blade axis. As is well known,
various configurations of airfoils have been designed and
constructed for different kinds of aerial vehicles. The more
commonly known vehicles that incorporate airfoils include:
airplanes, helicopters, auto-gyros, rockets, and tilt-wing
aircraft.

[0003] It has long been an objective in the design of
manned aerial vehicles, to provide a vertical take-off and
landing (VTOL) aircraft that is capable of performing within
an extended operational flight envelope. Insofar as speed is
concerned, such an aerial vehicle would preferably have a
flight envelope that extends from hovering flight (i.e. zero
velocity) to high-speed flight (e.g. greater than 250 knots).
Further, it would be desirable for such a vehicle to have the
capability of effectively, efficiently, and smoothly transition-
ing from one flight mode (e.g. hover, slow flight and
high-speed flight) to another flight mode.

[0004] With certain limitations, helicopters and tilt wing
aircraft are examples of aerial vehicles that have been
designed with many of the above-mentioned objectives in
mind. In this development and design process, however,
other vehicle configurations have also been developed. As
early as the 1930s, there was some experimentation with the
so-called cycloidal propellers. Specifically, these propellers
each incorporate several blades which move on respective
cycloidal-type paths as they rotate about a common axis.
Cycloidal propellers have the common characteristic that the
respective longitudinal axis of each blade remains substan-
tially parallel to a common axis of rotation as the propeller
is rotated. In another aspect, however, cycloidal propellers
can be rotated in either of two modes. One mode (curtate) is
characterized by a blade movement wherein the chord line
of the blade remains substantially tangential to the rotational

Apr. 21, 2005

path of the blade around the common axis. Another mode
(prolate) is characterized by a blade movement wherein the
chord line of the blade remains substantially parallel to the
flight path of the vehicle as the blade is rotated around the
common axis. In particular, a discussion of prolate flight is
provided by U.S. Pat. No. 2,045,233 which issued in 1934
to Kirsten et al. for an invention entitled “Propeller for
Aircraft.” In contrast with the cycloidal modes of blade
movement, if the blade is stabilized, so as not to rotate
around the common axis, a third mode (fixed wing) is
established. It happens that each of the above-mentioned
flight modes has its advantages.

[0005] In light of the above, it is an object of the present
invention to provide a system for moving an aerial vehicle
which can propel and control the vehicle at hover and slow
flight (curtate flight mode), at intermediate flight speeds
(prolate flight mode), and in high-speed cruise (fixed wing
mode). Another object of the present invention is to provide
a system for moving an aerial vehicle that can effectively,
efficiently, and smoothly transition between the curtate,
prolate and fixed wing modes of flight. Yet another object of
the present invention is to provide a system for moving an
aerial vehicle which is simple to operate, relatively easy to
manufacture, and comparatively cost effective.

SUMMARY OF THE INVENTION

[0006] The present invention is directed to a combined,
cycloidal transmission and flight control system that oper-
ates to control and selectively propel an aerial vehicle along
a flight path in either of three different operational flight
modes. As described below in detail, these flight modes are:
1) curtate flight (hover and slow flight); 2) prolate flight
(intermediate forward speeds); and 3) fixed wing flight (high
speed forward flight).

[0007] Structurally, the system of the present invention
requires a pair of rotatable hubs that are each individually
mounted on opposite sides of the vehicle’s fuselage. A
plurality of equally, spaced-apart blade gears (e.g. three) are
mounted near the periphery of each hub for rotation with the
hub about a hub axis. Further, an airfoil blade is fixedly
attached to each blade gear for movement with the blade
gear. Thus, when the hub is rotated for flight in either the
curtate or the prolate flight mode, each airfoil blade will
travel on a blade path around the hub axis. In these two flight
modes, the airfoils provide propulsion, as well as lift and
control of the vehicle. On the other hand, when the hub is
held stationary on the fuselage (a fixed wing flight mode),
the airfoils’ only function is to provide lift and control.
Propulsion in the fixed wing flight mode is then provided
either by a shrouded propeller on the empennage of the
vehicle, or by some other propulsion means.

[0008] Each airfoil blade in the system of the present
invention defines both a blade axis that extends the length of
the blade, and a chord line that extends from the leading
edge to the trailing edge of the airfoil blade. Operationally,
a gear assembly moves each blade gear to individually
control the angle of attack for each airfoil blade (i.e. the
angle between the chord line of the airfoil and the relative
wind). Specifically, this gear assembly is changeable to
transition the system between its various flight modes. As
indicated above, these modes are: the curtate flight mode (a
first modality) wherein the chord line of the blade is main-
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tained generally tangential to the blade path during the
rotation of the hub; the prolate flight mode (a second
modality) wherein the chord line of the blade is maintained
generally parallel to the flight path of the vehicle as the blade
rotates on its blade path; and the fixed wing flight mode (a
third modality) wherein the chord line of the blade is
maintained generally parallel to the flight path of the vehicle
while the hub is held stationary on the vehicle.

[0009] In accordance with the present invention, control
for each airfoil blade is provided by a dedicated gear
assembly that collectively includes the blade gear mentioned
above, a mid-gear, and a center gear. In their relationship to
each other, the mid-gear is positioned between the blade gear
and the center gear. Further, in each gear assembly there is
a link that interconnects the center of the blade gear to the
center of the mid-gear. Also, there is another link that
interconnects the center of the mid-gear to the center of the
center gear. Within this assembly, the blade gear and the
mid-gear can be rotated about their respective axes in all of
the three flight modes. For the prolate flight mode, however,
although the blade gear and mid-gear can still rotate, rotation
of the center gear is constrained.

[0010] As implied above, several (e.g. three) gear assem-
blies will be incorporated into each hub. The respective
center gears will then establish a gear cluster in which all of
the center gears rotate about a common center gear axis. An
indexing of the respective center gears in the cluster, how-
ever, will be different in the curtate mode than it is in the
prolate mode. Specifically, consider that as each center gear
rotates about the center gear axis, it has a predetermined start
point on the hub where its azimuthal angle () is zero (§=0°).
Then for a three gear assembly system, as the hub is rotated
in the curtate mode there will need to be a 120° off-set
between the azimuthal start points for each of the center
gears (i.e. ¢,=0°, ¢,=120°, and §,=240°). On the other hand,
for the prolate mode, all of the center gears will need to be
re-indexed with a common azimuthal start point (L.e. ¢,=¢,=

¢3=00)~

[0011] In operation, for both the curtate and prolate flight
modes, the hubs on the vehicle are rotated around the hub
axis by a drive shaft. Because the blade gears are mounted
at or near the periphery of the hub, they are also driven along
the blade path around the hub axis. When the center gears of
the gear assemblies are allowed to rotate on the shaft, around
their common center gear axis with off-set start points
(¢,=0°, $,=120°, and ¢,=240°), the result of hub rotation is
the curtate flight mode. On the other hand, when the center
gears are held stationary on the shaf (i.e. the center gears do
not rotate about the common center gear axis, with ¢,=¢,=
$5=0°) the result of hub rotation is the prolate flight mode.
Thus, in both the curtate and prolate flight modes, the
rotating hub causes the airfoil blades to move with their
respective blade gears on the blade path around the hub axis
of rotation.

[0012] As indicated above, for the curtate flight mode (i.e.
when the center gears have off-set start points) the chord line
of the airfoil remains substantially tangential to the blade
path. For propulsion and control purposes, cyclical varia-
tions of the respective angles of attack for each airfoil in the
curtate mode are introduced by moving the cluster of center
gears. Specifically, this movement is accomplished by mov-
ing the cluster of center gears omni-directionally in a plane
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such that the common center gear axis remains substantially
parallel to the hub axis of rotation. A consequence of this is
that cyclical changes in the respective angles of attack
remain azimuthally uniform as the airfoil blades rotate about
the hub axis.

[0013] For the prolate flight mode (i.e. when the center
gears are constrained), although the airfoil blades still rotate
with the blade gear around the hub axis, the chord line of the
airfoil remains substantially tangential to the flight path of
the vehicle. In this flight mode, the center gears are indexed
so that all of the airfoils have a common azimuthal start
point (¢,=¢,=¢,=0°) for their respective rotations about the
hub axis. Again, however, cyclical changes in the respective
angles of attack will remain azimuthally uniform as the
airfoil blades rotate about the hub axis. Like the curtate flight
mode, when the vehicle is in the prolate flight mode,
propulsion and control of the vehicle is primarily obtained
by cyclical variations in the respective angles of attack for
each airfoil. Again, like the curtate mode, these variations
are introduced by moving the center gears such that the
common center gear axis remains substantially parallel to
the hub axis of rotation.

[0014] As indicated above, for fixed wing flight, the hubs
are stopped. Specifically, the hubs are stopped when hub
rotation slows to below about 5 RPM, and they are stopped
at a predetermined position. For example, when there are
three airfoil blades per hub, the fixed wing configuration will
preferably have two forward airfoil blades and one trailing
blade. Specifically, one of the forward airfoils is stopped
directly under the other, with the trailing airfoil blade
generally behind and between the two forward airfoils. To
accomplish this, both RPM and hub position can be mea-
sured electronically, and a solenoid latch can be activated to
stabilize the hub when its correct position has been reached.

[0015] Control over the airfoil blades in the fixed wing
flight mode can be accomplished in several ways. For one,
the angle of attack for all of the airfoil blades can be
uniformly changed in unison by rotating the center gear. For
another, the angle of attack for only the trailing airfoil blade
can be changed. This is done by moving the center gears fore
and aft. Further, by moving the center gears with a compo-
nent that is perpendicular to the fore and aft movement, the
airfoil blades can be moved to act as spoilers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The novel features of this invention, as well as the
invention itself, both as to its structure and its operation, will
be best understood from the accompanying drawings, taken
in conjunction with the accompanying description, in which
similar reference characters refer to similar parts, and in
which:

[0017] FIG. 1 is a perspective view of an aerial vehicle
employing the cycloidal propulsion system of the present
invention;

[0018] FIG. 2 is a cross-sectional view of an airfoil
(blade) of the cycloidal propulsion system of the present
invention as seen along the line 2-2 in FIG. 1, with repre-
sentative aerodynamic forces acting on the airfoil super-
posed thereon;

[0019] FIG. 3A is a schematic view of the airfoils (blades)
of the cycloidal propulsion system in a curtate mode of
flight;
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[0020] FIG. 3B is a schematic view of the airfoils (blades)
of the cycloidal propulsion system in a prolate mode of
flight;

[0021] FIG. 4 is a cross-sectional view of a hub assembly
for the system of the present invention as seen along the line
4-4 in FIG. 1,

[0022] FIG. 5 is a schematic view of a gear assembly with
attached airfoil;

[0023] FIG. 6A is an exploded representation of the center
gear cluster of a hub assembly showing the interaction of
center gears in the curtate flight mode;

[0024] FIG. 6B is an exploded representation of the center
gear cluster of a hub assembly showing the interaction of
center gears in the prolate flight mode;

[0025] FIG.7A is a schematic representation of a rotation
of a gear assembly through an angle 6 in the curtate flight
mode;

[0026] FIG. 7B is a schematic representation of a rotation
of a gear assembly through an angle 0 in the prolate flight
mode;

[0027] FIG. 8 is a schematic representation of a servo
control system for controlling the cycloidal propulsion sys-
tem of the present invention,

[0028] FIG. 9A is a representative view of airfoil angle of
attack movements in response to translational movements of
the center gear cluster;

[0029] FIG. 9B is a representative view of airfoil angle of
attack movements in response to a rotational movement of
the center gear cluster;

[0030] FIG. 10 is an alternate embodiment of a gear
assembly in accordance with the present invention; and

[0031] FIG. 11 is a perspective view of the linkage used
for the alternate embodiment of the gear assembly shown in
FIG. 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] Referring initially to FIG. 1, an aerial vehicle that
incorporates a cycloidal propulsion and control system in
accordance with the present invention is shown and is
generally designated 20. As shown, the vehicle 20 has a
fuselage 22 and an empennage 24. A shroud 26 is shown
mounted on the empennage 24 and a propeller 28 is sur-
rounded by the shroud 26. From FIG. 1 it will be appreci-
ated there is a hub assembly on each side of the fuselage 22
that includes a hub 30 and a plurality of blades 32. As
intended for the present invention, the plurality of blades 32
can be rotated with the hub 30 around the hub axis 34. At this
point, it is to be noted that for purposes of this disclosure, the
blades 32a, 32b and 32c¢ shown in FIG. 1 are only exem-
plary because there may be either more or fewer blades 32
used in a hub assembly. Accordingly, discussions herein are
often made with reference to only a single blade 32. With
this in mind, the referenced blade 32 may, in fact, be any one
of the blades 324, 32b or 32¢. In any event, cach blade 32
is an airfoil.

[0033] As indicated in FIG. 1, each blade 32 (c.g. blade
324a) has a blade axis 36 that extends generally in a direction

Apr. 21, 2005

from the root 38 of the blade 32 to its tip 40. Using this
structure as a base for reference, the acrodynamic properties
of the blade 32 will be better appreciated with reference to
FIG. 2. There it will be seen that each blade 32 defines a
chord line 42 that extends from the leading edge 44 of the
blade 32 to its trailing edge 46, and that is generally
perpendicular to the blade axis 36. Depending on several
factors, which include the respective design shapes of the
upper surface 48 and the lower surface 50 of blade 32, as
well as the angle of attack (a) between the chord line 42 and
the relative wind 52, an aerodynamic force (F) will be
generated on the blade 32 in accordance with well known
aerodynamic principles. Specifically, as shown in FIG. 2,
components of the force (F) will include lift (L) and drag
(D), as well as a moment (M). For purposes of this disclo-
sure, it is sufficient to appreciate that these forces are
generated on the blade 32 in response to a relative wind 52,
and that these forces can be controlled by properly orienting
the blade 32 with the relative wind 32.

[0034] As mentioned above, the present invention envi-
sions that blades 32 will be rotated by the hub 30 in either
of two modes. These modes are the curtate mode and the
prolate mode, and are respectively shown in FIG. 3A
(curtate) and FIG. 3B (prolate). Specifically, it will be
appreciated that as a blade 32 is rotated by the hub 30, it will
travel on a circular blade path 54 around the hub axis 34.
When rotated in the direction of arrow 56, the blade 32 will
sequentially pass through the locations on blade path 54
indicated by blade 32, 32' and 32". It is important to
recognize that for rotation in the curtate mode (FIG. 3A), at
each blade location 32, 32' and 32", the orientation of the
respective chord lines 42, 42' and 42" will remain substan-
tially tangential to the blade path 54. On the other hand, for
the prolate mode (FIG. 3B) the orientation of the respective
chord lines 42, 42" and 42" will remain substantially parallel
to the direction of flight of the vehicle 20 (indicated by the
arrow 58 in FIG. 3B). How this is accomplished for the
present invention is best considered with initial reference to
FIG. 4.

[0035] InFIG. 4 itis to be appreciated that a hub gear 60
is fixedly attached to the hub 30. Consequently, the rotation
of a drive gear 62 by a drive shaft 64 will cause the hub 30
to rotate relative to the fuselage 22. It will also be appreci-
ated with reference to FIG. 4 that the blade 32 is fixed to a
blade shaft 66 and that, in turn, the blade shaft 66 is held on
the hub 30 by a pivot mount 68. As intended for the present
invention, with this structure the blade 32 is driven along the
blade path 54 by a rotation of the hub 30 while, at the same
time, the blade 32 is free to independently rotate with the
shaft 66 about the blade axis 36. FIG. 4 also shows that a
blade gear 70 is attached to the blade shaft 66 for movement
therewith.

[0036] By cross referencing FIG. 4 with FIG. 5 it will be
seen that the blade gear 70 is a component of a gear
assembly that is shown in FIG. § and generally designated
72. In detail, the gear assembly 72 includes the blade gear 70
as well as a mid-gear 74 and a center gear 76. Further, the
gear assembly 72 includes a link 78 that interconnects the
center of rotation of blade gear 70 with the center of rotation
of mid-gear 74. Similarly, a link 80 interconnects the center
of rotation of mid-gear 74 with the center of rotation of
center gear 76. At this point it is to be understood that, for
the present invention, each hub 30 preferably includes three
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separate gear assemblies 72. Accordingly, the respective
center gears 76 of the gear assemblies 72 have been vari-
ously designated 76a, 76b and 76c.

[0037] In FIG. 4, for one embodiment of the present
invention, it is shown that the center gear 76a is fixedly
attached to a sleeve shaft 82. The link 80, however, which
connects the respective centers of rotation of the mid-gear
74 and the center gear 76a is connected to an inner shaft 84.
As shown, the inner shaft 84 is coaxial with the sleeve shaft
82 and, accordingly, both the inner shaft 84 and sleeve shaft
82 will rotate about a same center gear axis 86. Importantly,
although the center gear axis 86 and the hub axis 34 remain
parallel to each other, they are not necessarily collinear (i.c.
coaxial). As disclosed in more detail below, relative off-set
movements between the center gear axis 86 and the hub axis
34 provide control over the angle of attack (c) of the airfoil
blade 32.

[0038] Still referring to FIG. 4, an x-y pad 88 is shown
which is mounted on the vehicle 20 so as to be moveable
relative to the fuselage 22. Further, a brake 90 is mounted on
the x-y pad 88 that is used to selectively grip and hold the
sleeve shaft 82 stationary relative to the x-y pad 88. Addi-
tionally, there is a brake 92 that is mounted on the sleeve
shaft 82 to selectively grip and hold the inner shaft 84
stationary relative to the sleeve shaft 82. Thus, when the
brake 92 is activated, and brake 90 is deactivated, sleeve
shaft 82 will rotate together with the inner shaft 84 about the
center gear axis 86. In this configuration the center gear 76a
and the other gears 70, 74 in the gear assembly 72 are driven
by a rotation of the hub 30 (curtate mode). On the other
hand, when the brake 90 is activated and brake 92 is
deactivated, the sleeve shaft 82 is held stationary relative to
the x-y pad 88. The inner shaft 84, however, is able to rotate
inside the sleeve shaft 82. In this configuration the center
gear 76a is not driven in rotation by the hub 30. Instead, the
mid-gear 74, which is still being driven by hub 30, rotates
around the periphery of the center gear 76a (prolate mode).
The effect that this has on other center gears 76 in a cluster
(e.g. the cluster of center gears 76a, 76b and 76¢) will
perhaps be best appreciated with reference to FIGS. 6A and
6B.

[0039] Referring initially to FIG. 6A, it is noted that the
center gears 76a, 76b and 76¢ collectively constitute a gear
cluster. In FIG. 6A, this cluster is shown with the individual
center gears 76 in an exploded relationship relative to each
other. From this relationship it can be seen that the center
gear 76a is formed with a pin 94a. As indicated, the pin 94a
is affixed to the center gear 76a and extends therefrom for
insertion into an azimuthal slot 965 that is formed into the
center gear 76b. Similarly, the center gear 76b has a pin 940
that extends therefrom for insertion into an azimuthal slot
96c¢ that is formed into center gear 76¢. For a cluster of three
center gears, the azimuthal slots 96b and 96¢ on center gears
76b and 76c, respectively, will each extend through an arc of
120° (ie. §,=¢5=120°). Thus, when the center gear 76a
rotates about the center gear axis 86, as indicated by the
arrow 100, a start point 985 on center gear 76b will follow
the start point 98a on center gear 76a by the angle ¢,=120°.
Similarly, a start point 98¢ on center gear 76¢ will follow the
start point 98b on center gear 76b by the angle ¢,=120°. For
referencing purposes, the indexing of the center gears 76a,
76b and 76¢ as shown in FIG. 6A pertains to the curtate
flight mode.
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[0040] Unlike the situation portrayed in FIG. 6A, the gear
cluster shown in FIG. 6B is not being rotated. Specifically,
this condition occurs when the brake 90 is activated to stop
the rotation of center gear 76a relative to the x-y pad 88. The
other center gears in the cluster (i.c. center gears 76b and
76c¢), however, do not stop rotating with the center gear 76a.
Instead, when the center gear 76a is stopped, the center gear
76b will continue to rotate through the angle ¢, (e.g. 120°)
until the interaction between pin 94a of center gear 76a and
the azimuthal slot 96b in center gear 76b stops the center
gear 76b. Center gear 76¢, will then still continue to rotate
through the angle ¢, (e.g. another 120°) until the interaction
between pin 94b of center gear 76b and the azimuthal slot
96c in center gear 76¢ stops the center gear 76c. At this
point, as seen in FIG. 6B, the respective start points 98a,
985 and 98c of center gears 76a, 76b and 76c are in
alignment. For referencing purposes, the indexing of the
center gears 76a, 76b and 76c¢ as shown in FIG. 6B pertains
to the prolate flight mode.

[0041] The consequences of respectively indexing the
representative clusters of center gears 76 shown in FIGS. 6A
and 6B will, perhaps, be best appreciated by referencing
FIG. 6A with FIG. 7A (curtate mode) and FIG. 6B with
FIG. 7B (prolate mode). When making these references,
consider that the center gear 76 shown in FIGS. 7A and 7B
may be either center gear 76a, 76b or 76c. Also, consider
that the position of airfoil blade 32, as shown in both FIGS.
7A and 7B, indicates a rotation of the hub 30 through an
angle 6, starting from a location wherein the airfoil blade 32
is positioned as shown in FIG. §. With all of this in mind,
first consider the curtate mode of flight (FIG. 7A) wherein
the center gear 76 is driven by the hub 30 in rotation around
the center gear axis 86.

[0042] As seen in FIG. 7A, with a rotation of the hub 30
through an angle 8, the airfoil blade 32 is moved along an
arc on the blade path 54 through the same angle 6. This
movement causes the blade gear 70 to urge against the
mid-gear 74, which, in turn, urges against the center gear 76.
As this happens, the centers of the various gears 70, 74 and
76 remain connected by the respective links 78 and 80, and
the center gear axis 86 is held substantially stationary
relative to the blade path 54. The result is that all of the gears
70, 74 and 76 will rotate. Specifically, the blade gear 70
rotates in the direction of arrow 102, the mid-gear 74 rotates
in the direction of arrow 104, and the center gear 76 rotates
in the direction of arrow 106. Because all of the gears 70, 74
and 76 have substantially the same diameter, the conse-
quence of this is that the chord line 42 of airfoil blade 32
remains substantially tangential to the blade path 54 (this is
the curtate mode). On the other hand, when the center gear
76 is held stationary for the prolate mode, only the blade
gear 70 and mid-gear 74 will rotate in response to a rotation
of the hub 30. Specifically, as shown in FIG. 7B the blade
gear 70 will rotate in the direction of arrow 108, and
mid-gear 74 will rotate in the direction of arrow 110. The
consequence in this case is that the respective rotations of
the gear 70 and 74 off-set or cancel each other. Thus, during
movement of the airfoil blade 32 along the blade path 54, the
chord line 42 of the blade 32 remains substantially parallel
to the flight path of the vehicle 20, indicated by the arrow 58.

[0043] An important fact for consideration in the blade
motions discussed above is the location of the start points 98
for the various center gears 76 as the airfoil blades 32 travel
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around the hub axis 34 on blade path 54. In the curtate mode
(FIG. 6A and FIG. 7A) the start points 98b and 98¢ of
center gears 76b and 76¢, respectively, follow the start point
98a of center gear 76a by 1200 and 2400. Within this
relationship, the chord lines 42 of the respective blades
32a-c remain substantially tangential to the blade path 54 at
all locations on the blade path 54. In the prolate mode,
however (FIG. 6B and FIG. 7B), the center gears 76a-c are
re-indexed so that all of the gears 76 are effectively aligned
to have a common start point 98. Within this relationship, the
chord lines 42 of the respective blades 32a-c have a same
orientation at each same point on the blade path 54. Spe-
cifically, as intended for the present invention, this same
orientation at each same point maintains the chord line 42 of
the respective airfoil blades 32 substantially parallel to the
flight path of the vehicle 20.

[0044] Control over the respective angles of attack (c) for
the airfoil blades 32 in the curtate and prolate flight modes
is accomplished by collectively moving the cluster of center
gears 76 in translation. Specifically, this translation is
accomplished by moving the center gear axis 86 in a radial
direction from the hub axis 34, while the center gear axis 86
remains substantially parallel to the hub axis 34. In particu-
lar, the translational movement of the cluster of center gears
76 is accomplished by moving the x-y pad 88. In FIG. 8 it
will be seen that to do this, a frame 112 is mounted on the
fuselage 22 and a servo 114, which is also mounted on the
fuselage 22, is connected between the fuselage 22 and the
frame 112 to move the frame 112 in a back-and-forth motion
in the x-direction (indicated by the arrows 116). Another,
independently operated servo 118 is mounted directly on the
x-y pad 88 and it is connected with the frame 112 to move
the frame 112 in a back-and-forth motion on the x-y pad 88
in the y-direction (indicated by the arrows 120). As intended
for the present invention, movement of the x-y pad 88 in its
x-y plane on the fuselage 22 can be accomplished omni-
directionally through distances from the hub axis 34 that
may be as much as one half of the diameter of the center
gears 76. The omni-directional capability of this movement
can then be employed to cyclically vary the angle of attack
(a) for individual airfoil blades 32. Specifically, this control
will generate forces on the airfoil blades 32 in a manner that
will control the speed and direction of flight of vehicle 20 in
either the curtate or prolate modes. In the fixed wing mode,
however, control is obtained by selectively introducing
combinations of translational and rotational movements of
the cluster of center gears 76.

[0045] For control over the vehicle 20 in the fixed wing
flight mode, refer to FIG. 9A and FIG. 9B. Specifically, as
indicated above, the vehicle 20 is propelled in the fixed wing
flight mode by the shrouded propeller 28 on the empennage
24. Accordingly, rotation of the hub 30 is not required.
Therefore, as the RPM of hub 30 falls below about 5 RPM,
the drive shaft 64 is disengaged and the hub 30 is locked to
the fuselage 22 by a latch (not shown). Preferably, when the
hub 30 is locked for the fixed wing mode, the airfoil blades
32 will be arranged relative to the direction of flight (arrow
58), generally as shown in FIG. 9A. With this configuration,
it is to be appreciated that a translational movement of the
center gear axis 86 in directions substantially parallel to the
chord lines 42a-c¢ will move the airfoil blade 32¢. Specifi-
cally, by moving the center gear axis 86 in the forward
direction, indicated by arrow 122, the airfoil blade 32¢ will
move in the direction of arrow 124¢. On the other hand, an
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aft movement of the center gear axis 86 in the direction
indicated by arrow 126 results in the movement of airfoil
blade 32c¢ in the direction of arrow 128c¢. It is also to be
appreciated that pure rotational movements of the cluster of
center gears 76 will result in movements of all of the airfoil
blades 32a-c. Specifically, a rotation of the center gears 76
in the direction of arrow 130 will result in a movement of the
airfoil blades 32a-c in the direction of arrows 124¢-c, and a
rotation of the center gears 76 in the direction of arrow 132
will result in a movement of the airfoil blades 32a-c in the
direction of arrows 128a-c. As another possible control
configuration for the airfoil blades 324-c in the fixed wing
mode, FIG. 9B indicates that a movement of the center gear
axis 86 in the direction of arrow 134 will result in respective
movements of the airfoil blades 32¢ and 325 in the direc-
tions of arrow 1364 and 136b. Thus, the airfoils 324 and 32b
can provide a braking action for the vehicle 20 that is
opposite to its direction of travel (indicated by arrow 58).

[0046] For an alternate embodiment of the gear assembly
discussed above, reference is made to both FIG. 10 and
FIG. 11. There it will be seen that the dimensions of the gear
assembly (i.e. gears 70, 74 and 76) have been reduced. In
this case the center gear 76 and mid-gear 74 are intercon-
nected with a bevel blade gear 70' that travels on a modified
blade path 54'. An extension arm 138 is provided with a
bevel gear 140 at one end which interacts with the bevel
blade gear 70'. At the other end of extension arm 138 there
is another bevel gear 142 that interacts with a second bevel
blade gear 144. The airfoil blade 32 is affixed to this second
bevel blade gear 144 and, through the actions of bevel gears
140 and 142, the airfoil blade 32 is controlled by the center
gears 76 substantially as disclosed above.

[0047] While the particular Cycloidal VTOL UAV as
herein shown and disclosed in detail is fully capable of
obtaining the objects and providing the advantages herein
before stated, it is to be understood that it is merely
illustrative of the presently preferred embodiments of the
invention and that no limitations are intended to the details
of construction or design herein shown other than as
described in the appended claims.

What is claimed is:
1. A system for moving an aerial vehicle along a flight
path, said system comprising:

a substantially disk-shaped hub mounted on the vehicle
for rotation about a hub axis, with said hub lying in a
plane substantially perpendicular to the hub axis;

an airfoil shaped blade positioned on said hub for rotation
therewith, wherein said blade travels on a blade path
around the hub axis during rotation of said hub, said
blade defining a blade axis and a chord line;

a gear assembly changeable between a first modality
(curtate flight) wherein the chord line of said blade is
maintained generally tangential to the blade path during
rotation of said hub, and a second modality (prolate
flight) wherein the chord line of said blade is main-
tained generally parallel to the flight path of the vehicle
during rotation of said hub; and

a means for rotating the chord line of said blade about said
blade axis to alter the angle of attack of said blade and
generate forces for moving the vehicle along the flight
path.
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2. A system as recited in claim 1 wherein said gear
assembly comprises:

a blade gear, with said blade fixedly attached thereto, said
blade gear being mounted on said hub for rotation
around the blade axis and for rotation with said blade
around the hub axis;

a center gear oriented on said hub for rotation around a
center gear axis with the center gear axis substantially
parallel to the hub axis; and

a mid-gear rotationally interconnecting said blade gear
with said center gear.
3. A system as recited in claim 2 further comprising:

a first link having a first end and a second end with the first
end thereof pivotally mounted on said blade gear and
the second end thereof pivotally mounted on said
mid-gear; and

a second link having a first end and a second end with the
first end thereof pivotally mounted on said mid-gear
and the second end thereof pivotally mounted on said
center gear.

4. A system as recited in claim 3 wherein said chord line
rotating means comprises a means for moving the center
gear to vary a distance between the center gear axis and the
blade axis.

5. A system as recited in claim 4 wherein said center gear
has a diameter and the center gear axis is moveable within
a radial range from the hub axis between a location wherein
the center gear axis is coaxial with the hub axis and a
location wherein the center gear axis is approximately at a
one half center gear diameter from the hub axis.

6. A system as recited in claim 2 wherein the blade axis
is substantially perpendicular to the chord line, and wherein
the blade axis is substantially parallel to the hub axis during
rotation of said blade on the blade path around the hub axis.

7. A system as recited in claim 2 further comprising a
means for selectively holding said center gear stationary
relative to said hub axis to establish said gearing means in
the second modality.

8. A system as recited in claim 2 further comprising a
means for holding said hub stationary relative to the vehicle
to change said gear assembly into a third modality (fixed
wing flight).

9. A system as recited in claim 8 wherein said chord line
rotating means comprises a means for rotating said center
gear while said gear assembly is in the third modality.

10. A system as recited in claim 2 wherein said blade, said
blade gear, and said mid-gear, in combination, comprise a
blade orientation unit and said system comprises:

a plurality of said blade orientation units; and

a plurality of center gears with each said center gear
connected to a respective blade orientation unit.

11. A cycloidal propulsion and control system for moving
an acrial vehicle along a flight path which comprises:

a first hub and a second hub, said first and second hubs
being respectively mounted on the vehicle for rotation
about a common hub axis;

a first plurality of elongated airfoil blades defining respec-
tive chord lines and mounted on said first hub substan-
tially parallel to the hub axis for rotation about the hub
axis;
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a second plurality of elongated airfoil blades defining
respective chord lines and mounted on said second hub
substantially parallel to the hub axis for rotation about
the hub axis; and

a means for individually and selectively varying an ori-
entation for each chord line of each said airfoil blade
for propelling and controlling the vehicle while the
vehicle is on the flight path.

12. A system as recited in claim 11 wherein each rotating
airfoil blade travels on a blade path around the hub axis and
wherein said varying means comprises a gear assembly
changeable between a first modality (curtate flight) wherein
the chord line of said blade is maintained generally tangen-
tial to the blade path during rotation of said hub, and a
second modality (prolate flight) wherein the chord line of
said blade is maintained generally parallel to the flight path
of the vehicle during rotation of said hub.

13. A system as recited in claim 12 wherein each airfoil
blade defines a blade axis and wherein said gear assembly
comprises:

a blade gear, with said airfoil blade fixedly attached
thereto, said blade gear being mounted on said hub for
rotation around the blade axis and for rotation with said
blade around the hub axis;

a center gear oriented on said hub for rotation around a
center gear axis with the center gear axis substantially
parallel to the hub axis; and

a mid-gear rotationally interconnecting said blade gear

with said center gear.

14. A system as recited in claim 13 wherein three gear
assemblies are mounted on each said hub.

15. A system as recited in claim 14 wherein each center
gear has a respective start point for establishing a same
orientation for the chord line of each airfoil blade at a
predetermined point on the blade path.

16. A system as recited in claim 15 wherein said respec-
tive start points of said three center gears are mutually off-set
from each other by an arc of 120° (curtate mode).

17. A system as recited in claim 15 wherein said respec-
tive start points of said three center gears are substantially
aligned with each other (prolate mode).

18. A method for moving an aerial vehicle along a flight
path which comprises the steps of:

mounting a first plurality of elongated airfoil blades on a
first hub, wherein each airfoil blade defines a chord line
and is mounted on said first hub substantially parallel to
a hub axis of rotation;

mounting a second plurality of elongated airfoil blades on
a second hub, wherein each airfoil blade defines a chord
line and is mounted on said second hub substantially
parallel to the hub axis of rotation,

selectively rotating the first and second plurality of airfoil
blades about the hub axis; and

individually and selectively varying an orientation for

cach chord line of each said airfoil blade for propelling

and controlling the vehicle while the vehicle is on the
flight path.

19. A method as recited in claim 18 wherein each rotating

airfoil blade travels on a blade path around the hub axis and

wherein said varying step involves changing between a first
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modality (curtate flight) wherein the chord line of said blade
is maintained generally tangential to the blade path during
rotation of said hub, and a second modality (prolate flight)
wherein the chord line of said blade is maintained generally
parallel to the flight path of the vehicle during rotation of
said hub.
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20. Amethod as recited in claim 19 further comprising the
step of holding said hub stationary relative to the vehicle to

change said gear assembly into a third modality (fixed wing
flight).
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TRI-CYCLOIDAL AIRSHIP
FIELD OF THE INVENTION

[0001] The present invention pertains generally to systems
and methods for flying unmanned, lighter-than-air airships.
More particularly, the present invention pertains to systems
and methods for both propelling and controlling the flight of
an airship. The present invention is particularly, but not
exclusively useful as a system and method for operating
omnidirectional, cycloidal units that generate thrust vectors
which, in concert, propel an airship, as well as provide
control in pitch, yaw and roll.

BACKGROUND OF THE INVENTION

[0002] Control over the propulsion and maneuver of an
airborne vehicle, just like control over land or sea vehicles,
requires an ability to selectively generate controllable forces
on the vehicle. In the simple case where a hot air balloon is
being used as an airborne vehicle, only the lifting force that
is necessary to overcome the weight of the balloon can be
generated and controlled. Thus, hot air balloons can not be
effectively maneuvered. As a practical matter, however,
most airborne vehicles need to be maneuverable. To do this,
it is necessary to generate forces on the vehicle that will keep
it airborne (i.e. lift) and propel it through the air (i.e. thrust).
Additionally, it is necessary to generate forces that will
establish and maintain a desired altitude for the airborne
vehicle in pitch, vaw and roll, as it is being propelled
through the air.

[0003] For the specific case of a lighter-than-air airship,
the lifting force that keeps the airship airborne is a lighter-
than-air gas (e.g. helium). In general, the gas that is to
provide lift is somehow confined within the fuselage of the
airship, much like a hot air balloon. For such a vehicle,
however, the maneuver forces that provide control for thrust,
pitch, yaw and roll must be provided by other means.
Typically, these forces are provided by various combinations
of propulsion units (e.g. engine driven propellers), and
control surfaces (e.g. rudder, elevator and trim planes).
When used in manned airships, where some degree of
operational stability is essential for crew effectiveness, typi-
cal power plants and control surfaces are quite adequate. On
the other hand, if the airship is unmanned, non-traditional
power plants may be more effectively employed. This will
be particularly so if the airship’s fuselage is to be maneu-
vered and maintained in variously selected orientations for
extended periods of time, which might otherwise cause
extreme discomfort for an aircrew member.

[0004] Examples of applications for an unmanned airship
include such uses as advertising and surveillance. For
instance, it is apparent that about only one-third of an
airship’s fuselage surface can be effectively seen by an
observer on the ground. On the other hand, an airship that
can be maneuvered in roll through 120° and thereafter
selectively held stationary, could effectively present a
sequence of three different advertisements to the same
viewing audience. In another application, an airship that can
be maneuvered to be geo-stationary for a selected period of
time, and then conveniently moved to another geo-stationary
location, could be useful for a variety of surveillance appli-
cations. In these, and all other cases, there are control
considerations that need to be addressed. Importantly, in all
of these cases, control is provided by the selective applica-
tion of forces on the airship.
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[0005] Power plants (i.e. propulsion units) for airborne
vehicles are of many types and variations. In all instances,
however, they are specifically employed to generate a thrust
vector that has both a direction and a magnitude. One
particular type of propulsion unit that is of specific interest
here, is a so-called cycloidal propulsion unit. Such a unit is
disclosed in detail in U.S. application Ser. No. 10/690,284
titled “Cycloidal VTOL UAV,” which is assigned to the same
assignee as the present invention and which is incorporated
herein, in its entirety. The particularly interesting aspect of
such a cycloidal propulsion unit is the fact that it can
generate a thrust vector that is located in a definable plane.
In particular, a cycloidal propulsion unit can generate a
thrust vector of variable magnitude, and establish a direction
for the thrust vector that is variable through 360° in the
plane. Simply stated, a cycloidal propulsion unit can create
a thrust vector that is controllable and variable in both
magnitude and direction, in a given plane.

[0006] 1In light of the above, it is an object of the present
invention to provide a lighter-than-air airship that incorpo-
rates cycloidal propulsion units for producing maneuver and
control forces on the airship. Another object of the present
invention is to provide an airship with the ability to execute
360° of roll, and maintain a selected orientation in roll for an
extended period of time. Yet another object of the present
invention is to provide an airship that can selectively move
to, and then loiter at, a sequence of geo-stationary locations.
Still another object of the present invention is to provide a
lighter-than-air airship with cycloidal propulsion units that is
relatively easy to manufacture, is simple to operate, and is
comparatively cost effective.

SUMMARY OF THE INVENTION

[0007] An airship in accordance with the present invention
includes a fuselage for holding a lighter-than-air gas that
provides lift for the airship. Further, the fuselage has a
fore-end and an aft-end, and it also defines a longitudinal
axis that extends between the two ends. Maneuverability of
the airship is provided by various thrust generators that are
mounted on the fuselage to provide both propulsion and
control for the airship. Specifically, due to their respective
locations, and their orientations on the fuselage, these thrust
generators are capable of providing propulsion, as well and
control in pitch, yaw and roll for the airship. As intended for
the present invention, all of the thrust generators are omni-
directional, cycloidal units.

[0008] For the present invention, one omnidirectional,
cycloidal unit is mounted at the fore-end of the fuselage.
This particular unit generates a thrust that is selectively
directed in a thrust vector plane which is substantially
perpendicular to the longitudinal axis of the airship. The
specific purpose of this unit is to control both the pitch and
yaw motions of the airship. Additionally. another such unit
can be mounted at the aft-end of the fuselage for this same
purpose. For the present invention, if both units are
employed, they can be controlled either individually, or in
concert with each other. Further, an empennage can be
formed on the airship to aerodynamically assist in the pitch
and yaw control of the airship.

[0009] TIn addition to the thrust generators disclosed above,
the airship of the present invention also includes a plurality
of omnidirectional, cycloidal units that are mounted on the
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fuselage and are located in a same, midships plane. In detail,
the midships plane is perpendicular to the longitudinal axis
of the airship, and it is located at a distance “d” from the
fore-end of the airship. Further, with the distance between
the fore-end and the aft-end of the airship being a distance
“1”, the distance “d” will preferably be less than half of “1”
(d<1/2). Within this arrangement, each of the thrust gener-
ating units in the midships plane will generate a thrust vector
that can be selectively directed in a respective thrust vector
plane. Fach of these thrust vector planes is substantially
parallel to the longitudinal axis of the airship. Thus, they are
able to provide both propulsion for the airship, and control
for the roll motions for the airship.

[0010] In one embodiment of the present invention, there
are two propulsion/control units in the midships plane. For
this embodiment the thrust vector plane of the first propul-
sion/control unit is substantially parallel to the thrust vector
plane of the second propulsion/control unit. In another
embodiment of the present invention there are at least three,
and possibly more, such propulsion/control units. For either
embodiment, all of the propulsion/control units are mounted
on the fuselage substantially equidistant from the longitu-
dinal axis. Further, they are each substantially equidistant
from each adjacent propulsion/control unit.

[0011] For purposes of the present invention, all of the
omnidirectional, thrust-generating, control units are cycloi-
dal and, preferably, they all operate in a curtate mode.
Operational control of the units can be accomplished indi-
vidually, or in concert with each other. This is so for control
units that are positioned on the longitudinal axis of the
airship (pitch and yaw control), and for the propulsion/
control units that are positioned in the midships plane
(propulsion and roll control).

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The novel features of this invention, as well as the
invention itself, both as to its structure and its operation, will
be best understood from the accompanying drawings, taken
in conjunction with the accompanying description, in which
similar reference characters refer to similar parts, and in
which:

[0013] FIG. 1 is a perspective view of an airship in
accordance with the present invention;

[0014] FIG. 2 is a perspective view of a cycloidal propul-
sion unit for the airship of the present invention with
portions thereof shown in phantom for clarity; and

[0015] FIG. 3 is a representative illustration of a relation-
ship between thrust vectors of propulsion units, and their
respective orientations, as used for propelling and maneu-
vering an airship in accordance with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] Referring initially to FIG. 1, an airship in accor-
dance with the present invention is shown, and is generally
designated 10. As shown, the airship 10 defines a longitu-
dinal axis 12 and includes a fuselage 14 with an empennage
16. More specifically, the longitudinal axis 12 extends
between a fore-end 18 of the airship 10, and its aft-end 20.
As intended for the present invention, the airship 10 is a
lighter-than-air vehicle. Therefore the fuselage 14 is filled
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with a lighter-than-air gas, such as Helium. In many
respects, the airship 10 is much like any other so-called
“blimp.” The primary difference between the airship 10 and
other lighter-than-air vehicles, however, is in its systems for
propulsion and control.

[0017] For purposes of propelling and controlling the
airship 10, FIG. 1 shows that the airship 10 includes a
propulsion unit 22 that is mounted at the fore-end 18 of the
airship 10. Also, FIG. 1 shows that there is a propulsion unit
24 mounted at the aft-end 20 of the airship 10, and that there
is a plurality of propulsion units 26 mounted on the fuselage
14. In detail, FIG. 1 shows that a propulsion unit 26a is
mounted at a point 28 on the fuselage 14, and that a
propulsion unit 265 is mounted at a point 30 on the fuselage
14. Tt is to be appreciated, however, that there may be
additional propulsion units 26 for the airship 10 and that the
propulsion units 26a,b are, therefore, only exemplary.
Regardless of how many propulsion units 26 are used, they
will all be, preferably, mounted in a same midships plane 32
(note: only a portion of the midships plane 32 is indicated in
FIG. 1). As for the relationship of the midships plane 32 to
the airship 10 (see FIG. 1), it is located somewhere between
the fore-end 18 and the aft-end 20, and it is substantially
perpendicular to the longitudinal axis 12 of the airship 10.
Further, for a distance “1” between the fore-end 18 and the
aft-end 20, the midships plane 32 will be located on the axis
12, at a distance “d” from the fore-end 18. Preferably, “d” is
less than half the distance “1” (d<I/2).

[0018] For purposes of this disclosure, the propulsion unit
22, shown in FIG. 2, is only exemplary. Indeed, for the
airship 10 of the present invention, the other propulsion units
24 and 26 are all substantially identical to the propulsion unit
22. In particular, all of these propulsion units are omnidi-
rectional, and they all function in a cycloidal mode. Struc-
turally, as shown in FIG. 2, the propulsion unit 22 includes
ahub 36 and a hub 38 that are oriented to rotate about a same
axis (e.g. axis 12). Further, they jointly support a plurality of
airfoil blades 40a,5,¢ between them. Thus, as the hubs 36
and 38 are rotated to move the airfoil blades 40a,5,¢ around
the axis 12; and as the airfoil blades 40a,b,¢ are controlled
to generate variable forces as they rotate around the axis 12;
the propulsion unit 22 will generate a thrust vector (T).
Importantly, the thrust vector (T) will always be directed in
a thrust vector plane that is substantially perpendicular to the
axis 12. The actual direction of the thrust vector (T) in the
thrust vector plane, however, will depend on the cycloidal
input that is given to the airfoil blades 40q,b,c. In this
operation, the propulsion unit 22 will move the airfoil blades
40a,b,c in a curtate mode that is described in greater detail
in U.S. application Ser. No. 10/690,284 mentioned above.

[0019] For the airship 10, insofar as their individual opera-
tion is concerned, the propulsion units 22, 24 and 26 are all
substantially identical. They are, however, mounted at dif-
ferent locations on the fuselage 14. With this in mind, first
consider the propulsion unit 22 (see FIG. 2) with reference
to FIG. 3. With this consideration it is to be seen that the
propulsion unit 22 can be operated to create a thrust vector
T, that is directed in a plane perpendicular to the longitudinal
axis 12 of the airship 10. Importantly. the thrust vector T,
will have both a vertical component Ty, and a horizontal
component Ty, Depending on the magnitude and the direc-
tion of T; in the plane perpendicular to the axis 12, the
vertical component Ty, can be varied to control pitch for the
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airship 10. Similarly, the horizontal component Ty, that can
be varied to control the yaw motion of the airship 10. As
mentioned above, it is to be appreciated that a propulsion
unit 24 at the aft-end 20 can be added to supplement the
control aspects provided by the propulsion unit 22. Now
consider the propulsion unit 265 that is located in the
midships plane 32. By cross-referencing FIG. 3 with FIG. 1,
it will be seen that the propulsion unit 265 can be operated
to create a thrust vector T that is perpendicular to its axis
44. Also, it is seen that this thrust vector T, is directed in a
plane that is parallel to the axis 12. Thus, depending on its
magnitude and direction, this thrust vector T, can be gen-
erated to have an azimuthal component T, and an axial
component T_,. Accordingly, for control purposes, the
azimuthal component T ; can be varied to control roll for
the airship 10. On the other hand, the axial component T _,
can be varied to provide propulsion for the airship 10. As
shown in the drawings, other propulsion units 26 can be
positioned in the midships plane 32 and similarly operated
to control roll and provide propulsion.

[0020] In an overview for the operation of the airship 10,
the propulsion unit 22 generates a thrust vector that lies in
a thrust vector plane perpendicular to the longitudinal axis
12 of the airship 10. Specifically, depending on its magni-
tude and direction, this thrust vector, T; is used to control
pitch and yaw motions of the airship 10. If desired, a
propulsion unit 24 can be added and used with the propul-
sion unit 22 for this same purpose. In an alternate embodi-
ment, the propulsion unit 24 can possibly be used alone, as
an alternative to the propulsion unit 22. In any case, along
with the propulsion units 24/26, a desired number (i.e. a
plurality) of propulsion units 26 are mounted on the airship
10 in the midships plane 32. Specifically, these propulsion
units 26 are used to generate thrust vectors that lie in
respective thrust vector planes that are parallel to the lon-
gitudinal axis 12 of the airship 10. These thrust vectors
(provided by propulsion units 26) have azimuthal compo-
nents that control roll of the airship 10, and axial compo-
nents that provide propulsion for the airship 10.

[0021] While the particular Tri-Cycloidal Airship as
herein shown and disclosed in detail is fully capable of
obtaining the objects and providing the advantages herein
before stated, it is to be understood that it is merely
illustrative of the presently preferred embodiments of the
invention and that no limitations are intended to the details
of construction or design herein shown other than as
described in the appended claims.

What is claimed is:
1. An airship which comprises:

a fuselage having a fore-end and an aft-end, and defining
a longitudinal axis extending therebetween;

at least one control unit mounted on said fuselage for
generating thrust directed in a thrust vector plane
substantially perpendicular to the longitudinal axis to
control pitch and yaw motions of said airship; and

a plurality of propulsion/control units mounted on said
fuselage, with each said propulsion/control unit gener-
ating thrust directed in a respective thrust vector plane
substantially parallel to the longitudinal axis to provide
propulsion and roll control motions for said airship.
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2. An airship as recited in claim 1 comprising a plurality
of said control units, with a first said control unit mounted
at the fore-end of said airship and a second said control unit
mount at the aft-end of said airship.

3. An airship as recited in claim 2 further comprising
means for operating said first control unit in concert with
said second control unit.

4. An airship as recited in claim 2 further comprising a
means for operating said first control unit independently
from said second control unit.

5. An airship as recited in claim 1 comprising a first
propulsion/control unit and a second propulsion/control unit,
wherein the thrust vector plane of said first propulsion/
control unit is substantially parallel to the thrust vector plane
of said second propulsion/control unit.

6. An airship as recited in claim 1 comprising three said
propulsion/contrel units, wherein all said propulsion/control
units are mounted on said fuselage substantially equidistant
from the longitudinal axis and are located in a same mid-
ships plane, wherein the midships plane of said propulsion/
control units is substantially perpendicular to the longitudi-
nal axis and each propulsion/control unit is substantially
equidistant from each other said propulsion/control unit.

7. An airship as recited in claim 1 further comprising a
means for concerted operation of said at least one control
unit and said plurality of propulsion/control units.

8. An airship as recited in claim 1 wherein said at least one
control unit and said plurality of propulsion/control units are
cycloidal and operate in a curtate mode.

9. An airship as recited in claim 1 wherein said airship is
lighter-than-air.

10. A propulsion and control system for an unmanned
airship which comprises:

a first omnidirectional cycloidal unit for generating and
directing thrust in a first thrust vector plane to control
pitch and yaw movements of the airship;

a second omnidirectional cycloidal unit for generating and
directing thrust in a second thrust vector plane; and

a third omnidirectional cycloidal unit for generating and
directing thrust in a third thrust vector plane, wherein
both said second unit and said third unit are equidistant
from said first unit and are located in a midships plane,
with the midships plane at a predetermined distance “d”
from said first unit, and wherein both said second unit
and said third unit operate in concert with each other to
provide propulsion and roll control for said airship.

11. A system as recited in claim 10 further comprising:

a fuselage having a fore-end and an aft-end, and defining
a longitudinal axis extending therebetween, wherein
said first omnidirectional cycloidal unit is mounted at
the fore-end of said fuselage; and

a fourth omnidirectional cycloidal unit mounted at the

aft-end of said fuselage.

12. A system as recited in claim 11 wherein said first unit
and said fourth unit are located on the longitudinal axis with
a distance “1” therebetween, and further wherein the distance
“d” is less than half the distance “1” (d<l/2).

13. A system as recited in claim 11 further comprising an
additional omnidirectional cycloidal unit located in the
midships plane to provide propulsion and roll control for
said airship.



US 2007/0095983 Al

14. A system as recited in claim 10 further comprising a
means for concerted operation of said first, second and third
units.

15. A system as recited in claim 10 wherein said first,
second and third units are cycloidal and operate in a curtate
mode.

16. A system as recited in claim 10 wherein said airship
is lighter-than-air.

17. A method for propelling and controlling an airship
which comprises the steps of:

generating at least three thrust vectors wherein each thrust
vector lies in a respective thrust vector plane with a first
thrust vector plane substantially perpendicular to both
a second thrust vector plane and a third thrust vector
plane; and

May 3, 2007

concertedly controlling a magnitude and a direction for
each thrust vector, wherein control in the first thrust
vector plane control pitch and yaw movements of the
airship and control in the second and third thrust vector
planes control propulsion and roll movements of the
airship.
18. A method as recited in claim 17 wherein the thrust
vectors are generated by omnidirectional cycloidal units.
19. A method as recited in claim 18 wherein the omnidi-
rectional cycloidal units are operated in a curtate mode.
20. A method as recited in claim 17 wherein the airship is
unmanned and is lighter-than-air.
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