wO 2014/184608 A2 ||/ 0FV0 0000 A O A

(43) International Publication Date
20 November 2014 (20.11.2014)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2014/184608 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72

31

International Patent Classification: Not classified

International Application Number:
PCT/IB2013/003264

International Filing Date:
19 December 2013 (19.12.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/739,715 19 December 2012 (19.12.2012) US

Applicant: BOREALIS TECHNICAL LIMITED
[GB/GB]; 27 Heathway Court, London, England NW3 7TS
(GB).

Inventors: COX, Rodney, T.; 23545 NW Skyline Blvd.,
North Plains, OR 97133 (US). COX, Isaiah, W.; 23545
NW Skyline Blvd., North Plains, OR 97133 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: CONTROL OF GROUND TRAVEL AND STEERING IN AN AIRCRAFT WITH POWERED MAIN GEAR DRIVE
WHEELS

12

/

13
10

-2

ron

15 17

FIG.1

15

(57) Abstract: A controllable aircraft taxi system is provided that enables the simultaneous control of aircraft autonomous ground
movement and direction of aircraft autonomous ground movement. Independently controlled non-engine drive means capable of
driving an aircraft landing gear wheel to move an aircratt autonomously on the ground without reliance on the aircraft's main engines
are mounted to provide driving torque to aircraft a selected number of main landing gear wheels. The aircratt nose landing gear
steering system is provided with steering angle detection and measurement means adapted to communicate with main landing gear
wheel non-engine drive means, enabling simultaneous control over both autonomous aircraft ground travel and direction of
autonomous aircratt ground travel. The present invention overcomes steering challenges presented by using non- engine drive means
on main landing gear wheels to drive aircraft autonomously during taxi.



WO 2014/184608 PCT/IB2013/003264

PATENT APPLICATION
for
CONTROL OF GROUND TRAVEL AND STEERING IN AN AIRCRAFT WITH
POWERED MAIN GEAR DRIVE WHEELS

Priority Claim

This application claims priority from United States
Provisional Patent Application No. 61/739,715, filed December

19, 2012, the disclosure of which is fully incorporated herein.

Technical Field

The present invention relates generally to controlling
movement of an aircraft on the ground during taxi and
specifically to controlling ground travel and direction of
ground travel in an aircraft equipped with one or more non-

engine powered main landing gear drive wheels.

Background of the Invention

Moving aircraft on the ground between landing and takeoff
without using the aircraft’s main engines or tow vehicles has
been proposed, and approaches for achieving the benefits that
accompany such autonomous aircraft ground travel are being
investigated. Non-engine drive means mounted to drive one or
more aircraft landing gear wheels have been proposed. Such non-
engine drive means may be electric, hydraulic, or pneumatic,
although most effort has focused on developing electric drive
means systems capable of integration into an aircraft wheel to
drive the wheel and, therefore, the aircraft during taxi. An
aircraft’s auxiliary power unit (APU) is the preferred source of
electric power supplied to landing gear wheel drive means for
what are being referred to as electric taxi systems. The

significant fuel and other savings found to accompany the



WO 2014/184608 PCT/IB2013/003264

autonomous aircraft ground movement possible when aircraft can
move efficiently during ground travel without reliance on the
main engines make electric taxi systems very attractive.

FElectric and other drive means can be mounted on an
aircraft to power nose landing gear wheels, main landing gear
wheels, or both nose and main landing gear wheels. For example,
in U.S. Patent No. 7,445,178 to McCoskey et al, electric motors
are described mounted on nose landing gear wheels, while in U.S.
Patent Application Publication No. US2012/0104159 to Charles et
al, electric motors are described to be mounted on main landing
gear wheels. The direction of ground travel is typically
controlled in a taxiing aircraft by a steering system in the
nose landing gear that turns the nose wheels in a desired travel
direction. Available aircraft steering systems, however, are
used on aircraft that rely on the operation of one or more of
the aircraft’s main engines to move the aircraft during ground
travel.

Locating an electric or other drive means in one or more
aircraft nose landing gear wheels does not impact operation of a
nose wheel steering system. Typically, aircraft accomplish
steering by swiveling a lower portion of a shock strut
supporting the nose landing gear wheels. A hydraulic steering
unit is usually mounted on a fixed portion of the shock strut
and is linked to a swiveling portion of the nose landing gear
structure to which the nose wheel or nose wheels are attached.

A drive means mounted within a nose wheel does not interfere
with this steering action. A nose wheel-mounted drive means can
be operated in conjunction with the steering system to maneuver
the aircraft effectively through a range of different kinds of

turns.
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A drive means mounted to drive one or more main landing
gear wheels cannot presently operate to maneuver a turning
aircraft as effectively, however. An aircraft with drive means
mounted on two main landing gear wheels that must make a tight
turn will experience one driven main wheel turning while the
other driven main wheel is not turning. The main wheel drive
means, by themselves, cannot determine whether the nose landing
gear has turned to turn the aircraft as needed. The main wheel
drive means could be spinning the aircraft on its axis and/or
causing the nose wheels to skid. If the distance travelled by
each of the main landing gear drive means is the same, the nose
landing gear will be moving in a straight line, whether the nose
wheels are straight or turned. The resulting side loads on the
nose landing gear structures in a turned nose gear could cause
these structures to be fatigued, to weaken, or even to be
irreparably damaged. Consequently, some type of steering
control for the nose landing gear is reguired when drive means
are to be mounted to drive an aircraft’s main landing gear
wheels during taxi.

The self-contained taxi system described by Kelly et al in
U.S. Patent No. 3,807,664 includes a hydraulic mechanism
connected to an aircraft’s main wheels that controls wheel drive
speed and torque to drive aircraft wheels at taxi speed and an
aircraft’s electro-hydraulic steering system to control nose
wheel steering during taxi. Control of aircraft movement and
nose wheel steering is accomplished primarily by regulating
hydraulic fluid flow. 2An optional separate hydraulic nose wheel
drive mechanism is also provided to drive the nose wheels and
control nose wheel turns separately and together with the

control of the main wheels by regulating pressure of hydraulic
3
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fluid, although electric control is also contemplated. The kind
of control required to avoid loads on the nose gear described
above 1s not suggested.

There is a need for a system for controlling simultaneously
aircraft non-engine taxi and nose wheel steering in an aircraft
with non-engine drive means mounted on main landing gear wheels
to effectively drive the aircraft on the ground and maneuver the
aircraft through any turns the aircraft is required to make

during ground movement.

Summary of the Invention

It 1is a primary object of the present invention, therefore,
to provide a system for controlling simultaneously aircraft non-
engine taxi and nose wheel steering in an aircraft with non-
engine drive means mounted on main landing gear wheels to
effectively drive the aircraft on the ground and maneuver the
aircraft through any turns the aircraft is required to make
during ground movement.

It is another object of the present invention to provide a
system to control nose wheel steering in an aircraft equipped
with non-engine drive means mounted on main landing gear wheels
to move the aircraft autonomously during ground movement.

It is an additional object of the present invention to
provide a nose wheel steering angle measurement means useful to
control aircraft maneuvers and turns in an aircraft equipped for
autonomous ground movement with non-engine drive means mounted
on aircraft main landing gear wheels.

It is a further object to provide a system for autonomous

aircraft ground movement designed to obtain the benefits
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provided by both main landing gear-mounted non-engine drive
means and effectively controlled nose wheel steering.

It is yet another object of the present invention to
provide a system for autonomous aircraft ground movement
designed to take advantage of the improved ground
maneuverability possible with steerable aircraft main landing
gear and to achieve additional improvements in control of
aircraft ground travel and direction of travel not heretofore
possible when main landing gear wheels are equipped with non-
engine drive means controllable to move an aircraft autonomously
during taxi.

In accordance with the aforesaid objects, an electric taxi
system is provided for the simultaneous control of aircraft
autonomous ground movement and direction of aircraft autonomous
ground movement. Independently controlled electric drive means
capable of driving an aircraft landing gear wheel to move an
aircraft autonomously on the ground without reliance on the
aircraft’s main engines are mounted to provide driving torgque to
at least two aircraft main landing gear wheels. The aircraft
nose landing gear steering system is provided with steering
control means including steering angle measurement means. The
present system overcomes the steering challenges that presently
accompany the use of electric drive means on main landing gear
wheels to drive aircraft autonomously during taxi.

Other objects and advantages will be apparent from the

following description, claims, and drawings.

Brief Description of the Drawings
5
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Figure 1 is a schematic diagram showing relative positions
of the nose and main landing gear wheels on an aircraft with one
type of main landing gear configuration when the nose landing
gear 1s turned 90°;

Figure 2 is a schematic diagram of the relative positions
of nose and main landing gear wheels on an aircraft with a
second type of main landing gear configuration when the nose
landing gear is turned 70°;

Figure 3 is a side view of an aircraft with the system for
controlling aircraft ground travel and aircraft steering of the
present invention; and

Figure 4 is a top view of an aircraft with the system for
controlling aircraft ground travel and aircraft steering of the

present invention.

Description of the Invention

The substantial benefits of enabling an aircraft to move
autonomously on the ground between landing and takeoff without
reliance on operation of the aircraft’s engines or tow vehicles
have been acknowledged. As noted above, the use of drive means
mounted on one or more aircraft landing gear wheels has been
proposed to produce autonomous aircraft ground movement. There
are presently operating advantages possible when non-engine
drive means are mounted on an aircraft’s nose landing gear
wheels and controlled to drive the aircraft during taxi or other
ground movement. For example, both ground movement and
direction of ground travel operations are both associated with
the nose wheels and the nose landing gear, and the control of

both operations involves connected aircraft structures at
6
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essentially a single location. There are, however, advantages
in aircraft ground travel that can be achieved when non-engine
drive means are mounted to drive main landing gear wheels.

A main advantage that can be achieved by equipping main
landing gear wheels with drive means to move aircraft
autonomously on the ground is the traction that can be achieved
when main wheels, rather than nose wheels, are the aircraft’s
drive wheels. However, the main landing gear wheels on a number
of types of aircraft do not have controllable steering
capability and, therefore, cannot simultaneously both drive an
aircraft autonomously and steer the aircraft as required during
ground travel. Other types of aircraft, including, for example,
the Boeing 747 and 777 aircraft, have hydraulically actuated
main landing gear steering that can be programmed to provide
steering ratios proportional to the nose landing gear steering
angle. To illustrate, in a Boeing 747 with such steering, the
turning angle of the main landing gear may be a 70° angle.

Figure 1 illustrates, schematically, one arrangement of
relative positions of nose landing gear 12 and main landing gear
14 on an aircraft body 10 (shown partially in outline). The
relative location of the aircraft wings is indicated at 16. The
nose landing gear 12 has two nose wheels 11 mounted on an axle
13. 1In the Figure 1 arrangement, each of the two sets of right
and left main landing gears, which are located under a
respective aircraft wing 16, has a bogie unit 14 with three sets
of main landing gear wheels 15 mounted on axles 17. The three
right and left sets of main landing gear wheels and axles are
designated, respectively, aR, bR, and cR and alL, bL, and cL. A
truck beam 19 connects the three sets aR, bR, and cR or alL, biL,

and cL of axles 17 and wheels 15 in each main landing gear
7
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multiple axle bogie unit. The right and left sets of main
landing gears are so designated to define the locations of these
structures relative to a person on the aircraft who is facing
the nose of the aircraft.

The centerline of the aircraft 10 is indicated by the
broken line 2. The broken line 4 represents a an extension of
the central axis of the nose gear wheels 11 and axle 13, and the
broken lines 6 each represent an extension of the central axis
of each set aR, bR, and cR and aL, bL, and cL of right and left
main gear wheels 15 and axles 17. The line 4 and the lines 6
intersect at a point 8, which represents the turn center of the
aircraft when the nose landing gear 12 is making a 90° turn to
the left. The right and left main landing gear wheel set bR, bL
does not change position and moves in a straight line relative
to the centerline 2 of the aircraft. The right and left main
landing gear wheel sets aR, al have moved so that they are
different distances from the wheel sets bR, bL, with the wheels
15 of left set alL, which are on the inside of the turn, a
greater distance and turned at a different angle than the wheels
of the right set aR. Similarly, the wheels of the left set cL
are a greater distance from left set bL and are turned at a
different angle than the wheels of the right set cR. If the
aircraft was making a 90° turn to the right, the relative
positions of the right wheel sets aR, bR, and cR would be
essentially the same as those of the left wheel sets alL, bL, and
cL shown in Figure 1. The relative positions of the main
landing gear wheels 15 in each bogie unit will depend on the
turning angle of the nose landing gear 12 and will be different

at different nose gear turning angles.
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Figure 2 illustrates a different nose gear turning angle
and turning direction from that shown in Figure 1. Figure 2
also illustrates an aircraft with a different main landing gear
and wheel configuration from that shown in Figure 1. This main
landing gear arrangement has right and left sets dR, dL of
forward main landing gear bogie units that are located under the
aircraft wings 16 and right and left sets eR, elL of rear main
landing gear bogie units that are located under the aircraft
body 10. Each forward bogie unit dR and dL and rear bogie unit
eR and el has two sets of axles 17 with wheels 15 mounted
thereon and a truck beam 19 connecting the axles 17 of the two
sets of wheels.

Dashed lines 5 extend from the center of the truck beam 19
instead of from the central axis of the wheels 15, as in Figure
1, to intersect at a point 8 and to define a maximum turning
angle m. The maximum turning angle for the rear main landing
gear wheels in the arrangement shown in Figure 2 is 13°. The
nose landing gear 12 is shown simultaneously turned 70° to the
right, which, in this case, will be the maximum turning angle n.
The maximum nose landing gear turning angle n may be determined
by the intersection of dashed line 4, connecting the point 8 at
which dashed lines 5, indicating the centers of the truck beams
19 of the four bogie units dR, dL, eR, and elL, intersect and the
aircraft body centerline 2. The forward wing set dR, dL of
landing gear wheels 15 does not turn, while the rear body set
eR, eL of landing gear wheels 15 turns as indicated to enable
the aircraft to make a 70° turn. As discussed above and
indicated in Figure 2, the right and left rear bogie units eR,
el of the main landing gear mounted on the aircraft body in this

main landing gear configuration can turn a maximum of 13°. Other
9
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maximum turning angles may be achieved with other bogie unit
configurations.

The system of the present invention enables an aircraft
equipped with non-engine drive means on main landing gear wheels
to drive an aircraft when good traction is required and to steer
the aircraft, as described in connection with Figures 1 and 2
and below, in a desired direction of ground travel. Referring
further to the drawings, Figure 3 illustrates an aircraft 20 in
side view, and Figure 4 illustrates a top view of the aircraft
20. The aircraft 20 has two main landing gears with bogie units
22 and 24, seen more clearly in Figure 4, with a wheel
configuration similar to that of the bogie units shown in Figure
2. One right and one left main landing gear bogie unit, each
with four wheels mounted on parallel axles connected by a truck
beam, is mounted on each main landing gear bogie unit 22 and 24
under each aircraft wing 16. The aircraft 20 additionally has a
steerable nose landing gear 12 with two wheels.

Aircraft may be equipped with varying numbers of bogie
units associated with main landing gears, some of which are
typically located under the aircraft wings, as shown in Figures
1, 3, and 4, and others of which may be located under the
aircraft main body. Other arrangements of main landing gears,
such as that shown in Figure 2, may also include bogie units
located under the main body 10 of the aircraft as well as under
the aircraft’s wings 16. The present invention is intended for
use with any type of arrangement of main landing gear bogie
units in any location on an aircraft where main landing gears
are located.

A preferred mounting location for a non-engine drive means

in accordance with the present invention is one that enables the
10
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drive means to effectively drive a main landing gear wheel, for
example outer wheels 18 and/or 20 on the main landing gear bogie
units 22 and 24, shown in Figure 4. Non-engine drive means
could also be installed on inner main landing gear wheels, and
this is additionally contemplated to be within the scope of the
present invention. While one or more non-engine drive means may
be installed on main landing gear wheels, it 1is preferred that
at least two drive means be installed. Drive means may be
installed on inner, outer, or both inner and outer main landing
gear wheels. The installation of greater numbers of drive means
on landing gear wheels is also contemplated to be within the
scope of the present invention. A greater number of drive means
may provide more efficient autonomous ground movement control in
some aircraft. Whatever location and numbers of landing gear
wheels are selected as optimum for non-engine drive means, the
installation of such drive means on these main landing gear
wheels must be done in a manner that will accommodate aircraft
brake assemblies, which are located on main landing gear wheels.
A non-engine drive means preferred for controlling
autonomous aircraft ground movement according to the present
invention is an electric motor that may be any one of a number
of designs, for example an inside-out motor attached to a wheel
hub in which a rotor can be internal to or external to a stator,
such as that shown and described in U.S. Patent Application
Publication No. 2006/0273686, the disclosure of which 1is
incorporated herein by reference. A toroidally-wound motor, an
axial flux motor, a permanent magnet brushless motor, a
synchronous motor, an asynchronous motor, a pancake motor, a

switched reluctance motor, electric induction motor, or any

11
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other electric motor geometry or type known in the art is also
contemplated to be suitable for use in the present invention.

The non-engine drive means selected should be able to drive
an aircraft wheel at a desired speed and torque capable of
moving a variety of different kinds of aircraft on a ground
surface at runway speeds. One kind of electric drive means
preferred for this purpose is a high phase order electric motor
of the kind described in, for example, U.S. Patent Nos.
6,657,334; 6,838,791; 7,116,019; and 7,469,858, all of which are
owned in common with the present invention. A geared motor,
such as that shown and described in U.S. Patent No. 7,469,858,
is designed to produce the torque required to move a commercial
sized aircraft at an optimum speed for ground movement. The
disclosures of the aforementioned patents are incorporated
herein by reference. Other drive means designs, such as that
described in commonly owned co-pending International Patent
Application No. PCT/US/13/51407, filed 19 July 2013, entitled
Aircraft Drive Wheel System with Roller Traction Drive System,
the disclosure of which is fully incorporated herein, that are
capable of high torgue operation across a desired speed range
and can move an aircraft wheel as described herein may also be
suitable for use in the present invention and are contemplated
to be within the scope of the present invention.

Moving an aircraft on the ground using an electric drive
means requires providing sufficient electric power to the drive
means to produce a torque capable of driving an aircraft wheel
to move the aircraft at a desired ground or taxi speed. The
current, and the voltage and frequency of the current, applied
to the motor can be controlled to regulate speed. The electric

current needed to power an electric drive means or motor does
12
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not require connection to an aircraft’s main electrical power
system. The preferred source of electric power for connection
to the electric connector of the present invention is the
aircraft auxiliary power unit (APU). Other power sources could
also be used to supplement or replace the APU as a source of
power. These power sources can include, for example without
limitation, an aircraft engine auxiliary power unit, fuel cells,
any kind of solar power units, POWER CHIPS™, batteries, and burn
boxes, as well as any other suitable power source effective for
this purpose. Control of the flow of current to the drive
means, as well as the voltage and frequency of the current,
allows the torque generated by the drive means to be controlled
and, consequently, the speed of the wheel powered by the drive
means and the ground travel speed of the aircraft to be
controlled. This type of control can be achieved with any of
the aforementioned power sources. Depending on the specific
power source used, modification of the control of current flow
to the drive means to generate the desired torgque may be
required.

The non-engine drive means selected to power an aircraft’s
main wheels, while preferably electric as described above, could
be any other kind of drive means, including, for example
hydraulic and pneumatic drive means, controllable to drive the
aircraft’s wheels to move the aircraft independently of the
operation of the aircraft’s main engines or tow vehicles.

Any of the drive means described or referred to above may
be installed on main landing gear wheels to produce main landing
gear drive wheels controllable to drive an aircraft autonomously
during taxi. When an aircraft equipped with non-engine drive

means on one or more main landing gear wheels does not have the
13
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type of main landing gear steering capability discussed in
connection with Figures 1 and 2, turning the aircraft in a
desired direction may present challenges. For example, the nose
landing gear 12 may be turned to the right, as in Figures 2 and
4, so that the aircraft will be driven to the right. However,
if the main landing gear drive wheels are driving the aircraft
in a straight line, which they are designed to do in this
situation, the aircraft will be driven in a straight direction,
even though the nose wheels are turned, which may have adverse
consequences for nose landing gear structures.

Additional steering control must be provided to enable main
landing gear drive wheels without the aforementioned steering
capability to drive an aircraft while controlling the aircraft’s
direction of ground travel to avoid damage to the nose landing
gear. A pilot should be capable of effectively controlling a
nose wheel steering system and ground travel of an aircraft when
non-engine drive means are used to drive nose wheels. However,
unless there is communication between a non-engine drive system
and/or non-engine drive means driving an aircraft’s main wheels
and the aircraft’s nose landing gear steering system, either
ground travel or direction of ground travel can be selectively
controlled. Both cannot be controlled simultaneously at the
present time. The present invention overcomes this challenge
and provides an effective way to steer an aircraft while it is
driven on the ground by main landing gear drive wheels, whether
in an aircraft with controllable main landing gear wheel
steering or in an aircraft that does not have controllable main
landing gear wheel steering.

For an aircraft to be simultaneously driven by non-engine

main landing gear wheel drive means and steered in a required
14
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direction during ground travel, the nose wheel steering angle
must be known. Whether an aircraft’s steering system provides
the nose wheel steering angle or any information relating to
steering depends on the type of aircraft. For example, the
steering system of an Airbus A320 aircraft provides information
relating to steering and steering angle, while the steering
system of a Boeing 737NG does not. The position of the nose
landing gear wheels in an A320 aircraft is measured by a
transducer, which may be a linear or rotary variable
differential transducer. Information relating to nose wheel
position is sent to a brake and steering control unit and is
compared to tiller or rudder input to produce a nose wheel
steering angle. 1In a Boeing 737NG, a hydraulic system is used
in combination with both rudder pedals and a tiller wheel to
turn the nose wheels to either side over a range of from zero
degrees to about 78°.

The present invention provides a nose gear steering angle
detection and measurement means 30 (Figures 3 and 4)that is
integrated with the nose wheel steering system in an aircraft
nose landing gear on an aircraft in which one or more main
landing gear wheels are drive wheels equipped with non-engine
drive means for autonomous ground movement as described above.
The steering angle detection and measurement means includes at
least a steering angle sensor 32 electronically connected to a
processor 34, such as by a connection 36, to determine steering
angle in connection with a control system (not shown) for the
main landing gear wheel drive means. The processor 34 and
connection 36 are shown schematically and may be located in any
convenient location on an aircraft that enables communication

between a nose landing gear steering system and main landing
15
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gear drive wheels driven by non-engine drive means. Steering
angle sensors for aircraft and other vehicles are known and can
be adapted as required to detect and provide aircraft nose wheel
steering angle to a processor while non-engine drive means
powering aircraft main wheels are operating to move the aircraft
during taxi or other ground travel.

Integrating steering angle information with the traction
benefits of powered main drive wheels makes it possible to drive
aircraft autonomously and independent of the aircraft main
engines as well as to turn an aircraft and drive it in the
directions required during ground travel between landing and
takeoff. Operation of a main landing gear drive wheel non-
engine drive means can be controlled simultaneously in
conjunction with nose landing gear steering control to enable an
aircraft to make any tight turns and other maneuvers required,
including those necessary to park the aircraft at a gate or to
push the aircraft back and then turn to taxi to a takeoff
runway.

While the present invention has been described with respect
to preferred embodiments, this is not intended to be limiting,
and other arrangements and structures that perform the required
functions are contemplated to be within the scope of the present

invention.

Industrial Applicability

The present invention will find its primary application
where it is desired to take advantage of the traction benefits
accompanying equipping aircraft main landing gear wheels with
non-engine drive means for autonomous ground movement while

simultaneously enabling greater control of direction of ground
16
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travel using nose landing gear steering, alone or in combination
with main landing gear wheel steering, when the aircraft is
driven autonomously on a ground surface by the non-engine drive

means on main landing gear wheels.

17
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Claims

1. A system for simultaneously controlling autonomous ground
movement and direction of ground travel of an aircraft with
landing gear wheels equipped with non-engine drive means,
comprising:

a. a pair of main landing gears connected to an aircraft at
one or more selected locations on opposite sides of a central
axis of said aircraft, each said landing gear comprising at
least one bogie unit with a plurality of paired main wheels
connected by a truck beam, wherein one or more of said main
wheels are equipped with non-engine drive means controllable to
drive said one or more main wheels to move said aircraft
autonomously on a ground surface;

b. a nose landing gear comprising at least a pair of nose
wheels and a nose wheel steering system controllable to move an
aircraft in a regquired ground travel direction; and

c. a nose landing gear steering angle detection and
measurement means to determine a turning angle of said nose
landing gear in electronic communication with a processor means
adapted to process turning angle data detected by said steering
angle detection and measurement means and communicate processed
turning angle data to said non-engine drive means in said one or
more main wheels to simultaneously control aircraft autonomous

ground travel and ground travel direction.

2. The system of claim 1, wherein said main landing gear further
comprises controllable steering means adapted to change the

direction of said main wheels.

18
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3. The system of claim 1, wherein said non-engine drive means
comprises an electric motor controllable to drive said aircraft
autonomously during taxi and at least two of said aircraft main

wheels are equipped with electric motors.

4., The system of claim 3, wherein said at least two main wheels
equipped with electric motors comprise outboard wheels on each

of a pair of bogie units on opposite sides of said aircraft.

5. A method comprising simultaneously driving an aircraft
equipped with non-engine drive means controllable to power main
landing gear drive wheels autonomously on the ground and
controlling the direction of ground travel with steering angle
detection and measurement means mounted in connection with a
nose landing gear steering system, wherein information relating
to steering angle is integrated with control of said drive means
to control ground movement of said aircraft in a desired travel

direction.

6. The method of claim 5, further comprising equipping at least
two of said aircraft main wheels with said non-engine drive
means, and said non-engine drive means comprises an electric

drive motor.

7. The method of claim 6, further comprising detecting a nose
wheel turning angle with said steering angle measurement and
detection means to obtain information relating to a steering

angle of nose landing gear.
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8. The method of claim 7, further comprising providing
processor means in electronic connection with said steering
angle measurement and detection means to determine said steering
angle, determining said steering angle, communicating said
steering angle to said non-engine drive means, and
simultaneously controlling operation of said main landing gear
drive wheels and direction of aircraft travel based on the

determined steering angle.

9. The method of claim 7, further comprising providing a
steering angle sensor means comprising a nose gear steering

angle sensor.

10. A system for performing the method of claim 5, comprising
at least a pair of aircraft main landing gear wheels equipped
with electric drive means controllable to power the main landing
gear wheels to move an aircraft autonomously during taxi and a
steering angle detection and measurement means adapted to detect
a nose wheel steering angle in communication with the main
landing gear wheels electric drive means to control taxi and

direction of taxi of said aircraft.

11. The system of claim 10, further comprising processor means
to determine a nose wheel steering angle and communicate said

steering angle to said main wheel drive means.

12. The system of claim 10, wherein said electric drive means
comprises an electric motor powered by an aircraft auxiliary
power unit to drive said aircraft main landing gear wheels and

move said aircraft on the ground.
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13. The system of claim 11, wherein said steering angle
detection and measurement means comprises a steering angle
sensor mounted to detect and measure a steering angle of an

aircraft nose landing gear.

14. A method comprising controlling aircraft taxi and direction
of taxi in an aircraft having at least a pair of main landing
gear wheels equipped with electric drive means mounted to power
each wheel and controllable to drive the aircraft during taxi in
a taxi direction, wherein the taxi direction is controlled by
obtaining an aircraft nose landing gear steering angle from a
steering angle sensor and providing the steering angle to said
drive means to control the direction of taxi in response to the
steering angle while said aircraft is driven during taxi by the

electric drive means.
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