PLANE TRACTOR The present invention relates to an airplane tractor
used in airports to tow airplanes, and nore specifically relates to an

ai rplane tractor conprising a gripping 5device, a gripping nethod for

gri pping the nose gear of the airplane using such a tractor, and a net hod
for pulling an airplane. Tractors are currently used that are

equi pped with gripping devices making it; possible to |ift the nose gear of
the airplane, so as to towit, the gear being, as we know, made up of a
pair of wheels each conprising one tire, the pair of wheels being fixed to
10 the end of a Ieg pointing downgandid ¢RRtik nose of the aircraft.
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Today, tractors are used equipped with such devices to perform airplane driving

25  operations. Two types of driving operations are commonly performed. There is first the
so-called "push-back" type, which consists of moving airplanes loaded with passengers
{or freight) and fuel away from the jet bridges and other stationary facilities so as to put
them in the independent driving position. There is also a so-called "maintenance towing"
operation, which consists of moving an empty airplane toward a hangar where
30  maintenance and upkeep operations are performed on the airplane.

In all other cases where the airplane performs a driving operation, the airplane is
in the independent driving position; it moves using its own means, i.e. owing to the
thrust of its reactors. In particular, the airplane is in the independent driving position
during the "taxiing out" phase and/or the return phase. The driving of the airplane in that

35  case is the responsibility of the pilot, who adjusts the airplane's speed only by using the



primary brakes of the airplane, the thrust provided by the reactors
remai ni ng constant. During this phase when the airplane is driving toward
t he takeoff runway, the speed of the airplane is approxinmately 20 knots,
i.e. a speed of approximately 37 kmh The average waiting tinme of an

ai rplane before it can take off is 20 mn., but this period may 5
sonetinmes exceed 1 hour. And throughout hat entire waiting tine, the
reactors continue to run and consune fuel. It has been considered to
substitute the use of the reactors with a tractor during this so-called
"taxiing ou T f
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30 Document WO/2008/139440 presents an airplane tractor making it possible to
perform the taxiing phase by allowing the pilot to check the direction and speed of the
tractor. However, this airplane fractor comprises a complex gripping system; many
actuators are necessary to install the nose gear of the airplane on the tractor. The

foading/unloading steps of the airplane are therefore too long and complex. Furthermore,



a chassis; 10wheel nodul es connected to the chassis, each wheel nodul e

i ncluding at | east one actuator for inducing a vertical novenent of the
nodule in relation to the chassis; a gripping platformof the nose gear of
an airplane, the platformtogether with the chassis having freedom of
nmovenent substantially in circular translation; 15and an actuating neans
connecting the platformand the chassis,; said actuating neans al so
constituting a danping neans for danping the free novenent of the platform
inrelation to the chassis. The tractor according to the
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gear of thetlainopd @aeof the airplane, comprising:

a chassis;

10 - wheel modules connected to the chassis, each wheel module including at
[east one actuator for inducing a vertical movement of the module in relation
to the chassis;

- a gripping platform of the nose gear of an airplane, the platform together with
the chassis having freedom of movement substantially in circular translation;

15 and

- an actuating means connecting the platform and the chassis, said actuating
means also constituting a damping means for damping the free movement of
the platform in relation to the chassis.

The tractor according to the invention can also comprise at least one of the

20 following features:

- at least one gate intended to oppose the force exerted on at least one wheel of

the nose gear of the airplane by the gripping platform;

- the gripping platform comprises a locking device for locking at least one wheel

of the nose gear of the airplane;

25 - the locking device of said at least one wheel of the nose gear is installed on a
turret positioned on the gripping platform, the turret rotating freely around a
substantially vertical axis in relation to the gripping platform;

- the locking device for said at least one wheel comprises:

- a wheel abutment for the nose gear of the airplane;

30 - a tightening device to maintain the wheel of the nose gear of the airplane
against the abutment;

- the tightening device comprises a tightening plate connected to a triangle

actuated by a cylinder;

- the tightening plate is retractable in the absence of an airplane wheel on the

35 platform;



agai nst the abutnent; - the tightening device conprises a tightening
pl ate connected to a triangle actuated by a cylinder; - the
tightening plate is retractable in the absence of an airplane wheel on the
35platform 4 - the abutnent has an adjustable |location; - the actuator of
each wheel nodule is a hydraulic cylinder; - the cylinder of the tightening
device is a hydraulic cylinder; the danping and actuating neans
constitutes a sensor of the relative novenent 5between the platformand the

chassis; - the platform has a base connected to the chassis by vertical tie
r ods; - yat o | % | I ncline of the base of the
platforn1|n relatlgﬁ% Hwnﬁh anagu ﬂ%ﬁ%& the vertical tie
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of the turret. - an actuator for inducing an incline of the base of the plafform in relation to a

horizontal plane;
- the vertical tie rods have adjustable lengths and/or adjustable fastening points to

16 the chassis;

- each wheel module has a respective angle of rotation in relation fo a
Jongitudinal axis of the tractor and around an axis of rotation substantially vertical to the
chassis of the tractor;

- the turret comprises at least one sensor measuring an angular displacement of

15 the turret in relation to the gripping platform, and each respective angle of rotation is

determined as a function of the measured angular displacement of the turret.

Also proposed is a method for gripping the nose gear of an airplane using an
airplane tractor comprising:

- achassis;

20 - wheel modules connected to the chassis, each wheel module including at
least one actuator for inducing a vertical movement of the module in relation
to the chassis;

- a gripping platform for gripping the nose gear of an airplane, the platform

being moveable substantially in circular transiation in relation to the chassis,

25 the platform going from a retracted position to a gripping position by way of
an equilibrium position;

- a damping and actuating means connecting the platform and the chassis.

The method comprises the following steps:

- actuating the damping and actuating means to place the gripping platform in the

30 retracted position; i

- lowering the chassis;

- moving the tractor so as to place the retracted gripping platform in contact with
at least one wheel of the nose gear of the airplane;

- actuating the damping and actuating means to move the gripping platform from

35  its retracted position toward its gripping position while adjusting the height of the



Al so proposed is a nethod for gripping the nose gear of an airplane using
an airplane tractor conprising: a chassis; 20wheel nobdul es connected to

t he chassis, each wheel nodule including at |east one actuator for inducing
a vertical novenent of the nodule in relation to the chassis; a gripping
platformfor gripping the nose gear of an airplane, the platform being
noveabl e substantially in circular transjation in relation to the chassis,
25the platformgoing froma retracted position to a gripping position by
way of an equilibriun1position a danping and actuati ng nmeans connecting
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of the 5 tractor can also include at least one of the following features:
- a step consisting of closing a gate of the tractor when the gripping platform is in
contact with said at least one wheel of the nose gear of the airplane;
- a step consisting of opening the gate of the tractor when the chassis raises;
10 - when the gripping platform has been slid under the wheel, a step consisting of
moving the tractor to bring said at least one wheel onto a locking device;
- steps consisting of’
- setting the location of an abutment as a function of the type of airplane
and/or the type of wheel;
15 - bringing said at least one wheel onto the locking device against the
abutment;
- bringing a tightening plate against the wheel to maintain it against the
abutment;
- a step consisting of inclining the platform in relation to a horizontal plane.
20 Also proposed is a method for pulling an airplane comprising the following
steps:
- loading the airplane on a tractor according to the gripping method for gripping
the nose gear of an airplane using an airplane tractor;
- making the tractor travel at a constant speed,
25 - regulating the speed of the tractor as a function of the force measured by the
damping and actuating means.
The method for pulling a airplane can also comprise at least one of the following
features:
- the speed of the tractor is checked when the measured force exceeds a
30  dynamically determined threshold level;
- the platform of the tractor comprises a turret receiving said at least one wheel of
the nose gear of the airplane, the turret freely rotating around a substantially vertical axis
in relation to the gripping platform, the direction of the tractor being meodified as a
function of the rotation of the turret in relation to the gripping platform;

35 - the rotation of the turret is induced by a rotational movement of the nose gear;



chassis by controlling the actuators of at |east two wheel nodules so as to
slide the gripping platformunder the wheel; - raising the chassis; -
bringing the platformback to its equilibriumposition. 5The gri pping

met hod for gripping the nose gear of an airplane using an airplane tractor
can also include at | east one of the follow ng features: - a step
consisting of closing a gate of the tractor when the gripping platformis
in contact with said at | east one wheel of the nose gear of the airplane; -
a step consisting of opening the gate of the tractor when the chassis
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example and in reference to the drawings, which show:

- FIG. 1, a diagrammatic side view of an airplane tractor according to the
invention;
10 - FIG. 2, a diagrammatic side view of a gripping system according to the
invention;
- FIG. 3, a diagrammatic perspective view of the back of an airplane tractor
according to the invention;
- FIG. 4, a diagrammatic perspective view of the gripping system according to
15 the invention;
- FIG. 5, a diagrammatic top view of the gripping system according to the
invention;
- FIG. 6-23, steps of a gripping method for gripping the nose gear of an
airplane according to the invention;
20 - FIG. 24, a diagrammatic view of an airplane tractor pulling an airplane
according to the invention;
- FIG. 25, a flowchart of a method for pulling an airplane.
Proposed is an airplane tractor having a gripping system for gripping the nose
gear of the airplane. The tractor comprises a chassis, as well as wheel modules
25  connected with the chassis. Each wheel module comprises at least one actuator for
inducing a vertical movement of the module in relation to the chassis. In this way, it is
possible to raise or lower the chassis in relation to a driving plane. The tractor also
comprises a gripping platform for gripping the nose gear of the airplane which, together
with the chassis, has a freedom (substantially in circular translation, i.e. all points of the
30  platform have trajectories that are circles with the same radius, but different centers). In
this way, owing to this substantially circular translational freedom of the platform in
relation to the chassis, the platform preserves a substantially constant angle in relation to
the chassis of the tractor. In this way, the gripping platform can move following a
pencutar movement in relation to the chassis of the tractor. In other words, the platform

35  can remain substantially parallel with a horizontal plane of the tractor or can be inclined



st eps: - loading the airplane on a tractor according to the gripping
nmet hod for gripping the nose gear of an airplane using an airplane tractor;
- making the tractor travel at a constant speed; 25- regulating the speed
of the tractor as a function of the force measured by the danping and
actuating neans. The nethod for pulling a airplane can al so conpri se
at |l east one of the follow ng features: - the speed of the
tractor is checked when the neasured force exceeds a 30dynam cal ly

determ ned threshold | evel; - the platformof the tractor conprises

a turret receivin aid N t _on e : 10S ear.,.0f .
airpl ane, t fie r?lﬁtr“gle?() fﬂ%eegig%zor%%? at np%gg}]ﬁgeu%]u&g%néaﬁs{h %n%ngﬁ ﬁ?ﬁhf\g‘gﬁ %ﬁlg%lﬁs axi s
in rel ationmoyembet igrelpiinnig e wacker %he tracdordil seeemisiiend duhping ek edRatiBei ng
modi fi ed als nﬁaﬁ%ﬁ%@fﬁg?ﬁe ;sm-ﬁ%rhg@tth@ fﬂhe?;ﬁs.tbftﬁaﬁly'{th;@ﬁctbﬁiéﬂ'g%%h% Sdhsti@eek he
gripping platform - rotation of the turret.is Jnduce .
rotational AGYEREEOGRS ?ﬂf@e Hes Bloyegnt in gircular trans atiqn s by GEwore %%}ﬁwi Bing
wheel noflul edatcanedicechatsis. tThes ditagisp sind esahtimg esdansmadedneagbaishg nabdseitt o
performa r o i [.oNn:_suhs: i r,J o the
chassi s of gh%h¥€§% 5@Q9ﬁﬁ93g§@§1gggﬁ%&g§% ﬁ%ﬁ%ﬁ%ﬁﬁggﬁ%%%mﬁﬁﬁﬁ#gggﬁ%on and
t he | ongi t udimniale agriagvomoygeenh pk hptaqeipbatipap de trlatiop o thsehissiigi t udi nal axi s
of the tractor. B1G.Oiher figgkbl 65 adige athwant agesrpdinet R tdrnacesiidingnionihk |
appear upon.readin tion o

the follow ng detail ed descr, ¢ f enmbodi nents of
e Tvent | B caD dh dtr ety ey A B e SRR Plpief R Py R R
dr awi ng$ whicghles RonlyFhQGwolywhez!l giodgieamammated ongind side o€ theokhiale ang viplbkna
tractor acceiding.to the invention; 10FIG 2, a diagrammatic side view of a
gripping systemaccording to the invention;, FIG 3, a diagranmmatic
perspective viewl8f Vhes! prefules cah BEFPRade HRURY o dbebrdicadeon Glemge

i nvention; substantially vertical axis of rotation of the chassis of the tractor.
Each wheel module comprises at least one actuator for inducing a vertical
15 movement of the module in relation to the chassis. In practice, the actuator is a cylinder,
for example a hydraulic cylinder, positioned on both sides of two arms hinged in relation
to one another that provide the connection of the wheel module to the chassis. The
hinged arm, actuator, and wheel assembly forms a wheel module. The actuator provides
the force necessary to subtly set the angle formed between the two hinged arms. The
20 wvertical movement of each wheel module in relation to the chassis can occur
independently in relation to the other wheel modules.
The number of wheel modules comprised by a tractor can vary. Preferably, the
number of wheel modules is even; for example, the airplane tractor can have 4 or 6
wheel modules. Furthermore, each wheel module can comprise one or more wheels. For
25  example, each of the wheel modules 3 shown in FIG. 3 comprises two wheels.
The airplane tractor 1 shown in FIG. 1 also comprises a gripping system 2 for
gripping the nose gear of an airplane 4 that is detailed in FIG. 2.
FIG. 2 shows a gripping system according to one embodiment of the invention.
The gripping system for gripping the nose gear 4 of an airplane comprises a gripping
30 platform 20 which, together with the chassis, has freedom substantially in circular
translation, i.e. all points of the platform have trajectories that are circles with the same
radius but different centers. Thus, due to the substantially circular translational freedom
of the platform in relation to the chassis, the platform preserves a substantially constant

angle with a horizontal plane formed by the chassis of the tractor.



FIG 4, a diagrammatic perspective view of the gripping systemaccording to
15the invention; FIG 5, a diagranmatic top view of the gripping system
according to the invention; FIG 6-23, steps of a gripping nethod for

gri pping the nose gear of an airplane according to the invention; 20F G

24, a diagrammatic view of an airplane tractor pulling an airplane
according to the invention; FIG 25, a fJowhart of a nmethod for pulling an
ai r pl ane. Proposed is an airplane tractor having a gripping system
for gripping the nose gear of the airplane. The tractor conprises a
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this way, th atform can nove folTow ng a pendul ar novenent in
nihotae :

relation to®t f the tractor. In other words, the platform 35can
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adjusting the height of the fastening point thereof to the chassis 5 of the tractor so as to
20  create the incline angle, for example by fixing one end of the tie rods to a cam or a
cylinder. A combination of these two embodiments can also be considered.

FIG. 2 also shows a damping and actuating means 8 connecting the platform and
the chassis. This damping and actuating means 8 advantageously makes it possible to
check the relative position of the platform in relation to the chassis during the loading

25  and unloading operations of the airplane. In particular, the damping and actuating means
8 makes it possible to check and control the translation of the gripping platform position,
such that it is possible to cause the platform 20 to slide under the wheels of the nose gear
of the airplane during a loading operation. Conversely, during an unloading operation, it
is possible to cause the withdrawal of the platform 20 so as to release the wheels of the

30  nose gear of the airplane from the platform. Furthermore, the damping and actuating
means 8 makes it possible to damp any relative movement of the airplane in relation to
the tractor, when the airplane is loaded on the tractor, and more precisely on the gripping
platform 20 of the tractor. Notably, the damping and actuating means 8 makes it possible

to damp the free circular translational movement of the gripping platform 20 with the



10 nmodules 3. Only the two wheel nodules situated on one side of the
vehicle are visible in the figure. The wheel nodul es can performa
rotation in either direction along a substantially vertical axis of
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the nose gear of the airplane loaded on the tractor and to transmit the pulling forces. The
locking device of said wheel notably comprises a wheel abutment 26 of the nose gear of
the airplane and a tightening device (22, 23, 24) to maintain the wheel of the nose gear

of the airplane against the abutment.



20 create the incline angle, for exanple by fixing one end of the tie rods
to a camor a cylinder. A conbination of these two enbodi nents can al so be
consi der ed. FIG 2 also shows a danping and actuating neans 8
connecting the platformand the chassis. This danping and actuati ng neans 8
advant ageously makes it possible to check the relative position of the
platformin relation to the chassis durifpg the |oading 25 and unl oadi ng
operations of the airplane. In particular, the danping and actuating neans
8 makes it possible to check and control the translation of the gripping
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10 The | ocki ng device for |ocking said wheel of the nose gear can be
installed on a turret positioned on the gripping platform The turret can
be freely rotating in relation to the gripping platformaround an axis of
rotation substantially perpendicular to the gripping platform and
substantially vertical. FIG 5 shows the |ocking device, which is
S5positioned on a turret 52 that is freehy rotating around an axi s of
rotation 50 substantially vertical to the platform 20. The wheel
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connecting rod 25. In other words, the tightening plate 22 is adapted to pivot from a high

position in which the tightening plate is in contact with the wheels 4 to a low position in

which one end of the tightening plate is in contact with the ground. In another

alternative, the tightening plate 22 can both be retractable and constitute an access ramp

30  to the platform. The tightening plate, whether it is retractable and/or constitutes an

access ramp, offers the advantage of facilitating the rolling of the wheel 4 toward the

abutment 26, since the tightening plate does not constitute an obstacle that must be
overcome by the wheel.

In practice, the cylinder 23, which actuates the tightening device, is a hydraulic

35  cylinder. In fact, using a hydraulic cylinder has the advantage of making it possible to



The assenbly of these elements 22, 23, 24, 25 is arranged as shown in FIG
2. A5 first apex 240 of the triangle 24 is connected to the platformby a
pivot link. Wen the |locking device is installed on a turret, the triangle
24 can be connected to the turret so as not to hinder the rotation thereof.
The cylinder 23 is connected to a second apex 242 of the triangle 24 by a
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of the nose gear of the airplane. Once the gripping platform has reached its retracted
position, or simultaneously, the chassis of the tractor lowers in response to the actuation
of the actuators of each of the wheel modules. In FIG. 8, all of the wheel modules have
contributed to lowering the chassis, but it is also possible to consider lowering only the

35 back of the tractor. The lowering of the chassis is stopped when the gripping platform



FI GS. 6-23 show the successive steps of a nethod for gripping the nose gear
of an airplane according to one enbodi nent of the invention. FIG 6 shows
an initial configuration, and FIG 7 shows a top view of FIG 6. 15 The
airplane is parked and its engines are off Its primary brakes are bl ocked,
i.e. the brakes of its rear end are applied, while the wheels of the nose
gear are free. The tractor is near the akrplane. The gripping platform of
the tractor is in an equilibrium position. The equilibriumposition of the
gri ppi ng platforn1corresponds to the | ownest position thereof in relation to
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FIGS. 14 and 15 show that the wheels of the airplane have started to raise
the 25 gripping platformduring the displacenment of the platformfromthe
retracted position to the gripping position. FIGS. 16 and 17 show

t he wheel s of the airplane, which are positioned agai nst the abutnent and
on the | ocking device. If necessary, the tractor noves back to allow the
wheel s of the nose gear of the airplane %o be effectively placed agai nst
the abutnent and 30 on the | ocking device. The platform being horizontal,
i.e. parallel to the ground, there is no force on the nose gear of the
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pl ane if necessary ore tractor starts to. drive. ction is
particul arl ¥ H?élfl@d i ri'ﬁ'ltaﬁ‘é1 cadle gertgpl pihgnads iphvibh qose r%%re 835}6 "8g"% t hat
is incliiped pb@elﬁcﬁ&u’i&rl t@lﬁldiﬁ)ri&&ﬁal\@ﬁiﬂel Halvevelh@oaah Sicidn bhihe raﬁﬁhn@emiot 333

t heref ore naqt e | z I .. n an
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incline of Ghe.ged H@é@gbpla@&@élm@@mctﬁ@ I&%ﬂ?ﬁﬁ WEr@Eh ¥8itaE @NYodBRNS: the
descri bed ahove, actin E ett {)EF ength of certain vertical tie
rods or on f#ENf Oétﬁ?ﬂjﬁreggf‘)ﬁ% YT P '8 Phe chassis of the tractor.
15The unboadi ng Ghemaloading ioperdneisopposippesiteitee laddigpecpen. atlicobrrakeF g

brakes of t , | ane is i mmobilized.
First, the gﬁ%‘:&’?%@% a&’? &1 %éeéqﬁ%{%gs% e°%%ﬂ£‘%p| ng position. Then, the

chassis of the tFugkge ars»mn@ foam gQex #nto Fl}?ér}l’@%ﬂ%i AR§iUSY s sy H61chesssatng t he
wheel s of t g @icidd!iansveral. Wakoaeadekidd@Rient fo@ I@kingphaghpliabf v rairpianebfsought

fromthe grippi sitjon to.th 20 shri nki osition. The. f rL.m

pul I's out O\V‘EE’ ?ﬁf%ng[%se h’?a@r P g\]iﬁle(%n% 2 %mtuﬁiel nSEIe%ge%mppg*g PR 0anl %p ane are
ori ent e@0of fshmﬂdengpwqmmnn@h@p]atfﬁm mullsTdns overdiomoro Hay theodsclof War ebss geas t o
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It appears t at t he airplane tractor, CCOI’ g t%g Edggvent i on has n'any
advant ages. t%P?@Elete{WedB%Wg?q o 1B aiftaneg ’ﬁg “h%‘ P¥&%f the tractor is
simpl e and It appears that the airplane tractor according to the invention has many
advantages. First, the operation of the gripping device of the tractor is simple and
25  requires only a limited number of actuators. In particular, the damping and actuating
means facilitates the loading of the airplane, but it also makes it possible to pull the
airplane at a high speed, since it damps the speed variations of the tractor in relation to
the airplane, the latter only having to brake its own mass.
Next, the tractor tolerates breakdowns in that a breakdown of the tractor does not
30  prevent unloading of the airplane. In fact, the actuators are positioned so that nothing
opposes the withdrawal of the nose gear of the airplane from the platform. In particular,
the actuators can be hydraulic cylinders, which facilitates the movement of elements in
the case of a breakdown of the tractor. For example, the gripping platform can be
lowered to ground level by emptying the compression chambers of the cylinders. By
35  simple gravity, the chassis of the tractor is lowered. Similarly, the wheel of the nose gear
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in that a breakdown of the tractor does 30 prevent unl oading of the
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to be Furthermore, the pilot controls the direction of the convoy.
The first step consists of loading the airplane onto the tractor (S100}.
After the airplane has been loaded, the tractor starts to drive. For the tractor to be
able to start driving, the pilot releases the primary brakes of the airplane. The resistance
35 force of the airplane is then less than the pulling force of the tractor, which can then



able to start driving, the pilot releases the primary brakes of the

ai rplane. The resistance 35force of the airplane is then |l ess than the
pulling force of the tractor, which can then 16 drive. The tractor exerts
a sufficient pulling force that nakes it possible to nove the airplane. The
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undergoes a unidirectional pulling force and no thrust force during braking. Airplane
builders consider that the forces are overcome enough to make it possible to pull the
airplane without risking damaging the nose gear of the atrplane.

In practice, the damping and actuating means can be a hydraulic cylinder that

30  comprises at least one sensor capable of measuring a force.

In parallel to controlling the speed of the tractor, the direction thereof is modified
by the pilot according to the rotation of the turret in relation to the gripping platform.
The rotation of the turret can in fact be induced by a rotational movement of the nose

gear of the airplane. In fact, any rotational movement performed by the nose gear of the



FIG 24 shows a convoy nmade up of the tractor 1 and the airplane 9. The
airplane 9 is loaded on the tractor 1. The abutnent is set so that the axis
of rotation of the wheel 5 of the nose gear of the airplane and the axis
of rotation of the turret coincide and define a shared axis of rotation
noted 90 in FIG 24. The turret has perforned a clockw se rotation around
the axis of rotation 90 by an angle 0 ipresented in FIG 24. The turret
conpri ses neans capable of neasuring the angle of rotation between two
successive positions of the turret in relation to the gripping platform It
can for exanpl e conprise at ne sensor .nmeasurin u
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15The invention is not limted to the enbodi nents descri bed as exanpl es.

Not ably, the contraction and expansion of the cylinders can be reversed if
the cylinders are positioned differently. Furthernore, the actuators can be
el ectronically-controlled electric actuators. The | ocking device can
conprise elenents other than a plate, connecting rod, and triangle, as |ong
as the tightening of the wheels of the se gear of 20the airplane is
ensured. 19 CLAIM5S 1. An airplane tracg having a gri pping system for

gri ppi ng the nose gear of the airplane, conprising 5- a chassis (5); wheel

dul 3 dt h wh t
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gri ppi ng pl %gsilfm@angﬁ%eam@dﬁhﬁ@b@e%u&@@gtor according to cl aim1 or 2,
wherein the grippi | at f ormg ri ses | ocKki n devi ce | ocki nﬁ%
gasie & &ne

| east one wheel ’P%\éhenlﬁgée f aFﬁlén%iSrtﬁP‘ég]Pé oward the %Fﬁamé{“ ’p
tract or 1accoildi agerd e ataaiomndthe whae elay a hechk ammwmamibﬂ bg atis deagtord. east

2r50ne \If]meel Adfvalrltggeoﬂﬁ§ ethgg%Ehodsfof' E'Lﬁ 19& Lu? glqﬁgheaacEWdfn%tto RESiLLRRE Gt mdihe

aripping requirc any modification to the airplane. Furthermore, the operations as they are

performed when the airplane moves using its engines are not modified. Lastly, the pilot
preserves liability for bringing the airplane to the takeoff runway.

15 The invention is not limited to the embodiments described as examples. Notably,
the contraction and expansion of the cylinders can be reversed if the cylinders are
positioned differently. Furthermore, the actuators can be electronically-controlled
electric actuators. The locking device can comprise elements other than a plate,
connecting rod, and triangle, as long as the tightening of the wheels of the nose gear of

20 the airplane is ensured.



platform the turret rotating freely around a substantially vertical axis
inrelation to the gripping platform 5. The airplane tractor
according to one of clainms 3 or 4, wherein the | ocking device for 30said at
| east one wheel conprises: a wheel abutnent for the nose gear of the
airplane; a tightening device to nmaintain the wheel of the nose gear of the
ai rpl ane against the abutnent. 20 6. Thg airplane tractor according to one
of clainse 3 to 5, wherein the tightening device conprises a tightening

pl ate connected to a triangle actuated by a cylinder. 7. The airpl ane
tractor according to claimb5, wherein ihﬁﬁglghtenlng plate is retractable
5in the absence of an airplane wheel 8 € platform 8. The airplane
tractor according to one of clainse 5 to 7, wherein the abutnent has an

adj ustabl e }oc tand 93 b P sRGLR 0P GRPRiAL NBe hBsOBOrfr whai s 1
to 8, mhereﬂn t ggg?uatgﬁgggwe%chkﬁﬂgé%S%%du g %59&'%y rauslg éyllnder

10. The airpl éW@HFOPBFSHECording to one of claims 1 to 9, wherein the
cylindersof the &tightietfing device is a hydraulic cylinder. 15 11. The

ai rpl ane tractor whed %10%1' Peg t(%}tcogrrl] cte?if to%h@‘%@si%ﬁ%oeajcﬁ Wh\é@%gﬂﬂ’]& ‘n@ﬁdﬂ%@' ng

and actuating neans cons sensor at1rve novenent  between
t he pl at f or m andlcafteone hametos for JndupingFheertigal moagaertre{dhomogdele ot &laynttd one
of clains 1 to 1lfe phgfsein the platformhas a base connected to the chassis

by vertical ti £ g?gqu]%pmg platform (2) of the nose gear of an airplane (4), the platform together

10 with the chassis having freedom of movement substantially in circular
translation; and
- an actuating means (8) connecting the platform and the chassis, said actuating
means (8) also constituting a damping means for damping the free movement of
the platform in relation to the chassis.
15
2. The airplane tractor according to claim I, also comprising at least one gate (6)
intended to oppose the force exerted on at least one wheel of the nose gear of the
airplane by the gripping platform.

20 3. The airplane tractor according to claim | or 2, wherein the gripping platform
comprises a locking device for locking at least one wheel of the nose gear of the

airplane.

4. The airplane tractor according fo claim 3, wherein the locking device of said at least
25 one wheel of the nose gear is installed on a turret positioned on the gripping
platform, the turret rotating freely around a substantially vertical axis in relation to

the gripping platform.

5. The airplane tractor according to one of claims 3 or 4, wherein the locking device for
30 said at least one wheel comprises:
- a wheel abutment for the nose gear of the airplane;
- atightening device to maintain the wheel of the nose gear of the airplane against

the abutment.



13. The airplane tractor according to claim 12, conprising at |east one
actuator for inducing an incline of the base of the platformin relation to
a horizontal plane. 25 14. The airplane tractor according to claim13,
wherein the vertical tie rods have adjustabl e | engths. 15. The
airplane tractor according to claim13 or 14, wherein the vertical tie rods
have 30adj ustable fastening points to tE@ chassis. 16. The airplane tractor
according to one of clains 4 to 15, wherein each wheel nodule has a
respective angle of rotation in relation to a longitudinal axis of the
tractor and_arqund an axis of rotation S ial ly vertl

chassi s of ?he eﬁg@%@?%ﬁﬂﬁﬁmf?ﬁﬂ$ﬁ89&??; gﬁég?%h%fg%“§§§§ﬁ§§%6§ 6%g§%in116,
wherein the teompesescorghtingaslate corpasted onetrivegs estugedByip cHgidah angul ar

di spl acenent of the turret in relation to the gripping platform and

each respective angle of rotation is determned as.a function of t

measur ed SarguiBSrai@ieap UREehaTPTERE Prd ’r"g]‘ie.r cig ghe URhiRoImg ate 4 re&?ﬁg@f’ ng the
nose geas of dn tiai dopdrepef usiipiprawiekr @l deelatfbact or conprising: a chassis;
10wheel nodul es connected to the chassis, each wheel nodul e including at

| east one actuator for inducing a vertical novenent of the nodule in

rel ation t o8t Hehectimbai dractonacgeidid vegensi Atcladmmdfior. YPEEH thy 2bHEeHdEe Bear of
an airplane, thaspbatibosimnbei ng noveabl e substantially in
circular translation in relation to the chassis, the 15platform going from
a retracted position to a gripping position by way of an equilibrium
positiom) 9. The airplane tractor according to one of claims 1 to 8, wherein the actuator of each

wheel module is a hydraulic cylinder.

10. The airplane tractor according to one of claims 1 to 9, wherein the cylinder of the
tightening device is a hydraulic cylinder.
15
11. The airplane tractor according to one of claims 1 to 10, wherein the damping and
actuating means constitutes a sensor of the relative movement between the platform

and the chassis.

20 12. The airplane tractor according to one of claims I to 11, wherein the platform has a
base connected to the chassis by vertical tie rods.

13. The airplane tractor according to claim 12, comprising at least onc actuator for

inducing an incline of the base of the platform in relation to a horizontal plane.

25
14. The airplane tractor according to claim 13, wherein the vertical tie rods have
adjustable lengths.
15. The airplane tractor according to claim 13 or 14, wherein the vertical tie rods have
30 adjustable fastening points to the chassis.

16. The airplane tractor according to one of claims 4 to 15, wherein each wheel module
has a tespective angle of rotation in relation to a longitudinal axis of the tractor and
around an axis of rotation substantially vertical to the chassis of the tractor.

35



a danping and actuating neans connecting the platformand the chassis. the
nmet hod conprising the foll ow ng steps: actuating the danpi ng and
actuating neans to place the gripping platformin the 20retracted position;
| owering the chassis; noving the tractor so as to place the retracted
gripping platformin contact with at | east one wheel of the nose gear of
the airplane; actuating the danping and,actuating neans to nove the
gripping platformfrom?25 its retracted position toward its gripping
position while adjusting the height of the chassis by controlling the
actuators o | e ;. I .10 slide the grippin
pIatforn1ung%ﬁ%fﬁgg%h%éﬁgmﬁggﬁg?%gg?%ggéﬁgggi%% bringi ng Ihg ngtfgrnlback
to its equilibrithentyesicemprises 30leasd onprasersndrswringccdiigg displaggmanhpfiBe al so
conpri si ng: - ufreBingPla68NRI 18 bt pistfQsd Bgd @ gate of the tractor when
the gripping piatfoxinis in one

ongact.mLtgisaid gt Ieﬁft. eel of the
nose gear of theSi&ipiPariae angls of wiiop s dsiebnef g PRgEnY et Re Y5l e of

t he tracfor whenaddobr dibpbsiémsent af hesurr21l. The nmet hod according to any one of
clainms 18 to 20, also conprising, when the gripping platformhas been slid
under the wheel: 5- a step consisting of npving the tractor to bring said
at | east ond8vhaatthethifey gripping the nose gear of an airplane using an airplane tracior

comprising:
- achassis;

10 - wheel modules connected to the chassis, each wheel module including at least
one actuator for inducing a vertical movement of the module m relation to the
chassis;

- a gripping platform for gripping the nose gear of an airplane, the platform being
moveable substantially in circular translation in relation to the chassis, the

15 platform going from a retracted position to a gripping position by way of an
equilibrium position;

- adamping and actuating means connecting the platform and the chassis.
the method comprising the following steps:
- actuating the damping and actuating means to place the gripping platform in the

20 retracted position;

- lowering the chassis;

- moving the tractor so as to place the retracted gripping platform in contact with
at Jeast one wheel of the nose gear of the airplane;

- actuating the damping and actuating means to move the gripping platform from

25 its retracted position toward its gripping position while adjusting the height of
the chassis by controliing the actuators of at least two wheel modules so as to
slide the gripping platform under the wheel;

- raising the chassis;
- bringing the platform back to its equilibrium position.

30

19. The method according to claim 18, also comprising:
- a step consisting of closing a gate of the tractor when the gripping platform 1s

contact with said at least one wheel of the nose gear of the airplane.

35 20. The method according to claim 19, also comprising:



| ocki ng device. 22. The nethod according to claim?2l1, also conprising the
follow ng steps consisting of: setting the | ocation of an abutnent as a
function of the type of airplane and/or the 10type of wheel; bringing said
at | east one wheel onto the | ocking device against the abutnment; bringing a
tightening plate against the wheel to maintain it agai nst the abutnent.

23. The nethod according to one of claigs 18 to 22, also conprising: 15- a
step consisting of inclining the platformin relation to a horizontal

pl ane. 24. A nethod for pulling an airplane conprising the follow ng steps:

| oadi ng the ai rfg, eg%%%sgamg Jils g&&ﬁ) 1 CHRLAHG LR wﬁ@ﬁl 8| BRsRY,Rt hod of any

one of clains tractor travel at a constant speed,;
regul ating the speed of the tractor as a function of the force neasured by

t he danpi ng2andicagébat hmrdrﬁ@m any 38 offbRiniel hasl 20 05isP ebinpAgn@ nvidinr tht ane
according to claim 24, f g eln Eﬁ?‘g \@ he 25tractor is checked when
the measured fPRRERAEENI0HY %6?%§ &t°%r ni ned threshol d | evel . 26.
The net hdd f or- petep |cngslamgawfr1pb‘ang tic tragteli wobting edidiamleadt one @Beel toto a

pl at for m of {J.hE.tE@CL Or conprises a turret receiving said at |east one
wheel of the nose gear of the 30 airplane, the turret freely rotating
around a substantially vertical axis in relation to the gripping platform
t he direction Te rhdiievd dcacition tbeiahg ZHMEOfdoﬁiﬂaria&gaheffbﬂﬁxﬁfianepi cdrBtingdfat i on

of the turret in relg%ﬁe R)catgo% ;[fyf:i gltltH%R e&g‘l fﬂé@ onv%%e tly]rq'e lh ane-gF(?/orrrlﬁ hOd

for pulling an af?ﬂ1ane accor aim rotation of the
35turretOis |nduﬁ@d05thirotat|onal nmovenent of the nose gear.

- bringing said at least one wheel onto the locking device against the abutment;

- bringing a tightening plate against the wheel to maintain it against the abutment.

23, The method according to one of claims 18 to 22, also comprising:

15 - astep consisting of inclining the platform in relation to a horizontal plane.

24, A method for pulling an airplane comprising the following steps:
- loading the airplane on a tractor according to the gripping method of any one of
clamms 18 to 22;
20 - making the tractor travel at a constant speed;
- regulating the speed of the tractor as a function of the force measured by the

damping and actuating means.

25. The method for pulling an airplane according to claim 24, wherein the speed of the
25 tractor is checked when the measured force exceeds a dynamically determined
threshold level.

26. The method for pulling an airplane according to claim 24 or 25, the platform of the
tractor comprises a turret receiving said at least one wheel of the nose gear of the
30 airplane, the turret freely rotating around a substantially vertical axis in relation to
the gripping platform, the direction of the tractor being modified as a function of the

rotation of the turret in relation to the gripping platform.

27. The method for pulling an airplane according to claim 26, wherein the rotation of the

35 turret is induced by a rotational movement of the nose gear.



23 28. The method for pulling an airplane according to one of clainms 24 to
27, the tractor conprising wheel nodul es connected to the chassis, each
wheel nodul e being able to performa rotation along an axis of rotation
substantially vertical to the chassis of 5the tractor, in which each wheel
nmodul e has its own rotation and the |ongitudinal axis of the airplane is
merged with the longitudinal axis of theytractor. 10 15 20 25 30

28. The method for pulling an airplane according to one of claims 24 to 27, the tractor

comprising wheel modules connected to the chassis, each wheel module being able

to perform a rotation along an axis of rotation substantially vertical to the chassis of

5 the tractor, in which each wheel module has its own rotation and the longitudinal

axis of the airplane is merged with the longitudinal axis of the fractor.
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