7 APR 2004 1 Tug for aircraft Field of the Invention Thi & Ti dPénZdln rel ates
to a tug for towing an aircraft, such as are often referred to as an
aircraft tractors. 5 Background of the Invention Aircraft tugs or tractors
are a common sight at conmercial airports around the world. They are used
to tow aircraft around the airport. - Typically, aircraft tugs are used to
tow aircraft fromdeparture gates to theg 10 taxi way for take-off, to
hangers. or anywhere that the aircraft either cannot travel to under its
own power, or is not permtted to travel to under its own power by airport
regul ations or the like. Mst confmgdoehirarhfipowered passenger and frei ght
aircraft g | Ci v |large to require towng. Early aircraft tugs were
| ar ge fou%r1 &0 {H fn%hhl’) icles/tractors with a 15 tow bar which attached
to the nose whddlis divartioraralaicatte aftug footpwing dreairgiaft sarh asmremitare 1950s
and 1960s g6 af AR RBsdRradtdgr aft becanme progressively heavier. Such
relatively heavier aircraft necessitated all increase in the weight of the
tractoPs to ensure that sufficient ground friction existed for the tractor
to be abl @dckeroind f theladnitidny heavier aircraft. This 20 type of tractor
still operates j.n alrports around the world today. .However, around 20
Jears ago. an PHEFBUCNERCT BACHS 200 A APeE LR G 8] FEHOB | he. use
of a rel atargeng the ghdrld.uFheghire heed it towiadicrafi groed thmetpod. | et t he nose
wheel / gearpQf; ' ' ' i ght of
TPy Areraftes Bhe BTt R siignad lﬂﬁégﬁsf%@;%ﬁéﬁw

the aircraft, I nCr easi ng ective ) t he tug.
This tfpe Bl way daptakesaft todrangery prapyihera dbaigdierderrafteddipraaanot

.accept ancearavley @RRE s porf O 1saydterirBRBe o iRl ta!dntsr B\ReNn SO t hat
't he nose wheel .is Iocgt ed jdln. a bayhl .thgwtau . t he nose wheel i.s grasped by
a mechaniFOMSPY AEPPHFeEHEHansald aﬁlkg- PYCURBIBIRRL ISt RAWSRE gr ound,

usual | y arpausehg@Gma frédight birgrafaard heffichenttly large td cequitd tdvnimgai rcraft. 30

Li ght tugs hav ur. I ve. | f
irorattic ) SRR el et larkgTotpioteRl dbte MERAeSE L WillE, |
equal 1§ dpwrbarwhich atdachdd tooilhe rhsewheehwfdde surcTaft Somtosvingrtber es that the

l'oad on thercraft. From the 1950s and 1960s onwards. commercial aircraft became
progressively heavier. Such relatively heavier aircraft necessitated an
increase in the weight of the tractors to ensure that sufficient ground friction
existed for the tractor to be able to tow the relatively heavier aircraft. This

20  type of tractor still operates in many airports around the world today.

However. around 20 vears ago, an improved aircraft tug was invented
which relied on the use of a relatively light tug vehicle but which was
designed to let the nose wheel/gear of the aircraft ride on the tug, thus using
the nose weight of the aircraft as ballast and increasing the effective weight

25  of the tug. This type of ("towbarless" or "light") tug has gained widespread
acceptance. They operate in the following manner. The tug is moved so that
the nose wheel is located in a bay in the tug, the nose wheel is grasped by a
mechanism on the tug and lifted up a small distance from the ground,
usually around 200mm. The tug can then be driven to pull the aircraft.

30  Light tugs have four wheel drive. The bay for the nose wheel of the aircraft
is located in the middle of the tug so that the nose weight is equally
distributed to all four driving wheels. This also ensures that the load on the
tug is evenly balanced and stable. "Light" tugs come in varying sizes to
accommodate different sizes of aircraft with the relatively larger "light" tugs

35  being used forlarger planes.




tug is evenly bal anced and stable. "Light" tugs cone in v yi gg s?'f%?s to
accommodate different sizes of aircraft with the rel ativelag/ I %e “I'i ght"
tugs 25 being used for larger planes. 2? APR 2D0' However, there a nunber
of problens wth existing aircraft tugs of the above type and in
particular in the manner in which the tugs:interact wwth the nose gear of
the aircraft. When an aircraft lands, i2 lands on its |landing gear which
are the main wheels which are located to the rear of the mddle of 5 the

pl ane bel ow the_wi ngs. The | anding gear is designed built to withstand the
severe | oads affSVeNeTf Hse Ramenkgr pgpaarﬂﬁnwwah.exaﬁws 3irpraft tugspolthe
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the repai ris auebebr reqeptaacenRipporofhe Weightof theabsaet eidlaitgrdfe. The rdsecr af t

fact ' A bl . hat , wh th
ul ' eddat SR BT RE8 Beietins flesPioiorng Rrsialtgiiadt R WP et EeEbng t he
1 ongi t udi repeedsxi Howfevehehis2bes|arnappihenddr sieesshioctheczrsetgeaappin ed to the
‘nose gear amdrhaut, fdanagl ok R&di9 ’E‘e&p&?& bufees %ﬁ?}?anc'f Rty e B?xfr’i’é@e an
aircraft's nose gear 1 s not desighed to take |oading at :an angle. The
probl em i doEsesderelyed dnsrusddng paddrunpe she aircrafe TbaBArashes relaivplvane due

to accel erqakilo@aaibedeos! ®cthddlo bPAAMage" Qh ANGireeFes 91238 pagd sone
j our nggs i nvol ve a 1arge nu}irhrg%r of st(r)f%s and 25 starts all aof "which puts
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to take | oadi nd: sacoad proglem is ébat whes thhelose@eamsnwwée%at anangle current
aircraft tdtsr than along a straight line projected along the longitudinal axis of the
20  plane. the force which can be applied to the nose gear without damaging the
nose gear. decreases. That is because an aircraft's nose gear is not designed
to take loading at an angle. The problem is exacerbated since the changes in
? the momentum of the plane due to acceleration and deceleration, pass
through the nose gear and some journeys involve a large number of stops and
25  starts all of which puts stress on the nose gear. Thus. existing tugs require
and carry sophisticated measuring devices to measure the forces on the nose
gear and ensure that they do not exceed a level beyond which the nose gear
is damaged or is deemed to have been damaged.
The inability of the nose gear to take loading at an angle, restricts the
30  turning circle of current aircraft tugs. _
It is an object of the present invention to provide improvements to
airport tugs which address and alleviate some or all of the problems
associated with existing airport tugs.




It is an object of' the present invention to provide inprove nt% to
ai rport tugs which address and alleviate sone or all of theé“% bRt
associated with existing airport tugs. 7 APR 2004 3 Summary of the
Invention In a first aspect of the present invention, there is provided a
tractor for towing an aircraft including a nose wheel clanping neans for
lifting and sinultaneously clanping a Bose wheel of an aircraft, the nose
wheel clanping 5 neans conprising a first lever, nmeans for raising the
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articul at etgl r.i.si ng ront sect I 0 | nmeans
the tud andeadvieslis sagrgesbginiesadhe sworsboes syith theseacopd shpednoerd i cul at ed
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reduced ast}nenaaialr@fthamlwaﬁtcul ate itself to accommopdate the turn. In a

particul arly prIEftgfsrxﬁg%‘ﬂ?%ase O fol AR BAEEPRTE bRSSuRoaR fEfer al | Y
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frame. including engine means for drlving the tug and a rear section joined to the front
section by an articulated joint, the rear section defining the nose wheel
20 clamping means.

The articulation of the airport tug, means that when the tug turns to turn
the plane at an angle, the angle of the forces acting on the nose wheel is
reduced as the tug can articulate itself to accommodate the turn.

In a particularly preferred embodiment, the rear section defines a

25  generally U-shaped or forked outer/base frame and an inner frame which is
mounted on the outer frame and is movable relative thereto. The nose wheel
clamp means is attached to the inner frame which is connected to the outer
frame by means of one of more hydraulic cylinders which are operable to raise
the inner frame (and hence the nose wheel/gear) relative to the outer frame.

30 It is preferred that the nose wheel clamp means for receiving the nose
wheel of the aircraft are located generally in line with the wheels of the rear
portion of the tug. Typically, the rear portion of the tug will include two pairs
of coaxial wheels located at either side of the generally U-shaped outer/base
frame of the rear section of the tug.

35 A preferred feature of the invention, is the provision of relief valves
associated with the hydraulic cylinders disposed between the outer and inner




30 It is preferred that the nose wheel clanp neans for recei vm(ﬁt ?ﬁ nose
wheel of the aircraft "are | ocated.generally in line with t hé Q)l‘f t he
rear - portion of the tug. Typically, the rear portion of the tug wll
include two pairs of coaxial wheels |ocated at either side of the
general ly U-shaped outer/base frane of the rear section of the tug. 35 A
preferred feature of the invention, is the provision of relief valves
associated with the hydraulic cylinders di sposed between the outer and
inner 2? APR 2004 4 frames of the rear section. The valves are set to
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of an aircr present invention;
15 A stop means may be provided to prevent pivoting of the shoe away

from the tyre.
Thus a restraint is provided to prevent pitching up of the nose wheel.
In prior art "towbarless” tractors this is achieved by use of a separate lever,
which has to be lowered after clamping has taken place.
20
Brief Description of the Drawings
Specific embodiments of the invention will now be described by way of
example only and with reference to the accompanying drawings in which: :
Figure 1 is a schematic plan view of a first embodlment of an aircraft

25  tug embodying the present invention;

Figure 2 is a schematic plan view of the aircraft tug of Figure 1
illustrating the turning circle of the tug in comparison with an existing
unarticulated tug of similar size;

Figures 2a and 2b schematically illustrate and compare forces on the

30 nose gear of an aircraft when turning;

Figure 3 is a plan view of a rear section of the tug of Figure 1 shovﬁng
the rear section in more detail;

Figure 4 is a schematic side view of the rear section of the tug;




Figure 2 is a schematic plan view of the aircraft tug of Figure 1
illustrating the turning circle of the tug in conparison wWith /iR &8sst i ng
unarticulated tug of simlar size;, Figures 2a and 2b schematically
illustrate and conpare forces on the 30 nose gear of an aircraft when
turning; Figure 3 is a plan view of a rear section of the tug of Figure 1
showing the rear section in nore detaid; Figure 4 is a schematic side view
of the rear section of the tug; 2 7 APR 2004 5 Figure 5 illustrates

rel ative novenent between an inner and an outer frame of the rear section
of the tug: Fi&igwee {lusiraleqelotivemivamenifriwesaan MIREHANKLAROMET f or
engagi ng faqde ek @émebﬁgnr&sﬁgeggg;r of the aircraft: 5 Figure 7 is a
-schematic view .|| u%}rati.%g t.he c?fr nci pal s Qf}jﬁiﬁeration of. the clanping
nmeans of Fi gur é&TeR Hut #98 VEWLY é‘ng"‘Fi&?ahF RieiReany £07 $k8a8%8n a shoe
arr angenerand fedainfife thd aogE geamefahs aifargiire 9 is a perspective view of the
under si.de of t . S ' .10 . I b i ' t he

enl ar ggd shoes %‘E'E%ﬁragg@{eqﬁ?géf Ieeltgéﬁpgtr%ﬁégE%%gpﬁg&ﬁgtﬁf\#%\%vﬂgé&gfsecond
enbodi nentthefclamping mesas of Figured:gure. 11 is an isonmetric view of a

pi voting wheel pehafs Afa 5deem&RAAWRY o4 vEHEHBR oka sABE abnpefismg 12
schematlca}JI¥ i1Tustrates a mechanical” lock for the armof th wheel clanp
of Figure feith 1P'&8 R3eY i pti on of Preferred Enbodi ments Referring to
the drawi ngs. MFigueed is & penpeatipt atewicgwhounderdie of ahé reddGectiantafr in the

form qf, anaitcraft twug, The.t conprises a.fraon lon 10A and a rear
secti grq 1 gelffrﬁﬁ‘éﬁl "gﬁng}lﬁlgﬁﬁﬁ@&?%%W(Edlsémg Fﬁgﬁ?g&pl ates 12A. 12B
ext endi ng fromRigeref Hbista sghbmatae psecviesnsf ass endiodinwa offan whi ch
tdefines an;angftiyee 14 through which a pivot pin or the like extends to
link the two sectrons. A pair of hydraulic cylinders 16 extend between the
25 front and r &agumgekt isoHsisqmptigyVisw ofsenivosing wheek Hamp,gf the

embodiment of Figure 10: and
15 Figure 12 schematically illustrates a mechanical lock for the arm of the
wheel clamp of Figure 11.

Detailed Description of Preferred Embodiments
Referring to the drawings, Figure 1 shows a plan view of an aircraft

20  tractor in the form of an aircraft tug. The tug comprises a front section 10A
and a rear section 10B linked by an articulated joint 12 comprising plates
12A. 12B extending from the front and rear sections respectively each of
which defines an aperture 14 through which a pivot pin or the like extends to
link the two sections. A pair of hydraulic cylinders 16 extend between the

25  front and rear sections and may be used to steer the tug.

The front part of the tug includes an engine 18 which drives a pair of
driving wheels 20. The front section also includes a control cab 22.

The rear section 10B of the tug is generally U-shaped having a
transverse section 26. two arms 28 extending away from the transverse

30 section at right angles thereto and a gap 30 defined between the arms. The
rear section is supported by two pairs of wheels 32 disposed either side of the
gap. A clamping means 34 for receiving and clamping the nose gear 36 of an
aircraft and retaining the same in line with the rear wheels 32 of the tug is
defined in the gap. The clamping means 34 is described in more detail

35  below.




The front part of the tug includes an engi ne 18 which drivnga APRID
driving wheels 20. The front section also includes a contr cab 22 Th
rear section 10B of the tug is generally U shaped having a transverse
section 26. two arns 28 extending away fromthe transverse 30 section at

ri ght angles thereto and a gap 30 defined between the arns. The rear
section is supported by two pairs of wseels 32 di sposed either side of the
gap. A clanping neans 34 for receiving and cl anping the nose gear 36 of an
aircraft and retaining the sane in line with the rear wheels 32 of the tug
is defined irFighee Qaﬁustrh@scﬂ firgsifagture @f she preseny daventiany in fhalghe det ai |
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10 embodyi ngnnsseblgrﬁ%?&% cllP \18%Elldoe{]dceser}atloll}sd%ce181atlon forces which may be
applied to the wheel and hence. limits the speed and manoeuvrability of the
tug when towing an aircraft.

20 Referring to Figure 2b. it can be seen that as the front section turns to
bring the aircraft to turn at the same angle x as with the prior art tug. because
of the articulation of the tug 10 embodying the present invention. the nose
wheel turns by a lesser angle v and the forces acting on the nose gear are thus
much reduced.

25 Figures 3 to 5. illustrate the features of the rear section 10B of the
frame in more detail. The rear section comprises an outer or base frame 50
which is generally U-shaped as discussed above and includes an inner frame
52 which is mounted on the outer frame 50. The clamping means 36 is fixed
to the inner frame. The inner frame 52 is mounted to the outer/base frame 50

30 on a horizontally oriented pivot 54 which extends parallel to the axis of the
support wheels. Raising and lowering the inner frame 52 relative to the outer
frame 50 when an aircraft's nose gear 36 is clamped relative to the inner
frame by the clamp means 34. raises and lowers that nose wheel about the
pivot 54 and thus raises and lowers the pivot relative to ground. Figure 5

35 illustrates the inner frame 52 in a lowered position. Figure 4 illustrates the
inner frame 52 in a relatively raised position. The inner frame 52 is moved




wheel turns by a |l esser angle y and the forces acting on thﬁgnggs ?ﬁgr are
thus nmuch reduced. 25 Figures 3 to 5, illustrate the featu rear
section 10B of the frane in nore detail. The rear section conprises an
outer or base frame 50 which is generally U shaped as di scussed above and
i ncludes an inner franme 52 which is mounted on the outer franme 50. The
clanping neans 36 is fixed to the inner7 frane. The inner franme 52 is
nounted to the outer/base frane 50 30 on a hori.zontally oriented pivot 54
whi ch extends parallel to the axis of the support wheels. Raising and
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force vectors Fs. Fs is always proportional to and less than Mg. The forces
Fs ideally act close to but below the pivots 102a. 104a of the respective shoes
20 so that a small couple is applied to the shoes which biases the shoes to pivot
slightlv and thus clamp the upper part of the wheel
The above-described clamping arrangement allows the nose gear to be
simultaneously lifted and toggle clamped. with the clamping force
proportional to but never more than the weight of the nose of the aircraft. ie.
25  the contact force of the nose of the aircraft on the ground - which is the
weight that the nose gear is designed to take. This makes the toggle ciamping
arrangement inherently safe.
The lever 109 is moved along the channel 114 by means of a hydraulic
cylinder 116. There are two channels and two cylinders, one disposed on
30 either side of the gap 30. |
Figure 8 illustrates a variant of the invention in which each shoe 200
(only one is illustrated) extends around at least one third and up to almost
around half of the circumference of the tyre of the nose gear. A locking bar
202 retains the shoe in place. preventing it pivoting away from the tyre about
35  pivot 204. The locking bar may be hydraulically operated by a solenoid. A
restraint 206 prevents the nose wheel 36 from pitching upwards.
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shoes 20 so that a small couple is applied to the shoes which biases the
shoes to pivot slightly and thus clanp the upper part of the wheel The
above-descri bed cl anpi ng arrangenent allows the nose gear to be '
sinmultaneously lifted and toggle clanped, with the clanping force
proportional to but never nore than the& weight of the nose of the aircraft.
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is the weight that the nose gear is designed to take. This makes the
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in the copfiql ; 7&icten My t%ﬂn%%%%aﬁ;%’v%rs. Pfus F igures 10 and 11 illustrate a
second embodiment or variant of the present invention which addresses this
- problem.
20 Figure 10 illustrates the rear section 300 of the second embodiment.
The front section may be identical to that of the first embodiment. In this
second embodiment the wheels 302 of the rear section are in-line rather than
co-axial. The inner frame is replaced by two arms 304 which are mounted to
a U-shaped outer frame 306 about a pivot axis 308. The arms may in theory
25  be moved independently although in practice they are likely to be moved in
synchronisation. Nose wheel clamping means 310 are fixed to the inner side
of each of the arms and provide the same toggle clamping mechanism to the
first embodiment as the arms are lifted about the pivot. which mechanism
limits the forces exerted by the clamping mechanism on the nose gear.
- 30 As can be seen from Figure 10 the in-line wheel arrangement allows for
the provision of spaces between the nose clamping means 310 and the wheel
themselves 302. Thus as illustrated in the Figure the rearmost shoes 312 can
be pivoted sideways about a vertical axis 314 for insertion of a aircraft's nose
gear into the clamping means. as with the first embodiment one shoe 312 is
35 mounted on a moving arm 316 (equivalent to lever 108) about a pivot axis
312a. The other shoe 318 is pivoted to one end of an arm (equivalent to arm
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driver. However this is inefficient in terns of manpower. Thus Figures 10
and 11 illustrate a second enbodi nent or variant of the present invention
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wherein the tractor includes a front section including engine means for
driving the tractor and a rear section pivoted to the front section said means
20 for lifting and simultaneously toggle clamping a nose wheel of an aircraft
being defined on the rear section.
4, A tractor as claimed in claim 3 wherein the rear section comprises an
outer frame and an inner frame which is mounted on the outer frame and is
movable relative thereto and including means for raising the inner frame
25 relative lo the outer frame wherein the nose wheel clamp means is attached
to the inner frame.
5. A tractor as claimed in claim 4 wherein the means for raising the inner
frame relative to the outer frame includes one or more hydraulic cylinders.
6. A tractor as claimed in claim 4 or claim 5 wherein the inner and outer
30 frames are forked. _
7. A tractor as claimed in any one of claims 5 to 6 wherein relief valves
associated with the hydraulic cylinders are disposed between the outer and
inner frames of the rear section, the valves being arranged to relieve if the
- force transmitted through the hydraulic cylinder 1ncreases beyond a
35 predetermined limit.
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nore hydraulic cylinders. 6. A tractor ad clained inclaim4 or claim5s
wherein the inner and outer 30 franes are forked. 7. A tractor as clained
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