WD 2004/ 069730 PCT/ GB2004/ 000203 | MPROVEMENTS I N OR
RELATI NG TO FORK LI FT TRUCKS FI ELD OF THE | NVENTI ON
wab@4p6E3@nt i nvention relates to the field of P€DGB2004/000203
lift trucks or fork trucks. |In particular, the
present invention relates to an active levelling
systemfor a fork lift truck that allows the
verticality of the nast to be controlled
not wi t hst andi ng undul ations in the surface over which
the truck is travelling. BACKGROUND ART Fork |ift
trucks are commonly used in warehouses to transport
| oads from one |location to another. These | oads are
commonly stored in high rise racking installations,
and in high density situations, |locations are forngd
by ackiMIEROVEUENTEMN ORSRERATING d QL FRRE- T JHRGR
together in order to nmaxi m se storage space and can
rise to heights of 15 nmetres and over. Fork trucks are
used to access |ocations within the racking and have
extendi ng masts to reach upper heights, for deposit
and renoval of goods and equi prent that are commonly
stored on pallets. In nmany instances the truck
operator travels with the forks of the truck to the
various height locations to facilitate picking. In
SUFHIEMA IR PHEEIN/BNTIONENt S there is a demand for the
fork truck to be mamintained so that its mast 'is
stabilised in a vertical sjtuation betweepn_the
uprTNGnPEESENT AMEERtian relgtesTH: t@%ﬁ@&ﬂﬁéﬁ@ IfsetPhgiscor fork trucks.
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the fork truck was mnimsed in order to nmaintain it
wi BAGKGROUING At s of the racking. It will be

appreciated that the nast of a truck operating 100mm

F T Ok ks 2Rk éo?*nﬂﬂ?mj‘h?ﬁd W%ar@ﬁob? to Wdr¥pRrt loads from
fractions of a degree tromthe upright. Tn general, as
onet loeatias ttoi anothiesedThese tdaelsugmeecomewwily stibrachén high rise racking

s RS A e B G0 2l ploPE el SHREA g rocking
instafgtiowe thatt Stanspdeed closely together in order to maximise storage space
and can rise to heights of 15 metres and over. Fork trucks are used to access
locations within the racking and have extending masts to reach upper heights,
for deposit and removal of goods and equipment that are commonly stored on
pallets. In many instances the truck operator travels with the forks of the truck

to the various height locations to facilitate picking.

In such warehouse environments there is a demand for the fork truck to
be maintained so that its mast is stabilised in a vertical situation between the
uprights of the racking. The gap between the fork truck and the racking is

limited to typically 100mm, and previously it was therefore critical that the floor



trucking aisles of the racking and are said to travel

in the sane defined paths selecting storage |ocations
w@b@nged7bei r routes. The defi ned paths represePtT/€82004/000203

positions for the wheels of the fork truck and the

truck always travels in the sane path. In prior

systens, it was the regularity of the surface of the

defined paths that controllgd vertically stability of

the mast of the fork truck as it is te ch
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racking, and in many instances the speed of trucks
hagn tzp hipgh |demsitydraakiras ihstaifation foek toneckly @aei captive within the

truckinge Bl P RGe JrRBRg SR hse S0 doairaVal e (<G ggfined paths
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patlﬁ tlﬂit tbnhaﬂe@amfrtlcamtstalmlad ofather atddtcef thatforls thatk as it is
consHm ng.and. expensive. A so known are systens
Ope'Faer Rd|IR¢EC tﬁﬁgﬁ'ﬂ@ al§l8hi | i sing stationary fork trucks,
but these systens cannot be adapted to dynam c, noving
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surface will force existing trucks to lean towards the racking, and in many

instances the speed of trucks has to be limited so as to minimise the dynamic
effect of operating on an irregular surface. Some truck designs simply cannot

operate at all for fear of collision with the racking.

The demands currently placed on the construction industry are for floors
to be finished to degrees of flatness and levelness that are extremely difficult to
achieve. In many instances this can only be achieved by grinding the surface
after it has been constructed, a practice that is both time consuming and

expensive.

Also known are systems for levelling and stabilising stationary fork trucks,
but these systems cannot be adapted to dynamic, moving situations. Thus,
WO000/07925 discloses such a system for frame levelling and stabilising a
stationary forklift truck.



Thus, according to a first aspect, the present
invention provides a fork lift truck for noving a
wo ead/o6wenpri sing a | oad bearing nmenber for caPCHGB04/000203
the load, wherein the truck conprises neans for
adjusting the vertical axis of the |load bearing
menber to maintain it substantially parallel to the
axis of gravitational pull-mn the |oad, when the
truck travel s_alaon rface having varyi ng degrees
of SHMMARY ORTAGINENTION om hor | zontal . Thi's
i nvention provides for a systemthat maintains the

| emekngsaingloftthe préseit inveakioand dveusomieaitid disadvaritages of the
verticality of its mast. as the truck activel

priopgel aYHems %Py?wg'%éer@iaté\fﬁimﬁwﬁ ﬁgddﬁéxgeawﬁrﬁg'stem that
can EQpQngﬁEhﬁcéIW Mt%ﬂ?%srni wg' SR, process of |ocating

storage positions in rise, narrowalsleracklng
installations. Pr eferabl y, a systemis provided for
mad AYSd araegdingeto, a first apPegt GRRdreset invgatipgdiroyides a fork lift

-truc&%FHCf G4 28! HSEoHp?\Aﬁd hqga@%eﬁﬂﬂgl@épﬁérﬁg carrying the load,
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wheremetjm arrudkycmmpnlsesfmeans dod aaislsstm@ttbel Witigal @xis of the load
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pull tonl theOfoatd)&NIﬁ@ﬁ khé ithedk beberealonbea Woeflkcetiaadkg \varding degrees
the el ev t| onal _di fBerence bet ween the front and rear
of flatness osy Vé?'&@ﬂ griggpiale ruck is fitted with an

active servo- aSSI sted controlled suspension system

t hahiseimaehednt fowdeefe afsyishemt thigkmiamhtagvetiad Ibeglakss of the
a degree of autonatic height adjustment. Thus, when a

forki bryek ashithuntsahilisaspgher VartiGabtY ¢ iEhenpsid@shig iUk actively
opeFa'?Ss\égﬁe%r lﬁg?#éésct dnkQus RN SAber é?:rtlrgﬂ% dynamic influences

irre ar y ensuring-that t icle remalns
durihg\tbk m'oce$ﬁabf tdvatimgsttoragarpositions in indgih-rise, inegrow aisle racking
mst% rizontal axis. Typically, by adjusting one or nore
* wheels, the irregularity of the surface of the
f1 oor is conpensated for and the nast remains
v ePteafesdbly nabsyshermxissprowdlezD et/ 0B@MANing the vertical alignment of

the BRI HE SRR wir RS SELPBFaF 5O HhEH er Burraces,
whid@Rdem pEete S FoPNHeF irfEGulRRAYW HGShe floor and associated dynamic
forces, by typically adjusting the ride height of one or more wheels
automatically, so as to control the tilt of the fork truck between the wheel track
and the elevational difference between the front and rear axle.

Preferably, the fork truck is fitted with an active servo-assisted controlled
suspension system that enables the wheels of the truck to have at least a degree
of automatic height adjustment. Thus, when a truck confronts a bump or a
hollow the ride height of the wheel is adjusted to compensate for that
irregularity thereby ensuring that the vehicle remains level so that the mast
remains vertical to its horizontal axis. Typically, by adjusting one or more of the
wheels, the irregularity of the surface of the floor is compensated for and the

mast remains vertical in both axes.



Enbodi nents of the present invention will now be
descri bed by way of exanple, with reference to the
wa@ewenwasyi ng figures in which; Figure 1A is ardi/aBe@di000203

in notional side elevation, of the principal

conmponent parts of a typical fork truck according to

the prior art; Figure 1B is a plan elevation of the

truck shown in Figure 1A, Figure 2 shows, greatly

lified, the structural wheel |ayout of a typical .

foigEh@rr preaferred Jeafurgs vl b PYIGEnt R0 the mecmAdRYIng subsidiary
Cblrﬁgesent i nvention; Figure 3 shows a cross-section of a

font wheel converted to provi de an active suspensi on

system according to the first enbodi ment shown in

! BBier DESGRIFIIQNAX bk BRAVANGSie viow of a front

wheel of a second enbodi nent of the present

| NERIHIdIentd BBt Bredaprsndemicn willeMowr bé bedckibel by way of

part shown in Figure 4A; Figure 5 shows a perspective
examipay With sefgrenee g@ the @gﬁ@@ﬂ@nv'r&&wmsng whigha t hird

enbodi nent of the invention; Figure 6 shows a

hoFgﬁ?@t 2h ?@%'&’%g?%ouﬁh ddtforiah §|@ee@t@f§ti@9ﬁm of the principal

re 7 shows a vértical section through the'third

com@nbadt pers; of g(mealacosmmkaaqgér@p@ctputh@ Rifi @A i

suspen5| on arrangenent according to a fourth

|
oy CoR s plaEelepfich dhthe Tk Srpw A IR K e 14 1
Flngure 10 shows a vertical section through the fourt

h
@direrghshowe guosthosiordifiepcthemstioedroaoybsel laer/out of a typical
fork &EE&W B-Hrg\'e o-EHlﬁe y??@%n EXo8RtiEn L

erring gures 1 and nown fofk
truck assenbly is carried on mheels 1. The chassis is
of Figeire B sbawisr adirpesTsedlien e frpng whaeleconveried to provide an

actI%éU%q(s?‘ ?g@n?%cc&‘?#,(& t& tRE Firsl r‘fﬂ)ﬂﬂ-ﬁéhf’gﬂo%’ht ﬂ Figure 2;

urpose o reaching exten
hei ghts. Figure 2 is a S|an|f|ed pl an of the ChaSSIS
3 biguse f4k Kepiciek side ofievrf a fronsneheshir serendenprdiment of

the Bngse%@tmvéWt‘F ,| on. Sensors 4 are fixed to the chassis

Figure 4B shows a plan view of the truck part shown in Figure 4A;

Figure 5 shows a perspective view of suspension arrangement according

to a third embodiment of the invention;
Figure 6 shows a horizontal section through the third embodiment;
Figure 7 shows a vertical section through the third embodiment;

Figure 8 shows a perspective view of suspension arrangement according

to a fourth embodiment of the invention;
Figure 9 shows a horizontal section through the fourth embodiment; and

Figure 10 shows a vertical section through the fourth embodiment.



and all ow the el evational difference between the front
and back axles 6 and 7 to be evaluated. In addition,
weengn69730 i s fixed to the chassis axl e 6 betwereCT/GB2004/000203

ri ght wheel track and the left wheel track .to allow

the el evational difference between the front wheels 1

to be evaluated. Figure 3 is a view of the arns
carryingthefront V\,heels ofg.the fork truck. A front
wheel 1 is carried on suspension arm8 fixed to the

cHAEEAH-ER DtEﬁQRI{?EWNI%: WHEREMBRRIBYENISari ng 9 causi ng

each of the front wheels 1 to be suspended. The
suskaheied front wheels 1 are adjusted for height
through a pivot bearing attached to the suspension

SRRt TR a5 or P OB R igugh assembly s

carrlﬁaa@ﬁ’ whedls L£OMeE tohagsisad dilsaliidl cohvguchiens laﬁGSthe wheels are
12/13. The electric_drive unit is connected to

f'tte@dwﬁ'&‘ﬁ sigsnansion: HiprkeZnareeleyated Aleag yuk .ths f@&k mast 3 for
the setd?q"e Fﬁlﬂ?t?ﬁénagﬁh %mts wheel s 1 can be adjusted

erances by the electrically operated
ser_voval v_es 15. The cranked bearing 14 allows )
noigHEM Esisod simelifed Wealafdhelchassiné of arforiattedrk aeeprding to

oﬁe m@d'}f&fﬁe &2the ?gaﬁnﬁeﬂﬁohera\é‘ﬁ%}s & erédﬂ%/(g%l'st ﬁ}ﬁe chassis

can be nov h consi sensi t
and alispaiei @Ievatyenelmi|fferémoeetjetvmm-pémiémtt)artdobaelc EXI@S 6 and 7 to

ve Rt 5550, beblofy’ Bl Vg il 514 bt

rlghtelwmé@llt@@@t Hd ties aerewbeblheeitid b8 dlloontthé @edatibeal difference
rear axle 7 and a sensor fixed to the front axle 5 to

betwasi the freRk wheelsl iterka e@lppt%bnce bet ween each of the
front and wheel tracks. WD 2004/ 069730

PCHiGAR2 B0/ HURRP D the M@érrglrﬁcﬁhé/ﬁ*oﬁ% wiels of the fork truck.

suspensi on system on one of front wheels 1 in
A frentdanesh kdnigesried n @I svspensionyiare e fixedblst feerrhageis of the

VEhIEl%aRNIEH( ﬁUGtt rf dact{Noft BSe SRPRt LWAEels 1 to be
e syste ront

sensor act rva on t he ot her
suspeineet. 1ﬂ1bes@genm|dnfranh|vmlgeelhel wermsmda\falt ineight through a

er enc en,the front
pivof oeeg, e e TS Mok ofspeBelane Bt n bt ragheSf ShEslpbtit power
unit axh@®Sser9ovalves 15 connected to the suspension arms by means of a
connecting rod 11 and pivot bearings 12/13. The electric drive unit is connected

to the connecting rod 11 by means of a cranked bearing 14.

Thus, the height of the front wheels 1 can be adjusted within small
tolerances by the electrically operated servovalves 15. The cranked bearing 14
allows movements of the servovalves 15 to be ftranslated into small vertical
movements of the wheel 1 and thus the wheel can be moved with considerable

sensitivity.

The suspension system is fixed independently to each of the front wheels
1 of a fork truck, and is activated through a servo system by sensor 4 to control
the elevational difference between the front 6 and the rear axle 7 and a sensor
fixed to the front axle 5 to control the elevational difference between each of the

front and wheel tracks.



wel | as that between the front wheel track, the system
is designed to nmaintain the chassis of the fork truck

WO p00a/0b%%®| state, both when the vehicle is stBCT/GBa00Y/000203
and in nmotion. This can accommpdate small undul ati ons
in the Exanple 2 In an alternative embodi ment
illustrated in Figure 4A and 4B, the fork lift truck
has a menmory unit in which L stored data

corresponding to the variance in the flatness of th % .
suPPRSY bractivatemile sYSRRNIIORSY¥FTeRA onene il thefernt wheels 1 in

ordérrﬁi%gﬁﬂ%ll‘ctﬂe éiegﬁflan alh%réﬁéé:lbe't\ﬁegHtt‘P@‘F%&aEkbé and the front

ydraullca y to conpensate eac varl ance
wheh 1t | dtnehss s ievpaspagr SobCivajmal ther systerhenméioher front

ne By e i P AR Sk i the ron:

wheklsavel | ing a path having a surface w th varying
degr ees of fI atness or deviance fromhorizontal, the

R o T R e B b PRI L PR i as

wellttm tﬁat lbé‘tviéérﬁtlwifmhtmﬁhéel traek} the lsybigsn tns\mes;mdato maintain
arts, nanely, an electronic profiJer that re

the F'@@Feﬁ% osfth@,lfiarla&r@ckr'new\é?ﬂ.sw@s bofvhen sbei icle Js Stationary
and $i SRENG Oﬂ'hl#Eéﬁ abB&hn sddtktdeal ﬁﬁd@%tfo&s% tﬂ@er at ed

via a suitable algorithmto conpensate

irregul ar surface as reflected by the data stored on
t hBX@MRl& 2 onic profiler, which contain information
regarding all the aisles. The data may be stored on

r eIfp\aabaleediativeséPbadim et ilustiétdd as Fidwehdtarrts 4BAthe fork lift
tachonmeter specific to each ajsle @%ébe sw t che

truckritpsod m@momémﬁe'@. Whichgs sfareshdaisy cCragsPiang to the Variance in
the ﬂHEr?’éH%téfC@{e' ¥urf§c§ '()F‘Hhé‘z)%"th el ti@aviéd. ats the truck travels such

I NC onet er asSSoCl nmeasuri ng el ectroni cs on
a pamartheu wudkdd awogmimally ejacked dutdratibealit b £genrrnsate for each

v A AR08 3 TRED $805aRRn e o v

pistoms ehadtedohnéet ee aptkopwiaied urdtcketthentrtible Boatyk Thus despite
truck. The fork truck and the simul at or can eterm

traveligigr @ et hYing; & surfesRguith ofanying 9ggreaspef figtaess o deviance
fronfIHoPWoRER! thenra&t %EH‘ JHENOInd aLABIQUHHY h@a&g"a!ec%g such a path,

presently available for non-mlitary use nmay
for exmupls downtanyaistechetreen shelvisiguits.

In this embodiment, the truck has two special parts, namely, an electronic
profiler that retains a record of surface irregularities, and an active suspension
unit that is fitted so as to be operated via a suitable algorithm to compensate for
the irregular surface as reflected by the data stored on the electronic profiler,
which contain information regarding all the aisles. The data may be stored on
removable data storage media such as flash cards. A tachometer specific to
each aisle may be switched on and off at the beginning and end of each aisle

automatically.

A simulator vehicle with an inclinometer and associated measuring

electronics on board is used to generate the data for storage on the flash cards.



ot herwi se detectable markers could be distributed

around t he warehouse, for exanple in or above the
W@e@keey73@r on the ceiling, and suitabl e opti cetT/GB2004/000203

other detectors on the truck/sinmulator could detect

them or receive signals fromthem The rotation of

the wheels could al so be nonitored to detect the

di stance the truck has noveg, by nonitoring wheels on

both sides of the truck turns coul d cﬁl so be detected
Thesg cepihee, baxremR¥EA ffemrhss sifndaiorand igereslinion appropriate

socl,feetl‘fmrp%eéjfor rh.llf jgur es 4A and 4B is shown a fixed main
16 o df.orkllft truck with an alternative

susgensn on. The front wheel 18 is nounted on a _ . .
subhe Ak twwféﬁhewy@ter@aﬂe@@ﬁme khejp|rosition yigea range

of MREHGALON nﬁHbEﬂ@\We Hb%ltlcfrleld”ét'e\‘r;ﬂbﬁé’cléﬁ‘e a‘m'gﬁ@ihs the units

i's control ydraulic piston acti'vated In
presmplgrm@kableafort nemmxtnaaryeMm/mayohe dfsufficiestiyfaccarate;  Visible or

ot s BB At e G RABDREP D SOSBhouse, for

exalihl’;bﬂa imadr élbd)\}@\t‘.\héfb)lslébeoﬁldmpmlcemmg; raftiig soeal leobptided or other
first exanple coul be wused in conjunction with this

deteckanppre the ﬁrqoﬂrésnawd@@re%%|d@§ecttqm@nwertrfe6%weﬁé@rgﬂ% fggm them.
Thet%?a%‘?%fstr{%ﬁ\?vhl%%@ co@d H%Belge II‘HOH&S’!%CI E(? d@é&t ghd didt8nce the

hassi s of e truck 1n a level state.
truckohas eneavesty lpxosrsobitermg vaheejs mmbotlmmoﬁrﬁhbetrmlhums could

sl B8, R B FSUAS, B A0, GIELE, e o be

empMsw,s. Thus, in such an arrangerrent, the truck would
be wholly unsuspended and would not maintain a | evel

St mnglﬁ’{ﬁgr%%rfdoﬁﬁgg 6\1/{[:]111 tahE gﬁal dﬁ%ﬁrﬁ%ﬁ.t% é??a fork lift truck

W|thVthaI€éHna@iK/e0§dsgénEidh€dThél HPOS WHeh.18Tumounted on a subframe
concl usi on, the present inventi on_@‘ ovides a fork I|i
n

19 ViPiik CRabe | RIVOLH GBOL 3 MR L oTpa RIS 46 hidsubirame 19
relatiVé e8! e %Hragﬁge% HHtDREMHGAl! Nﬁyﬂ?§tﬂ%%|sﬂo‘h Whactlvated in

unevenness, whi mal nt al ni ng verticali ty
dependencerpn ¢hadoc@lselwsa@@mf tee BeofapeT/ ItRPit Gop eplmtedghat this

sus%si@gnﬁg?%egﬁéa}" c cp%e @55’3 |ﬁx&ﬁﬁﬁh¥ﬁbﬂ WiRUHE 'ﬁPétoexample
and that (likewise) :che suspension arrangement of the first example could be

used in conjunction with this example.

In the above examples, the vertical height of the wheels has been
adjusted in order to maintain the chassis of the truck in a level state. It is of
course also possible to a form of suspension between the tower of the fork truck
and the chassis, instead of (or in addition to) between the chassis and the
wheels. Thus, in such an arrangement, the truck would be wholly unsuspended
and would not maintain a level state, but would counteract this by adjusting the
tower in order to maintain that in a substantially vertical or other fixed
disposition.

Thus, in conclusion, the present invention provides a fork lift truck that is
able to travel along undulating and irregular surfaces and dynamically respond

to such unevenness, whilst maintaining verticality of its mast. This avoids



Referring to Figures 5, 6 and 7, a third enbodi nent is
shown in which a. suspension arrangenent suitable for
was@4i069786he suspensi on systens descri bed abovRCT/€B2004/000203
shown. An arm 100 forming part of the chassis of the.
fork truck is shown, and a wheel 102 is shown
adj acent the arm nounted on an axle 104 which passes
t hrough the centre of the wgel 102 and through a
suitable bore 106 on the arm 100. The axle 104
warqhise( FaPTEHDavIRgen BE RENSVEN GROURT 8fo SBcEYem Stafl, which is
Unuﬁébnéuhﬂhgg to a generally straight second section 110
via a crank 112. Thus, the axes of sections 108 110

are parallel _but sli htIy di spl aced. This | acenment
orRefearpg tor FigHEes S andeh %fthlfﬂg?mpeelé“ﬁ%é‘f ghown in which a

suspgn'sﬂ:n\t hei Sucﬁ@@ébléhﬁw @%%P?ﬁttﬁg ¥@§]ﬂeﬁ‘¥sidw siBtdrh€ described

oor as between 1 an 5Snmi's a
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r ot at ar gu I u
shoy Bbf £ 10218 SblyRCrdfiteRf shi S, e 3 2, e 104
whicdf péi&satﬂreué_lja%he\l\téﬂmm dfthechhesli $02rand @0rdughakbl suitable bore
rotate within the bore 106 using a second set of
106 ofy NP0 races etc. 116. As a result, two
i ndependent forns of novenent of the V\,heel 102 are

acthevpde 164 tisenahettaidifl? rotgdresaly CBitl"Gigthﬁrs’ﬁ)deetlon 108 is
104, the vehicle is able to nove forward. As the

linkech 40 rgtagnesaly shiaighth secayt eegen klG K& & Rarto 11§heefhus the
axeéﬁ’@?%lect"igﬁs q.%%cih@eaﬁ‘ea%gﬂa{ll%ljbﬁf s'ﬂ?_ptl?”dlsﬁl'%@ea hu?hl'stcﬁsplacement

el ght varies Sinusoi hi's arrangenent
should bEeobrtbeeaamew\wdenmf nrwgmbugl@ aibﬁl‘é)&ll@hﬂé’ greater than the

cxp b BEAEL rL ATYAE B, B 28 S REFL SRR, o s

SUItéHIHS/aﬂITIB/,eiﬁq:Wactif:ethe | ever 118 causes rotation of the
axle 104 within the arm 100 and adj usts the hei ght of

Sy P R B s R P Pt 104

u5|ngn§h|€ébléhl§alptrh@és endt iesc.corkenisy] the bbetidreviar ‘dfatha axle 104
suitable rotatable pin 124. Thus,

withisy g GesSIS e 190t 5ol tor IRsatEnAIHNn (the Raleel0b Weg g second
set TPV&HANE pirel rQ@e%CEtcbel%C' %‘éubafes@ﬂt‘? ﬁﬁ@%@eb@ﬁdent forms of

relevant section the axle 104, causing the
mOVM@tle4tI’tGJM‘\@Eht1@2| areu a@nwcb fegthenwhpel dPAhrebresrmound the

axIeVRzgot%%/ \%ﬁa ZI% Is a%Té ?@%QQ\% Pcpr%% As the axle 104 rotates within the
bore 106 of the arm 100, the wheel 102 describes a circular motion, and thus its

height varies sinusoidally.

To employ this arrangement in the present invention, a fixed arm extends
transversely from the axle 104 on the inside of the arm 100. The arm is fixed
firmly to the axle 104 and thus movement of the lever 118 causes rotation of the
axle 104 within the arm 100 and adjusts the height of the wheel 102
accordingly. A hydraulically controlled piston 120 is fixed at one end to the arm
100 at 122 and at the other end is connected to the lever via a suitable rotatable
pin 124. Thus, as the hydraulic cylinder 120 is actuated, the end of the lever
118 is moved and will describe a circular arc around the relevant section 110 of
the axle 104, causing the axle 104 to rotate in its bore 106 in the arm 100 and



-9 raise or lower the centre of the wheel 102. The

hydraulic cylinder 120 therefore effectively provides
w@2008/0§9780 ne control over the height of the wheet/GBR®4/000203

and allows the wheel 102 to be adjusted so as to

conpensate for variations in the surface over it is

being driven. A fourth enbodi nent will now be

described in respect of Figupes 8 9 and 10. Many

s TR B TS Vi Y.t S PR B P rerror

effe@ﬂﬁél?sﬁmiﬁdé‘sg d QBAY EiMeecomtiFer alver th&hhsigh@rofata a\QQeel 102 and
formng part of the chassis of a fork truck carries
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ated in a bore 206 in the arm
sur@é%%v%ﬁ %&H%ﬁl\é@s before, has a first stral ght

section 208 within the wheel 202 and a secon
st Pafcgﬁth sethodimentovilli now e descitachorespact Hﬁe”é%wes 8, 9 and

10. agﬁﬂ y Col g8ééandagélgﬁgre%e% W&@%ﬁlrﬁ%ﬁg sl%whhﬁ Figures

are ara splace
5, &)anal Enahdi a#esﬂjmne"&)refdd{rmtaée\mtm eurdesumndmg rrefériepce numerals.

Thu§o§n|a§m gbg\ftpglgnﬁé(\}oslqtsg t | O 206 M/)ur n@%krgdcgl cé?\rhsg aawHEel 202.

The'WREE 2@@ is E0ppéelidiea dramaecpamebzoa wisieins ete&temom a bore 206
ext end mg 360 around the axle 104, or it can
)

in thaarmaR0Beg Thaaxeg0dniay heferexhas ﬁaﬁf5§é<§'fql%t ?%%ﬁm 48 within
the(\/ﬁ*f‘eecl?:bé!1 ahe é:'s%éﬁd %)craléﬁto%&ﬂr{ QQO'WFtﬁfn a'?@ah% 200 but these

the ultinmat ut put shaft of which
are rmmetlevdaaa pranloae@tkm MzmdméxewWﬁher@CB@gsz?@@ and 210 are
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bore 206 in the arm 200. This then adJ usts the hei ght
of Ihhéhishembodblentpsthes belensectidh @dEejodnadiednisn tios arm 200 is

t d
orol QB gy B R i BEGHE TR com e
con?;ﬂ@té Q0! &endmy f360° eqtounanttid Ia‘xlet W.04n drhit wan tbeal partial cog
dj ustnent of the position_ of fhe wheel 202.

havmgpnb'dtheaﬂ@te&@alsmmﬁ TeaingSr @S shoven gy figtse &bher e
may be a gearbox 232 interposed between the notor 228

anth BRABHO o I0d B Hroviddls Jmtﬁ@altlmémw& shaft of which is
gearing and greater sensitivity. The %ear box 232 c¢

mowntegbamigion; A3@Mcameeshes pithi Gie 0aD 228d £0YS22% the motor 228
is efc?l%?é\:logriitﬂ%t Elonrl]éﬁ 2’;"’;d Ier/Es j:ﬂlér %96“99@%%%&%@ frRabxle 204 in its
bore 206 in the arm 200 ThIS then adjusts the height of the wheel 202. As
shown in Figures 8, 9 and 10, the combination of the cog and the pinion
provides a suitable downward gearing of the output of the motor 228 to allow
sufficient sensitivity in the vertical adjustment of the position of the wheel 202.
If desired, and as shown in Figures 8, @ and 10, there may be a gearbox 232
interposed between the motor 228 and the pinion 230 to provide further
downward gearing and greater sensitivity. The gearbox 232 can of course

incorporate the pinion 230 and cog 226 or replace them.

It will of course be understood that many variations may be made to the
above-described embodiment without departing from the scope of the present

invention.



above-descri bed enbodi nent w thout departing fromthe

scope of the present invention. W 2004/ 069730
weEFOnAeBZe04/ 000203 -10- CLAIMS 1. A fork |iftPCT/GBR004/000203

for nmoving a | oad, conprising a |oad bearing nenber

for <carrying the | oad, wherein the truck conprises

nmeans for adjusting the vertical axis of the |oad

beari ng menber to maintain i-fosubstantially paralle

to ihi gxis of gravitational pull on the |oad, when
th travels along a surface having varying

degrees of flatness or deviance from horizontal. 2. A

. T opkedrififft tmmzkfoaan@k/ﬁtigmdofa@ cormprising aheaéibearh@ member for
| oad beari ng nenber n?rl ses a whee| -bearin

of CRFRING {0%. 1080, AHesFiD e ttryGk CRMRISEFIMGS °6| %Wt‘”g the
1 c hee | d I

1o LErY By R LD e D rBRRR, W osbtancily
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reth@rymgalsl gnals fromthe sensor(s) and for
automatically adjusting the vertical axis of the | oad

be r R Tyl r.di n
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4, cohfiriied 4 Meémbtefaﬁhgm@&s afafprireels. an active
servo-assi sted suspension systemfor enabling a wheel
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corbhiprideBanrheePEBEErmBE. @ hydraulical Iy assisted
suspensi on system for enabling a wheel of the truck

:?@anrgsﬁgtgf as cria?@%pt IQ?d UStﬁsgnoir Z)Elci‘ﬁnﬁqogk & ftéﬁn?]g one or

a F?ﬁé’lrea%éhyorsofor\’\é’é@élﬁ%Q:flthﬁbﬁaﬂ ugikFehévees bdepeatiant wheels of
hei ght adj ust ment capabilit S. Afork lift truck as

cl dheetduchh andy Ope Qe lIANg @:crr&'r% MRRBEion recelydng wignals from the
SULRABSI( ?TEéﬁd IIBE IBRlatREAy 88 shRFStRe AfertiBS BXICKF the load
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S
bearing member according to the sensed elevational differences.

5. A fork lift truck as claimed in claim 4, wherein the control means
comprises an active servo-assisted suspension system for enabling a

wheel of the truck to have automatic height adjustment.

6. A fork lift truck as claimed in claim 4, wherein the control means
comprises a hydraulically assisted suspension system for enabling a wheel

of the truck to have automatic height adjustment.

7. A fork lift truck as claimed in either claim 5 or claim 6, wherein a plurality

of wheels of the truck have independent height adjustment capability.

8. A fork lift truck as claimed in any preceding claim, wherein an active
suspension of the wheel bearing chassis of the truck is supplemented by a
memory unit in which is pre-stored data corresponding to variance in

flatness of the surface to be travelled, signals from said memory unit



menory unit in which is pre-stored data correspondi ng
to variance in flatness of the surface to be
wao e@nebd7ed, signals fromsaid menory unit WO PCT/GB2004/000203
2004/ 069730 PCT/ GB2004/ 000203 -11 adjusting each
wheel 's height in use in accordance with the stored
variance. 9. Afork lift truck as clainmed in claimS8,
wherein the data is stored iqitially on a renovable
data storage neans insertable into the nenpry unit
10.2dhustir ¢agh wherlls frelghtgiifguse ﬁhyaCGHE‘?%%lcet fgth the stored
preeedingg. clainms in which the |oad bearing nenber is
nnunted on a non-straight axle and the vertica
position of the |oad- bearlng menber i s adj usted
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mmpaok&ionAof dnekldaicf-beanug mamber @ adjustediiy rotation of the axle.
claims 10 to 12 in which the axle has a transversely

pr gj i t I ! j . :
12.0 LS9 RSB PR hm SRR 7 i Bhe B kgt st
cl adetiohCort avHich ithewbad i‘beartrcg)h’imﬂbeheselheics anrdua\tmond straight

{orie kPRt NERLR S bes IRAT Yo a drurp by tio Straioht sections

des'rfwnb@@sttthaﬂf gfEpardrRl bot oﬁ’@ét as illustrated in,
figures 2-4B of the acconpanyi ng draw ngs.

12. A fork lift truck according to claim 11 in which the offset is between 1 and

10 mm.

13. A fork lift truck according to any one of claims 10 to 12 in which the axle
has a transversely projecting lever, thereby to assist rotation of the axle.

14. A fork lift truck according to any one of claims 10 to 12 in which a toothed

wheel is mounted on the axle, thereby to assist rotation thereof.

15. A fork lift truck substantially as hereinbefore described with reference to,

or as illustrated in, figures 2-4B of the accompanying drawings.



