
WO 2004/069730 PCT/GB2004/000203  IMPROVEMENTS IN OR
RELATING TO FORK LIFT TRUCKS FIELD OF THE INVENTION
The present invention relates to the field of fork
lift trucks or fork trucks.  In particular, the
present invention relates to an active levelling
system for a  fork lift truck that allows the
verticality of the mast to be controlled
notwithstanding undulations in the surface over which
the truck is travelling. BACKGROUND ART Fork lift
trucks are commonly used in warehouses to transport
loads from  one location to another. These loads are
commonly stored in high rise racking  installations,
and in high density situations, locations are formed
by racking  installations that are spaced 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 WO 2004/069730 PCT/GB2004/000203  -2 supporting
the fork truck was installed with a high degree of
flatness and  levelness so that sway of the mast of
the fork truck was minimised in order to  maintain it
within the uprights of the racking. It will be
appreciated that the  mast of a truck operating 100mm
from racking that is 15m high must be kept  within
fractions of a degree from the upright. In general, as
the mast is raised  to the upper levels of the
racking, so the demands of verticality are increased.
In a high density racking installation fork trucks are
captive within the  



trucking aisles of the racking and are said to travel
in the same defined paths  selecting storage locations
along their routes. The defined paths represent set
positions for the wheels of the fork truck and the
truck always travels in the  same path. In prior
systems, it was the regularity of the surface of the
defined  paths that controlled vertically stability of
the mast of the fork truck as it is  operated in each
trucking aisle. The safety and efficiency of materials
handling operations were previously  limited by the
flatness and levelness of the floor surface, as fork
trucks did not  have any suspension or means to smooth
out the irregularity of the surface.  Indeed, the
provision of known suspension systems for the truck
will allow it to  lean in response to loads and hence
worsen the problem. Irregularities in the  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,  W000/07925 discloses such a system
for frame levelling and stabilising a  stationary
forklift truck. WO 2004/069730 PCT/GB2004/000203  -3-
SUMMARY OF THE INVENTION It is an aim of the present
invention to overcome the disadvantages of the  prior
art systems, by providing a relatively simple and
inexpensive system that  can cope dynamically within a
moving scenario. 



Thus, according to a first aspect, the present
invention provides a fork lift  truck for moving a
load, comprising a load bearing member for carrying
the load,  wherein the truck comprises means for
adjusting the vertical axis of the load  bearing
member to maintain it substantially parallel to the
axis of gravitational  pull on the load, when the
truck travels along a surface having varying degrees
of flatness or deviance from horizontal. This
invention provides for a system that maintains the
levelness of the  fork truck and thus stabilises the
verticality of its mast as the truck actively
operates at varying speeds encountering and reacting
to dynamic influences  during the process of locating
storage positions in high-rise, narrow aisle racking
installations. Preferably, a system is provided for
maintaining the vertical alignment of  the mast of a
fork truck whilst travelling on undulating and
irregular surfaces,  which compensates for the
irregularity of the 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. WO 2004/069730
PCT/GB2004/000203  -4 Other preferred features will be
evident from the accompanying subsidiary  claims.
BRIEF DESCRIPTION OF THE DRAWINGS 



Embodiments of the present invention will now be
described by way of  example, with reference to the
accompanying figures in which; Figure 1A is a diagram,
in notional side elevation, of the principal
component 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
simplified, the structural wheel layout of a typical
fork truck according to a first embodiment of the
present invention; Figure 3 shows a cross-section of a
front wheel converted to provide an  active suspension
system according to the first embodiment shown in
Figure 2;  Figure 4A depicts a side view of a front
wheel of a second embodiment of  the present
invention; 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. WO 2004/069730 PCT/GB2004/000203  -5
DETAILED DESCRIPTION OF THE EMBODIMENTS  Example 1
Referring to Figures 1A and 1B a typical known fork
truck assembly is  carried on wheels 1. The chassis is
of solid construction, and the wheels are  fitted
without suspension. Forks 2 are elevated along with
the fork mast 3 for  the purpose of reaching extended
heights. Figure 2 is a simplified plan of the chassis
3 of a fork truck according to  one embodiment of the
present invention. Sensors 4 are fixed to the chassis



and allow the elevational difference between the front
and back axles 6 and 7 to  be evaluated. In addition,
sensor 5 is fixed to the chassis axle 6 between the
right wheel track and the left wheel track to allow
the elevational difference  between the front wheels 1
to be evaluated. Figure 3 is a view of the arms
carrying the front wheels of the fork truck.  A front
wheel 1 is carried on a suspension arm 8 fixed to the
chassis of the  vehicle with a pivot bearing 9 causing
each of the front wheels 1 to be  suspended. The
suspended front wheels 1 are adjusted for height
through a  pivot bearing attached to the suspension
arm 8 by means of an electric power  unit and
servovalves 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 translated 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. WO 2004/069730
PCT/GB2004/000203  -6 Sensor 4 activates the
suspension system on one of the front wheels 1 in
order to control the elevation difference between the
rear axle and the front  wheel 1. At the same time
sensor 5 activates the system on the other front
wheel 1 thereby maintaining the correct elevation
difference between the front  wheels 1. By controlling
the elevation difference between the front and rear
axles as  



well as that between the front wheel track, the system
is designed to maintain  the chassis of the fork truck
in a level state, both when the vehicle is stationary
and in motion. This can accommodate small undulations
in the Example 2 In an alternative embodiment
illustrated in Figure 4A and 4B, the fork lift  truck
has a memory unit in which is stored data
corresponding to the variance in  the flatness of the
surface of the path to be travelled. As the truck
travels such  a path, the truck is automatically
jacked hydraulically to compensate for each  variance
in flatness by the passage of signals from the memory
unit to hydraulic  pistons that connect the truck's
wheel units to the truck body. Thus, despite
travelling a path having a surface with varying
degrees of flatness or deviance  from horizontal, the
truck can safely and stably carry loads along such a
path,  for example down an aisle between shelving
units. 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. WO 2004/069730 PCT/GB2004/000203  -7
These can then be removed from the simulator and
inserted into an appropriate  socket on the fork
truck. The fork truck and the simulator can determine
their position via a range  of methods. GPS units
allow position determination, although the units
presently available for non-military use may be
insufficiently accurate. Visible or  



otherwise detectable markers could be distributed
around the warehouse, for  example in or above the
aisles, or on the ceiling, and suitable optical or
other  detectors on the truck/simulator could detect
them or receive signals from them.  The rotation of
the wheels could also be monitored to detect the
distance the  truck has moved; by monitoring wheels on
both sides of the truck turns could  also be detected.
Of course, a combination of these methods could be
employed. In Figures 4A and 4B is shown a fixed main
frame 16 of a fork lift truck  with an alternative
suspension. The front wheel 18 is mounted on a
subframe  19 which can be pivoted about a bolt 17. The
position of the subframe 19  relative to the chassis
is controlled by a hydraulic piston 20 activated in
dependence on the local elevation of the surface. It
will be appreciated that this  suspension arrangement
could be used in conjunction with the first example,
and that (likewise) the 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 WO 2004/069730 PCT/GB2004/000203  -8
warehouse floors having to be expensively ground into
an even state, which is  time consuming. 



Referring to Figures 5, 6 and 7, a third embodiment is
shown in which a.  suspension arrangement suitable for
use in the suspension systems described  above is
shown. An arm 100 forming part of the chassis of the
fork truck is  shown, and a wheel 102 is shown
adjacent the arm, mounted on an axle 104  which passes
through the centre of the wheel 102 and through a
suitable bore  106 on the arm 100. The axle 104 is
non-straight. A generally straight first section 108
is  linked to a generally straight second section 110
via a crank 112. Thus, the  axes of sections 108 110
are parallel but slightly displaced. This displacement
should be of the same order of magnitude albeit
slightly greater than the  expected variation in the
floor height, such as between 1 and 10mm. 5mm is a
suitable value, in practice. The wheel 102 is able to
rotate around its portion 108 of the axle 104  using
suitable ball races 114 etc. Likewise, the section 110
of the axle 104  within the chassis arm 100 is able to
rotate within the bore 106 using a second  set of
suitable bore races etc. 116. As a result, two
independent forms of  movement of the wheel 102 are
achieved. As the wheel 102 rotates around the  axle
104, the vehicle is able to move forward. 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
WO 2004/069730 PCT/GB2004/000203  



-9 raise or lower the centre of the wheel 102. The
hydraulic cylinder 120 therefore  effectively provides
a very fine control over the height of the wheel 102
and  allows the wheel 102 to be adjusted so as to
compensate for variations in the  surface over it is
being driven. A fourth embodiment will now be
described in respect of Figures 8, 9 and  10. Many
components are shared with the third embodiment shown
in Figures  5, 6 and 7 and are therefore denoted with
corresponding reference numerals.  Thus, an arm 200
forming part of the chassis of a fork truck carries a
wheel 202.  The wheel 202 is supported on a cranked
axle 204 which is seated in a bore 206  in the arm
200. The axle 204, as before, has a first straight
section 208 within  the wheel 202 and a second
straight section 210 within the arm 200, but these
are joined via a crank section 212 and the axes of the
sections 208 and 210 are  thus parallel but displaced
by a small distance of between 1 and 10mm. In this
embodiment, the axle section 206 journalled in the arm
200 is  provided with an externally accessible cog
wheel 226. In practice, this can be a  complete cog
extending 360 around the axle 104, or it can be a
partial cog  having only the external section required
(as shown in Figure 8). An electric motor 228 is
provided, on the ultimate output shaft of which is
mounted a pinion 230 which meshes with the cog 226.
Thus, as the motor 228  is activated, the pinion 230
drives the cog 226 and rotates the axle 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, 9 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. WO 2004/069730
PCT/GB2004/000203  -10- CLAIMS 1. A fork lift truck
for moving a load, comprising a load bearing member
for  carrying the load, wherein the truck comprises
means for adjusting the  vertical axis of the load
bearing member to maintain it substantially  parallel
to the axis of gravitational pull on the load, when
the truck travels  along a surface having varying
degrees of flatness or deviance from  horizontal. 2. A
fork lift truck as claimed in claim 1, wherein the
load bearing member  comprises a wheel-bearing chassis
of the truck. 3. A fork lift truck according to claim
1 in which the load bearing member  comprises a wheel
assembly. 4. A fork lift truck as claimed in either
claim 1 or claim 2, comprising one or  more sensors
for sensing elevational differences between the wheels
of  the truck and one or more control means for
receiving signals from the  sensor(s) and for
automatically adjusting the vertical axis of the load
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. S. 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 WO
2004/069730 PCT/GB2004/000203  -11 adjusting each
wheel's height in use in accordance with the stored
variance. 9. A fork lift truck as claimed in claim 8,
wherein the data is stored initially  on a removable
data storage means insertable into the memory unit.
10. A fork lift truck according to any one of the
preceding claims in which the  load bearing member is
mounted on a non-straight axle and the vertical
position of the load-bearing member is adjusted by
rotation of the axle. 11. A fork lift truck according
to claim 10 in which the axle has a first straight
section on which the load bearing member is held and a
second straight  section held on a chassis part of the
truck, the two straight sections  having axes that are
parallel but offset. 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. 


