VEHICLE HAVING A HIGH CLEARING CAPABILITY

CORRESPONDING APPLICATION

The present application <claims priority from the prior
European application No. EP14158788.1 which was filed on
11*" March 2014 in the name of the Ecole Polytechnique
Fédérale de Lausanne (EPFL), the entire content of this
prior application being incorporated Dby reference in the

present application.

TECHNICAL FIELD

The subject-matter of the present invention belongs to the
field of vehicles for undulating terrain which are intended
to be used in particular in specific environments in which
mobility is considered to be difficult to accomplish, 1like
natural or industrial disaster zones, or even on other
planets. Such a vehicle is also intended to be wused in
buildings, nuclear power stations and other similar

environments.

Such vehicles may be remote controlled or autonomous or
driven by a wuser, 1in accordance with their size and the
technical means on-board. Such a vehicle may also be

proposed in the form of a toy.

PRIOR ART

Similar vehicles, such as robots, are known in the prior

art.

For example, the application PCT WO 01/53145 discloses a
vehicle for undulating terrain. That wvehicle comprises six

wheels and a chassis.



More specifically, the known vehicle comprises a chassis
which is substantially constituted by a platform in the
form of a lozenge and a rear support. The locomotion device
is of the rolling type. It comprises a front rolling train
with a wheel, a central train with two wheels in tandem at
the right-hand side and two wheels in tandem at the left-
hand side, and a rear train with a wheel which is connected
to the support. Each wheel is provided with a motor. At
least for the front and rear wheels, the connection between
the wheel and the chassis comprises a rotary guiding unit
which allows the wheel to rotate about an axis which is
perpendicular to its own drive axis. A steering motor
controls this rotation. The differential control of the
rolling motors of the central train and that of the
steering motors of the front and rear trains allows the
vehicle to be steered and in particular allows it to be
turned on the spot with minimal friction. The control units

of the motors are concentrated in a central control member.

DETATILED DESCRIPTION OF THE INVENTION

An object of the invention is to improve the known systems
and to provide a simpler and more effective vehicle than

those currently known.

According to an embodiment, the invention relates to a
vehicle having a great clearance capacity, comprising at
least four wheels and a base. The wheels are fixed in pairs
to the base by rigid means and form a bogie per pair of
wheels, the bogies being articulated in terms of rotation
to the base so that the pivot location of the trajectory of
the wheels does not physically exist and that pivot
location is located under the rotation axis of wheels when
the bogie is horizontal; the rotation of one bogie being
transmitted by a transmission means to the other bogie in

such a manner that the inclination of each of the bogies in



relation to the base forms an angle having a value which is

identical but opposite.

For example, the rigid means which fix the wheels to the

base may be bars.

According to an embodiment of the vehicle, the transmission

means comprises a differential.

According to an embodiment, the transmission means
comprises a damping means which may or may not be variable.

That means may be a shock absorber.

According to an embodiment, the transmission means
comprises a preload means. The preload means may be
adjustable.

According to an embodiment, each wheel is driven
individually.

According to an embodiment, at least one of the wheels can
rotate about an axis which is perpendicular to the rotation

axlis thereof.

According to an embodiment, the trajectories of the wheels

of a bogie are aligned in the same plane.

According to an embodiment, the trajectories of the wheels

of a bogie are in two different and parallel planes.

According to an embodiment, the trajectory of a wheel of a
bogie is in the same plane as that of a wheel of the other

bogie.



According to an embodiment, the two Dbogies are aligned
relative to each other or are offset relative to each

other.

According to an embodiment, at least one of the wheels of a

bogie is replaced by a pair of wheels.

According to an embodiment, the vehicle is remote

controlled or driven or autonomous.

The architecture of the vehicle proposed comprises in
particular a rigid and articulated chassis which connects
the body of the vehicle to at least four drive wheels in
such a manner that those wheels are permanently in contact
with the ground and the weight of the wvehicle 1is

distributed between those four wheels.

As a result of the articulated chassis thereof providing a
high ground clearance for it, the vehicle according to the
invention is capable of overcoming obstacles whose size is
significantly greater than the size of the wheels without
any motorization other than that of the wheels. The chassis
per se 1s therefore referred to as being passive, 1in
contrast to an active chassis which  would involve
additional actuators in order to modify the configuration
of the chassis, and is moved only by gravitational force

alone.

An original feature involves the specific architecture of
the chassis allowing for the first time the application of
parallel bogies to a four-wheel vehicle; as opposed to a
minimum of six wheels as 1in the prior art, see the
publication WO 01/53145 cited above.



There are a number of fields of application which cover the
whole of the applications of all-terrain vehicles. 1In
particular, and in a non-exhaustive manner,
® interventions in the event of disasters (maneuvering
in the debris),
® use of remote controlled or autonomous vehicles for
operations 1in hostile environments for human beings
(for example, ABC contamination, dismantling a nuclear
power station) or for explosive device clearance (EDO
& UXO),
® transporting loads, for example, in the field of
construction and exploitation of mines,
¢ all-terrain utility or recreational vehicles,
® agriculture (in particular forestry or viticulture),
¢ the field of wheelchairs with a high degree of
mobility,
® toys.

The invention will be better understood with reference to
the figures which illustrate the principle of the invention

and several configurations thereof.

Figures 1A to 1D illustrate the principle of the invention;
Figures 2A to 2D illustrate a specific position of the
invention;

Figures 3A to 3D illustrate another specific position of
the invention;

Figures 4A and 4B illustrate another configuration of the
invention;

Figures 5A to 5F illustrate three possible constructions of
the same configuration of Figures 4A/4B;

Figures 6A and 6B illustrate another configuration of the
vehicle according to the invention;

Figures 7A and 7B illustrate another configuration of the

vehicle according to the invention;



Figures 8A and 8B illustrate another configuration of the
vehicle according to the invention;

Figures 9A and 9B illustrate another configuration of the
vehicle according to the invention;

Figures 10A to 10D illustrate the gyration possibilities
provided by the vehicle according to the invention;

Figure 11 illustrates the mechanism which connects the two
bogies;

Figure 12 illustrates a —construction variant of the
mechanism which connects the bogies;

Figure 13 illustrates another construction wvariant of the
mechanism which connects the bogies;

Figure 14 illustrates another construction wvariant of the
mechanism which connects the bogies;

Figure 15 illustrates another construction wvariant of the
mechanism which connects the bogies;

Figure 16 illustrates another construction wvariant of the
mechanism which connects the bogies;

Figure 17 illustrates another construction wvariant of the
mechanism which connects the bogies;

Figure 18 illustrates another construction wvariant of the
mechanism which connects the bogies;

Figure 19 illustrates another construction wvariant of the
mechanism which connects the bogies;

Figure 20 1illustrates another construction wvariant of the
mechanism which connects the bogies;

Figures 21A to 21H illustrate a clearance sequence.

The principle of the invention is illustrated in Figures 1A
to 1D. Figure 1A is a perspective top view of the chassis
1.

According to the invention, the chassis 2 comprises two
articulated bogies 2, 3 which are connected to a central
body 4 by bars 5, 6a and 6b, 7, 8a, 8b, the bars in two

portions 6a, 6b, 8a and 8b allowing static indeterminacy to



be avoided. Those two bogies 2, 3 are also connected to
each other by a system (for example, a mechanical or
hydraulic system) which coordinates the relative angle of
the bars 5 or 6a or 6b with the central body. In this
manner, as can be seen in Figures 2A, 2B, 2C, 2D, 3A, 3B,
3C and 3D, the inclination of each of the bogies 2, 3 in
relation to the central body 1 forms an angle which has an

identical but opposite value.

In a conventional bogie, the wheels can follow a circular
trajectory about a pivot which is located between the axes
of those wheels. The geometry of the bogies according to
the invention is said to be parallel because they allow the
wheels thereof to move according to a trajectory which is
defined by the geometry of the elements which constitute
them but without the pivot location physically existing;

thus, it is said to be virtual.

It should be noted that this pivot location is not located
on a straight line which passes through the axes of the
wheels, but instead therebelow. It should also be noted
that, in accordance with the configurations selected, the
trajectory of those wheels may be located in different

planes.

In this manner, although the vehicle rests on four wheels,
the chassis thereof is not statically undetermined and the
weight of the central body 4 is distributed in an optimum
manner, which ensures a similarly optimum distribution of
the traction which is generated by the motorized wheels R1-
R4.

Figures 2A to 2D illustrate a configuration of the
principle of the invention in which the bogies have an

inclination of 12°.



Figures 3A to 3D illustrate a configuration of the
principle of the invention in which the bogies have an

inclination of 35°.

Figures 4A and 4B illustrate another configuration in which
the wheels R1-R4 are arranged in the manner of a lozenge
around the central body 4, the bars 5, 6’a, 6'b, 7', 8'a,
8’b having a different shape from that of the bars 5-8b of
the preceding figures. This figure does not illustrate the
fact that the wheels R1 and R4 can pivot about themselves
and allow a gyration in accordance with Figures 10B, C and
D.

By providing a wide wheel base and therefore good lateral
stability (inclination or centrifugal force), that
configuration is particularly well-suited to rapid vehicles
which move 1n a structured environment (for example,

vertical steps) and unstructured environment.

Figures 5A to 5F illustrate three possible constructions of
the same configuration of Figures 4A/4B which, although
they are mechanically different, are kinematically

identical and constitute the same unigque configuration.

Figures ©6A-6B 1illustrate another kinematically identical

configuration to the configuration of Figures 4A/4B.

This configuration has the wheels R1-R4 in the manner of a
lozenge around the central body 4. This Figure does not
illustrate the fact that the wheels R1 and R4 can pivot
about themselves and allow a gyration in accordance with
Figures 10B, C and D.

By providing a wheel base which is smaller in relation to
the central body than the configuration of Figures 4A/4B,

this configuration is particularly well-suited to small-



sized vehicles which have to enter buildings (doorways) in
a structured environment (for example, vertical steps) and

unstructured environment.

Figures 7A and 7B illustrate another configuration of the

vehicle according to the invention.

This configuration has the wheels R1-R4 in the manner of a
parallelogram around the central body 4. The wheels R1-R4
of each of the bogies 2’, 3’ are aligned and the trajectory
thereof moves in the same plane (2 planes). In a lateral
plane, it may be noted that each of the wheels is placed

consecutively and equidistantly.

This configuration has two main features:
e front (or rear) access to the central body in relation
to the reference direction of movement;
® lateral sequencing of the wheels at four consecutive
locations (instead of 3 locations in the preceding

configurations) .

This configuration is particularly well-suited to a
relatively small platform which is autonomous or remotely
operated and which is intended for inspection. The
sequencing at four locations is particularly well-suited to
structured or non-structured environments in which the
speed 1s not a determining criterion. It should be noted
that the size of the load may optionally exceed the chassis
4 itself.

If the wvehicle is o0of small size and the mass thereof is
reduced, the gyration may be carried out by controlling in
a differential manner the speed of the wheels of the left
and right bogies 2', 3’ (in the manner of a tracked

vehicle, “skid steering”). Otherwise, it 1is appropriate for
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a minimum of two of the wheels (R1 and R3) to be able to

rotate about the vertical axis thereof.

Figures 8A and 8B illustrate another configuration of the

vehicle according to the invention.

This configuration has the wheels R1-R4 in a square around
the central body 4. The wheels of each of the bogies 2’7/,
3’7 are aligned and the trajectory thereof moves 1in the
same plane (2 planes). In a lateral plane, it may be noted
that the two bogies are positioned 1in a completely

symmetrical manner.

This configuration has two main features:
e front (or rear) access to the central body in relation
to the reference direction of movement;
¢ Jlateral sequencing of the wheels at two consecutive
locations (instead of 3 1locations in the preceding

configurations of Figures 4A/4B).

This configuration 1is particularly well-suited to a
relatively large platform or a platform whose load is
great. The sequencing at two locations 1s particularly
well-suited to non-structured environments. It should be
noted that the size of the load may optionally exceed the

chassis 4 itself.

If the vehicle is of small size and the mass thereof 1is
reduced, the gyration may be carried out by controlling in
a differentiated manner the speed of the wheels of the left
and right Dbogies 2’’, 3’ (in the manner of a tracked
vehicle). Otherwise, it is appropriate for a minimum of two
of the wheels (for example, Rl and R4) to be able to rotate

about the vertical axis thereof.
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Figures 9A and 9B illustrate another configuration of the

vehicle according to the invention.

This configuration with six wheels R1-R6 1is kinematically
identical to the configuration of Figures 6A/6B in which
the lateral wheel (R2/R4 in Figures 6A/6B) of each bogie is
replaced by a bogie 2’’, 3’’ which is identical to the one
used in the configuration of Figures 8A/8B with the wheels

R2-R5 and R4-R6, respectively.

This configuration has the wheels in the manner of a
lozenge around the central body. This figure does not
illustrate the fact that the wheels R1 and R3 can pivot
about themselves. The gyration is thereby controlled in a
manner identical to the configuration of Figures 6A/6B
taking into consideration that a sliding of the lateral

wheels is acceptable during cornering operations.

This configuration 1is particularly well-suited to large
vehicles or vehicles having a very heavy load in relative

terms.

It is characterized in that half of the mass of the central
body 4 is distributed over the front and lateral wheels. In
other words, the front and rear wheels R1, R3 each support
1/3 of the weight of this mass and the four lateral wheels
R2, R4, R5, R6 each support 1/6.

Figures 10A to 10D illustrate the gyration possibilities
which are provided by the chassis. The relative speed and
the angle thereof are illustrated by a vector in the

figures.

Figure 10A: gyration angle 0°;

Figure 10B: gyration angle = o° > 0.
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The center of rotation is located at the outer side of the

lozenge which is formed by the wheels R1-R4.

Figure 10C: gyration angle = (° > 0.

The center of rotation is located on the lozenge which is
formed Dby the wheels RI1-R4. The speed of the wheel R2

positioned at the center of rotation is zero.

Figure 10D: gyration angle = 90°.

The center of rotation is located at the center of the
lozenge which is formed by the wheels R1-R4 and the vehicle

can thus readily rotate about itself.

Figure 11 illustrates a possible construction of the
mechanism which connects the two bogies. Thus, the two
bogies 2, 3, 2', 3", 2''", 3'', see the preceding figures,
are connected to each other by a system (for example, a
mechanical or hydraulic system) which coordinates the

respective relative angle thereof with the central body 4.

Figure 11 illustrates a possible mechanical construction by
means of gears which are mounted “as a simple differential”
which is designated  20. Naturally, other equivalent

mechanisms which carry out the same function are possible.

As can be seen 1in Figures 2A-2D or 3A-3D, the rotation
movement of a bogie, for example, the bogie 3, will be
transmitted to the other bogie 2 but in the opposite
direction in accordance with the principle of the present

invention.

Figure 12 illustrates a construction wvariant of the

mechanism 21 which connects the bogies.
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The advantage of this construction variant of the mechanism
21 which connects the two bogies 2, 3; 2', 3’; 2’7, 3'" is
the possibility of readily adding a shock absorber 10 at
the inclination of the bogies. Therefore, no shock absorber
is necessary at each of the wheels. The damping means 10
may be a pneumatic shock absorber, hydraulic shock absorber

or other equivalent system.

That shock absorber is indicated in particular when the

vehicle is caused to move at high speeds.

Figure 13 illustrates another construction wvariant of the
mechanism 22 which connects the bogies using a variable
shock absorber 11. That wvariable shock absorber 11 1is
indicated when the vehicle is caused to have high speeds in
accordance with specific operating modes and very great
clearances in other operating modes. The means used may be

a variable viscosity shock absorber 11, for example.

Figure 14 illustrates another construction wvariant of the
mechanism 23 which connects the bogies with a preload 12.
The preload may be, for example, constructed mechanically

by a torsion spring.

Figure 15 illustrates another construction wvariant of the
mechanism 24 which connects the bogies. For regquirements
involving particularly high clearance, the possibility of
varying the preload is quite simple to add by an adjustment
means 13, such as, for example, a motor which is mounted in

series with a torsion spring 12.

Partial activation of the structure of the chassis is then

referred to in accordance with the operating mode.

Figure 16 illustrates another <construction wvariant of

Figure 11, that 1s to say, a mechanism 25 which 1is
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identical to the one used for transmitting traction to the
drive wheels in a car. An additional gear 14 allows the
assembly of the differential to be inclined by adding a
displacement Y  which is identical to the relative
inclination o of each of the bogies. The inclination of the
bogie 3 thereby becomes y+o; the inclination of the bogie 2

thereby becomes y-o.

This synchronization configuration is particularly

appropriate for the configuration of Figures 8A and 8B.

This is because the additional degree of freedom (gear 14)
allows, where necessary, active stabilization of the
central body 4 of the vehicle with respect to the
horizontal (or parallel with the ground) whatever the

relative inclination of the bogies.

Figure 17 illustrates that the mechanism of Figure 16
remains compatible with the addition of a shock absorber 11
and a preload 12 as set out in Figure 14 with a wvariable
(or non-variable) shock absorber 11, a prelcocad 12 and a

possible means of adjustment 13 of the gear 14.

Figure 18 is another graphic representation of a
configuration which is identical to the one in Figures B8A
and 8B. It allows it to be seen that the mechanism which
connects the two bogies and which is represented by the box
X at the center of the wvehicle may be, for example,
directly connected to the lower bars 5 and 7 of the bogies,

6a/6b and 8a/8b being the upper bars of the bogies.

Figure 19 is a detail of a single one of the bogies of
Figure 18. It allows an appreciation that the bar 5 is not
a straight 1line; it 1is this angle in the region of the
articulation of this bar to the central body 4 which allows

the virtual pivot location of the trajectory of the wheels
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to be located below the plane which extends through the two

axes of the wheels.

Figure 20 1is another graphic representation of a single
bogie of a configuration which is identical to the one in
Figure 5E. The bar 5 is modified in relation to Figure 19
in such a manner as to pass by means of the rotation axis
30 thereof over half of the width of the vehicle. There can
also be seen above the wheel R1 the rotation mechanism Z of

the wheel about the vertical axis.

Figures 21A to 21H illustrate a clearance sequence in one
of the configurations proposed in accordance with Figures
6A/6B and 1A to 3D.

In Figure 2la, the vehicle arrives in front of an obstacle.
In Figure 21B, the front wheel of the vehicle climbs on the
obstacle which inclines the Dbogie as a result of the

climbing movement of the wheel.

At the same time, the other bogie is inclined in the other
direction by the same angular value as a result of the

connection between the bogies.
In Figure 21C, the front wheel is on the obstacle and the
inclination of the front bogie is taken up by the rear

bogie in the other direction.

In Figure 21D, the front wheel and the two wheels at the

center are on the obstacle.

In Figure 21E, the rear wheel begins to climb on the

obstacle.

In Figure 21F, the rear wheel arrives on the obstacle.
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In Figure 21G, the vehicle descends at the other side of
the obstacle and in Figure 21H the vehicle has completely

overcome the obstacle.

The wvehicle according to the invention may Dbe driven,
remote controlled or autonomous. The means necessary for
the control thereof (driven or remote control or
autonomous, or 1in combination) are known to the person
skilled in the art and may be transferred from existing
fields, typically driving cars or radio-controlled

instructions for vehicles (toys, robots, etc.).

The embodiments and operating modes described above are
non-limiting examples which illustrate the invention.
Variants are possible without departing from the scope of
protection claimed, in particular using equivalent means.
The different constructions and wvariants may also be

combined.
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CLAIMS

1. A vehicle having a great clearance capacity, comprising at
least four wheels (R1-R4) and a Dbase (4), the wheels being
fixed in pairs to the base by rigid means (5, 6a, 6b, 7, 8a,
8b) and forming a bogie (2, 3) per pair of wheels, the bogies
being articulated in terms of rotation to the base so that the
pivot location of the trajectory of the wheels does not
physically exist and that pivot location is located under the
rotation axis of wheels when the Dbogie 1is horizontal; the
rotation of one bogie being transmitted by a transmission
means (20) to the other bogie in such a manner that the
inclination of each of the bogies in relation to the base

forms an angle having a value which is identical but opposite.

2. The vehicle as claimed in the preceding claim, wherein the

transmission means comprises a differential (20).

3. The wvehicle as claimed 1in c¢laim 1 or 2, wherein the
transmission means comprises a damping means (10, 11) which

may or may not be variable.

4. The vehicle as claimed in one of claims 1 to 3, wherein the

transmission means comprises a preload means (12).

5. The vehicle as claimed in the preceding claim, wherein the

preload means (13) is adjustable.

6. The vehicle as claimed in one of claims 1 to 5, wherein

each wheel is driven individually.

7. The vehicle as claimed in one of the preceding claims,
wherein at least one of the wheels can rotate about an axis

which is perpendicular to the rotation axis thereof.

8. The vehicle as claimed in one of the preceding claims,

wherein the wheels of a bogie are aligned in the same plane.
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9. The vehicle as claimed in one of the preceding claims 1 to
8, wherein the wheels of a bogie are in two different and

parallel planes.

10. The vehicle as claimed in the preceding claim, wherein a
wheel of a bogie is in the same plane as a wheel of the other

bogie.

11. The wvehicle as claimed in claim 8, wherein the two bogies
are aligned relative to each other or are offset relative to

each other.

12. The vehicle as claimed in one of the preceding claims,
wherein at least one of the wheels of a bogie is replaced by a

pair of wheels.

13. The vehicle as claimed in one of the preceding claims, the

vehicle being remote controlled or driven or autonomous.





