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(a) first control neans, acting especially on the articul ati on neans,
tending to inpose an orientation that varies in tine on each elenent, this
orientation varying so as to follow the path of the previous el enment, so
that the entire vehicle is given a sinuous path with |ateral undul ations;
20 (b) second control means acting espe2ially on the ventral surface of at
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descri ptiongdhgfe’f eCthe world of industry, the invention, in terms of method, is

expressed by the fact that the motion of longitudinal undulation is imposed by
35 the longitudinal oscillation of points of the ventral surface, each point



shal | be made to the appended figures, of which: 4 Figure 1 is a
schematic top view of a vehicle with its elenents driven by a notion of

| ateral undul ation; Figure 2 is a side view providing a schematic
representation of an elenent of the vehicle, the ventral surface of this
vehicle being driven by a 5 notion of I&ngltudlnal undul ati on; Figure 3 of
the top view providing a schematic representation of a gear-based
mechani cal device of an elenent of the vehicle that can be used to obtain a

motion of | pagiibig aduriehdtas idemtichl @uthat 4f Its naighibde but enofisehindinmg a

Froure. 5 i dnGerBs orA BEVEPolitaR e e @ 7 SEpEI PP Sbcobdit © 2
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a schemti c /e %@Sﬁ}hgé)e?\i}gi)]ﬁ:uﬁé‘célé?%hgﬁflﬁtvc?e%ﬂ% FR0fveTHehtical 46 vhire

i 11 ustrated a top view providing a schematic
r epr eseng atofdts mngbbow hutbQiGQ@gf%HmriﬁBﬁam cal devi ce of an el enent of the
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exenpl ary naghad eatilldesi loaghtadiadigr setitahgndtegshaving a same penod as
the longitudinal oscillations is furthermore imposed so as to lift up said point
10 when it shifts in a direction not favorable to propulsion, and so as to lower
said point when it shifts in a direction favorable to propulsion. In terms of a
device, the invention takes the form of a vehicle in which the second control
means act on the ventral surface in furthermore imposing a vertical motion on
each point of the ventral surface, this vertical motion having a same period as
15 the longitudinal oscillations, so as to lift up said point when it shifts in a
direction not favorable to propulsion, and so as to lower said point when it
shifts in a direction favorable to propulsion.
According to another advantageous embodiment that can be
implemented independently or in combination with the other advantageous
20 embodiments, the method is expressed by fact that, during the motion of
longitudinal undulation, the ventral surface of at least one element adheres
more strongly in the direction favorable to the shift than in the other direction.
In terms of a device, the invention then takes the form of a vehicle in which at
least one ventral surface driven by a motion of longitudinal undulation has
25 directional adhesion that is stronger in the direction favorable to the shift than
in the other direction.
The main advantages of the invention are that it aliows for making
a robust vehicle that uses low-cost, tested technologies, and is compact (with
a diameter of five to ten cm) while maintaining a payload volume within the
30 vehicle (about 50% of the total volume), the motions of undulation being easy
to set, efficient and produced with high efficiency.
The invention shall now be described in greater detail in the
context of a particular practical embodiment. In this description, reference
shall be made to the appended figures, of which:



Figure 10 is a graph representing the paths of two points of a sliding |eg;
Figure 11 is a side view representing a detail of the ventral surface 25 of
an element of the vehicle; Figures 12 to 15 are side views representing

al ternative enbodi ments of the ventral surface illustrated in figure 11
Reference is now made to figure 1. The 4ehicle takes up the general
principle describing the patent FR 2 741 584 which may be referred so to
for further details on the making of a |ateral undul ation device. The
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and, especially, N a, 0 transmt 1 nages to the operator
driving theaveptien ef longituginabbadulghemci pl e of the driving of the vehicle
may be the one descFidifed § i3 4 BideRaéw RroViting & $dherfidtic mépresemtatiobef tied er r ed
to for further details..Thﬁ e%ii(ﬁlo& of A system of propul sion by

| ongi t udi naMegtANGa! dgyicesuFEaled N QY8 as the constraints related to the
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provi ded by %pﬁgigé@dn@ﬁ Smﬂﬂg{i@g.on, the values of torque to be exerted are
far | ower. IQe erence i s now e’

, . to figure 2. Each el enent of the vehicle
is oriented by a bafdwe V@dsd §raph yepresefiig \E@%tﬁ?ﬁr@( q snt"‘@r PQH{t%cP\fi% t he
30 | ongi t udigh@ihgdegection, in the direction of the novement. The vector z
'S Figure 11 is a side view representing a detail of the ventral surface

25 of an element of the vehicle;
Figures 12 to 15 are side views representing alternative
embodiments of the ventral surface illustrated in figure 11.
Reference is now made to figure 1. The vehicle takes up the
general principle describing the patent FR 2 741 584 which may be referred
30 to for further details on the making of a lateral undulation device. The vehicle
consists of a chain of elements articulated along two axes (in relative bearing
and in elevation). These elements may all be identical except for the head
element S and the tail element. The number of elements may vary according
to need from one to several tens of elements. The length of the elements



oriented in the vertical direction, upwards. The orientation and the
direction of the vector y are determned so as to forma direct base. This
vector therefore corresponds to a transversal direction. Figure 2 is a side
view, nanely in the plane (x,z), of an elenment. It 35 illustrates an
exanpl e of an enbodi nent of Iongltudlrwﬁ undul ations. This 6 el ement has
a ventral surface V resting on the ground at certain places. This ventral
surface Vis driven by a notion of |ongitudinal undul ation. The notion of
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Figure 2 is a side véllewynamely in the plane (x,z), of an element. It

35 illustrates an example of an embodiment of longitudinal undulations. This



i ndependent of the other elenments. Naturally, these exanples are not
exhaustive. Advantageously, the invention uses direct-current electrical
not ors associ ated with nmechani cal reduction gears to nove the notive
points. This 20 has the advantage especially of constituting a tested,

| ow- cost technol ogy) We shall now refer6to figures 3 and 4, which represent
an exanpl e of a gear-based nechanical device. Figure 3 is a view along the
plane (x,y), i.e. atop view Figure 4 is a view along the plane (X, z),
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9 Reference is now nade to figure 4. It is possible in addition to apply a
vertical notion to the notive points, i.e. to the ducts gl to g4. To this
end, it is possible for exanple to make the rods t1 to t8 slide vertically
in the gears, these rods then carrying the ducts along vertically. 5
Reference is now made to figure 5, which illustrates an exanple of a device
used to guide these rods vertically. These rods can be guided vertically by
i nclined surfaces placed on top of the rods. The rods slide in the plane
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OB, and ishe xBRectatédBucB@or example p1). If the sliding of the rods in the duct is not
perfect, this gives rise to a lateral force on the duct. The ducts may be
laterally stressed (this is not shown) for example by the ventral surface V or
by an external sheathing. According to one alternative embodiment, the
gears placed facing each other may rotate in reverse directions so as to
30 mutually compensate for the lateral driving force.
The main advantages of this mechanical device are that it is
efficient and compact in the vertical plane. This makes it possible to carry a
large payload. Furthermore, all the gears e1 to e8 play a direct part in the
motion of the rods, and hence that of the ducts. The fact that these ducts
35 rotate in opposite directions does not prevent them from being all used.



An exanpl e of a curve described by the point Cis illustrated in figure 10.
The point B describes a circle. The point C oscillates 30 longitudinally
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favorable to propulsion). Naturally, the conplete device conprises severa
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Advant ageously, a vacuum cl eaner tube type of nenbrane may cover the |ink
bet ween consecutive sets. This nenbrane ensures high nmechanical resistance
and continuity of shape. Be that as it may, in order to be particularly
advant ageous, the 25 particul ar enbodi nents descri bed are neverthel ess not
exhaustive and a variety of alternativellenbodi nents, especially with
respect to the details given by way of exanples) will remain within the
context of the invention that is the subject of the patent. For exanple,
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ateral und'filnﬁ:[rl) st1 to b10 are carried along by a synchronized motion of rotation
25 about shafts a1, a2, a3, a4, a5 rotating at the same speed. The shaft a1
drives the free end of the link-rod b1. The shaft a2 drives the free end of the
link-rods b2 and b3. The shaft a3 drives the free end of the link-rods b4 and
b5. The shaft a4 drive the free end of the link-rods b6 and b7. The shaft a5
drives the free end of the link-rods b8 and b9. The shaft a6 drives the free
30 end of the link-rod b10. The shafts a1 to a5 are transversal (horizontal and
perpendicular to the axis of the frame CH), i.e. along the direction y. The
shafts a1 to a5 can be driven by a driving systems such as a system of
gears, chains or notched belts that is not shown.
The spatial periodicity (on the ground) of the longitudinal

35 undulation can be adjusted by playing on the phase-shift between the link-
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The point of the leg forming an angle, referenced B, is driven in

the plane (x,z) i.e. the vertical plane, by a rotational motion with an axis O. In
25 other words, the axis O corresponds to a drive shaft that rotationally drives
the point B of the leg b. The motion described by the point C depends on the
lengths AB, BC, the distance OB, and the angle (AB, BC).
An example of a curve described by the point C is illustrated in
figure 10. The point B describes a circle. The point C oscillates
30 longitudinally and vertically at the same period. The point C is lowered when
it shifts in the negative direction x (the direction favorable to propulsion), and
is lifted when it shifts in the positive direction x (the direction not favorable to
propulsion).
Naturally, the complete device comprises several sliding legs
35 rotationally driven by several driving shafts. These driving shafts (such as O)
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As in the case of the preceding device, the spatial periodicity (on
the ground) of the undulation can be adjusted by playing on the rotational
phase shift between the successive driving shafts.

Reference is now made to figure 11 which represents a side view
of the ventral surface V. This ventral surface may be lined with a flexible

membrane (furthermore illustrated in figure 4) or an elastic membrane.

(furthermore illustrated in figure 2). This membrane can therefore get
deformed by folding (in the case of the flexible membrane) or get contracted
and shrink (in the case of the last membrane). This membrane furthermore
ensures the tight sealing of the vehicle and adhesion relative to the ground.

To this end, this membrane may be formed firstly by adhesive
parts v1, v2 and secondly by flexible or elastic parts m1, m2. The adhesive
parts v1, v2 are placed facing the motive points p1, p2. These adhesive
parts may be lined with scales for example, favoring adhesion in the direction
favorable to the movement of the vehicle. Of course, these adhesive parts
v1, v2 are also tightly sealed. The flexible or elastic parts m1, m2 allow for
making a tightly sealed junction between the adhering parts. The flexible or
elastic parts m1, m2 of this membrane may be formed, for example, by a
plasticized flexible membrane of the type having folds such as a concertina
membrane or a vacuum-cleaner tube.

Reference is now made to figures 12 to 15. These figures
illustrates alternative embodiments of the adhering parts v1, v2 of the ventral
surface V. In compliance with the embodiment shown in figure 12, the
adhering part v1 is covered with claws. These claws are oriented so as to
present longitudinal, directional adhesion.

In accordance with the embodiment shown in figure 13, the
adhering part v1 is lined with inclined blades. These blades have a profile
with an upper part in front, used to fasten them to the part v1, and a lower
part behind, serving to cling to the rough features of the ground. These
blades slide longitudinally in one direction and cling in the other direction.
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(adhermg) surfaces placed on the rear side. hese rubber-coated pln
structures are particularly suited to dry terrain.
5 In accordance with the embodiment shown in figure 15, the

surface v1 is coated with vertical knife blades z1, oriented longitudinally and
articulated about a transversal axis of rotation z2. The axis of rotation z2 is in
front of the blade. A spring z3 may act in the rear of this blade to maintain
contact with the ground. This gives both lateral adhesion, which is useful for

10 motions of lateral undulation, and longitudinal, directional adhesion which is
useful for motions of longitudinal adhesion.

The propulsion by longitudinal undulation taught here above does
not counter lateral motion. It adds a complementary propulsion force.
Advantageously, the longitudinal propulsion speed is the same on all the

15 elements. It can be determined comprehensively to match this resultant of
the lateral undulation.

It is not necessary to provide for a feedback control system on the
longitudinal propulsion command if also, as described in the patent FR 2 741
584, a feedback control is planned for the command of the inter-segment

20 angles. ' '

Advantageously, a vacuum cleaner tube type of membrane may
cover the link between consecutive sets. This membrane ensures high
mechanical resistance and continuity of shape.

Be that as it may, in order to be particularly advantageous, the

25 particular embodiments described are nevertheless not exhaustive and a
variety of alternative embodiments, especially with respect to the details
given by way of examples, will remain within the context of the invention that
is the subject of the patent.

For example, other motor-driven systems, especially hydraulic or

30 pneumatic systems, may replace the systems given by way of an example.
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which an orientation that varies in time is imposed on each element (B) so as
to follow the path of the preceding element, so as to give the entire vehicle a
5 sinuous path with lateral undulations, characterized in that a motion of
longitudinal undulation is also imposed on the ventral surface (V) of at least
one element, so as to produce a propulsive force complementary to the force
resulting from the motion of lateral undulation.

10 2. Method according to claim 1, characterized in that the motion of
longitudinal undulation is imposed so that the propulsion speed resulting from
this motion matches the speed resulting from the motion of lateral undulation.

3. Method according to any of the above claims, characterized in

15 that the motion of longitudinal undulation is imposed by the longitudinal

oscillation of points of the ventral surface, each point describing a curve
identical to that of its neighbor but being offset in time.

4. Method according to claim 3 characterized in that for each point

20 of the ventral surface oscillating longitudinally, a vertical motion having a

same period as the longitudinal oscillations is furthermore imposed so as to

lift up said point when it shifts in a direction (s2, s4) not favorable to

propulsion, and so as to lower said point when it shifts in a direction (s1, s3)
favorable to propulsion.

25
5. Method according to any of the above claims characterized in
that, during the motion of longitudinal undulation, the ventral surface of at
least one element adheres more strongly in the direction favorable to the shift
than in the other direction.
30

6. A vehicle moving by reptation, essentially consisting of a series
of elements mutually articulated by articulation elements, the vehicle
furthermore comprising:
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on said surface, so as to produce a propulsive force complementary to the
one resulting from the motion of lateral undulation.

10 7. A vehicle according to claim 6, characterized in that a vehicle in
which the second control means are set so that the propulsion speed
resulting from the motion of longitudinal undulation matches the speed
resulting from the motion of the lateral undulation.

15 8. A vehicle according to any of the claims 6 to 7, characterized in
that the second control means act on the ventral surface in imposing a
longitudinal oscillation at points of the ventral surface, each point describing a
curve that is identical to that of its neighbor but is offset in time.

20 9. A vehicle according to claim 8, characterized in that the second
control means act on the ventral surface in furthermore imposing a vertical
motion on each point of the ventral surface, this vertical motion having a
same period as the longitudinal oscillations, so as to lift up said point when it
shifts in a direction not favorable to propulsion, and so as to lower said point

25 when it shifts in a direction favorable to propulsion.

10. A vehicle according to any of the claims 6 to 9, characterized
in that a vehicle in which at least one ventral surface driven by a motion of
longitudinal undulation has directional adhesion that is stronger in the

30 direction favorable to the shift than in the other direction.



