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(54) Impulse traction method and device

(57) Impulse drive traction and device comprising at
least a pair of support elements (1, 1’, 1 ’’, 2, 2,’, 2 ’’)
reciprocally movable between a proximal position and a
distal position along a direction. Each of said elements
has a variable coefficient of friction with respect to a sup-
port surface (S,W). During a reciprocal approaching step,
a first of said element develops a friction force (Ff1) which
makes it integral with said support surface; a second of

said elements develops a lower friction force (Ff2) with
respect to that developed by said first element, sliding
towards said first support element of said support sur-
face. During a reciprocal departing step of said support
elements, the friction force (Ff2) developed by said sec-
ond element is higher than that (Ff1) developed by the
first of said elements, therefore the traction device moves
forward along said direction.
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Description

Field of the invention

[0001] The present invention relates to an impulse
traction method and device, suitable for any gravitational
environment.

Description of the prior art

[0002] According to the prior art there are two traction
systems for ground vehicles or, anyway, for vehicles suit-
able to move in gravitational systems: wheel traction sys-
tem (tyres, iron, etc.) and tracked traction system.
[0003] Although the tracked traction systems are the
most suitable on particularly soft grounds, they are not
suitable on delicate surfaces, above all when it is neces-
sary to protect the ground, such as for example in ar-
chaeological excavations.
[0004] Moreover, both traction systems are not suita-
ble when it is necessary to climb over an obstacle with
considerable dimensions, above all when the obstacle
should not be damaged.

Summary of the invention

[0005] The aim of the present invention is to provide
an impulse traction device suitable to solve all the prob-
lems set forth above.
[0006] The subject of the present invention is an im-
pulse traction device according to claim 1.
[0007] A further aim of the present invention is to pro-
vide an impulse traction method, suitable to solve all the
problems set forth above.
[0008] The subject of the present invention is also an
impulse traction method, according to claim 16.
[0009] The dependent claims describe the preferred
embodiments of the invention, and are an integral part
of this description.

Brief description of the Figures

[0010] Further characteristics and advantages of the
invention will be more apparent in light of a detailed de-
scription of a preferred, but non-exclusive, embodiment
of an impulse traction method and device, shown with
the help of the drawings that are attached hereto, which
are merely illustrative and not limitative, in which:

Figure 1 shows three steps of a forward movement
sequence of the device according to the present in-
vention;
Figure 2 shows a prototype that includes the device
of figure 1;
Figures 3a and 3b show an alternative embodiment
of the device in figure 2;
Figure 4 shows a further alternative embodiment of
the device in figure 3;

Figure 5 shows an alternative embodiment that in-
cludes the solutions shown in the previous figures;
Figure 6 shows an alternative embodiment of the
invention that is particularly suitable for moving in
water.

[0011] In the drawings the same reference numbers
and letters identify the same elements or components.

Detailed description of a preferred embodiment of the 
invention

[0012] An impulse traction device according to a first
alternative embodiment of the present invention compris-
es at least a pair 1 and 2 of support elements reciprocally
movable between a proximal and a distal position along
a direction of movement. Each of said support elements
has a different coefficient of friction with respect to a sup-
port surface S according to two opposite senses of the
same direction of movement.
[0013] With reference to figure 1, the first step, step A,
represents a moment when the device is stationary and
said support elements 1 and 2 are in a reciprocal distal
position.
[0014] During a reciprocal approach step, step B of
figure 1, of said support elements, a first element 1 (or
2) of said support elements develops a first friction force
Ff1 which makes the element integral with said support
surface S, while a second element 2 (or 1) of said support
elements develops a second friction force Ff1 that is low-
er than said first friction force, namely Ff1>Ff2, said sec-
ond support element sliding towards said first support
element on said support surface S. During a step of re-
ciprocal departure, step C of figure 1, the friction force
Ff2 developed by said second support element is higher
than the friction force Ff1 developed by said first support
element, namely Ff2>Ff1, therefore said first element 1
(or 2) is pushed forward, see arrow V in the figures, and
the traction device moves forward along said direction of
movement.
[0015] According to the example shown, the two sup-
port elements have an anisotropy of friction with respect
to said support surface, with same reciprocal direction
towards V, otherwise the device would not move forward,
but it would oscillate between two positions with respect
to said support surface S.
[0016] The description clearly shows also that said an-
isotropy of friction should at least be partially aligned with
said direction of contraction and extension of the two sup-
port elements 1 and 2.
[0017] Figure 2 shows a prototype of the traction de-
vice according to the present invention.
[0018] A first pair of support elements 1’ and 2’ are
associated by means of a pair of electromagnets having
a push-pull configuration, each of them being integral
with one of said support elements 1’ and 2’, so that their
simultaneous action is of reciprocal contraction and ex-
tension. In particular, the two electromagnets 3 are as-
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sociated to two opposite ends of an interconnection ele-
ment 31, for example an axis. A spiral spring 32, winded
around said axis 31, determines the extension of the trac-
tion device when said electromagnets are deactivated.
Thus, when the two electromagnets are activated, they
attract said axis 31 from both sides, determining the com-
pression of the spring 32 concomitant with the contraction
of the traction device. Therefore, said elastic means are
suitable to contrast the approaching (or the departing)
action of said approaching or departing means 3 and to
make the two support elements return to the distal (or
proximal) position when the two approaching elements
are deactivated.
[0019] According to another alternative embodiment,
the spiral spring 32 makes the two support elements 1’
and 2’ approach when said electromagnets are deacti-
vated, while when said electromagnets are activated they
exert an approaching action on said support elements 1’
and 2’.
[0020] According to the alternative embodiment shown
in figures 2 and 5, said coefficient of anisotropic friction
is realized by means of a plurality of long-limbed elements
4, projecting from the lower surfaces 1’a and 2’a of said
support elements, facing the support surface S and in-
clined, preferably all in the same way, with an appropriate
angle contained in a plane perpendicular to said lower
surfaces 1’a and 2’a of said support elements. Preferably
said plane, perpendicular to said lower surfaces 1’a and
2’a, is parallel to said approaching/departing direction of
said support elements and thus to said direction of move-
ment of the traction device.
[0021] By giving appropriate folds to said long-limbed
elements 4, as shown in figure 2, the elements them-
selves become particularly flexible, thus when the con-
traction and the extension occur at predetermined fre-
quencies, the traction device does not slide along the
support surface S, but it can leap, and therefore it can
climb over obstacles, even with considerable dimen-
sions. On the other hand, when the contraction and the
extension occur at other frequencies, the traction device
moves in a quite continuous way, to the extent that it is
not possible to see the contraction/distension of the sup-
port elements of the device with the naked eye.
[0022] When the traction device comprises springs 32,
also their stiffness contributes to said impulse behaviour
of the traction system.
[0023] In addition to the springs, it is also possible to
use dampers suitable for varying the elastic response of
said springs.
[0024] According to a preferred embodiment of the in-
vention, a first pair of support elements 1’ and 2’ is put
next to a second pair of support elements and their re-
spective axis 31 and 31’ are made integral with and are
spaced out by a cross bridge 33. According to said alter-
native embodiment the functioning of said first pair of
support elements is independent from the functioning of
said second pair, thus allowing the traction device to
move according to curve trajectories.

[0025] According to a further alternative embodiment
of the invention, see figures 3a and 3b, each support
element 1 or 2 comprises a first plate 10 from which long-
limbed elements 4 project and a second plate 11 placed
under said first plate comprising as many through holes
as the number of long-limbed elements, so that said long-
limbed elements can pass through said through holes. A
translation of said second plate with respect to said first
plate determines a variation of the angle of inclination of
said long-limbed elements. Thus, it is possible to vary
the coefficient of friction of each support element with
respect to a support surface S, also inverting the anisot-
ropy of the coefficient of friction of said support elements,
the traction device may move both forward and backward
and, when it includes two independent pairs of support
elements, as shown in fig. 2, it may rotate around itself.
[0026] According to a further preferred embodiment,
said long-limbed elements 4 are numerous and are par-
ticularly flexible, as shown in figure 4, in order to guar-
antee a lower stiffness of the support of the traction de-
vice with respect to the ground, while when the long-
limbed elements shown in figures 3a and 3b are less
numerous, they are more stiff.
[0027] According to a further alternative embodiment,
shown in fig. 5, stiff and flexible elements 4 are used at
the same time, with the flexible elements being slightly
longer than the stiff elements, so that the first determine
a high coefficient of friction in a sense of said direction
of movement, while the latter cooperate with the first in
order to support the weight of the traction device and also
of possible loads carried by it.
[0028] Said long-limbed elements 4 of both types may
comprise respectively, for example, stiff metal wires and
very flexible wires made of metal or of another material.
By limiting the number of stiff elements, the traction de-
vice is particularly suitable for being used on delicate and
crumbly surfaces, such as, for example, in archaeological
excavations, etc..
[0029] Moreover the end of each of said long-limbed
elements, namely the part that will come into contact with
said support surface S, may be branched, namely it may
comprise a plurality of terminal parts suitable to open like
the fingers of a web-footed bird when it comes into con-
tact with the ground, in order to limit the pressure exerted
on it, and then suitable to close in order to limit the friction
during the forward sliding of the support element to which
said long-limbed elements are connected.
[0030] Said long-limbed elements may be made, ac-
cording to what is necessary, of metals such as steel of
various types, or carbon fibres or synthetic fibres.
[0031] Moreover, long-limbed elements of different
types may be associated in order to obtain a particular
behaviour of the traction device, also according to its con-
text of use. According to further alternative embodiments,
said support element may have shapes different from
those previously described, that may comprise, for ex-
ample, portions of cylindrical surfaces, etc., moreover
said anisotropy of the coefficient of friction of the surfaces
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1’a and 2’a of the support elements may be realized in
other ways, for example by means of asymmetric prisms
or nails, such as for example in certain grates, etc. These
alternative embodiments can be realized by the person
skilled in the art.
[0032] According to another aspect of the invention,
said contraction and extension of said support elements
may be realized by means of electric, mechanical, pneu-
matic, oleodynamic actuators, and also by means of in-
ternal combustion engines.
[0033] Moreover, it is not necessary to use two op-
posed actuators as shown in the prototype of figure 2,
since a single actuator is enough to determine said con-
traction and extension.
[0034] Also the balancing of the weights on a means
of transport based on said traction device may be carried
out by the person skilled in the art.
[0035] According to another aspect of the invention,
the support elements may be more than two, and the
contractions may be consequential along a direction of
movement in the sense of the movement.
[0036] According to a further preferred embodiment of
the invention, said axis 31 may comprise one or more
articulated joints so that the traction device may move
forward along a curve trajectory without having to couple
two or more pairs, namely two chains, of support ele-
ments. According to a further alternative embodiment
shown in figure 5, the present invention may be suitable
for moving in water. In particular, said first and second
support element comprise a lower hull-shaped surface 1
’’ a and 2"a, whose stem and whose stern have a different
resistance to the forward movement on a water surface
W, thus having a difference friction force according to the
sense of the stress exerted to the support element. Two
pair of support elements may be coupled in order to ob-
tain a sort of catamaran. Moreover, in another alternative
embodiment a rudder is used.
[0037] According to another alternative embodiment,
the described traction device may be appropriately mod-
ified in order to move on a vertical glass, therefore on a
very smooth surface. In particular, each of said support
elements may comprise at least a pneumatic suction cup,
thus, according to a vertical climbing direction along a
vertical surface, the support element 1, namely the upper
element, comes unstuck from the vertical surface and
the traction device extends, then the pneumatic suction
cups of the support element 1 stick on the vertical surface,
after than the support element 2, namely the lower ele-
ment, comes unstuck from the vertical surface and the
traction device contracts, therefore the respective pneu-
matic suction cups stick, etc..
[0038] According to such embodiment, the coefficient
of friction between each support element and a support
surface is no longer anisotropic, but it is variable through
time.
[0039] Thus according to the present invention an op-
erating method of a traction device comprising at least a
first (1,1’,1’’) and a second (2, 2’,2 ’’) support element,

aligned along a forward movement direction, each of
them having a variable coefficient of friction during a for-
ward movement of the traction device, being said support
elements reciprocally movable between a proximal po-
sition and a distal position along said direction of move-
ment, the method comprising that the following steps are
performed at least once:

- lowering of the coefficient of friction of said first 1
support element,

- departing of said first support element from said sec-
ond support element,

- increasing of the coefficient of friction of said first
support element,

- lowering of the coefficient of friction of said second
support element,

- approaching of said second support element to said
first support element.

[0040] On the contrary, when the coefficient of friction
does not vary through time with the contractions of the
support element, then it is anisotropic and the method is
reduced to the mere contraction of the support elements.
[0041] Therefore, in general, the coefficient of friction
has to be variable, according to the time with the con-
traction of the support elements, or according to a sense
of said direction of movement.
[0042] The elements and the characteristics described
in the different preferred embodiments may be combined
without departing from the scope of the present invention.
[0043] For example, a combination of the aforemen-
tioned characteristics may allow to realize amphibious
traction devices.

Claims

1. Impulse traction device comprising at least a first
support element (1, 1’, 1 ’’) and a second support
element (2, 2’, 2’’) reciprocally movable between a
proximal position and a distal position; each support
element having a variable coefficient of friction with
respect to a support surface (S,W), so that during a
reciprocal approaching movement a friction force
(Ff1) developed by one of said support elements pre-
vails (Ff1>Ff2, Ff1<Ff2) and during a reciprocal de-
parting movement of said support elements a friction
force (Ff2) developed by the other of said support
elements prevails (Ff1<Ff2, Ff1>Ff2).

2. Device according to claim 1, wherein said coefficient
of friction varies through time according to said ap-
proaching and departing actions.

3. Device according to claim 2, wherein the coefficient
of friction of said first support element (or of said
second support element) increases before a recip-
rocal departing movement of said support elements
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and decreases immediately after that and wherein
the coefficient of friction of said second support ele-
ment (or first support element) increases before a
reciprocal approaching movement of said support
elements.

4. Device according to claim 4, wherein each support
element comprises at least a pneumatic suction cup.

5. Device according to claim 1, wherein said coefficient
of friction is anisotropic along a reciprocal direction
of movement (V) of said support elements( 1,1’,1 ’’,
2, 2’, 2’’).

6. Device according to claim 5, wherein said support
elements comprise a plurality of long-limbed ele-
ments (4), projecting from the respective lower sur-
faces (1’a, 2’a) and inclined according to an appro-
priate angle contained in a plane perpendicular to
said surfaces (1’a, 2’a) of said support elements.

7. Device according to claim 6, wherein each support
element (1, 1’ ,1 ’’, 2, 2’, 2’’) comprises a first plate
(10) from which said long-limbed elements project
(4) and a second plate (11) placed under said first
plate comprising as many through holes as the long-
limbed elements are; said long-limbed elements (4)
passing through said through holes; said second
place being suitable to translate with respect to said
first plate in order to determine a variation of the an-
gle of inclination of said long-limbed elements (4).

8. Device according to claim 6 or 7, wherein said long-
limbed elements are made of metal and/or of a syn-
thetic material.

9. Device according to claim 8, wherein a first part (4)
of said long-limbed elements is more stiff than a sec-
ond part (4’) of said long-limbed elements and
wherein said second part (4’) comprises longer long-
limbed elements than the long-limbed elements
comprised in said first part.

10. Device according to claim 5, wherein said support
element comprises a plurality of asymmetric prisms
and/or nails projecting from the lower surfaces (1’a,
2’a) of said support elements.

11. Device according to claim 5, wherein each of said
support elements (1 ’’, 2 ’’) comprises a hull-shaped
lower surface whose stem and whose stern have a
different resistance to the forward movement in wa-
ter (W).

12. Device according to the previous claims, further
comprising approaching and/or departing means (3)
of said support elements (1, 1’, 1 ’’,2, 2’, 2’’) of the
electromechanical and/or mechanical and/or pneu-

matic and/or internal combustion type and at least
an interconnection element (31) of said support el-
ements.

13. Device according to claim 12, wherein said ap-
proaching and/or departing means (3) are suitable
for determining an approaching/departing move-
ment according to a plurality of different frequencies.

14. Device according to claims 12 or 13, further com-
prising elastic means (32) suitable to contrast the
action of said approaching or departing means of
said support elements (1, 1’, 1’’,2, 2’, 2’’).

15. Device according to any of the previous claims,
wherein a first pair of support elements (1, 1’, 1 ’’, 2,
2’, 2 ’’) reciprocally movable and connected by
means of said interconnection element (31) is asso-
ciated to a second pair of support elements, inde-
pendent from said first pair and comprising a second
interconnection element (31’), said association be-
ing realized by means of a cross bridge (33) integral
with said interconnection elements (31,31’).

16. Operating method of a traction device comprising at
least a first ( 1, 1’, 1 ’’) and a second (2, 2’, 2 ’’) support
element, aligned along a forward movement direc-
tion, each of them having a variable coefficient of
friction, being said support elements reciprocally
movable between a proximal position and a distal
position along said direction of movement, the meth-
od comprising that the following steps are performed
at least once:

- approaching of said support elements,
- departing of said support elements.

17. Method according to claim 16, wherein said coeffi-
cient of friction varies through time, than said method
comprising that the following steps are performed at
least once:

- lowering of the coefficient of friction of said first
(1,1’,1 ’’) support element,
- departing of said first support element from said
second support element,
- increasing of the coefficient of friction of said
first support element,
- lowering of the coefficient of friction of said sec-
ond support element (2, 2’,2"),
- approaching of said second support element
to said first support element.

18. Device according to claim 16, wherein said coeffi-
cient of friction is anisotropic according to a sense
of said direction of movement.
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