;] }e3er 6TUX" Vehicle noving by reptation, propelled jointly by |ongitudinal
and | ateral undul ations The present invention concerns technigues

pertaining to s vehicles noving by reptation, constituted \mm Mﬁﬂ“‘
mutual ly articul ated el enents on which | ater aI undul ati ons It
can be applied especially to the convey&nce of | oads on all typgas®f

terrain (hard, soft, uneven etc) in a way that is visually and acoustically

di screet. Such rept ati onal | y propel |l ed vehicl es no) nake robots) are
known. An exanpl e |§/9g§|'9'@rf“PN"1€h YﬂSPEﬂlorFFWQP?HégQ‘Bl\g‘QW?/in ! ‘EI'I ar

GUYVARCH, "Procede de propul si on d'and katenal undulationspt ati on et vehicul e
pour sa mse en oeuvre" (Method for the propul sion of a vehicle by

reptation and vehicl erfgr drééeqt”W\%ﬁ‘ﬁBhatdOHEérnsThécl’ciﬁﬁu@é' Bértéi%ﬁ'ﬁj” tq,ue

presented therein is exclu5|ve t of teral at 1 on. rove

oper ati o ovelhgles mvgwgobmeptai@mwnéhtuﬁ%ﬁ Ibyr gerias 6f spesially %&H‘B‘Elﬁ known

exanpl e of éleYﬁéH@'Sn w/ﬁieﬂl IaQQrabyuH(ﬁﬂﬁro@ﬂs Hfbiuh@btséﬂs agaheps amsied n the
United States

R. t ed I t
Thi s vehi oI spatialsdd afie SRMETANER elorS o Gl bpes of P B8 A 8bten: ©
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, d Not
oni'y do they stop puolarstERgTEPGsNed VeRic (ABluvag Bsks RPN N
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enerate a propul sive he no ns_are coordin a wa
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adhesi on i n e RN GAth Al 'rQITQrSSOTWeS ré%rélar?h%ntlmﬁb@@m bffieieMcQBn Si ve
force. By its aracteristics, such as EW@ nd cl ained here 35
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bel ow, the inNaU@EroWH. sEerever ARk HEOLV‘H’e(S ﬁﬁ’& PV%’“P!% c885F Y daKFlel e
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invention is a method fdstirtchefrpmophibspoor crt, athe \Ebpalsenoii the behicle

reptation, CRssRlihg hYineOBReht i Rfbrd¥ndis SIS oy AT édr}’ctr%ht bealapd

el enent s, an ori nta I on varies in time i osed on each

el ement so amdutations| and 1engitysingl snduladiopsecERg el él’ﬂ%'ﬂat'% reserpIg)i ve
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element seeks to copy the orientation of the element preceding it (as in the
motions of following a wake). The longitudinal undulations consist of a
30 sequence of motions that are propagated evenly on the ventral surface of the
vehicle. The ventral surface may show directional adhesion (sliding adhesion
in the direction of forward motion and clinging adhesion in the other direction)
so as to further increase the propulsive force.
By its characteristics, such as those described and claimed here
35 below, the invention seeks to augment the propulsive force of a vehicle with
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For the inplenmentation of the nethod thus defined, an object of the
invention is also a vehicle noving by reptation, essentially consisting of
a series of elenments nutually articulated by articulation elenents, the
vehicle 15 furthernore conprising: (a) first control nmeans, acting
especially on the articul ation neans, ténding to i npose an orientation that
varies in tinme on each elenent, this orientation varying so as to foll ow
the path of the previous elenent, so that the entire vehicle is given a

si nuous pat @w&blk%IQWntﬁpM@bdmecwy(Hy)la@abunid@aﬂﬂms;lfomamisleacti ng

especially on_.the entral s | east one elenent) tending to
i npose a rm&??iﬂn%ﬁd ?m?dlt f%%nf&}ﬁg%l Mn on said surface, so as to
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aimed at 25 1 nproving effi ul si on eblnventlon in ternms of
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i's inposed gaichbd fe\‘éfn@ﬁt@ﬁm Whieh diPesshtaBon tidtnaribs amtikds is impoised omat ches
the speed resulting from

n of_ | ateral dul t|on [n_t of a
device, it €ar&l& %”f%ﬁﬂ?gffog% tﬁ\iecqaéh OEE%PE?WQB 881%‘3 %Ooﬂf‘?%nﬁl ans
are set so tHeentife vehicly apsihaows paitteevthr Exeral iungufationsy bbarastérizedoin
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surf ace, each poi nt For @@@@@H%M@tl% Ohthe "f‘?f@? 'EUF nedaPn PIERLE of its
nei ghbor buthd mvehfieets aRotd V@hlclbﬁnbemgﬁowﬁep@atdﬁvIeeeenmallytdmmstlage;ﬁ a he
surface |’ SRS ChgemPBiR MU Nar Ter] By HCatan sl Mk YElkE,
sur f ace, 1seaqlrtiErimtredesrisiigly a curve identical to that 5 of its neighbor
advant ageous enbod e ¢ NEStaiiER iedid kB SRlfecR S tndlarfiation
each point ofiedris terding 40 ipesean Qrmrcatlcmté@t Varies tm’tlmﬁeﬂfl 930@9\%‘?%%&
moti on havi ggsfoorﬁ’ﬂ?ud??(/é@ﬂ?gﬂ%otéﬁd Wewm' ;Sbivth &FSthie! pravioerselbmehtr sdier mor e

i nposed so olnt ~ 0 n}é sIhl ft di rection not

f avor abl e t@%irtbﬁlﬂrﬁ'f%Meh'QWdSQd)V%aISH‘WOHW ith %ﬁrﬂtl"‘d’jﬂ@'qnﬁ shifts in a
di rk ecti ﬁﬂ) ]1: avor abl e(lﬁp pr Ombéh%bodtml treeanms atting cts«pecea,nytmmmmtnabnh
takes the for cle in,whic 0 t he
ventral surf¥ @C?rpa} Eﬂﬁ?ﬁ& %?@I?%BC téﬁ&ﬁaﬁé 'ﬁ%co‘éfq’ %ﬂgﬁ&gjﬁon e@& d%‘ nt of
t he ventral uwdufation, omi saidersirtaoe, nsoi @s haviprgduceame pepulsiveasforcg t he
| ongi tudi nal éHe?\Hrg@@hé%é‘??&ﬂtn% frBrrHﬂgSrﬁbﬁbrPBf H’é’cer‘é/hﬁ’ﬁ'dulétlérﬁ“ fts in a

direction noct0 avora ower said rgm nt when

it shifts in a dired®i (ﬂﬂ\eféﬁ)@iﬁébl@f tan pryAntagents RBBPEAIMRtt IR\t Fer
advant ag%“%ﬁgﬁﬂ@ﬁ% ”@fﬂ&lehbﬁt oﬁﬁ%&%lbﬁpkmmﬁﬂldnmﬁp@ﬁﬁh@nbf Yneﬂhodn is

Gxpr esced by PIRISAA AT MiFt Ao TR &1 (A0 kGt oaab s in TPRRLAS ¢

ventral surfipge tl@é p&bphl@&ﬁt spoed elesuiting frdime thes rrmotlen snatohgsythen spaed

direction f avor %B(H’Rtthgﬁftmpf E)f Fal?@rg lJHdLr]@ﬁORt hﬁ&e%g Spél(ﬁ}]‘/]C%]nt &RFES of a

devi ce, the Fﬁ\} es the orm o
one ventral tearfbaneofd vebiglebin whwbtth@rset@pndmmﬁrmmms aeaseta3q Hiptihe

30 propulsion speed resulting from the motion of longitudinal undulation
matches the speed resulting from the motion of the lateral undulation.

In the context of the practical embodiments of the invention
adapted to the 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



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 allows for naking a robust vehicle that uses |ow cost, tested
technol ogies, and is conpact (with a dianeter of five to ten cm while

mai ntai ning a payl oad vol ume within the33o0 vehicle (about 50% of the total
vol une), the notions of undul ati on being easy to set, efficient and
produced with high efficiency. The invention shall now be described in
greater det@édcrioing hecureatieattis idernicphta fhatibhits meightbios diut &vbifsktriedime.l n thi s
description ef erence shal j Hch: 4
Figure 1 isrna{eggﬁeﬁg? |%8V&C ph\}ﬁgovr@?e%a{h\%efﬁ?@ (pr%/)\n%g ﬂﬁﬁ fsnl gﬁgﬁ:ﬁe gé_ec?regﬁ \lgen by a
notion of | ebrerallmeansibat doihe Ferjtal supfacs irirpesing iadangitedingl esgillatiophemat i ¢
representat Lpon.; I\ﬁerm% ' ineacuple iRBhfi@dqo Phatt hi s
vehi cl e bei igg%lﬁltsvselﬂrﬂ:th%g a .‘i ﬁg{f?%ér}_eeoaf%:%cﬁgﬁ%ﬁﬁggéeundul ation; Figure 3 of
the top %i e@f ity BOighPARDLUL RRIRG PEBELINIEPR®esent ation of a gear- based

mechani cal devi ce ojt &t §h@BRMe 0h thEeowRiXt of antdtvantayecns amioditmenbbt ai n a

ti fol i tuydi nal dul at o Fl i i i i, di
schenat tc r 5 sishod s tore s BluibmaAct Traty shR. SpPF pROEIR YERREL T .
Fi gure 5 i ssarfacaoseilletesplongitddinglly @ vkdioal intoticephagiogtasaoe peried @srt of

t he mechani gal i i 0 i Bl i oV awi din
" schommt 1 c e bt BaMaohs! sqtfifforinorel BiHicRell acal 16 BNyl s Al cl no
i | | ust r atoedwihenf it ghifts ®; a Kirectignrmet 7averable: i PLORMSION 0N iSRAS 1Q PRt i ¢

represent at Lo Ghinfuhhlit AR HreBdifNeRbIE &Y tepuitionn IAltemAslofel { he
to obtaln a notion o

vehicl e used tt _ _ ongltudinal_undulﬁt on, Figure 8 is a
si de vi ew peevicai the inveptieniakes thedervdiiavelifleon Wie ﬁ@%ﬁ&ﬁ%&co&%l ce

i Uslt rated nile%arfs! SHIh the \BPitral Surfgcdin fi&lrtg_eﬁrhdlee ivtipR)singep vestizal imugioaron i
exenpl ary nechani ¢ evi ce,_based an,slidi. . r i p
representi n&aPﬁé’oﬁgtoﬁgh%f'e? ety v rt'ggk '}&’:Sﬁé” |h§\g’§1"dﬁ63%’?‘8 pie{ﬁnldgés: si de
Vi ew r epres emd ilogitudiediaosciltionbe sveas ttallifsupfgaié mainovhen élshightin & t he
vehicle; Figures 1 e, S| I [ iar i i

enbodi nent S%HFCﬁ%%%\?m?\gbgﬁsf;eutrof ggﬁ)uﬁnm?rﬁcgtg Eg?&?nﬁ; ¥%ﬁélglﬁge¥ogsgr{ge i's
now nade t o shiftpine direction fagdiableta pregylsign-t he general princi pl e descri bi ng

the patent FR 2 741A%%§rmﬁ%% HRHHRE BETANEEEoR® drabb@imdntr thaer catetisd | s on
t he maki ng of a lateral undulation device, e consa\zﬁt’{i{aof a chain

' % ihe V’?ﬁ" ﬁl r ous
of el enent s imptareentad dadaperipntiicon e somoinationavith dne &iPehg Pf
el evati og) . chRSSEMRNETEIRESMEMbRld elprasdedt vy fctethatpduring theendtead oél enent
o e, T B o Soln SYBERLLE Rt BRGRA s e
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 allows 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:



5 may be in the range of 10 to 20 cm Their section may be circul ar or
ovoid, with a dianeter for exanple of about 5 to 10 cm If two successive
el enents A and B are considered, they are connected to each other by
articulation nmeans. The capacity of articulation of these articulation
means in relative bearing and in el evat#on may be about +/-25 or nore. This
articulation capacity corresponds of course to an angle (in relative
beari ng or el evation) between two consecutive el enents. Each elenent is

equi pped Wi th firstFigapd r1o|s gesgrentdtit togc Vieon of ke vahitiec vitht itoelereants. The
first contr

I ma nical for exanple. Electrical
accunul at or %6)‘136@0 5@&%@@?@"‘35@& es Nimh, may power them
electrically. The fFigsre Qoatamdemmgrmvmogea sehemmatmtenresentation of &N es in
time on eaCQIe%%g?ttheWIéstI%W orfth & "R Mack: ofﬂ%s@eﬁ@le%ﬁg'dnv@ﬂ' bpw the

path of the“pre SO as to give the entire vehicle 1s
si nuous pat mdnsn\mfﬂcpnglwmamundhhypau ons on either side of a nean

trajectory TMto beFIg@IévaheTb Vg ?d)\ﬁdlﬁQYa Qd:ﬁe?néﬁc @pﬂa@@rﬁdtlwdﬁaa

m crocontroller to rrech nlcal coordlntea %l Im;tﬂ c ‘gln to
driving confBadtasethBsehap|ca Hév'%rﬂfré‘ﬁ‘ em BE '}eeIé G §S/ ?% ont r ol
(rgdi o li nkﬁ)| ?I@tralreaaimicﬁ')of [Bheitwdihalaireiutational so be equi pped with sensors
and, especially, 20wt ca

driving the vehicl eF %ﬁ%“ggﬁe{“gé%%ﬁﬁg\ﬁ@ﬁa‘% Sér{?ﬂ%ﬁ @:brr]éélﬁ}tgﬁﬁ{e ve | cle
may be tie oreshdeat dbwdenlmsttrlaléeqamfmreﬁR 2 741 584, whi ch may be referred
to for further deta Ig%re?‘SPs é‘qgért I/I%Q/ ﬁfovﬁilﬁq%t SEREHhath! RIPHESEMBLIEN of a

| ongi t udi nal undul a I7on r eat axes S constraints related to the
control of Qﬁ@l@éh%m%@ﬁ' é%‘P@rﬁ?ﬁW@ IN&OHER St he notor activity is

provided by |ongitugiqigb GJIQGBJIé’érI\ﬁé\N ﬁrbﬁdv@aleﬁhématlorrapl@séntdmene)f@m ed are
far lower. Reference s ow mafig1 ‘i’e ng;;“re 2 Ea h el enent of the vehicle
SC

is orient edaB9rr@t'H§seé"l?ﬁ et 8 UStfﬁt@d\)@ BYI® % is oriented in the
30 | ongisudi nal dir ggjurery is a topevidivr providing af scHeenatioy esrrasentatien wéat or  z

S oriented ertic he

1:I| rec!u on ofl{g'ﬁ‘é @\é?grj‘h?&éar"gé%gjf%gc%n%f %Pé%ﬁ@ttog Og%.gfééﬁéeﬂb aseﬁ Thi s
vect or t her efraptiort of foegitudithal undwlatiorinsver sal direction. Figure 2 is a side
view, nanely in theFﬁ’gL B%& éDde \ﬁéw%?oﬁbﬁ@%lbchémaué Iétﬁ‘bé@ﬁ@ﬁo@@fﬁ@@' e

of an enbodi nent of ng |tu at| ons. This 6 el enent has a
ventral surmez@awqfaéﬂevwg 'UH}S EEI’I@ @I & Gt certal n places. This ventral

surface 3y is drivenrdpyura 90ki #rsidd View dieprstiontihg umdxemplary firezhamotdadn of

I ongl t udi nal | ation rrﬁaa/{ b? i rrposed by the | ongi tudi nal oscillation of
poi nts of tIﬁ’@VIF@rL*}?EI‘Sﬁd QUPHHRR '8¥S each poi nt describing a curve identical to
its 5 neighbor but Hégure 60 fiset graphwefpresbntnpg dbeipaihs rﬁftﬁWﬂeppmtﬁth 1, p2,
p3, p4 enablg gtngﬁggr oducti on of these osci I | ati ons, these points bel ng

fixed to th In the plane (x,z), glven not i ve point
periodical |y, and afiguedhtisi @aiderviewwepregesting pletall @UMV%I%ﬁUﬁPB‘?

exanpl e, 54 s &%ntag%@beﬂg gém&@r and nore or less flat. This curve may go
Lo Lne et O e ™ 7, 7} L5 S Lo Rkao ! WETBILAL, °,
ti me (advancggbedintieitepethe veitml gaifates iloktrated indiguagd1fi xed to the notive
points describe the sanp MVATREY Aade"® AL, PHHR! Fehicle 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



Since the oscillations of a consecutive points p2, p3 are offset, the ~ 5
dirstance d between themvaries with tine. This is also the case for the
points of the surface V. To pernmt these variations, the surface V may be
formed by a flexible nenbrane (that folds when d di mnishes) or by an

el asti ¢ menbrane (that shrinks when d dfninishes). The distance d may be in
the range of 3 to 4 cmon an average for exanple. 20 It can be seen that
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and e8 respectively. The gears el, e2, e5 and e6 therefore rotate in the
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25 can be equi pped with cans. For exanple, the rotational axis of the gear
e3 ‘can be equipped with a camc3, d3. A part d3 of this camis connected to
the gear e3. The other part c3 of this camis fixed vertically. The gear e4
is not showmn in figure 6. Another position e 4 of this gear corresponding
to another point intime is shown. In this other position e 4, this gear is
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b6, b8, bl0o.gearemis centered on the medlan axis M The secondary gears e, €3, €5
30 e7 are placed so as to be facing gears e2, e4, e6, e8 respectively. The
driving gear em transmits a rotational motion to the gears e3 et e4, which
therefore rotate in the same direction. These gears e3 and e4 respectively
transmit this movement firstly to the gears and e2 and secondly to the gears
e5 and e6. The gears e5 and e6 in turn transmit this motion of the gears e7



The flattening of the cylinders described by the rods k1 to k5 can 5 be
adjusted by playing on the phase shift between |eft-hand and ri ght-hand
rods (bl relative to b2, b3 relative to b4, etc...). If the phase shift is
zero, the points of these rods describe circles. If the phase shift is 10
or 20 for exanple, the points of these Bods describe flattened circles. The
mai n advant ages of such a systemare that it is conpact and easy to adjust.
It is possible especially to adjust a systemof this kind during operation
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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.



20 vl1, v2 are also tightly sealed. The flexible or elastic parts nml, n?
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exanpl e, by a plasticized flexible menbrane of the type having fol ds such
as a concertina menbrane or a vacuumcl 8aner tube. 2s Reference is now nade
to figures 12 to 15. These figures illustrates alternative enbodi nents of
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The advantage of this mechanical device is that it is simpler to
make while at the same time having equivalent efficiency. However, it
necessitates the use of gears that are positioned at a sufficiently high level so

35 that they can remain in contact despite offset vertical motions.



2. Method according to claim1l, characterized in that the notion of

| ongi tudi nal undul ation is inposed so that the propul sion speed resulting
fromthis notion nmatches the speed resulting fromthe notion of |ateral
undul ation. 3. Method according to any of the above clainms, characterized
in 15 that the notion of |ongitudinal ufdul ation is inposed by the

| ongi tudinal 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 accReféregcé ds ¢loa mMstes tafigutey i7zand 181 wHiett répreseatlanpoi nt
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direction. |iAR-rd8s ABYand\BE. .Th #faff&Y 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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pomts of these rods describe circles. If the phase shift is 10° or 20° for
example, the points of these rods describe flattened circles.
The main advantages of such a system are that it is compact and
10 easy to adjust. It is possible especially to adjust a system of this kind during
operation by playing on the phase shift between the right-hand and left-hand
sides to flatten the cylinders described by the rods. This makes it possible to
match the undulation to the nature of the terrain.
Reference is now made to figures 9 and 10 which represent an
15 exemplary mechanical device based on sliding legs. Figure 9 is a view in the
plane (x,z), i.e. a side view, of a sliding leg. Figure 10 is a graph
representing the trajectories of two points of the sliding leg in the plane (x,z).
The mechanical device comprises several propulsion legs. Each
propulsion leg b has a broken segment shape forming a constant angle. The
20 ends A and C of the leg b are respectively connected to a sliding guide (in A)
and to a horizontal rod (in C). The horizontal rod is oriented along the
direction y. It is fixed to the ventral surface V.
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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5 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

10 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.

15 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

20 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.

25 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.

30 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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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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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 compiementary 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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of at least one element, tending to impose a motion of longitudinal undulation
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.




