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I Converter for converting mechanical energy into hydraulic energy and
robot implementing said converter The invention relates to a converter for
converting mechanical energy into hydraulic energy and to a robot
implementing said converter. The invention can be particularly used in the
production of humanoid robots in whjch autonomy is to be improved. s
Such robots are equipped with actuaiing mechanisms that allow the
different parts of the robot to be moved. These mechanisms connect a

pOurevexter dorprovidiTt myactearhiaal exlergyrapcings HodexaloRiaeagy and
electric, hydraulic eopnétimeieeaotorgtesAdaashveroéirer words, an
actuating mechanism transmits mechanical power between a motor and a

load. 10 Amessandaliprrasmnetyy &f an ashvaieg ReCEaNemiiy ihechanical
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taichimitnofrthés riatiosisntipnireeldto discrete values and changing the ratio
is necessitgirH GOBHLCAHELEBIIBRS S&?ﬂh Q&Q&ﬁgf%ﬁm ttm%tt haHOW
| : | the working.point of the
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HRRBASSOfripEmie hrYRsedacpoliRyoushRut shase e gqmplgated
and their pesfouuanae.Is BURNACE. Belbapesdemucen s inonn, or
f@%]e,,w ose transmission ratio is varied as a furittion of the speed o]\TS

Y ARG R R FRASRR &5TiREBBY 8- AeRtRBE Y kingtRRnt of
hevices dectivailef, theavptandirnze tcowipterctuaithgistdishdumntaigestizfothe
tehoticienplioations. doaneriahibe AROYRINGRNEONEE TOIEfEIREFS the
AR BrereliH ol Al ORRRAAS AAIOVAIRIANES JhED RLC ratio
% |IC&tI0nS, the op oslite situation 1Is common: low speed a |

RIS LSOTPLRRLET. PRAGRS ot 6l FReds SREIIRORIGH re%%ﬂ)‘fi"onthe
FeansEnisatoareathiu Neymislicehetic 3ppdcathiescthasvierkingnmmiim ebbotitoads
Bppdicatiniyshigagntsakbyslr#uhe pew@itidhitratio is constant, this means that
the motor must be dimensioned for the most unfavorable circumstances in
which the load is used.

Devices exist which allow thé transmission ratio to be varied
continuously but these are complicated and their performance is often poor.
Belt speed reducers are known, for example, whose transmission ratic is
varied as a function of the speed of the motor by means of inertia masses.

The above-described actuating devices are bulky, heavy and
complex, which is disadvantageous for robotic applications.

Moreover, of the abovementioned motors, electric motors are well
suited only to high speeds and low torques. In robotic applications, the
opposite situation is common: low speed and high torque. The use of electric
motors for low speeds entails high reduction ratios that are thus complicated
to achieve.

As is known, in robotic applications, a central hydraulic power unit
is used that is connecied to different joints to be driven by lines transporting a
pressurized fluid. When the robot includes a large number of actuators, the
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is used that is connected to different joints to be driven by lines
transporting a pressurized fluid. When the robot includes a large number
of actuators, the 2 network of lines becomes complex. Moreover, the
hydraulic power unit must provide to all the joints the maximum pressure
required by the joint that is subject tg the greatest demand. The invention
aims to overcome all or some of the “s abovementioned problems by
providing an actuating mechanism that converts the mechanical energy
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BRI s IS EHIg e M bRl e poGResliRIdfg Rivtessifeeds a hydraulic

fluid into two annular grooves of the casing, the grooves being arranged
in an arc of a circle about the first axis, the hydraulic energy being

generated B &¥7e88Grebs FHbiRFcobrthR VG Hiekeit Fotraselips for
twovgrdioges cahdritahattrgyhinibo 1ycapaliitecobtpnstatiodirsdon grathitdated

ylmeemwpmr@ @Iﬁbﬂfsé e axRSrinafvdas t@ £a9mHgy H‘ﬁd@ﬁéﬁiﬁfrg}ﬁg
ngglq% %S'F%ggt%eq téNg eX]\éaI esggnﬁ ro?ats é) OSI We gn qﬁ@ two
other being neg atlve SO as enera € an Inversion r}he?lw pressures
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shigaDrieoihogsoeses ftrpadihaintebereht otherddiaishthesing of the

gisshargefubiagogVrRitey - thaveréieg sheButkRies BERsTeLNERRIAR bore,
OhAPYER rized in that the movement of the pistons feeds a hydraulic fluid into
two annular grooves of the casing, the grooves being arranged in an arc of a
circle about the first axis, the hydraulic energy being generated by a pressure
difference of the fluid present between the two grooves, and in that the hub is
capable of translation along a third axis perpendicular to the first two axes in
order to modify the value of the excentricity between two extreme values, one
being positive and the other being negative, so as to generate an inversion of
the fluid pressures in the grooves while maintaining the same rotation
direction for the shaft.

One of the grooves forms the inlet and the other forms the
discharge of the converter. inverting the fluid pressures between the grooves
has the effect of switching the roles of the grooves between inlet and
discharge while maintaining the same rotation direction for the shaft.
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has the effect of switching the roles of the grooves between inlet and
discharge while maintaining the same rotation direction for the shaft. 3
The subject of the invention is also a robot including multiple independent
joints moved by hydraulic energy, characterized in that it also includes the
same number of converters according to the invention as there are
independent joints, each converter b&ing associated with one joint. s The
invention will be better understood and other advantages will become

apparent HRRN é@ﬁﬂé&g %qrﬁbetml%%f#&?%p%%% Sr%re' ﬁé‘iﬁﬂ‘ Vﬁm

en b wa , Which tlon IS, 1llus rate
RS RS B R B o Ehet ek SRS Aot o L4
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®lelnepisctindgdraguieuttvd pumeingrdfentydssotiatfgiditfobikejcianverter
in Figure 1; Figure 3 shows an alternative embodiment of the elements

h fI t h ifi f
tho converllF ISP BlbRE AR TSR AGGR BebaARp
‘é%‘%ﬂ)@ﬁeﬁPP%ﬁﬂé ePSRo RISy M diriaiieg ﬁé@ﬁ%ﬂé%%@w@l@wéﬁeve

2 agunenizaghrh Hy shovofeagrositions ichtbesogstionfar inedifjtng bihge

%&%@%V&@gq@mﬁws a hydraulic diagram of a distributor of a first
alternatlveFembo ent of the converter, Flgures 9 an

embodimentdiihe AISHBAT I Ei ureoas a{h&&x (')n?% ?r@i argo&\é%%er
eSS HieiBMSEHERUlar planes; Figures 11a to 11g show different
positions dfigureoR ablevadi afidhis disitibator ob ttiesfisstherinegpdimentiraulic

figures 4ol she égbq,énydraullc diagram of two distributors of a

second aItErnatlvg mbo t of theecgrq1 rge ql %}q Hres, 13 an h
show an em%ogment ofthe ?n%u SRR YR & ?Eben § Shown

in Figure 2;

Figure 4 shows fluid inlet and discharge orifices of the converter;

Figure 5 shows means for modifying an excentricity of the
converter;

Figure 6 shows a hydraulic diagram of a valve of the converter;

Figures 7a and 7b show two positions of the means for modifying
the excentricity;

Figure 8 shows a hydraulic diagram of a distributor of a first
alternative embodiment of the converter;

Figures 9 and 10 show an embodiment of the distributor in Figure
8; these two figures are cross sections along perpendicular planes;

Figures 11a to 11g show different positions of a movable part of
the distributor of the first embodiment;

Figures 12a and 12b show a hydraulic diagram of two distributors
of a second atternative embodiment of the converter;

Figures 13 and 14 show an embodiment of the distributors in
Figures 12a and 12b;

Figures 15a to 15g show different positions of a movable part of
the first distributor of the second alternative embodiment;

Figures 16a and 16b show different positions of a movable part of
the second distributor of the second alternative embodiment.
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Figures 15a to 159 show different positions of a movable part of the first
distributor of the second alternative embodiment; Figures 16a and 16b
show different positions of a movable part of 3s the second distributor of
the second alternative embodiment. 4 For greater clarity, the same
elements carry the same reference pumerals in the different figures. The
converter shown in Figure 1 receives mechanical energy in s the form of
a rotational movement of a shaft 10 driven by a motor 11, for example a

DC electrlpan%atzh%xmﬂwtﬂé e SRIALRIIER, ratonak $BRSEnce
numera me[% &lﬁssmle to Oé)tlmlze its operation. The shaft 10 is

CONRELRY t0' the motor igl By a coupling 12. It is also possible to dispense
with the coupling 12 by forming stator windings of the motor 11 directly on
the io shafiH® cbhesstafishOwatateBigbrutiareazisck3melatizeitalaccasmgin
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comesrted. is FiguneosHdws edecoeptsof tBe Icosn ste ptitaiidéfdot diwpense
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s Biveeen gidhneees iy M&ﬁﬁ@raﬂ é@%ﬂrﬁ-’c.iy eagh qner 15
aotviditer nodinddsearireadttweopittons saatiicapakiteofs ey guidimgn limits

trslindnenshraidharrhafiatl Inassible IkiBpiemesI-ibe tyveriessiag 4
g,QQYﬁét% %]Ilghllgf%f}]e,l%lsgor&ss%qspﬁralI%Ine\pep{edal vanes. In the example

hown ousings are cy inders and three prstons 23, 24 and 25 each

move in acAiBer 580w ﬁﬁ&‘?ﬁt?é’gﬁ@&l%we@%tgﬁﬁ%feé&éHeZBWSN
bl iy dgmihstidid .biordrdd eMtictishairi@itat ucdsdadeatbng ctanpeting a

H@@é xtenrhiA Al dpdhe s BisThe. tuechiaatnels e iddiandie 21,
@ngge §5§5f¥l1@g ai{%a ens | %38319% annel 2R andthe 5 oy

open i anne € numper o pIS ons per

der
%ﬁé‘i’fﬁé? @Qneﬁéemeﬁgﬁéd until they occupy the entire volume of the shaft
10 lying inShie tenBoidoriedddes at least two pistons each capable of

movement in a radial housing of the shaft. It is possible to implement the
invention for a converter in which the pistons are parallelepipedal vanes. In
the example shown, the housings are cylinders and three pistons 23, 24 and
25 each move in a cyiinder 26, 27 and 28, respectively. One end of each
piston bears against the bore 21. The shaft 10 includes at least two channels
that extend parallel {o the axis 13. The two channels 29 and 30 can be seen
in Figure 2. The cylinder 26 opens into the channel 29 and the cylinders 27
and 28 open into the channel 30. The number of pistons per channel can be
increased until they occupy the entire volume of the shaft 10 lying inside the
bore 21.

The pistons are advantageously arranged in a quincunx pattemn
about the axis 13. In other words, between two adjoining channels, the
longitudinal position along the axis 13 of a cylinder opening into a first
channel is interposed between the longitudinal positions of two adjacent
cylinders of the second charnel. This arrangement makes it possible to
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The pistons are advantageously arranged in a quincunx pattern about the
axis 13. In other words, between two adjoining channels, the longitudinal
position along the axis 13 of a cylinder opening into a first channel is
interposed between the longitudinal positions of two adjacent 3s cylinders
of the second channel. This arrangegwent makes it possible to 5 maximize
the number of pistons for a given bore 21. The arrangement improves the
dynamic balance of the shaft 10 and of its pistons when the shaft 10 is

FeiRtinge The araReemsntalasedyces thearariatignin the tadial forchsnt

.on the shaft 10 as a.fugc}lon of tp%an le of rotatign of the shaft 10."5 Tpe
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termed tor fegsbraRiehBtiHRcRIRIAR 24 I3ALAPSIHOCIMEA AN ig
.dtga%‘cenﬁer. V\/iheﬁlgthe § t M) rotates abPut.lts haX|s Jr3{i the |séons 'P 1%3
OIS T Fhaif Tedpeciive cylinder Between their B ‘6%£§%‘ Rerd, e
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SShdenciRsrA Qb @l Ong Bh RS BASHY B oA aWhIE SR 8881 Bistons
sl d. and communicales win iekand diseharge.oriices,aL s oiher

enctj, Which IS onfices will be él'escn)ﬁeéi Tater E’lg%?e UhoWs Giie centers.

hitisrmanRmanb&ifR Mo eresRHtnin e PRMERfURe Xlindpiert, 27

andiZR] toemm tnecpistgneti3h24 baon2t ate aepldbed dgh bhdsr82 49 2md 30
ishecdiaamsttestobibedpsdnaichestbegniernahdimnatesokhg in Figure 1,

soresponding.Yindsrs, 1 fhe eserplion. taas follows, tne et piston il
e 20 used indiscriminately to refer to cyindrical pistons as shown in

GRS » ¥ SRS PSRRI Figure 3. The use of balls does not allow as
good a sealmgeo? gtefsidinaitercytine ermioodimge thiethecrieetssnshotvn
FUFREarem Relweembaltiaas: einsisisnd 28 Pesfaraancg el #ifaced by
886%’%2% '§§F’?H§eo‘?a%? t%{ A 'E!?ﬁ(?r G575 g AIENANE neter dfithe
embodiment employi BalIS is muc €ss_expensive o prorguce. he

)loying N, ( }
frREeSEoRER @G‘ééﬁr Yo i dErTiRtieA AR el a8 il be
esemipidscrieduitchetringfeT e hylin@icehpidiossatatehogetheMigthmetBeor

samftakOsaBd salimiuhedrichen.ot therRisanseagrinshithe 0 dd a sealing
of the fluid in the cylinders owing to the reduced contact surface area
between balls and cylinders. The performance of the converter is reduced as
a result, Nevertheless, the alternative embodiment employing balls is much
less expensive to produce.

The hub 20 advantageously forms an inner ring of a rolling bearing
36, for example a needle bearing. The hub 20 can thus rotate together with
the shaft 10 and so limit the friction of the pistons against the bore 21.

Figure 4 shows fluid inlet and discharge orifices of the converter in
cross section along a plane perpendicular to that of Figures 1 to 3. More
precisely, the shaft 10 includes ten longitudinal channels, including the
channels 29 and 30. The casing 14 includes two annular grooves 40 and 41
in the shape of an arc of a circle about the axis 13 and each communicating
alternately with the channels of the shaft 10. The groove 40, for example,
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30 Figure 4 shows fluid inlet and discharge orifices of the converter in
cross section along a plane perpendicular to that of Figures 1 to 3. More
precisely, the shaft 10 includes ten longitudinal channels, including the
channels 29 and 30. The casing 14 includes two annular grooves 40 and
41 in the shape of an arc of a circle gabout the axis 13 and each
communicating 35 alternately with the channels of the shaft 10. The
groove 40, for example, 6 admits the fluid to the channels facing it and,
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20 in transABORRRELIR HBYAR %matfew%ﬁgagmsx@é wﬁgéahwmar

ed le.pf der t the
R SR SR EL R ROIR, B &l B e rsinelic
a@t\&eeané%t%@w%hé@%@émﬁa%y BeigeROSHYRD BfbriiRr@dhwherring
argatiy8. dndoP@ecdin oidw etifeepisto rid dretstat @y, ian theieresgediivef the
ﬁylmgQfealtmmgf@acenﬁ@é@bﬂ@tmeéstdwrfagté @stleaﬁa\ﬁleedf mgw Ueﬁo%fg“?ﬁ?
rLCl | S ction alo XS
e HERT R R ) B R S S lnypduigetine

@tégﬂﬂ%ﬁ?@%%g@%@ét|ﬁoa‘%EEB'ﬁ@'Eﬁré&%hfBB;%‘éi%’é“tfdPtWeEfﬂ%tZQFfé in
gtheumrdefwhe dneertes Hetantk 8 egatvide | thetinéstorar dse thiatipoemein

#eismispbesEaipinde tardispbasgnandvirgivers adottheoipaverlen the
VARG 1HE SHHIHIRYEETRURIIARRIHAY NS A0F 2SN RS,
the output of the converter increases. On the other hand, when the value of
the excentricity E is increased in a second direction opposite to the first, the
output of the converter becomes negative. In other words, the groove 40
switches from inlet to discharge and vice versa for the groove 41. Varying the
excentricity E between & positive value and a negative value makes it
possible to reverse the inlet and discharge roles of the converter without
having to reverse the direction of rotation of the motor 11 to do so. Adjusting
the excentricity E makes it possible to use a motor that is very simple to
control in order to rotate the shaft 10. This motor can rotate at an almost
constant speed without any precise speed control, which simplifies the
control of said motor. With this type of motor, the converter output is adjusted
just by varying the excentricity E. The inlet/discharge reversal is made much
more quickly by varying the excenfricity E than by reversing the direction of
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possible to reverse the inlet and discharge roles of the converter without
having to reverse the direction of rotation of the motor 11 to do so.
Adjusting 30 the excentricity E makes it possible to use a motor that is
very simple to control in order to rotate the shaft 10. This motor can rotate
at an almost constant speed withouWny precise speed control, which
simplifies the control of said motor. With this type of motor, the converter
output is adjusted just by varying the excentricity E. The inlet/discharge
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operating range. s Figure 5 is a cross sectional view of the converter
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Elac? m of the valve 55'is shown in Figure 6. The valve 55 forms a
AUiE% J‘sﬁ%utor supplied by the fluid moving the 20 carriage 48. A
high pressife BisheSuithe rhBeHe ddudrivpreayardls ridelinuirthe

FiguwenBniThé distribatdaganddsdummbues posiigneskurceftsabmesition
Rydaaiherof the two chambers 52 and 53 is supplied with the fluid. In a
position 55)&: show on, the r| nd SI e m\]5 gure 6, the chamber

e

receives the Ic¥w regs aegjfaané) the cﬁ’?n“% &ﬁ%&% Hﬁﬁa é*:' The
pre&s e J9rpIs) naa kel Sisidpidnn snrplerrbhatie sfiddnrRyine dhe
tirercigend@er/oRigh pressure of this fluid is labeled P and a low pressure is

labeled T in Figure 6. The distributor can assume three positions. In a central
position 55a, neither of the two chambers 52 and 53 is supplied with the fluid.
In a position 55¢, shown on the right-hand side in Figure 6, the chamber 53
receives the low pressure T and the chamber 52 receives the high pressure
P. In a position 55b, shown on the left-hand side in Figure 6, the chamber 52
receives the low pressure T and the chamber 53 receives the high pressure
P.

The valve 55 is advantageously formed in the carriage 48. All the
channels supplying the chambers 52 and 53 from the valve 55 are thus
formed in the carriage 48, which frees up space in the casing 14. The
converter is thus more compact.

The valve 55 includes a bore 56 formed in the slide 48. The bore
is made along an axis 57 parallel to the axis 46. The diameter of the bore 56
is constant. The valve 55 includes a rod 58 which can slide inside the bore
96. The outer surface of the rod 58 is formed from alternating cylindrical
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receives the low pressure T and the chamber 53 receives the high
pressure P. The valve 55 is advantageously formed in the carriage 48. All
the channels supplying the chambers 52 and 53 from the valve 55 are
thus 30 formed in the carriage 48, which frees up space in the casing 14.
The converter is thus more compact, The valve 55 includes a bore 56
formed in the slide 48. The bore is made along an axis 57 parallel to the
axis 46. The diameter of the bore 56 is constant. The valve 55 includes a
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positions 0 ede t e bore two chambers 52 and 53
communicate permanently with the communication chambers 59 and 60,
respectiveRigares e andvésrshavo twhepbsitiooh  8frttak esditgaasibkette bore
§@”ﬁﬁ€é SRR %ﬂmﬂwgcasl@nmrebeeé%@ﬁégme Heﬁhe with the
O(%H r@ﬁ%salt”e fth resgglt in cheanréel 63 or wit hemoov\\;e essure.
it resen Snne 61°and 65! Fn Ed'ure a fié p05|t|on S owﬁ

%S%d@a‘&ai’@ﬁﬁéactﬁ%%%éﬁl@ﬁ%ﬁ%@ﬂ%%ﬁ&ﬂ@ﬁﬁ@ﬁtﬁ@ﬁ%@p’?@s@ﬁeﬁo
fitic: neitthindolvgpressssariiidic?D pommaminicite chdting € Bloamtie s & Bw-
ﬁf&éﬁﬁ;'ﬂdﬁ!i tﬁiﬁ?@%@ﬂ IHQWQE%@HG?(;&E@%@S ansta”t More
precisely, ree rical s of diameter iy

low- ressmEreq: c%ann? %e[ Cahd an%?hé1 hallS %tgrae!sssberremc Otar}ngnee %%t'% of

erHl é%‘%‘SQSarﬁ’t?fﬁEeEoWﬁnlﬁ\'ﬁ’@&?ée&%}ﬁf%fhﬂﬁe%n{ﬁﬁjﬁ%%ﬁsswe fluid
chanmibieiszbSsanidroter ebpactied\; Avithchb8e $s thineidsdiihéhe excentricity

RigBnRsesSHERstant. More precisely, the three cylindrical shapes of diameter
D block the low-pressure channels 61 and 65 and the high-pressure channel
63. The chambers 52 and 53 communicate only with the communication
chambers 59 and 60, respectively, with access to neither the high-pressure
fluid nor the low-pressure fluid.

in Figure 7b, the rod 38 is moved to the left in the figure. This is
position 55b. The central cylindrical shape of diameter D frees up access to
the channel 83 and the high-pressure fluid P communicates with the
communication chamber 60. Similarly, the left-hand cylindrical shape D frees
up access io the channel 61. The low-pressure fluid T communicates with the
communication chamber 59 and the chamber 52. The carriage 48 moves to
the left. A movement of the carriage 48 in the opposiie direction is possible
with a movement of the rod 58 to the right in order to reach the position 55c¢.
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25 fluid nor the low-pressure fluid. In Figure 7b, the rod 58 is moved to the
left in the figure. This is position 55b. The central cylindrical shape of
diameter D frees up access to the channel 63 and the high-pressure fluid
P communicates with the communication chamber 60. Similarly, the
left-hand cylindrical shape D frees B%Up access to the channel 61. The
low-pressure fluid T communicates with the communication chamber 59
and the chamber 52. The carriage 48 moves to the left. A movement of

the carriags,48,ip /b ORRasite WESHOR 1I95assiRlg I VR E-BAVRMRELAL of

the rod 5810 the right in order to reach the position 55¢. 9 The movement
BT 8 R s D B S B SRLCEY g R
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the windingrtflras aduactige dhkeel eutirfdroating e Aiothe6 advasiegeage

higkednyikrdatimings the YalumahcR g arex Ahinidie 8RN Hflge
%gtom?tlc ;[:onérol of th? excentricity E of the carriage 48 relative to the

A6 iore ?ecé)lggf) , a movement of the rod 58 by the value of the
desired exX¥efri eSS tolaf @V IELYsRHgiN FRm@SchitdiitcHaligery dhe
68sicrdbbrxotaicoinniurecahientovitietbestayréd foindjsg@tammthdcatens 1, 63
shambyeks é&ﬁ%Lﬁ‘ﬂgaﬁg_n\%hﬁrlﬁ@ec%@%@&?nﬁﬁlgeéﬁﬁm%aﬁ%r@ﬁ’ambers
Eqcentriely fydis felatveposition obtherod bS i respectiptic ¢ e
carriage 48 causes the 70488 (0°ab&ime the POSTION 554, ShowHin~’

e Rositianoth therebedgvinyesesst fsr asrdaarddspesasphed e
fitetwiasing @ Gh& e sitioveiter, ghmprsiesfageeastr, Adithattdienes liksing any

RXE8THIG &Y S5rpdIedsiappnesd hthisendgths, sensor 72 measures

the positiof (e 29.pBeiaive-1a e casing 14, Wien the rod 58 isin
Its position of equilibrium, t Shown In Figure 7a, the measuremen

F
fdgedsiamainghsty FSeite R SRIRFPHT thEneasyasie he. Rasiienqe thaireg
ESimadmievoftitsfextrastegpobitidhen HsesthoWidirs Figits @a@bititreof equilibrium,
mgﬁ%u@memt Made b?i’aﬁhﬁzéer'?‘@é%% l&%lﬁéh?tﬁ%@@%mggesrs?m@g@ 48
] Ve 1L O all .(ne carriage . e s
RUSE SR RTRA gL (ORGP RRRRISIONR NGRS Sahig positons,

ARIEBAMAAVAIIES fRidkG OSEFES TS temAdDH ANt S58%fef4a is the
pontiohish fiiied et 4ruing the. mswefirsthpporimatios, itlstve to the
therelgsedse qunsidRieshibat the BRNSeE 7AsMmearesdheexeamEsty 48 is
relatively fleeting. Indeed, the valve 55 quickly resumes its central position
55a after a confrol is applied to the winding 70. As a first approximation, it
can therefore be considered that the sensor 72 measures the excentricity £
of the converter. This excentricity E is proportional to the output of the
converter and hence to the speed of movement of a load moved by the fiuid
delivered by the converter.

Moreover, knowing the variation in the acceleration of the load,
which is referred to as “jerk”, is important when the converter is applied to the
production of a humanoid robot in order to mimic the working of the human
body. Indeed, it has been observed that human beings tend to minimize any
jerking in their movements. Knowing the variation in the acceleration of the
load makes it possible, in a control straiegy of the converter, to control the
jerk and thus mimic human behavior.
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25 of the converter. This excentricity E is proportional to the output of the
converter and hence to the speed of movement of a load moved by the
fluid delivered by the converter. Moreover, knowing the variation in the
acceleration of the load, which is referred to as "jerk", is important when
the converter is applied to the 30 pr,P&luctlon of a humanoid robot in order
to mimic the working of the human body. Indeed, it has been observed
that human beings tend to minimize any jerking in their movements.
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converter with respect to itS surroundings IS en he converter
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Qg gg‘ll\o%é |nt é{qlc%%% y]yé ‘]jle g%roove 40 or 41 in which the

pressure o
To thts end the converter comprises a distributor 75 {o bring the

high-pressure iniet P of the valve 55 into communication with the groove 40
or 41 in which the pressure of the fluid is greatest and to bring the low-
pressure inlet T of the valve 55 into communication with the groove 40 or 41
in which the pressure of the fluid is lowest.

To aid understanding of the operation of the distributor 75, an
electrical analogy can be made with the hydraulic functionning of the
distributor 75. In this analogy, the pressure delivered by the grooves 40 and
41 is compared to an alternating voltage since the excentricity E can be
positive or negative. The distributor 75 then behaves like a voltage rectifier
allowing the valve 55 to be supplied between positive and negative electrical
terminals of the rectifier.

Figure 8 shows a hydraulic diagram of the distributor 75 supplied
by the fluid present in the groove 40 and by the fiuid present in the groove
41. The distributor 75 can assume three positions. In a central position 75a,
the excentricity E is zero and the pressure of the fluid in the groove 40 is
equal to the pressure of the fluid in the groove 41. In this position, the
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To aid understanding of the operation of the distributor 75, an 2s
electrical analogy can be made with the hydraulic functionning of the
distributor 75. In this analogy, the pressure delivered by the grooves 40
and 41 is compared to an alternating voltage since the excentricity E can
be positive or negative. The distrib t?r 75 then behaves like a voltage
rectifier allowing the valve 55 to be supplied between positive and
negative electrical 30 terminals of the rectifier. Figure 8 shows a hydraulic
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distributor to move from one position o another.

The converter advantageously includes means so that, when the
fluid pressure between the chambers 52 and 53 is equalized, the excentricity
E of the converter is not zero. These means comprise, for example, a spring
situated in one of the chambers 52 or 53 and which tends to exert a force
between the carriage 48 and the relevant piston 50 or 51. This spring is
useful when the converter is started up. Indeed, the central position 75z is a
position of equilibrium obtained for a zero excentricity E. Beyond this
position, in the absence of the abovementiocned means, the movement of the
rod 58 could cause no movement of the carriage 48. By shifting the position
of equilibrium of the carriage 48, this risk is avoided at start-up.

in mechanisms using hydraulic fluids, attempts are generally made
to minimize leakages as much as possible so as to prevent fluid from
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pressure of the fluid present in the grooves 40 and 41 that allows the
distributor to move from one position to another. The converter
advantageously includes means so that, when the 25 fluid pressure
between the chambers 52 and 53 is equalized, the excentricity E of the
converter is not zero. These means gomprise, for example, a spring
situated in one of the chambers 52 0i"53 and which tends to exert a force
between the carriage 48 and the relevant piston 50 or 51. This spring is
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as long as the channels supplying the load 76 remain closed off by the
distributor 75.

Continuing the electrical analogy introduced above, the rectifier,
which represents the distributor, can be illustrated as a diode bridge in which
the threshold voltages are different: an increased threshold voltage toward a
negative voltage representing reduced pressure, and a reduced threshold
voltage toward a positive voltage representing excess pressure. Leakages
are recycled as long as the alternating voltage is less than the threshold
voltage. In the hydraulic diagram in Figure 8, the means for recycling
leakages cannot be seen as the internal hydraulic space 82 is connected to
one of the grooves only in the central position 75a.

Figures 9 and 10 show an embodiment of a distributor that makes
it possible both to supply the valve 55 and recycle the leakages. The
distributor 75 includes a movable part, termed a throttle valve 85, that can
freely rotate about the axis 13 inside the casing 14. The throttle valve 85 has
the shape of a flat disk. The throttle valve 85 is guided in rotation between an
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20 Continuing the electrical analogy introduced above, the rectifier, which
represents the distributor, can be illustrated as a diode bridge in which

the threshold voltages are different: an increased threshold voltage toward
a 2s negative voltage representing reduced pressure, and a reduced
threshold voltage toward a positive vgltage representing excess pressure.
Leakages are recycled as long as the alternating voltage is less than the
threshold voltage. In the hydraulic diagram in Figure 8, the means for
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ONGiner sector of + or — 22.5°about the axis 13.

The throtile valve 85 includes mulliple annular counterbores
communicating with the fluid issuing from the grooves 40 and 41. On a large
diameter of the throttle valve 85 a counterbore 105 is permanently situated
opposite the orifice 80d. On a large diameter of the throtlle valve 85 a
counterbore 106 is permanently situated opposite the orifice 91d. On a small
diameter of the throttle valve 85 two counterbores 107 and 108 are
permanently situated opposite the orifices 90b and 90c. On a small diameter
of the throttle valve 85 two counterbores 109 and 110 are permanently
situated opposite the orifices 91b and 91c. “Permanently situated” is
understood to mean that the counterbore and the orifice in question face
each other in all positions of the throttie valve 85 in its rotational movements
about the axis 13. In other words, the counterbores 105, 107 and 108 contain
fluid at the pressure in the groove 40 and the counterbores 1086, 109 and 110
contain fluid at the pressure in the groove 41.
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pressure difference of the fluid present in the grooves 40 and 41. By way
of 20 example, around the central position 75a, the throttle valve 85 can
cover an angular sector of + or - 22.5about the axis 13. The throttle valve
85 includes multiple annular counterbores communicating with the fluid
issuing from the grooves 40 and 41.,0n a large diameter of the throttle
valve 85 a counterbore 105 is permanently situated 25 opposite the orifice
90d. On a large diameter of the throttle valve 85 a counterbore 106 is
permanently situated opposite the orifice 91d. On a small diameter of the
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thethsotilavelge 8T adpmisbionom whishotecommunicate partly with the
counterbores 108 and 109, respectively, such that the valve 55 is supplied.
The orifice 94 connected to the reservoir 80 communicates with the
counterbore  106. The orifice 97 allowing the leakages to be recycled
communicates partly with the counterbore 105 via an orifice 120 traversing
the bottom of the counterbore 105. As a consequence, the fluid contained in
the internal hydraulic space 82 communicates with the groove 40 which is at
a reduced pressure. The content of the internal hydraulic space 82 is drawn
by the pumping of the converter into the reservoir 80. The position of the
throttle valve 85 shown in Figure 11b is an intermediate one between the
position 75a and 75¢ b. The end 102 is at an angular position of 26.32°
relative o the abutment 100.

Figure 11c shows the throtile valve 85 in a position in which it is
moved from the position in Figure 11a toward the position 75b in such a way
that the orifices 97 and 120 are completely facing each other and the
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pressure of the fluid in the groove 41 is slightly greater than that of the
fluid present in the groove 40. As in Figure 11 a, the orifices 95 and 96
allowing 20 the load 76 to be supplied are closed off by the solid parts 113
and 114 of the throttle valve 85. The orifices 92 and 93 communicate
partly with the counterbores 108 ang.109, respectively, such that the
valve 55 is supplied. The orifice 94 connected to the reservoir 80
communicates with the counterbore 106. The orifice 97 allowing the
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ArbrieRmEEs! Qiinost in the position 75b. In thls posmon the orlflces 95
and 96 allbwihg thesitad 76k het siliedthis eymiel Bitocoomes umicatioract

with the sputeriores 30d and kR spesielg, allowing the load 76 to be
supplied are completely in communication with the counterbores 107 and
110, respectively. The orifice 94 is also completely in communication with the
counterbore 105.

Figure 11f shows the throttle valve 85 in an intermediate position
between the central position 75a shown in Figure 11a and the position 75c.
in this position, the orifices 95 and 96 allowing the load 76 to be supplied
come into communication with the counterbores 108 and 109, respectively,
and the orifice 94 remains in communication with the counterbore 106 so as
to supply the load 76 between the high pressure delivered by the converter
and the reservoir 80. The end 102 is at an angular position of 20.5° relative
to the abutment 100. In this position, the orifices 92 and 93 are not
completely closed off so as to allow the vaive 55 to be supplied.

In the position 75¢, shown in Figure 11g, the end 102 comes into
contact with the abutment 100 and the orifices 95 and 96 aliowing the load 76
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and the orifice 94 comes into communication with the counterbore 105 so
as to supply the load between the highest pressure delivered by the
converter and the reservoir 80. The end 102 is at an angular position of
37.32 relative to the abutment 100. 20 In the position 75b, not shown, the
end 103 comes into contact with thﬁ butment 100 and the orifices 95
and 96 allowing the load 76 to be s Ba lied are completely in
communication with the counterbores 107 and 110, respectively. The
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%@h%'}%rm% ‘éf fﬁé R leT HeestarfyWilT MRIFGIR RS
thkeyipﬂﬁcﬁmln@'mm petleelsametitass stores energy in the reservoir

119, another converter associated with the same reservoir 119 uses this
energy. The dimensions of the shared reservoir 119 can thus be reduced.

An alternative embodiment allowing an example of means for
storing hydraulic energy to be illustrated is shown with the aid of Figures 12a
and 12b for a hydraulic diagram, Figures 13 and 14 for an embodiment,
Figures 15a to 15g for the different positions of a throttle vaive of a first
distributor 120 and Figures 16a and 16b for the different positions of a throttle
valve of a second distributor 121.

The distributor 120, like the distributor 75, is supplied by the
grooves 40 and 41 and supplies the chambers 77 and 78 of the load 786, the
valve 55 via its high-pressure inlet P and low-pressure inlet T. The distributor
120 can assume three positions 120a, 120b and 120c. The position 120a is
identical to the position 75a.

in the position 120b, the pressure in the groove 41 is greaier than
that in the groove 40. The high-pressure inlet P and low-pressure inlet T of
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possible to dimension the pressurized reservoir 119 as a function of a
cyclic is ratio between the working periods and the rest periods of the
cylinder. The pressurized reservoir 119 is advantageously shared by
several converters of the robot. Converters can be chosen in which the
working periods do not overlap in tin% and, for example, converters in
which the cycles are opposite. This is, for example, the case with the two
ankles of 20 the robot. Thus, when one of the converters stores energy in
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Hie pasiien ae, Sppligshing thearrovesAl@mdidlint the reservoir 80 in
order to increase the pressure of the pressurized reservoir 119.

The actuator 122 is activated when it is desired o move the load
in the direction represented by an arrow 124. When the actuator 122 is
activated, the distributor 121 assumes the position 121b, the chamber 77 is
connected to the reservoir 80 and the pumping means 79 draw fluid from the
pressurized reservoir 119 to supply the chamber 78. The pressure difference
between the two chambers 77 and 78 is thus equal to the sum of the
pressure difference between the two reservoirs 80 and 119 and the pressure
difference obtained by the pumping means 79. Thus, when the load 76 is at
rest, energy can be stored by increasing the pressure of the pressurized
reservoir 119. This siored energy is recovered when the load 76 is moved
either in the position 120b or in the position 120c¢, these two positions being
associated with the position 121b. When all the stored energy has been
consumed, the pressure of the reservoir 119 becomes equal to that of the
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respectively. On the other hand, the load 76 and the reservoirs 80 and
119 are not connected directly to the distributor 120 but via the distributor
121, the hydraulic diagram of which is shown in Figure 12b. 1s The
distributor 121 can assume two positions, 121a, termed the rest position,
and 121b, termed the active position. The distributor 121 is controlled by
an external actuator 122, for example’an electric actuator. In the absence
of any control of the actuator 122, the distributor 121 is returned to its rest
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The distributor 120 also makes it possible to bring the chambers
77 and 78 of the load 76 into communication with the grooves 40 and 41 via
the distributor 121 when the latter is in its position 121b. To simplify the
description of the distributor 120, it is assumed below that the distributor 121
is in its position 121b, in other words without the storage of any energy.

The distributor 120 includes an orifice 141 communicating either
with the counterbore 138 so that the orifice 141 communicates with the
groove 40 (see Figure 15g), or with a counterbore 145 so that the orifice 141
communicates with the reservoir 80 via an orifice 146 of the casing 14 (see
Figure 15e). The distributor 120 also includes an orifice 142 communicating
either with the counterbore 140 so that the orifice 142 communicates with
the groove 41 (see Figure 15e), or with a counterbore 143 so that the orifice
142 communicates with the reserveir 80 via an orifice 144 of the casing 14
{see Figure 15g).
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inlet P of the valve 55 to be brought into communication with the groove
40 or 41 in which the pressure of the fluid is greatest and the
low-pressure inlet T of the valve 55 to be brought into communication with
the groove 40 or 41 in which the pressure of the fluid is lowest. To this
end, the distributor includes is OI‘IfICi% 135 and 136 connected to the
channel 63, forming the high-pressuré inlet P of the valve 55, for the
orifice 135, and to the channels 61 and 65, forming the low-pressure inlet

T of the valyg %énigrn@%%féw@%ﬁ?tﬂefwém.%wegemm 7o Mes
rottI lve 130, the ori |ce1§rq’l % communlcate either with
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b e N
@Fﬁué@d@dﬁﬁ?@ Qs ¢ Beéc%a@era_wfaﬁfbwtﬁmwfm d1éd and
tdductesranricHiee sl @omithuihic ajogveithed with e dauhtedoanstdrbdies
thatdRe eafiGRLARCARTLRFRRSWI the sranusrthdsaatigugslse), or

with a counterbore 143 so that the orifice 142 communicates with the
reservoir 80 via an orifice 144 of the casing 14 35 (see Figure 15g). 19

The pumpirtf GTaRERAPHER thoBiRyalie 440 aduror e S ke Trae 8y
bsimgidg andrificecbB@ gidhe tatingédtmtqositionuritbationétiver 1&dthTdne
ﬁQHfbﬁﬁ@b%%é%l b theathretileMalve B saanrateq t%ﬁ’%@éﬂ%@l’\%f&%ﬁ@
&9 ”res}? Or\‘%'mt"’l‘n QURLETROLE Sp38T e ““ﬁf?rt e%ad 180 Bace 82

donnected t6 groove ff see igure 1 f ke distriltor 755t ﬁe 's

eRetRRiRsS i%fbm&x%?e 18 054s ‘%@Htél BWE ﬂf@ﬁﬁt@ﬁqmwdmyn%f the
space &1 t1d bis tedyd addol heimgingagrenntoifihe 1éServan80f THefaces of

feeydingrig effactedhaiwegn the gentraleaslionyBraulic space 82 into
communication with a counterbore 158 of the throttle valve 130 connected to
the groove 40. Furthermore, the reservoir 80 is connected to the groove 41.
This link is made by bringing an orifice 159 of one of the faces of the casing
14 connected to the groove 41 into communication with a counterbore 160 of
the throttle valve 130. Figure 15b represents the beginning of the recycling of
the leakages in the rotation of the throttle valve 130, moving away from the
central position 120a. Figure 15c represents the maximum sucking up of the
leakages. In Figure 15c, the orifice 157 is completely opposite the
counierbore 158 and the orifice 159 is completely opposite the counterbore
160. Figure 15d shows the end of the sucking up of the leakages before the
load 76 is supplied.

The distributor 121 can be formed by means of a throttle valve 170
rotating about the axis 13 inside an annular cavity 171 of the casing 14.
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Figure 15a and the extreme position in Figure 15e. The recycling is
illustrated io in the positions of the throttle valve 130 which are shown in
Figures 15b, 15¢ and 15d. In these positions, the load 76 is isolated and
the orifices 141 and 142 communicate neither with the grooves 40 and 41
via the counterbores 138 and 140 nor with the reservoir 80 via the
counterbores 143 or 145. is The poﬁﬂons of the throttle valve 130 which
are shown in Figures 15b, 15c and 15d correspond to the central position
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tends to refuRdhR dekIealven1diBAgiadis Hesiien Bhifd9we HFassurized
reservoir 119 into communication with an outlet $4 of the distributor 120. In
the position 121b, a solid part 182 of the throttle valve 170 prevents this
communication.

In the position 121b an elongaied slot 183 brings the pressurized
reservoir 119 into communication with the outlet S3 of the distributor 120. In
the position 121a, a solid part 184 of the throttle valve 170 pravenis this
communication.

In the position 121b an elongated slot 185 brings the reservoir 80
into communication with the outlet S4 of the distributor 120. In the position
121a, a solid part 186 of the throttle valve 170 prevents this communication.

The distributor 121 is conirolled by the actuator 122 only in the
position 120c of the distributor 120. It is possible to use the pressures P and
T to rotate the throttle valve 170 about the axis 13 and overcome the force of
the spring 123. To this end, the distributor 121 includes a chamber 190



In the position 121a (Figure 16a) an elongated slot 175 brings the 1o
reservoir 80 into communication with an outlet S1 of the distributor 120. In
the position 121b (Figure 16b), a solid part 176 of the throttle valve 170
prevents this communication. In the position 121a an elongated slot 177
brings the chamber 77 of the load 76, into communication with an outlet
S2 of the distributor 120. In 15 the &gsition 121b, a solid part 178 of the
throttle valve 170 prevents this communication. In the position 121a an

RIAngatedRIoLLIR I NOS fBGin am@%rug PrdhR ok "&iitber to push a

L R

bGinpRoricafiANBethe poSiivee1 P2 eintikgongsingl HotTTe1 vatisysipws the
iptessinizenl iteretveicidrdtoi@e@mmunication with an outlet S4 of the
distributor 120. In the position 121b, a solid part 182 of the throttle valve
170 prevents this communication. 25 In the position 121b an elongated
slot 183 brings the pressurized reservoir 119 into communication with the
outlet S3 of the distributor 120. In the position 121a, a solid part 184 of
the throttle valve 170 prevents this communication. In the position 121b
an elongated slot 185 brings the reservoir 80 30 into communication with
the outlet S4 of the distributor 120. In the position 121 a, a solid part 186
of the throttle valve 170 prevents this communication. The distributor 121
is controlled by the actuator 122 only in the position 120c of the distributor
120. It is possible to use the pressures P and T to rotate the throttle valve
170 about the axis 13 and overcome the force of 35 the spring 123. To
this end, the distributor 121 includes a chamber 190 21 formed in the
casing 14 allowing the fluid entering this chamber to push a finger 191 of
the throttle valve 170. The distributor 121 also includes a valve that can
be arranged in a space 192 of the casing 14. The valve allows the inlet of
the fluid to the chamber 190. 22 CLAIMS
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1. A converter for converting mechanical energy into hydraulic energy,
including a shaft (10) rotated by mechanical energy about a first axis (13)
relative to a casing (14), a hub (20) comprising a bore (21) formed about
a second axis (22), the shaft (10) rotating in the bore (21), the two axes
(13, s 22) being parallel and a distange between the axes forming an
excentricity (E), at least two pistons (23, 24, 25) each capable of
movement in a radial housing (26, 27, 28) of the shaft (10), the housings
guiding the pistons (23, 24, 25), GleApis®Ns (26, 27, 28) bearing against
the bore (21), characterized in that the movement of the pistons (26, 27,

28, 32, 334 34, 33hireds a&oéaﬂ@uh fh%@cwga.%pm@g @{9%4&9@

41 ofthe 14 ro 41 being, arranged., in
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Eifrr;eaﬁbrtrferuismsbe(ﬁd,w? 28 Pbadringreeygiy sothee Hercal ¢laichedaict afiaid
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G PANING 0G BIPN R AS feage (48) by means of the

pressure rence o exi between the two grooves (40, 41).

2. The energy converter as claimed in claim 1, characterized in
that the piston has the form of a ball (32 io 35), the diameter of which is
matched to an internal diameter of the corresponding cylinder.

3. The energy converter as claimed in one of the preceding claims,
characterized in that it comprises several pistons (26, 27, 28, 32, 33, 34, 35)
arranged in a quincunx pattern about the first axis (13).

4. The energy converter as claimed in one of the preceding claims,
characterized in that the hub (20) forms an inner ring of a rolling bearing (36),
an outer ring (47) of the rolling bearing (36) being integral with a carriage (48)
capable of moving along the third axis (46) in order to modify the value of the
excentricity (E).
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5 6. The energy converter as claimed in claim 5, characterized in that it
includes two chambers (52, 53) situated respectively on either side of the
carriage (48), each of the chambers (52, 53) containing the fluid, a
differential pressure of the fluid between the two chambers (52, 53)
allowing io the carriage (48) to be mg%(ed in order to modify the
excentricity (E) of the converter, an@n that the converter includes means
so that, when the quid pressure between the chambers (52, 53) is

equalized gthg,exge E}Sr(@r?ér%‘ae&gw&ﬁtﬁr b?w@%%ﬁé r%%gdrr@%lalms
energy converter as clai éjern ei Ims 5 C aracterrze
RS TS8P ffarr??a R AL g0 SEB e e R BER e
e@@%méd% aly oRest @érrﬁ@SR@?Suéﬁa@ﬁ&éﬁ?m of tiae tieidoAvistieg
compdaaRdnaangriordet@mmining the 20 acceleration of the output of the

converter from the control of the valve (55). 9. The energy converter as

I d fcl 5t 8 haract d t
compriseeta AT BURER /B0 b Bindr A ROf AL MY B

atd (Be)ifas temphambsio mith M sifraingk rzsr(a@r\kejy mﬁbﬂrtﬁ@ie of
presaumagbtiiediuiddsigrentest ahdihbrings2)o8s)pressyirgrglenéT iokihe
A %”r‘ﬁ?‘“’*W%ﬂsﬁ%e%%!%?;:@s‘*‘s"°W'“9
B L O PP P T PTG DRAERDY (o Tobp! (e
mugeern@%mswﬁﬁéﬂw&meamée‘ém%ﬁﬁdhq’fzawq@(ﬂa? it
prosserd4ib tdbrin tvlaichain epsel@) reds i weshlisednihectsddntantinti&nal
mraulic spase 8 2ke0llecting internal leakages of the converter as long

as the channels supplying the load (76) remain closed off by the
distributor% 3524 11. The energy converter as claimed in one of the
preceding €la 13, PRIGICEPRVRT A st pidgrsgrise siheary (daimsop or 6,
staniagi¢hieed ydthalichenariyy ifb 8) pedssurzicd theervoinddl@B)s 12. The
energy converter as claimed in one of the preceding claims,

(:haracterrﬁ1 hn that the move ent of the nﬁ)éons %26 27, Zr!]S 32,3
e S

35) feeds h drauﬁ &g’ mefo%rhgﬁnce @O? %%r? ﬁjrae'mﬁatto 7

characterrzed an that the converter comprises means for determining the
acceleration of the output of the converter from the control of the valve (55).

9. The energy converter as claimed in any one of claims 5 to §,
characterized in that the converter comprises a distributor (75, 120) to bring a
high-pressure inlet (P) of the valve {55) into communication with the groove
(40, 41) in which the pressure of the fluid is greatest and to bring a low-
pressure inlet (T) of the valve (55) into communication with the groove (40,
41} in which the pressure of the fluid is lowest.

10. The energy converter as claimed in any one of claims 5 to 9,
characterized in that the distributor (75, 120) includes means so that, when it
leaves a central position (75a, 120a), the groove {40, 41) in which the
pressure is lowest is connected to an internal hydraulic space (82) coliecting
internal leakages of the converter as long as the channels supplying the load
(76) remain closed off by the distributor (75).
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(10) and in that the channels (29, 30) communicate alternately with each
of the grooves (40, 41) of the casing (14). 10 13. The energy converter as
claimed in one of the preceding claims, characterized in that the housing
is a cylinder (26, 27, 28). 14. A robot including multiple independent joints
moved by is hydraulic energy, characterized in that it also includes the
same number of converters as clairf&d in one of the preceding claims as
there are independent joints, each converter being associated with one

joint. 15. The rghot @& in ¢laim 12 implementing a gonverter as ..
20 claimed in cﬁl)gf_gfngﬁe? glr%%te\}g}ﬁe?dr%ﬁ tﬁﬁ'ﬁ%dpir%s%{%zg% Eré% b ding

?ﬁ@)srs %?&@H?%V@r%n@eﬁ%%?ﬁses means {121) for storing the

hydraulic energy in a pressurized reservoir (119).

12. The energy converter as claimed in one of the preceding
claims, characterized in that the movement of the pistons (26, 27, 28, 32, 33,
34, 35) feeds the hydraulic fluid into channels {29, 30) formed in the shaft
(10) and in that the channels (29, 30) communicate alternately with each of
the grooves (40, 41) of the casing (14).

13. The energy converter as claimed in one of the preceding
claims, characterized in that the housing is a cylinder (26, 27, 28).

14. A robot including muiltiple independent joints moved by
hydraulic energy, characterized in that it also includes the same number of
converters as claimed in one of the preceding claims as there are
independent joints, each converter being associated with one joint.

135. The robot as claimed in claim 12 implementing a converter as
claimed in claim 11, characterized in that the pressurized reservoir (119) is
shared by several converters.



