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TITL€$°V586%%£&%&%§J§B%%&@£{#%%@Q$W%|@eﬁéﬁaé

[ nventio 0002 |nvention relates to a
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or” art mani pul ator arnms are operable in two primary
nodes rate node and spatially correspondent ("SC")
node. I n rate BAGKGRAQUNIDOFtTEE MaWENIIANOT
degrees-of - freedom (DOF) is controlled by an actuator
Field @tiiThb Inventioin i s controlled via a directional contro
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De“”igoogiig ﬁate;ggde mani pul ator arm and drive system
sea applications is shown in Figure
de, the operator energizes a directiona
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[0004] A rate mode manipulator arm and drive system suitable for subsea
applications is shown in Figure 1. In rate mode, the operator energizes a directional control
valve by depressing individual buttons or button in order to move the directional control
valve, and hence the actuator, in the desired direction. Rate mode manipulators operate in an
“open-loop” fashion wherein the operator depresses the corresponding button or buttons until
the manipulator joint or joints move into the desired position. The operator monitors the
position of the manipulator visually. In subsea applications using an ROV, this may be
accomplished via a subsea camera. There is no position feedback signal utilized in the

manipulator control electronics itself.



[0005] Prior art rate node provides a nore awkward

nmet hod of controlling a mani pul ator armthan SC node;
whowewes3so rat e node mani pul ation is sinpler aneCT/@S®07/062290

costly to inplenent than SC node mani pul ation. A rate
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op eratth o vRPMR QHir6HdrY - Gé%@raﬁg thAROR TR dilﬁ‘tt Q*Fan?&ﬁbﬁncgat mimics the
drive systemis shown in Figure 2. ior art
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n f the feed ices fail, then the mani pul ator
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the slave joints nust be variable and, preferably,
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mani pul ator, an isolate hydraulic power unit (HPU) is
isunugghlen  required. This adds to the cost, weight and
conpl exity of the system

[0009] The velocity and acceleration of the slave joints must be variable and,
preferably, stepless. Traditionally, this has been achieved by using hydraulic servo valves
which suffer four disadvantages, which are high cost, propensity for failure due to lack of
fluid cleanliness, high leakage rate, and high pressure drop at high flow rates. In order to
increase the longevity of the SC manipulator, an isolate hydraulic power unit (HPU) is often

required. This adds to the cost, weight and complexity of the system.
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mani pul ators are easier than rate node nmani pul ators to
Wop@rasssd They al so provi de the operator w th BCT/U82007/062290

touch. An SC node mani pul ator requires nore

(ﬁﬁﬁfon ive vaIves and eIectroans than a, rate. ane
[ pu St Byode FRandpylalory s asier %aaéednod@o%rl@% QS 4y pperate.
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a rate node manipul ator. DESCRI PTION OF THE
respofisial $3vesi gul elemmmcm Td:ltae aarateamedwwelp‘uéatmpuﬂhtsmeswsrm increased

compfialy cid SRE FHP Iknosuacts “abds AMEBETOE SRF oy mode

manipuli@oPrior art. [0013] Frgure 3 depicts a system | evel
di agram of a first enbodi nent of the invention.
[0014] Figure 4 |s a bl ock draoranrof a second
embodi ment the BRASRITHRN LA WHESR PTI ON OF THE
PREFERRED ENBODINENTS 0015] A referred enbodi nment = of
[Q0AE] i nFegvrs bAcpigts girpiganads maipy @/tar pabprd driheg system of the prior art.
adj ustabl e rate controlled drive systemfor a
(053] pub?%u% 2 deﬁlc?s ol g&%&@@m%ﬂ’ﬁ}ﬁ ke rfdhéléve SURLEBT the prior
I's selectively operable In one o al't er nat Fve
art. nodes within the rate node, as shomn |n Fi gure 3.
These two nodes are the (a) vari abl e rate node, and
rate In an

86 REEe S SRR 3 emire diselet PLAGY sBBPYEIarting invention.

third node, the force feedback rate nDde The present
[0on¥ENt FQRiréd ioslotiodial Al Ofestceanémhbddimbnd the shvaftbn.
usability of a rate armw thout adding the conplexity
of posrtron f eedback eIectronrcs usual | associ at ed
Wlth S TAILER DESCRIPTION QF THE PRE DI ] In
ne preferred enbodlnent t he i nvention conprises

lﬂ&lébor A GFefFrTemh FEbodpgt ofl dhe inyeation iiydiegtedoivdt psarrable and

adjust3b R %Ocro'h{r?p&L sfe%!'fcfroel mhdpahtof. e?rpgqﬁéf\éﬁe& QmBE&erent, this
position o e pr portrona nmode controller, as shown
systern s sl%ilqz;tmdytﬁ)peﬂahleon enenbiydi atendative lmmdepmul}hﬁrﬂhe oatalnoatodes shown
. ..CO hand ntraller. [0017] In this
in FiggRobat i RO TRRAIST AFRE (O HARIE e dnd(By biprpsionabets mode.
In anbtBECPRRIRA GREYABLAE Ehlé%yﬁ&ﬁflh QEIBEV AP oBbtaBMtinda third mode, the
variable rate node control signal responsive to a

force rﬁreeibectkemte thaslet t Thgpreagnt shoamtion rallﬁwg upe 1mpr0|vnd opetrollability and

usabilgtgt g%ltr?tg %}ét{l ézpﬁlogt a?c{(fn?gbgh% cromtpf"exg{o ?posﬁo FeedbacL llectlromcs usually

associated with SC or position-controlled manipulators.

[0016] In one preferred embodiment, the invention comprises a proportional mode
controller 14 configured to output a proportional mode control signal responsive to the
position of the proportional mode controller, as shown in Figure 4. In one embodiment, the

proportional mode controller is a hand controller.

[0017] In this embodiment, the invention further comprises a variable rate mode
controller 12 configured to output a variable rate mode control signal responsive to a
preselected setting, as shown in Figure 4. In one embodiment, the variable rate mode

controller is a potentiometer.



WO 2007/ 098389 PCT/ US2007/ 062290 [0018] In this
enbodi nent, the invention further conprises a node

W@ 2002098389 devi ce 10 operatively coupled to thePdDUS1007/062290
control conputer 22 (LCC) so as to cause the LCCto

ectively receive at |east aone of the variable rate .
lﬂi{igle O Gedant ﬁﬁdﬂ%@% CPBREFCS arfBee i gievice 10
operafV @ abufRd b Ahs 8b&E tdoMBLY cAHpRYL 29NeCef) & YRLhAR! e LCC to
rate node control signal and the proportional node
selectoeht reotivs iaglvast s dftike saiiabde wde mode cowtnelrsadnab hgchtlle, pragortional
sho in Figure . 4. The term" uter’ as used herei.n
mode gHhsiheLatbioreleP byt BuoBie IR Ve AR HRTq af pinal and
the propotEbes rh@icr @BabNfgmal 96 tRCIREtddNAdde Edn@idl Ki@a&ll ¥Eshdwn in Figure
sel ected input fromthe proportional npde controller ,
4. Tée terpmepmpuigsdr iaabised heran mpgempasaesr 8l miskoprqepssarpddhe LCC is
ct S el ' i nput . 1. L j Ves
operaffUE TR S 1eE S 4 RICAGNTHED, tORechlE o Shpg 8 Ghnifirom ihe
propo&Wnht hodt RomtRslid @ fembda veeiable fatteemote eomallRet Ghe mode selector
swtch is a button on a, graphical user interface

switchspqlecgnwhich b hedrCle Atssiiche Ht Onc drebadiaentsiBF sradgmselector device is
. t ' i i t hi . .
» i1 ke Ol W Mot el e Bl sgoicnt v
interffcpwsctden nddeynothier elmbodiment)ehe orwde sticaoakwarh or coftfinedatvéthin the
Lce node. In this fourth node, the operator actuates a
‘rate controller button 10, as shown in Figure 3. In a
preferred enbodi nent, the rate controller button is

[0d29PN/ @f & pRifrtGerdlddih@820h ifhativ@hlksé Rlcfudedh oufdtBode, which is
allows the flow rate of each of the proportional

the compenieanal g @eofirietsemode tlhathiswfearthamedg, ehe emeragsir| astuates a rate
on 10.i s depressed, the,pra iLonal valyv
controgfé{étrt])gpc?% ?g, absr %Sogvtn 1%121?1 %rr?tg ggP > I(e:)t:e}ére? Sﬁboolgleeﬁl A tﬁg rate controller
buttorPBih lon@Tf swWikcht 1ge pref erred enbodi ment shown in Figure
3, proportional valve 30 conprises a fluid inlet port
and a fluid qutlet port, and i configured to recejve

109201,y ¢ dhe varigtharats mods pHewpihestowitin ohersliicdthopropppiepal valves
to be HRALT Q! & Yvﬁe}r a Wb gt;néa[ey BB 18 i€ awréglkd,gtg@wg%poﬂd}ﬁl valve 30

WM contro produces a control signa rsi hg
opens\ta ri raikice paaentaget ofuys fulropem gogitien. dint the pyadfbredémbodiopaatr shown in

. ve out put . The anmount. of r.rent roduced .i;s .
Pigurgh o BPPTBHA] V18 oG isrme T4 EHlE PARRALD AL iR jglet port, and i
configi@dBlol MBeil® atddfeRf Sighdl TRm TiltUsulse Rith PRGRIatRA (PWR) cbitroller 28

proportion to the controller's off time will produce a

whichhiegirs ras @unontrak sigile The POBM efntioHer prodpess tai aontipl sighal gomprising
. s displaced .in proportian o the magnitude Qf the
variatif e ISERINE O B9 i b ie SRS e s gt current
produbtis pudpodtidall kdthk loawinvas f s PWIMdion@eller iRI28POd thedff @me. Thus,
spool displacenent. This allows the operator to set
a longep an (igico el propertionsy tis ceptallerjsafhtimgiwill pipduse athighss gurrent. The
t oy a . t .1 hi
o Py PUSPRE s bORER L ENGROEEY ARSI B g comn
produced by the PWM controller. Additionally, hydraulic fluid flow varies in direct

proportion to spool displacement. This allows the operator to set the velocity at which each

joint will move at when the button is pushed.

[0021]  The advantage of this mode is that it allows the operator to compensate for
variations in hydraulic performance that occur with depth or temperature changes frequently

encountered in a subsea environment. It also allows the operator to adjust joint velocity to



variations in hydraulic performance that occur with
depth or tenperature changes frequently encountered
WO p00a/0%838Sea environnent. It also all ows the OPEr/ESINT/062290
to adjust joint velocity to 4 W 2007/098389
.. PCT/US2007/ 062290 suit personal . preference. Thi
suit pErspRAEr BERcG of M sefignced M%&xgﬁgy BB logpicd the actuator
beyor@G AL Rind REWBNG @ Rate hand controller. [0022] In
anot her preferred enbodi nent, the operator may change
the flow settings via software. Such changes woul d '
[09321ral Iy apeth¢mprictonied teatboden¢nddibe aipksaternyan ebangarthg fow settings

- t ual i pul at or erations. .[0023 shown i n -
vie siF, SRS o B e PR pIRUG Y g ot during
actualthgnipiletoabratid®. sel ect the maxi num out put of the

control. This enbodi nent further conprises a |loca
control conputer. 22 coupled . to the variable rate node
[0023k r ossnowAdn Eigsiignd.i the piiablerats mepigconfiplien il allgwy e operator
to selgadtﬁe ORI &It%liltzof the Q:gﬁﬁ@lt. : Yﬁﬂsyein%'a &{tefqrtfl?r &hprises a local
anal og 1 nput receiver 18 on the local contro
contrad eopiptier 22 2owpled o ths veaplablrae ofodt cantsolidrt dsnshowndn dliguat 3. The

..Signal to the rempte control conpuifer 24. The renote
variatie, T BodR SHBGPIST Hoci RERBEEY PRIt ARl Ggver 18 on
the lo%ﬂ%htr&h@ﬁiﬁﬁlt@r PBwhich i@@é}faﬁ%rolfﬁhﬁafsﬁﬁtriﬁg ged?g%ﬂis{ﬁ%lﬁﬁ to the remote

e variable rate node control signal | an anal og
contrad qgmrapluteardd. t ke rogete ook cdmpuwerpist @uippedpriils ege an more analog

input ﬁagllnglﬁ %62 SH épétﬁgﬁeﬁrﬁfe%rﬁ]d ?eﬁ%roalfgl}%ﬁ lbt?qeé gé)tgeﬁ)l & ?%eglgloaee goeliltl\rloef signal is
an arR@Y Kiphhehnd [ B0 2BEalASord O Wbrhputérl gbprises M @nalog infgt receiver

groportlonal val ve is connected to piston housing
operatyely gerrded fodeqaivreige gpalag signal fron theryaripblefrate magle controller.
enbodi nent shown in Figure 3, outgoing hydraulic |ine
as j : c ot f:l Wi . par, .
08342 08 shbl i R IR o R Ry AR i hheRlt s Housing 40
by hyslhemhin lines BRgarde3®8, In nioo prefigrdaly enbediment shosvnhasFaufd B sbutgoing
end .co cted to the flyid inlet port and second .
hydralé%h%epggﬁﬁ% %%ﬁ’i &nf pPeCisfdo theo %]Ouﬂefdw%w@a paqngd end opposite

the fir8i &kt e ilﬁ&gﬁd%x;}?inmigﬁ‘é‘ rt itﬁﬂﬁl!ing’l?}ldfﬁllfchﬁfé%g alfir®t€&ndZonnected to
can extend piston 42. In this rnode, hydraulic fluid

the fluid inlettporineed of scoend: dnd d@pssimhh dusiemd) to the
proportional valve through line 34. Piston 42 attached
ni.pul at.ory arm 44, such,that _extensi op of .the
19025 S0 BB Bl Bt PR o P ngr L UL ulahi e 32 can oxtnd

pistonf U2St I6lithBCo@8 Bdrauli€tfluattis Gbruededt RBnPitisd Pikt@AUSRSing to the
nmovenent of the manipulator armin a second direction,
propogispak ivelae tthrougle lnerdd.  Risterr B2 gritachidetopmapiprtategnam 44 such that

i \Y; r -t . .
oo 8 PR G2 REnE/5 DECRAOLSHE 78 1! L gcson
retractibruiodl ths péjt@c cebes maomchizat jof ajpo miangriddtor wah \ie & kecoudhdirection,

Line 34 and.returned to the proportjonal valve throggh
Opposite A tlg@zf_'lrsf reqioq. rf}k?epreportlon valve alignment can be reversed Yo reverse
the direction of hydraulic fluid flow, such that hydraulic fluid is ejected from the proportional
valve through line 34 and returned to the proportional valve through line 32. In this mode of
operation, the piston will be retracted. The other degrees-of-freedom on the manipulator arm

work in similar fashion.

[0026]  The proportional rate mode allows the operator to operate the manipulator

without position feedback from the joints. In this mode, each of the proportional valve or



operation, the piston will be retracted. The ot her
degrees-of -freedomon the mani pulator arm work in
wa@Rew7ioe8384 ashi on. [ 0026] The proportional rateP@DUS2007/062290
al  ows the operator to operate the manipul ator
Valves"g%}g%r'I fglg ?f%h}trloé)qr%ggrg%ggg 1|fcf8 rﬁg{crillstpgq glla)tpotfsfge Ig%ocwte?i analog input
dev1c@9@ﬂ{eq;9§1§§§or?g{og§%9&%ﬂ%§32991 th% %lréfgﬁedj@rhbd/(ﬁﬁleﬁﬂ v dlin Figure
proportion to the force or displacenent of
3, ﬂwd@s@pnapedmahamdgcmnpmkrlﬁewah@ubwmﬂhémpﬁﬁmdpmﬂ@nmmﬂcom@uwr
node cont r ol referred

h
is alsq RO EG 816 1ol phcbort b RS RaF o i o st TooH oSl fmputer

comptiSesatiddld ignt IRl | €he p %ﬁ)ﬂlml mB6&N toHrol6@NMRUbSdratively coupled
al so operatively coupled to the proportional node

operageily eonnled to praeidp @@ ahalep v Sigaaltp naleg eprdBi dethe analog input
I
dev1c%l Sgerr a?rinv e{%&h&%ﬁ %rsgg gfogtr Ihlveg lrelﬁlllo g{) glfeng%t%%&g " %@Jh 48 P force or

displag&raé@gthic pet losalg:bﬁﬂrolt cﬁbn@ﬁ@dr(!g wllllptlterﬂt&: tol the tao @ ifplu® gewce via
devi.ce perfaorns_ | ocalized conversion of_ the

a paradwgpbgerbq% cheyid ﬂ%lﬂlt i3gERcqas Theree! spntrali csinaiesrients, configured to
read, tﬁ?t%f‘ dlifor! RER e qﬂ%ﬁtoﬁoﬁoﬂg Wa86 c%%trmlér 14 2he cfoﬁ‘%(ssésothe digital
e ‘anal og I nput vice via a parallel or seri
contradisggnblato bmt}nattsmltmdenofthe ecmokb eoﬂmm aompatet (RCCg @dp Uthelo&@2 control
i S con%égured read, filter, and/or scale the input

compyiREAY fis SREAGY LD ROMEF R e TSRALCORRPEOEMURE Vi gyciimore wires

or Optgdapggglmshgg]@k,vntlg dgansmtted to the renote control
conput er " ( RCC he | ocal control conputer nmay be
operatively connected to the renote control conputer

[0923] onén @rpfﬂfﬁfféd W}beélme@t, tbqathamhpmftr%lér 1435 aggmplagame console
contlror%ge}rT d 1%%[1 ﬁ}el Sgtaa%sogrf }cle sbua %@ég gg%g 6[ < opbrat[or displaces the
associa®dt dodtrbe furthet! @h haﬁief hie §£Uj))brtﬁinay vakatopems firthsr and increases the

suitable. As the_ operator displaces the assocjated
velocigppf the joipt, lp ﬁenrefé?re% gmbedimept hereprsFipnad yalve yalogeied subsca.

opens further and increases the velocity of the

J098T - ThE £&rcP'F qed Nhe sid FyisQ h

OB 148 AP AR SR OIS 140 ot in o

proportatnel ravel enostbelmttvmeh $lwmd(h‘umt 006 Isingglificd éfercb hatdhaskd ilm order to
ro rtlo de Jbut h t addi tion. of
1mple§1ieprtp‘1h? D ﬁ@é t]?ee H“' mrquh‘[s E)AF{% e prqpﬁrtmm/alve and its
assocffafé'dsacf(ﬁ@ﬁ’als %aﬁlﬁ}Féﬁ witha Phediis! krafsrhittee %ta?s HBWMERMFiEIS 3. Ina
proportional ve and its associated actuator is
preferefqiﬁnpkpmi@lmwtt the @repﬁs@s seirser tsr@n@mvtsltymon%tedatg thehimgpming hydraulic

line an% g@gsle sgrbSéI}ga‘E g&ntg%hﬁfg%rf%s&ret n sta Ibee%r@ traﬁlamltgng a pressure

signalnpth@uhdl6g idpube A@Ftﬁe Ceddai3ksinéd Semsd p‘zﬁ“uhh@r JoRgnRictude increases,
of pressure in said line and transmtting a pressure

the pressyrrain the agtyaton marenses. npud profarredhembesipenisdissetodtted manipulator
arm ll%att&i @uﬂ%@g tﬂh‘é ﬁir@srsu Okéﬁgétaﬁgﬁ‘s%h%r ﬁg%sﬁr%sﬁ nal leed sdibsea remote

essure uat or 1 ncreas
contrcﬂ n‘bﬁqblutm mds tldsl loeslt @atrob campmad. pih@impgnitude of the pressure signal, and

hence the force, is presented to the operator using lights, sound or vibration.

[0029] The foregoing disclosure and description of the inventions are illustrative and
explanatory. Various changes in the size, shape, and materials, as well as in the details of the
illustrative construction and/or a illustrative method may be made without departing from the

spirit of the invention.



arm | ocated subsea, the pressure sensor transmts a
pressure signal via a subsea renote control conputer

W@ eoovlgs3Bocal control conputer. The magni t ude BET/UR®07/062290

pressure signal, and hence the force, is presented to

using lights, sound or vibration. [0029]
VVHA%HS‘ﬁﬂ%@@%ﬁAé di scl osure and description of the

1.

ventlons gre illustrative and explanatory. Various
igulafor dge 8ysiein CQBPYENSand material's, as wel | as

' R, the dgb ?d)ll‘ﬂ%nﬂf moB& cohlrbl§t EGMRICRNSLIME tal BRdportional mode
and/or a illustrative nethod naygbe made w t hout

depar t cojrdl stgmak tesponsivi té thegpositihe of mem@pqmona@rrm controller;
%?r;/r]P%S%g]?BFCT/?U\% QQ7/ Ogﬁﬁ FS#SHAT I% MR dZbieltate mode

pr opor bbﬂftﬂlmgﬂi@ﬁ%sm&tve%hpfesa@aédi gstﬁ@gal to out put a
proportional nnde contr ol %g responsi ve to the
geu

pési ti BroGH cPMED KB iopRrAIY pledhte sicpe;a sglecged input from
vari abl fie Bf”“tl?e ﬂ}B@cﬁﬂ&%ﬁt\aﬁ&ie cgfltrgl?&fo'r %r\%%afﬂ% erEtnPotﬂte c%ntroller

vari abPe Pate o responsive

pdesel eahedt sdbdctorndgvice. omrdtﬁ’ekyl ccqutﬁdrml the dmmﬂtceﬁtrol computer to
operatively caoupled to receive a seleéﬁed i nput ro

one of C¥4E e &a%ﬁltqoaﬁah CHOREE SR ORGSE Grociiedt lcos one of the

vari ablg. sl ﬁt d8e E&MJI Qloh& andGhe ?’roo?gﬂﬁ)n§ﬁln§ ef &ntrol signal and

devi ce operatlve y coupled to the contro
conput ér stlectivelu setpuh ent @¢ ahe cvnablolracompd¢ epntra signal and the

sel ecti vel e at east 0 rate
e cBHmeBiol Badf et SREM RO RlactitrodiSinotl et
signal and to selectlvely out put one of the variable

r ahe dmdesyseit bPlkclashgnakha@sil thberofdrapsyl théditod®lier is a hand
control signal as the selected node control signal. 2.

Thentgrlleg.e systemof claim1, mhereln t he proportional
node controller is a hand controller. 3. The drive

SYRE r%qvgfs gﬂeﬂl OF Lhai v%e?elhhtﬁe Wlaﬁp#ﬁtgrrggfe %’ﬂjﬁ?oller is a hand

cont I's a hand ’control rive system
otomtadiem 1, further conprising a rate controller
but t on operatively connected to the variable rate

e controller Th ve system of
WHF GF e ShEem eI, e PR LSBT S £ ot rcpuBaTls buna opgracively
| BBtHeclc848 thelarighe kit mtRle YoftediRed to sel ectively
recei ve the proportional node control signal.

The drive system of claim 5, wherein the local control computer comprises an analog
input receiver operatively coupled to selectively receive the proportional mode control

signal.

The drive system of claim 6, wherein the selected mode control signal is a digital

signal.

The drive system of claim 6, wherein the local control computer is configured to read,

filter and scale the proportional mode signal.

The drive system of claim 7, further comprising a remote control computer
operatively connected to the local control computer to receive the selected mode

control signal, said remote control computer comprising;:



10.

11.

12.

13.

6. The drive systemof claim6, wherein the selected
node control signal is a digital signal. 7. The drive

weyBrmey3ed claim6, wherein the |ocal control POWPS1087/062290

is configured to read, filter and scal e the
proportijonal d? S| naI The drive system of claim

72 £ ur fhispst OBR AR quWEWﬂt Wontrol conput er
oper at k\g|s¥ vﬁ@t‘ﬂ%&i&&ed Qutfaﬁ‘teudno EeﬂJachfo‘gEQéraWé&ﬁ{ol §i3nal.

recei ve the sel ected node cont signal, said renote
control conputer conprising: 7 WD 2007/098389
P@ﬁﬁ@@Z@&%W@@QQ@@Hl&fh&h$ﬂ§@§ﬂwﬁﬁe anal og i nput

channel MAdth at e

cApaot brosP Pl y By P g o oFRCHIT AR &Y Pt B o sia

syst empefpotcrlaMvBlve fueitchedn R toS kdt@iveathe JoAROI bikpdlafrom the
val ve conprising a fluid inlet port and a fluid outlet

port, &niselwighasiulateheutrytainite bei ng configured to
rgeei Vt?iegt@&tgggﬁic{r%hcsl!l%@%ﬁ%g B-&hGd cﬁﬂllld& V\ﬂod[fl{' ﬂhued outlet port

nodul a unit; ut goi ng
haV|ngamdﬁamﬁgaemﬂndemmemﬁsﬂeﬂmfhh&mﬁlU|d outl et port

and having a.second end opposite the first end;
i fconi AY THPAHRS ﬁy%ravlﬂc‘n%n% g2 glr%t.epétw’é??&te@otﬁ e ﬂé@ mnlet port

to th_eaﬁleé.t\QnéQk&ton@gﬁdoc}ﬁﬂgeﬁﬁ\ﬂrﬁgena second end

opposite the Tirst end a pi ston housi ng conpri sing
ad. i nl etpispm hocorneohpusingan detsmroemhnectdd of thehsecond end of the

out goi n l.i ne nd an outlet port connecte

O DRl is i o e Ryt FonRRlh € A RES g of the
e. a piRbAfinShy#AaR! themmnt ed within the piston

housi ng such that it can be selectlvelg retracted or

ext end@dplistnnrSélsip@ﬁrsenmmt@dwn@m dlest pt&ﬁ)no Olltﬂyltﬁ audh ghat it can be
f l ui d S 1 W, hzre% agte(? 8} 9}8 c%delmgesl 0§ W%ch ¥ chﬁj of ﬁydrauhc fluid
10 THe “d e ur

l'ines. rrve sys emo alm

conprl$bmgnmxnmggﬁugendﬁa&&mgﬁwﬁmﬂ@ema&lver
connected to the incom ng hydraulic |ine and capable
of sensing the magnitude of pressure in said Iinpe and

t Faﬁmeit%yﬁt@maofpﬁlé% dr éu%li‘eérﬁ?plptﬂémlgh% PEREHTB Gransipliter operatively
1lonnkRRddpit ﬁ@ 11?&6?&1&%%2&&1811@'1 19d LHEBIOSE s &%‘q{%{h%' M9ftude of

pressure I ndicator opératively conhected
apsdsage imgud livoardi tspisayttiag aipnatswatsigoal tofthd drealqy iepstur e
nmeasured by the pressure transmtter.

The drive system of claim 10, further comprising a pressure indicator operatively
connected to the analog input to display an indication of the pressure measured by the

pressure transmitter.

The drive system of claim 9, further comprising a manipulator arm coupled to the
piston such that extension of the piston causes movement of the manipulator arm in a
first direction and retraction of the piston causes movement of the manipulator arm in

a second direction, opposite the first direction.

A manipulator drive system comprising:

a. a proportional mode controller configured to output a proportional mode
control signal responsive to the position of the proportional mode controller;

b. a variable rate mode controller configured to output a variable rate mode

control signal responsive to a preselected setting;



14.

15.

16.

17.

18.

19.

12. The drive systemof claim9, further conprising a

mani pul ator arm coupled to the piston such that
w@zaioens3en of the piston causes novenment of thBCT/US2007/062290

mani pulator armin a first direction and retraction

of the gis on causes nmovenent of tﬂg mani pul at or arm

i B a 8cRGhAOUTY SOMPYIT CBRBHYSIY Copmgd 4 FSPivgiarsedgefegnnput from

13. A gROLPWALBhorHbAM ST IEQ P tHeSiafidbleRate Tode controller;

proportional node controller configured to output a

pdopor tiroedd saetie dayeast opstativelyneduptadstoaths ile@l contrdiecomputer to

position of .the proportional de controller; Db..a

Dart anfispapt ReBeSBERt FamRue” B SpRERbA g fplsfhtaone of the
var i abkgridtad futdBd8e cEaRY shalSirdnBé fogﬁﬂﬁ)mli M8dd &ndrol signal and
presel ected setting; 8 WD 2007/09858 .

PCT/ UStDedleoszboouiput ang o ghe veriable|raigompade epntrol signal and the
operatiyel v. I CelV t i L om

one. of PIReisRLARES sl SERUE ot REeREHAG (Rltbt HbAR and
vari abheratatcontisitte Barhr opdrativelyd.coandvede té eheshdible rate mode
devi ce operatively coupled to the | ocal contro

conmput €PtfAdler.cause the |ocal control conputer to
selectively receive at |least one of the variable rate
Mgge 400 E§s@ém S aa@l 1@,%&8& R B8P chbhRfoniRHe cGﬁ?Egéglan analog
signal and to selectively output one of the variable

r atpat rodieccamrtratoiclyséognkid tangtetviaehe mopprtivhalaonale amttel signal.
control signal as the selected node control signal;

g R e N e

syghgm of claim 13, wherein the local control conputer
conprises an analog input receiver operatively
coupled to recejive the proportional pode control . .
silypgirive pystemnel gaing d 3sydein g1c wrblp reie mpde centiol fignal is an
S a - S : crapad
ARGk RHoERRY SANASAN BhaRlorh il EEbARY ayShG; ok roceiver
r aperaticde @opiedoto seginal thes aaglog asighabgfreingral vamable hete mode
| ocal control conputer conprises an anal og i nput
ré@@ﬁ&%F operatively coupled to receive the anal og
signal fromthe variable rate node controller. 17.
Thee Wriv¥QyStymt &M IRm Gk alvitrbim th‘éh@&ﬁ'd@)nﬁblecérﬂglﬁér is configured to
control conmputer is configured to read, filter and
sﬁaweﬁhﬁéméﬁ@ﬁ@ﬂﬁﬂﬁﬂﬂﬂUWﬁgéugkgnmhL 18. The drive
system of claim 16, further conprising a renote

C%Erc?tjivec %Qﬁ%éﬁl%f claim 16, further comprising a remote control computer
operatively connected to the local control computer to receive the selected mode
control signal, said remote control computer comprising;:
a. at least one analog input channel; and

b. a pulse width modulated output unit, capable of generating a control signal.

The drive system of claim 18, further comprising:

a. proportional valve comprising a fluid inlet port and a fluid outlet port, said

proportional valve being configured to receive a control signal from the pulse

width modulation unit in the remote control computer;

b. a outgoing hydraulic line having a first end connected to the fluid outlet port

and having a second end opposite the first end;



operatively connected to the | ocal control conputer to

receive the selected node control signal, said renote
w@oenroed3sconput er conprising: a. at | east one BCHUS07/062290

i nput channel; and b. a pul se w dth nodul at ed out put
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fluid outlet port, said proportional valve being

cdnf i gamesiont bowssreiarepusinDan mdét mirgeineétcdmo theescpendsend of the

wi dt h nodul atign uniit in.the renpte contrqgl conputer;

b, & otEaIEg RS et RwEUPorE caeped o difciecond end of the

conneciRdnfif hytRadllcUind; s | et port and having a

second end opposite the first end; 9 WO 2007/098389
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pi st onfloous itigotgerpg had goming hldetulipdints.connected to

the second end of the outgoing hydraulic |line and an

outl et. port connected t he second end of the :

bs g SWEIPa‘H{] dlginy ;?%et?m%w%?prasnm & PETSWFi EEaBitipr operatively
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selectively retracted or extended in response 1o the

dipressure omsaod iy aivdatwdnismittihg b ghresirowiginal tollee ol agoinpgt. and

i ncom ng hydraulic lines. 20. The drive system of

claim19, further conprising a pressure transmtter

operatively connected to the incomng hydraulic |ine

and capabl e of sensing the nagnitude of pressure in

said line and transmtting a pressure signal to the

anal og input. 10
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