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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.
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[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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mr?iﬁlopu Lt Bred er“ﬂﬁl’ép‘ﬁ%@{ﬂ S TR ﬁﬁrrbaagsdnod@owar@ﬁfw dnpperate.
They hREYS&HE ﬁiel Rttt \mﬁ QL tovfeh MOGE S@ﬁﬁbdl’éihﬁhi%ﬁla‘t’&rré res more
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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.
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sel ected input fromthe proportional npde controller

4. The terpmeprguigar rapised heren rm@nwﬁ%r 8| nigropraepssarpddhe LCC is
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LCCm)de. In this fourth node, the operator actuates a

‘rate controller button 10, as shown in Figure 3. In a
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spool . di splacenent. This allows the operator tqQ set
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It all ows tor to conp
produced by the PWM controller. Addltlonally, hydraulic ﬂuld 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
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[Q92Ak r oIAISéSOWEén K the @bﬁeerage motconiFn b algwy @w operator

to sel@&d[ﬁe G2RihGh! &It%ﬁltzof‘ fhe QBELAL | Tﬁﬂsyerﬁa&'alﬂﬁ&{tefqrtflﬁ‘ nprises a local
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variat P 1002 oGl Pels apErabLs OHSNE B ega g ver 18 on
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he variable rate node control signa an anal og
contrqd,l C@millutﬁ‘an?d t Tﬁbe Irgrgetic Q@@ﬁolr @cbmmmput mulumdpwﬂs esc gn more analog
cei ve ﬁ%og cou led to receiy
vars
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an ar@@Y Giphheknd [t@@zlﬂﬂsalASmﬁfUDV\ébmﬁht&l @@lﬂhpnéi’,s iM@nalog input receiver
groportlonal val ve is connected to piston housing 40
operatyyelygernaed fodeqai et apalag signd frany theparigplefrete magle controller.
enbodi nent shown in Figure 3, outgoing hydraulic |ine
as t i - par :
a2 48 i IR B bRy AR el s Housing 40
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end .c Ecteg the f| |d i n et p rt and(ﬁ second
hydra@%h%% {9 & N énd ipaecisddo thodeoulspatiade frogng end opposite
the firél &l €4k ilﬁ@gﬁotxxhﬁnml%% rt i&ﬁﬁﬁng"@dfﬁﬂfchf&%@ alﬂrﬁeena%onnected to
can extend piston hi s node, hydraulic fluid
the flyid inlettportend of scoend: dnd q@pgslmhh dusend) to the
proportional valve through line 34. Piston 42 attached
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pi St on causes ove at of “ar
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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
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comptiSesartddld it IR | Bhe p %ﬁ)ﬁlml m68N tdofrolG@RBUbAdrativedy coupled
al so operatively coupled to the proportional node
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dlsplaaﬂﬁétﬁgthleﬁl }th.et losalg:bﬁﬂrolt c;mnfpm%rdg wiliputerth8e tol the bho@ngluodevice via
devi.ce perfaorns_ | ocalized conversion of_ the
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1mple§1ieprtp‘1h?r 0 rt | OE cgé t]?e E\&H %601Pquﬁ1ts \é\)ﬂreézg e %?q%%tléq%ghgafllve and its
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mgnal%dh@dhdl@g ipufe Aande m&ﬁk&uﬁéd $6hsd p@“uhh@r joRgnictud@e increases,
of pressure in said line and transmtting a pressure
the pressyfrain the aEaton mareases. nud profaredhembesipenisdirsetodtted manipulator

arm R%Jt&i QuiRes, tﬂh‘é ;ﬂr@{sufeokéﬁgétaﬁgﬁ@ﬁlﬁr gﬂ&{sﬁl%sﬁ nal leea sdibsea remote
ressure In tuator 1 ncrease
contrcﬂ rcboghiutoe nd tldsl loeglt @atrb b campumtad. pih@bhagnitude 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@ o0ovkes3Bocal control computer. The magni t ude PET/UR07/062290

pressure signal and hence the force, is presented to

at. using lights, sound or vibration. [0029]
VVHA%HS(ﬁ@&@AJ Aé di scl osure and description of the

1.

ventions are illustrative and explanatory. Various
§uaﬁ”aﬁ¥e§$i%ncgﬁﬁﬁ%ngand materials, as well as
' R. the adﬁb?d)ﬂn%nélf mbBE& cohltrbM§t EGHQMRACRNBUIPUE tal BRdportional mode
and/or a illustrative method nmay be nmade w t hout
depar t corgjrdl smek iespongiyie tq thewbsutlh@ of ﬂvmﬁ@pqmona@rm@e controller;
i%%é?gssarkagfdﬁ[eu\%éo%o 7c{otct)1grﬂﬁ%r %%n re I §0 ng arlsblelfate mode

pr opor thirdlsighade sgsmsitve e hpfesa@aéd gs:ﬁlegj to out put a
proportlonal nmode contr ol %g responsi ve to the
pési ti 8riowH CW@lmoawf%O@ﬁrarw geuRledhie sicriwe;a sslecged input from

vari abl,g. pAHE 15}8@&118182{3?%(5;&8'0%%?%1%)& ok GG b R erEtnPcHite Bntroller;

vari able Pate responsive

pdesel eahedt sbdctorndgvice. operdtive/ ccmptﬁdrtrol the damuhtcentrol computer to
operatively cg gﬂed to receive a seleéﬁed I nput rom

one of S¥HE HF IPGH t90BHAl CHBRYCE EhiFIGHINESY groctireat 16 "one of the

vari ablg.fid ﬁlté@l@ﬁe E&{H;Jl Qloh & anddhe Br o?egﬁ)nﬁﬁln@&f &ntrol signal and
to the o al

devi ce operatively couple contro
conput &r stlectivehusetpuhent @t dhe crritblolratcompd¢ epntral 51gnal and the

I ti | t t
e’ careliondl Bhdf et FRRb s B Rlecls ot putal St ©

signal and to selectively output one of the varlable

r dhe dmdesysent bPlkclashgnakh@sil thberofdrapaul trhedatod®lier is a hand
control signal as the selected node control signal. 2.

Teentglleye system of claim1, mhereln t he proportional
node controller is a hand controller. 3. The drive

SY$E r%qvgfs gﬂeﬂf OF chai v@ﬁe?elhhtﬁe \(Igfléllﬂp Eter b& %’Iﬂf‘oller is a hand

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

e controller Th rive systemof clai , .
WEE SFRE Shgematatai b PR SpaI e E ot PuBaily buna opgracively
'BQHECkQQ&HMQ%nﬁ&E&ﬁEhﬁﬁk&oﬁ@&ﬁked to selectively
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

Wey®Uer3sd claim6, wherein the |ocal control PCHPS208T/062290

is configured to read, filter and scale the
proportj onal nDd i naI The drive system of claim
72 £ ur £hiSES OBRHR H%quPEWﬂt dontrol conmputer

oper at iyl vﬁ@t‘ﬁﬁﬁ&dﬁﬁed Qb OE b RN Abra GADU ol Lgnal.

recei ve the selected node cont signal, said renote
control conputer conprising: 7 WD 2007/098389
P& deroeystasobdaim §, fugthen eompristige anal og i nput

channel ro(;)]pp[gonpll vayP %0 rl\é\fn%t hﬂ le 58 Fﬁ%j[ Q@tap Eﬂﬁl(y gl!ltiet éaort said

capablg generatlng t% ol gn

syst empefpoeticriaMv8lve fudidehesn fBpgl tos kdd@iveathe oaRelr bighdlafrom the
val ve conprising a fluid inlet port and a fluid outlet
port, Buisewighamnsiuateheutrytaiite bei ng configured to

rgceive d E]lt%) &%E}%c{r%hcsﬁ Vn{g M-4NGd CEHIIld& V\EOd[L? ﬂhued outlet port

nodul at'e a out goi ng
haV|ngamdﬁamﬁgaemﬂnéemmemﬁﬂdeﬂmfhh&mﬁlU|d outl et port
and having a .se OS|tg,the first end;

i ficomi A FPEHES ¥ avlﬂfn 4 g Aryticnd copirgicdoribe 2 flutd inlet por
to theyfd Héﬂn% Qké;‘cton@gﬁd oc}ﬁﬁﬁie R &%ng; second end

opposite the first end a pi ston housing conpri sing
ad. i nl etplqj@n hommgwe@nmslmg)am rdetscbeahneetdd ¢d thehsecond end of the

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

oo e ottt nd AR e iyt FowRRGi € Y FEO Rt of the
e. a pikbAinghydaakl thetnt ed within the piston

housi ng such that it can be selectlvelg retracted or

ext endeddiptan rdidpary eneuntechavidin ée pistpnohownjidr audhi ghat it can be
fluid éllsc.qu.?hzereggaec? ot %%ﬁ&d ?gesp&%%%ﬁ% &Ye%LS‘r? of ﬁydrauhc fluid

l'ines. rive em o furt
conpri£bngnmxnmﬁgﬁugandﬁam&mgﬁwﬁmﬂmema§|ver

connected to the incom ng hydraulic |ine and capabl e

of  se S|ng t he gnitude of pressure in said |ipe and

t THA V@t%t@maofga lau §y 311%1;16@&9@%@%% PERBHTGranspliter operatively
1\]:0nn-59$dd[5'tl{§ 11§(‘)6§1{1§gg]hgfiraﬁh@'hﬁb 184 cfaﬁﬁﬂlg‘ of s %ﬂg fr MY9gftude of
pressure i ndicator rativel conhected to the

apedsoge impud linoardi ts«pisalyttlag alpmiiswamgnnl tofthe relqy 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@2102/%438n of the piston causes novement of theCT/US2007/062290

nanipulator armin a first direction and retraction

of the on cguses nmovenent of tﬂe mani pul at o

i A AORITH SRTIPYIFT BPRBLTY GOVRIEd 9 Febvar Giaceghinput from
13. A Gﬁgbp eAir8porflbhal %@é%%ﬁ%l@é?@'ﬁﬂesdaﬁgble@ate #node controller;
proportional node controller conflgure to output a

pdopor talnmw sohestie dayonst mratmelgfn@nup @stpdhsllwl tcontmtecomputer to
posi tion

t
Dari abrlsfant ReeRRERt FoRRle O R EILE NGNS Rlslstgone of the
vari ablgridtad fatdBdee cEaRl siphalSindnBé gf SRRASI MBdd €ndrol signal and
presel ected setting; 8 WO 2007/09838
PCT/ USt67icaazboouiput ang od dhe agrieble|raicompde epntrol signal and the
oper at b{q‘i)'o}tlo%%ﬁh?@cén ol §i gggél A5 ik s%ﬁ{ ‘f%trﬁ&'de {6@%1 GBI and

one of ropor ona ontroller or

vari abheratsatcenﬂfmwe mawhr opdrativelyd.coandvnde ts e@he chadible rate mode

devi ce operatlvely coupled to the local contro

conput EPAIercause the | ocal control computer to
selectively receive at |least one of the variable rate
Mage 4600t Felm 8F a9l 13nehd-bR tRY I‘BQQrCBhQ&aéon{Fﬁ%? cﬁﬁiﬁﬁgé%lan analog
signal and to sel ect’ively output one of the variable

r atpait nasdieccentratoiclyséognkeld tanatctvhehe proppriphalonede aoptiel signal.
control signal as the selected node control signal;

t.ro butt v nected
£ e fuvd ab A48 DA ol RY SORRER oty oM Ry 8F » i
sy@hgntof claim 13, wherein the | ocal control conputer
conprises an analog input receiver operatively
coupled to recejve the proportional pode contro
|T§ﬁ girive pgstempel elainy d 3s P Bic aribl mis mpHe centiol fignal is an

S8hags hiIPdey SA0G6AN ShONYorh ek bRl arShaG) inpk® receiver

The d systemof claiml erern

r aperativde c@aptedoto se@m\wl thes aaaslog anghab gfreing tel Vambldz hrete mode

| ocal ontrol conputer conprises an anal og i nput

r EQFQllsF operatively coupled to receive the analog
si gnal frontthe variable rate node controller.

Thee drive Qys¥mt &M 18im Gb aivitrbi thehBEA d&ntrb?cdrﬁgtﬂbr is conﬁgured to
control conputer is configured to read er and

s eadefitt¢reang seqdo e mmatrtlmﬁg awogicgigabl. 18, The drive
system of claim 16, further conprising a renote

CRRLT @hveC 99}%&56& 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

unit, capable o ener at i .a cantrol signal.. 9. The

dfi ve &)315OmIRS gl Ly f;%m ﬁg’{;ﬁ@&ﬂﬁm Hg: to4he Fuid iaet port

Df0P0rEh@ﬂﬁhngék&%n&QHPBM&ERQHEfﬁh%mﬁ;'n|et port and a

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

PET/ US200700 62180ty . meit¢d o dheh pistaauhpesing pechhthat nigcan be

afirs 0 - i.d J - - -

navi ng e aleBARERE B bleldtd i hitbfiuiedh Bl Retjon §Ffdrautc fuid

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

RSB Wb LhE AndoBnP hSEANLL Fins iRg c_%‘ﬁ@che b %Ens‘iﬁ% BRMmBghitude of

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

10



