*WO 2011/ 161519PCT/ | B2011/ 001399 Conbi ned barrier and | ubrication fluids
pressure regul ati on systemand unit for a subsea notor and punp nodul e
TECHNI CAL FI ELD OF THE I NVENTION 5 The present invention relates generally
to subsea equi pnent involved in the transport of hydrocarbon production
fluids froma production site at the sea floor to a sea surface or |and
based host facility. More specifically, the present invention is concerned
W th a systgubfialisies designed for managenent of bargier and [ubrication
fluid pressures in a subsea notor and punp nodul e. |I'n another aspect the
present 10 invention relates also to a pressure regulation unit for a
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corresponding measures in the motor/purnp module to prevent process fluid and

particulate matter from immigration from the pump interior into a motor housing

via bearings and seals in the motor/pump -module.

25 '
For the purpose of pumping a multiphase fluid in subsea production, screw rotor
pumps are advantageously used. The screw rotor pump is a positive displacemént
type of pump having two screw shafts that are driven in rotation with intermeshing
gears, between which a specific volume of fluid is displaced in the axial direction of

30  the screws from a suction side of the pump to be discharged on the pressure side of
the pump. The screws are journalled in bearings in a pump housing, and are drive-
connected to a motor arranged in a motor housing. In case of a twin rotor screw
pump, intermeshing timing gears carried on the screw shafts provide
synchronization of the rotary motion. The motor housing interior is hydraulically

35  separated from the pump housing interior by a seal arrangement, where the drive

‘shaft is journalled to extend for connection with the pump rotor shaft. The pump
bearings are separated from the pump medium by seal arrangements at both ends
of the pump.



* WD 2011/ 161519PCT/ 1 62011/ 001399 A hydraulic fluid in the notor housing is
to be maintained at a pressure above the internal pressure of the punp,
acting as a barrier which prevents intrusion of process fluid and
particles into the nmotor housing via the seal and bearing arrangenent. In
result of the pressure difference, a leak flow of hydraulic fluid along 5
the drive shaft is unavoi dable. The | eakage rate is dependent on fluid
properties,whfii/gngaoti al pressure, the transient opeaighbideeendi tions of
the punp, and the tightness of the seal (s). The | eakage i s conpensated by
refilling the notor housing froman external supply of hydraulic fluid.
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with Iongr?\é%‘:ﬁl-v‘gﬁit di stances and great water depths. The present invention
speci Bbcally ains at providing a bather and |ubrication fl uids

Conventionally, a motor barrier fluid and a pump lubrication fluid are each supplied

from a host facility, and leakage compensation as well as pressure control are
managed from the host facility, usually via an umbilical, As subsea hydrocarbon
production sites are increasingly installed and operated at increasing depths and

30 step-out distances, the response times and control requirements in lubrication and
cooling systems increase correspondingly. As a consequence, there is a rising need
for a barrier fluid and lubrication system that operates with improved control

requirements and which provideé increased reliability in operation.

35 SUMMARY OF THE INVENTION
The present invention thus aims at providing a barrier and lubrication fluids
pressure regulation system for a subsea motor and pump module which avoids the



5 pressure regul ation systemfor a subsea notor and punp nodul e, the
system having an inherent capability to adapt to pressure changes in the
punped nedium The present invention further ains at providing a barrier
and lubrication fluids pressure regul ati on system having an i nherent
capability to conpensate for | oss of hydraulic fluid caused by | eakage via
seal s and bearings in the notor and punp 10 nodule. Still another object
of the presgptoi/yqption is to provide a barrier andgdrypbiieaison fl ui ds
pressure regul ati on system wherein a preset pressure differential between
a bather fluid circuit and a lubrication fluid circuit is automatically
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20 and journalled in bearings in the pump housing. The pump-rotor assembly is drive-

connected to the motor through a drive-shaft that reaches between the motor and

pump housings via a seal and bearing arrangement and is configured to displace a

fluid medium from the pump inlet for discharge via the pump outlet.

25  Briefly, the object of the present invention is achieved in a barrier and lubrication
fluids pressure regulation system for a subsea motor and pump module that is
operable for displacement of a pumped medium from a pump suction side to a
pump discharge side, the pressure regulation system comprising:

30 » a lubrication fluid circuit in flow communication with a hydraulic fluid supply
via a first pressure reducing regulator -
e a barrier fluid circuit in flow communication with the hydraulic fluid supply
via a second pressure reducing regulator, wherein
¢ the first pressure reducing regulator is configured to reduce the supply fluid
35 pressure in response to the pumped medium pressure at the suction side or

at the discharge side of the pump, and



5 Arsystem according to the invention provides i medi ate response to any
change in the punped nedi um pressure, as well as a sinple and robust

sol ution which continuously maintains a predeterm ned .pressure difference
between the barrier and lubrication fluid circuits and which at all tinmes
keeps the circuit pressures in balance with the pressure of the punped
medi um 10 Preferably, each of the first and second pressure reducing
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fromthe supply fl ui ressure to.a , WO 2011/ 161519PCT/ 1132011/ 001399 5
pressure fﬁ?&f’x?eﬁl ecg&%é’é%?s?u{eﬁﬁ PP aﬁé’ﬁflisi?n rcg’?ée lf%es%?tfqrﬁsgﬁet ly for an
adequat e Ffedypioasesuiatorciimn giaphiagm; plvigd @resmsreempenselorH et to i n order to
avoi d i nt sypatyé temuids ia Rt titmitcatnteting yhecireeReisuee fRAedsE fegulator

20 with the pumped medium at the suction side or at the discharge side of the pump.

The embodiment provides immediate response to pressure variations in the pumped
medium on the suction side or on the discharge side of the pump, while avoiding
intrusion of process fluids, sea water and particulate matter into the pump

25 lubrication circuit.

Optionally, the pumped medium pressure may also be applied via a pilot circuit to
the dome of a third pressure reducing regulator arranged in the hydraulic fluid
supply upstream of the first and second pressure reducing regulators. This optional
30  third pressure reducing regulator can be set to deliver an output pressure exceeding
its dome loading pressure within the order of 20-50 bar. The output pressure of this
regulator may typically be set to exceed the dome loading pressure with about 30

bar.

35 The embodiment improves reliability and service life of the first and second pressure
reducing regulators by reducing the load applied from the supply fluid pressure,
which may range to an order of about 500 bar, e.g. The optional pressure reducing
regulator constitutes a stepwise reduction from the supply fluid pressure to a -



+ 5 peaks or pressure build-up in the circuits, each of the barrier fluid
circuit and the lubrication fluid circuit will be arranged to conmuni cate
with the punped nmedium flow at the punp inlet or outlet via respective
pressure controlled pressure relief regulators opening into the pil ot
circuit. These pressure relief regulators can be realized as dome-| oaded
back pressure regulators that are nornally effective to 10 reduce and vent
the pressurgoiiadiSiebarrier and lubrication fluid cigGibldidods cally
during systemstart-up. A secondary function of the pressure controlled
pressure relief regulators is to serve as safety relief valves. Mre
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back pressure regulators, may each be associated with a notor drive which
is operable for setting the bias and thereby 30 the pressure |evel of the
subj ect r MgtA spegicallyihe prmsse felinf rosulateria thedubricatiop fpidgircy g2mbs ust ment  of
f | owslanda grme-dapdiog Harlo preasure pegutbeor meponisive to tha pampeheediagpaessurhie present
i nvent i ONat @k 8h&fontsiedr R BRSHSBalR GiHedk HRPpuMY. The PRI kMRF 35 VO _
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second pressure reducing regulators. The output pressure of these regulators may

typically be set to exceed the dome loading pressure with about 8 bar. As indicated

25  above, the pressure relief regulators can also be seen as ultimate safety relief valves
for the circuitry.

The pressure reducing regulators, as well as the back pressure regulators, may each
be associated with a motor drive which is operable for setting the bias and thereby
30 the pressure level of the subject regulator. The embodiment permits remote control
and adjustment of flows and pressures from a topside facility.
In another aspect the present invention relates to a pressure regulation unit
comprising:
35
+ g pressure vessel arranged to bé exposed to surrounding seawater, the

pressure vessel housing a volume of hydraulic fluid and being hydraulically



"wherein the output flow of the first pressure reducing regulator controls
the 10internal pressure of the pressure vessel, and the output flow of the
second pressure reducing regulator is responsive to the internal pressure
of the pressure vessel. Preferably, the first pressure reducing regulator
I's configured to control the internal 15 pressure in the pressure vessel
by reducing the pressure of supplied hydraulic fluid in response to the
punped medi wapi1A6Sisr e at a suction side or at a di SphpmBaRGmAe of the
punp, which is communicated to the fsrst pressure reducing regulator via a

pilot line extended into the pressure vessel. 20 The pressure vessel may
further conprieanectablf konlubrinatiandinié cirdugtnintavabsqe oetodesd pydp aul i ¢ 1 ui d
flow froma topsasle (offshore or onshore) hydraulic fluid supply; a

flow |ine conp on.Vi.a ed nedi Ym,bressur e iS,CO ni cated 25
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regulator; ., asecond pr.ﬁsﬁéeqchugereg\ﬁmp&%%m&Mes%brewépsrei Gahion fluid is

supplledtothe 30fr essure vesse erio and a flow line
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at the suctlom@%@m#r@%ldph@lthnstbham@eammauﬂpuh@mdme Wthout bei ng
linmted to anyhé&p@ché btpuy pew 6f thEBER predbudRt lcirdtegatoPcdi@didltie the 35
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present invention vant ag punp equi {)'ge with a
t wi n-screw r otMFSSUEIrFRs regBlafer 4t TeéPP’lﬂ"Pé‘bT}ie interngy pEAYEEt $esupply oil to
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Preferably, the first pressure reducing regulator is configured to control the internal

15 pressure in the pressure vessel by reducing the pressure of supplied hydraulic fluid
in response to the pumped medium pressure at a suction side or at a discharge side
of the pump, which is communicated to the first pressure reducing regulator via a
pilot line extended into the pressure vessel.

20  The pressure vessel may further comprise:;

¢ a flow line connection that provides hydraulic fiuid flow from a topside
{offshore or onshore) hydraulic fluid supply;
* a flow line connection via which pumped medium pressure is communicated
25 from the suction side or the discharge side of the pump to the first pressure
reducing regulator;
s a flow line connection via which barrier fluid is supplied to the motor from
the second pressure reducing regulator;
* a flow line connection via which lubrication fluid is supplied to the pump
30 from the pressure vessel interior, and a flow line connection via which
hydraulic fluid can be dumped into the pumped medium at the suction side
or at the discharge side of the pump.

Without being limited to any specific type or model of motor and pump module, the
35  barrier fluid and lubrication system and pressure regulating unit of the present

invention is advantageously applied to a pump equipped with a twin-screw rotor,

and the lubrication circuit is arranged to supply oil to pump bearings, as well as to



‘tim-ng gears that are installed in the punp for synchronizing the rotation
of the rotors. SHORT DESCRI PTION OF THE DRAWNGS 5 In the foll ow ng,
preferred enbodi nents of the invention will be described in nore detail
with reference nade to the acconpanyi ng, schematic draw ngs, of which Fig.
1 is a diagramof the barrier and lubrication fluids pressure regul ation
system for a subsea notor and punp nodule, and 10 Fig. 2 is a schematic

view of a pu@SsHhfisfeegul ation unit for a subsea not oE, %gmp/% modul e.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS 15 In i g of Fig. 1,

reference nunber 1 refers to a subsea notor and punp nodul e conprising a

not or  t hattimifig REAEREateinRalNIGE 3¢ p&Bf for Vs?ﬁa{mﬂmg@&le%&h@é bf e Or nOLOr
housing 2,,85 well as a punp rotor assenbly encased in a punp housing 3.

The not or dr|V| ng the punp is typically an electric notor, although other
drive units such as hydraulic notors or turbines may alter natively be
enpl oyed. SPHORTHESCRIPIIONtQR THE DRAWINGSr ed for di spl acenent of a punped

di t 1h Jhas9; i d bel ow
medi urs flx&ptgﬂﬁ% i ﬁ’ﬁ , Prded ke RinMrRIHChE Bfbeddidhi win ok Q8 %béfﬁlb%é(rgl C char oo

via a punp outiere rengg};"iglg?[?tt?‘?&?‘é’?ﬁ;‘gﬁ’ %B?%%‘“If{}a‘ﬂ'i‘gs BaPicRot or i s

drive-connected to the notor, ‘and the punp interior is 25 hydraulically
separ at edFigr D18 4 HiegRIESIhE b sdd/Ribgedton Miids-grédshebealBRESH sydRHSi Ng by

means of a,363bsa h&0y h_seal s against the outside of a rotary
shaf t |nd|rcat e% by re%&%@%n&é#ﬁ) by which the punp rotor is

drive-connected to the notor. The punp bearings are separated fromthe
punp medi His Bis aechiematic vey ofre ptess@e aeghlQioatunitdorta artdsa mbtok ad punp. The
punp r ot Opumg mpsaumRl  ed in 30 bearing arrangenents (not shown) in the punp
housing 3. Since the invention is not limted to any specific type or

nodel of m)tor andéj %assenb%# but i ndeed can be applied to various
not or andPBUMEERIFTGUITHONSHSPRIFERRER EMBRRMMERES i n t he transport of a

hydr Ctar bimrthp doxiticg Dfd?ig fl, uifeteadechuoytes atrefdrsId aldyibidaenaibd Addeghiner son, the

i nt er nal s a r s in e| n det ail.
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» as well as a pump rotor assembly encased in a pump housing
3. The motor dnvmg the pump is typically an ‘electric motor, although other drive
units such as hydraulic motors or turbines may alternatively be employed.
20
The pump rotor is configured for displacement of a pumped medium, typically a
multi-phase production fluid from a reservoir below the sea floor, which enters the
pump via a pump inlet 4 to be discharged via a pump outlet 5, as illustrated by an
arrow F. The pump rotor is drive-connected to the motor, and the pump interior is
25  hydraulically separated from the pressurized (typically oil-filled) motor housing by
means of a seal arrangement 6 which seals against the outside of a rotary shaft
(indicated by reference number 7) by which the pump rotor is drive-connected to the
motor. The pump bearings are separated from the pump medium by seal
arrangements 8 and 9 at both ends of the pump. The pump rotor is journalled in
30  bearing arrangements (not shown) in the pump housing 3.

Since the invention is not limited to any specific type or model of motor and pump
assembly, but indeed can be applied to various motor and pump configurations
which are involved in the transport of a hydrocarbon production fluid and operated

35 Dby the skilled person, the internals of the motor and pump module 1 need not be
discussed in detail. '



+ 8 Hydraulic fluid is supplied to the notor and punp nodule 1 via lines 10,
11, 12 froma hydraulic fluid supply (indicated by reference n unber 13),
whi ch nmay be | ocated topside on a surface platform or on a | and based
host facility, e.g. Al other conponents of the barrier and |ubrication
fluids pressure regulation systemare 5 advantageously installed subsea. A
pressure accunul ator may be arranged in the fluid line 10 to deliver
hydraulic fluid at_an operating pressure, which nmay be in the order of
about 500 b¥P2WIY The hydraulic f|¢1i d is supplied RATPBPPHELSY e reduci ng
regul ators 14 and 15, the output 10 Tlow of which is automatically

adj ust edGORGHIL ROk sdlphil B GO il dbdt] Ao FHIECL T 121 ar T er Tluld
and | ubrication system e_pressure chandes arei) caused py varying
pressure rAmaydrs i amplinindigateddy sy B YgPehydr X Elaﬁ'l%ﬁi d through

t he seal i ngatad tapaige wepisirfase platforsd, cated ldnd asedhest facility, Bigg All othef 5 The
regul at or sordighrRAM of Bre 13SridtEINA 186r@RYN BLIAS Hbrdab@® SehatlofGy&bmGre egul at or

di scussed bel ow, . be avai | abl e type of done | oading pressure
regul a ora‘g"é’gfaéﬁ"é’gii”?%?taﬁ%; % ul | sea depth, and which operates at the

subj ect system pressures. The regulators are additionally equi pped wth an
adj ust abl g psgshRGCBI@SIaty mlyitehrngapivl the uiddiRe 1pes délivesiiydeailiear i ed above
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wi th t he ¥hpdealingasrangements apiluptrgted by parove it 8ot 14. Line 16 opens for
hydraulic fluid fromthe regulator 14 into the notor housing interior. The

barri g {4l GaGihfotd!id ahd 15,NEIFAGS My S&@Pﬁ\%ﬁﬂl& Sedhing rb@UGOMUNI cat i on

ith the p t 4 a |lines, and ch serve tor 30 d in
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responsi ve t Id pressure 1n a,/line 20 that s a led to the done
of theD pregelatas may adyanirecevly by epuinpgd “Ffttti‘ér‘ifgecb‘?"e‘%&déa&@h%f%g regul at or
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circuit falls below the pressure in line 20, which is the l[ubrication
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fluid circuit acting as a barrier at the interface between the motor and pump

25  housings 2 and 3, and typically also providing lubrication and cooling fluid for the
motor. In Fig, 1, line 11 connects the barrier fluid circuit with the hydraulic fluid
supply via the regulator 14. Line 16 opens for hydraulic fluid from the regulator 14
into the motor housing interior. The barrier fluid circuit is indirectly connectable for
flow communication with the pump inlet 4 via lines 17 and 18 which serve for

30 dumping hydraulic fluid from the motor barrier fluid circuit via a pressure relief
regulator valve 19, in case of a rise of the fluid pressure to a too high level. The fluid
pressure in lines 16 and 17 of the motor barrier fluid circuit is controlled by the
output pressure of the regulator 14, which is responsive to the fluid pressure in a
line 20 that is applied to the dome of the pressure reducing regulator 14. The

35  pressure reducing regulator 14 is arranged to open when downstream pressure in
the barrier fluid circuit falls below the pressure in line 20, which is the lubrication
fluid pressure as will be understood from below, by a preset amount.



- Simlarly, the regulator 15 serves for refilling and pressurizing a punp

| ubrication fluid circuit providing lubrication fluid to punp rotor
bearings and, if appropriate, to timng gears which effect rotor

synchroni zation in a twin-screw rotor punp. Line 12 connects the

| ubrication fluid circuit with the hydraulic fluid supply via the 5

regul ator 15. Lines 22 and 23 open for hydraulic fluid fromthe regul ator
15 into the ur’rP housi ng. The lubrication fluid circuit is indirectly
connect abl é“?a}l #18% communi cation with the punp i nIBEIBOHPEYes 24 and 25
whi ch serve for dunping hydraulic fI9ui d fromthe nmotor barrier fluid
circuit vjia.a pressure rellef r or | ve 26, in case of a rise of the
fluid preé‘é‘ﬁ’f‘%ly’t e ZealborliSg Ire a“f PRCRFUSFRE & PP OO nes 20, 22,
23 and 24flwd cirhgt bmbldmgdublm:ratlﬁﬂl G toipmowi rotdr beagigs Aol ibaprygpridie tout put

pressure_ghinghpRarlsSHidiadREt o syhihebnibalioh &S ROREI stfev ﬂ»t&rhﬁn{ﬂ wird 1pressure in

a line 27that S @ lied. to t do ci ng regul ator
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barri fluid circuit is in this way bal anced relative to the pressure in
the I'Ubrication fluid circuit, and a constant pressure_difference between
the two OYlprsuireciselys theedomedparing piessur gPRiisd de thedreylatas d2viading A7 fhe
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In result, the fluid pressure in the barrier fluid circuit is in this way balanced
relative to the pressure in the lubrication fluid circuit, and a constant pressure
difference between the two circuits is maintained at varying actual pressures in the
Iubrication fluid circuit. The pressure differential is determined by the bias of the

30 pressure reducing regulator 14 which may be adjustable. A pressure differential of
typically about 5 bar (72,5 psi) is in most cases considered appropriate.

In addition, the fluid pressures in the barrier and Iubrication fluid circuits are
together balanced relative to the pressure of the pumped medium. The pressure
35 level is set by the medium pressure at the pump inlet which is added to the preset
bias of the second pressure reducing regulator 15 and applied to the fluid in the
lubrication fluid circuit. The pressure difference between the pumped medium and
circuit pressures is determined by the bias of the regulator 15, which may be



+ 10 adjustable. A pressure differential of typically about 5 bar (72,5 psi)
is in nost cases considered appropriate. Wth respect to the sequence of
pressure regul ation effected by the regulators 14 5 and 15 arranged in a
series, the regulator 15 can be regarded as a first pressure reducing
regul ator and the regulator 14 can be regarded as a second pressure
reducing regulator. In order to manage a rise of pressure in any of the
barrier and lubrication fluid 10 circuits to a too high level, hydraulic
fluid can b¥OdMAPESH >  romthe circuits into the pil ot PCTHIBRIZ@19Y a t he
pressure relief regulator valves 19 ¥nd 26. The pressure relief regulator

val ves are ,advant ageously.realized in the form of done | oadi ng back
pressure raggﬁf%?eo .reSFHEy‘?lgﬁfﬁ?'éﬂaSEtyfgﬂi%a}?o&é55’(‘\%@735’ RsY ig amesisasegat i on

fluid circontidggedapnrpepridter | i ne 20 which is communicated to the donme of the
regul ator 19, which is 15 set to open when upstream pressure in the
barrier flyi i i exceeds the lubri.cation . fluid pressure in line 20
by a pres e‘?i hﬁﬁ%ﬁ%? HJ %C#Z?ué?)rﬁ%/? ptr?lsesuFeem%‘fqggt'%nre ted fgy %ﬁgﬁgﬁo{fe %o the
punped 2nedPd i grraessstie adsrien theregulaigrdp can be resgrded as gdwiet pogssutee r egul at or
26 via | i nehuging repudatbhend ggubatlanr PHcdrsbesregartied &PL Becddie prefisé r €am pressur e
in the Iup&ﬂ&g&&a§ug£gid circuit 24 exceeds the punped nedi um pressure by
20 a preset ampunt. In both cases, the regulators may be set to open at a
pressure difference of about 8 bar. Likewi se in order to manage a sudden
critical & eidaxfogpanaggehisgof prpesuse iy guref ded kegtitromddubrivatiah fluid t he punp
e.g., lan cialiattb @lod/Righ €evall hiydrapliefad ail ¥e ik b cdreufiyintPaRSSUr €
communi ¢akliQhinR 3 \RCHe A RUTRES (R0 16 Ea BAUIR T ARG, by cat | on
fluid circuits. In order to avoid gas accunulation in F%e pi 6% line 28 or
in the holfERP FRlvVEhaeAdupMREgHT!Y ocaligast B the foamof deme leading Peskdi ng of t he
act ual puppresimeciulato30Tor egelatoe 18 ireresonsiyne tedulgivatsn fyidcatet f or mat i on,

a pipe | opRsside GRfind80 Whichilesnh Bnibiied B heldolk BEHE QeRiidtoiCTo, GRREYL e Of 2
I Furt e‘;f‘%] In order to
I qu

gas phase rtion . of a multi-phase production fluid
Ovoi ARy arats b ite e tel e BRARSp BROPHER o subibl ithedsihtui o 95
conponent Ybgcationfinid prespursdo EnodQ by f areset amenntSimfarhpithoteghlptoe 208, t he
pi | ot |i nis rasponeivé toathe phepkd tiedivdupiebsige Wwhivkss ddnmtticatdd tBe @emassoci at ed
With a hegtthlgdil6263a W §1 dnd B L8Ghiot 96 50Let 1R wﬂ%rﬁgs&w#d
tenperature in th&sgﬁl)l.nﬁs glé]%ve %&?ﬁ I I%Jl ation tenmperature tor the
f1uid conPGRERT & eWSTHEYR FRISTS P18 FYPpegmedium pressure by

20  apreset amount. In both cases, the regulators may be set to open at a pressure X

difference of about 8 bar.

Likewise in order to manage a sudden critical situation, such as hydrocarbon
detection external to the pump e.g., an isolation valve 32 is preferably arranged to

25  cut pressure communication between the pumped medium and the barrier and
Iubrication fluid circuits.

In order to avoid gas accumulation in the pilot line 28 or in the housing of the
diaphragm 29, which could cause misreading of the actual pumped medium

30  pressure due to compression or hydrate formation, a pipe loop 33 can be included
in the pilot line to effect capture of a gas phase portion of a multi-phase production
fluid. : '

Further, in order to avoid hydrate formation and solidification of gaseous and liquid

35  components of a multi-phase production fluid'in the pilot line 28, the pilot line as
well as the fluid dumping lines 18 and 25 may be associated with a heating trace 34
which is effective for maintaining fluid temperature in these lines above a
solidification temperature for the fluid components.



. 11 A done | oading pressure reducing regulator 35 may optionally be
arranged in the hydraulic fluid supply 10 upstreamof the first and second
pressure reducing regulators 14 and 15. The regulator 35 is responsive to
t he punped nedi um pressure which is communicated to the donme of the
regulator 35 via the pilot circuit 5 line 30. The regul ator 35 reduces
downstream pressure in the hydraulic fluid supply lines 11 and 12, and

i ncl udes an adj ustabl e spring bias by which the regulator 35 can be preset
to deliver WA28UtpUP pressure exceeding its done | oaditezopreessure wit hin
the order of 20-50 bar, preferably dkceeding its done | oadi ng pressure
wth about 30 bar, 10 In order to conplete the description of the set up
of Fig. 17FPPmefRsding pressyraysdging resniatpr CRapayaptionalyrhsairanees iarthe1 may be

i ncor por aketauliv fivid swmtho L0 bpstrdaer offtheifidt and sdeblid prebsudd tdautfer ence to Fig.

2 a pressugRaldeeyh ahd 8. qtuaIrLgJ@E)r 308 éﬁi&ﬁa@e {H}LQ@&Q%} glggmrﬂmdu' el wll

di scussed with

now be explaine yst em cqnpon
refer enc o= ‘thJCJL? 1%?°é’9’P'é?18?t8% EOe'E‘ gated'ﬁ@ﬁ?tﬁ’f o7 YA lRe Pﬂﬂ‘rﬁ’é‘l‘“&‘ as t hose
used ih HAing 30 Theregulatarts re@meatipwtmam Prassaraint the hydretliveibrid stgplsy st em
conponentnearne aaldsQ, iftPinsRdEs asadaﬁﬁﬁbleldﬁhﬂg Bhs S}I&ﬁﬁ%ﬂ the fe@@l%%r Rged no

further lﬁ%ﬁﬁ&ée?ﬂa Xghtlé} a?i ou{tﬁﬁ[t%’rgsgﬁpe éxgced%.r%tlts dom (?r]oa 1g pre n%jglgé ][TFB;[ dOf Fig.

2, however, ressure reg ass

ci rcui t ry"iEB therderoli2Q- 5 Rar arrefera X%ﬁcﬁe%‘Fﬁj@%lﬁ?@%H’iﬁ@Wéﬁ’ﬁbl 36. The
pressure abesséﬂ)b&@ |s configured to be | ocated subsea and can be arranged
for 2% standing on the sea floor or arranged to be coupled to, or

i nt egr at i th and The.p ure . in pressure
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provi des REHRNED Hifl AR catermsh contar\Rd epayabe iagarpenater nhylm:aenor barfieuflddsuppl y 30
10 and t hodrcuitt eri or of pressure vessel 36. The volune of hydraulic fluid
in pressure vessel 36 is in flow conmunication with the punp seals and
beari a fluid fbw lines 22 or 23 of the lubrication fluid circuit,
U wHeh WHE B [P &8 @ v SEUATOP BRI ShoTiPaFe PPOSSR BUBP pr essur &
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p p
vess@Pl, aemreact tofjgtd the pilot pressure circuit 27, 30 and 31 inside the
pressure vessel. A supply fluid WO 2011/ 161519PCTMB2011/ 001399

In the embodiment of Fig. 2, however, the pressure regulating components and

associated fluid circuitry are housed in hydraulic fluid inside a pressure vessel 36.

The pressure vessel 36 is configured to be located subsea and can be arranged for

25 standing on the sea floor or-arranged to be coupled to, or integrated with, the motor
and pump module.

The pressure in pressure vessel 36 is controlled by the pressure reducing regulator
15 which provides flow communication between an external hydraulic fluid supply

30 10 and the interior of pressure vessel 36. The volume of hydraulic fluid in pressure
vessel 36 is in flow communication with the pump seals and bearings via fluid flow
lines 22 or 23 of the lubrication fluid circuit, in which the pressure is determined by
the internal pressure of pressure vessel 36. The same pressure is applied to the
dome of the pressure reducing regulator 14 which supplies hydraulic fluid from the

35  external fluid supply to the motor via lines 11, 16 and 17 of the barrier fluid circuit.
Pumped medium pressure is communicated to the regulator 15 via a pilot pressure
line 30 that is introduced through the wall of the pressure vessel, connecting to the
pilot pressure circuit 27, 30 and 31 inside the pressure vessel. A supply fluid



- 12 pressure reducing regulator 35 as previously discussed may additionally
be arranged inside the pressure vessel 36. Pressure relief regulator
valves in the form of back pressure reducing regulators 19 and 26 may be
arranged as illustrated to dunp hydraulic fluid via a conmon flow |line 18
or 25. 5 Acoupling interface to the nmotor and punp nodul e can be reduced
to a | ow nunber of flow |line connections such as: a flow |line connection
via which pur’rged medi um pressure i s comuni cat ed from t he suction side of
the punp t VA24/HE% pressure reduci qg regul at or ECTABRWOPBHe connecti on
via which barrier fluid is 10 supplied to the rmtor froma second pressure
reducing regul ato oy line co ction,via chI brication fluid
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1. A barri°€4%nd | ubrication fluids- pressure regul ation systemfor a
subse@ not or and punp nodul e operabl e for displacenent of a punped Medi um
froma pumie grdsduir©vessélde previdesplitmpditastiatog@ansid tr coiteollgthsur € regul ation
system Cowkﬁmubma@qohmcd g@gg\ﬂ& il atbs&d Mttt hnd $@mp AfodukSExcefe 27, 30,

31) in flow conmuni cati on w
for the necessary connections, the pressure regulating unit may be given a non-

complicated, box-like design, which is easy to handle and easy to install at a subsea
25 production site. In order to allow for disconnection by a Remotely Operated Vehicle
(ROV) so as to be retrieved to surface for replacement and/or repair, the pressure
vessel advantageously comprises a base plate with automatic hydraulic couplings
allowing the unit to be installed onto a mounting base arranged on the motor/pump
module.
30
The invention is of course not in any wéy restricted to the embodiments described
above. On the contrary, many possibilities to modifications thereof will be apparent
to a person with ordinary skill in the art without departing from the basic idea of the
invention such as defined in the appended claims.



-5 hydraulic fluid supply via a first pressure reducing regulator (15); - a
barrier fluid circuit (11, 16, 17, 20) in flow conmunication with the
hydraulic fluid supply via a second pressure reducing regulator (14),
wherein - the first pressure reducing regulator (15) is configured to
reduce the supply fluid pressure in response to the punped nmedi um pressure
at the suction side (4) or at 10 the discharge side (5) of the punp, and

t he second‘ﬁgessure reducing regulator (14) is configured to reduce the

supply fluiWPHEYEI? e in response tgsthe out put pr eSSHROYIOOBKe £ rst
pressure reducing regul ator (15). . The system of claim1, wherein each
of the fi nd second pressure reducing 15 regulators (15; 14) are

dome- | oadi"Aig regul ators with adjustable bias set to deliver an output
pressure pxceedtthd sridah theAdrfGul REHich Waichi Or @ siBR@enddr 2- 10 bar,
prefer abl y, XGee gLt LAS R LigRdi g PIESSIEE LR, AR0H ) BuREr . 3 The
syst em of (91_%} n‘?ﬁm 8PE ! t e pfur%e m(ﬁpumpﬁre_ssure I's a%p_, ed to the 20
done of t¥wetien pide thp pympdischege sidaghe PERFPRIESFENARY systamLomPEBRRagm ( 29),
or Vvia a {d hbfvtendhipenadt (02, 22228 2k ed, 3@ 33 phdloateemmnmiddtion déthian a pi | ot
circuld (iR fradl autPdufpB LS Erd Priddbrel i lind g IEME fisf;€duci ng regul ator (15)
with the pugggd gegl . q.g;qg ?%St%ﬁ]Of any. pr.evi ou cﬁg#qkﬁmhereln t he
punped medt CATTRY BUE girenit & Lo kS:h{y FRLR 8155%@*#58"%“&‘ TRt (28, 30)
to the ddimd efipRly tihiarsdequdaussstiee reddeing ragulatqil B wher¢i8s) arranged in the
hydraul i ¢ tht ai<l psdspilelediRild RANRE (1598 dohfigire@ded@eand sppdsmuae reduci ng
[ egul AL OF 5ot REin DL PIERE Yol PHIGIDILIEMIL B RE sBlon!rclff dre! an out put
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circuit afgnd MGt hidbr€ Mdueighbgtiidloliiscui t comunicate with the punp inlet
or the punp outlet via respective pressure controlled pressure relief

regul ator valves (19; 26) opening into the pilot line (28). 35
2. The system of claim 1, wherein each of the first and second pressure reducing

15 regulators (15; 14} are dome-loading regulators with adjustable bias set to deliver an
output pressure exceeding the dome loading pressure within a range of 2-10 bar,
preferably exceeding the dome loading pressure with about 5 bar.

3. The system of claim 2, wherein the pumped medium pressure is applied to the
20  dome of the first pressure reducing regulator (15) via a diaphragm (29), or via a
pressure compensator, arrangéd to separate the fluids in a pilot circuit (27, 28, 30)
connecting the first pressure reducing regulator (15} with the pumped medium.
4. The system of any previous claim, wherein the pumped medium pressure is
25 further applied via a pilot circuit (28, 30) to the dome of a third pressure reducing
regulator (35} arranged in the hydraulic fluid supply upstream of the first and
second pressure reducing regulators, the third pressure reducing regulator set to
deliver an output pressure exceeding its dome loading pressure within a range of
20-50 bar, preferably exceeding its dome loading pressure with about 30 bar.

30
5. The system of any previous claim, wherein each of the barrier fluid circuit and
the lubrication fluid circuit communicate with the pump inlet or the pump outlet via
respective pressure controlled pressure relief regﬁlator valves (19; 26) opening into
the pilot line (28),

35

6. The system of claim 5, wherein the pressure relief regulator valve in the
lubrication fluid circuit is a dome-loading back pressure regulator (26) responsive to



- WO 2011/ 161519PCT/ 1B2011/ 001399 14 the punped nmedi um pressure at the
suction side or at the discharge side of the punp. 7. The system of
claim5, wherein the pressure relief regulator valve in the barrier 5
fluid circuit is a done-|oadi ng back pressure regulator (19) responsive to
the output pressure of the first pressure reducing regulator (15). 8.
The system of any previous claim wherein the pressure reducing regul ators
(14, 15) and the back pressure regulators (19, 26) are each associ ated
with a not oVO310VHIYe, respectively, which is oper ati@IBBi8EM% i ng t he

bi as of the subject regulator. 91 A barrier and lubrication fluids
pressur e gme%‘{xln?te:don i tre%(s)u 2L Ing.lcP sﬁégrsgt%gd%é%?S% sil e @r ranged to
be expose RF IR RE R RS RS SctipR si8F S5 8Ur e WELEE 10U g a vol ume

of hydr auPP®P{ | ui d and bei ng hydrauli cal I y 15 connectable to a lubrication
fluid circuit in a subsea notor and punp nodule; a first pressure

reduci ng ?eﬂ#w Lt@{nl %&V@m%r&,ﬁ&gﬁ% Bretsflﬁeﬂéﬁmgﬁsm\f%aﬁ@m m@re,gnfepnf igured to

r egul m an. ext erna Into the
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arranged pmessure ofithe disyipeessegeducingmg@ator 6k¥i gured to regul ate a fluid
fl ow between the external hydraul'i c fluid supply and a barri er fluid

cireuit ip.the subsga,mpLob,and: TP el Ot REBULEHG, 11 oW Of
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of the prb3snd w%aressawcwetomlﬁ H%%cBﬁsﬁ%’éteélé‘éﬁh%lmﬁPéssur e
reduclig disguteapativli dyhiclsisropspbleForvetting thidiaspf tesabjegirresdae of t he

pressure vessel 25 10. The pressure regul ation unit of claim9, wherein
the first ssure uci.n ulator (1 IS C ured to control the
i nt er nal % %’ﬁ‘?’émf%l“gﬁ‘éa g’é@‘é‘ﬁ"ﬂr%}"aﬂ’%g&éﬂﬁﬂl?f “tWe*Ft%ssure of supplied
hydr aul i c- 4 prgshre pesseldBraseanged torhe eypeasd do preravundingrses%altethet a sucti on
si de or apressudé e&laar}@asiﬁ'gdeom&etdnﬁycnﬂﬁﬁh Wiid add pein@hydratiicaB (30) ext ended
' ”t 0 {de &Eﬁ;&‘ﬁ%@ té’&ﬁ?o?%caé&@m? ”%"33‘%; CoublsEwmbtof aﬁfgﬁ'ljnﬁtrﬂo(apfeumt of claim

ereln € pressure vesse I Ses: l'ine

connectl ot fIFHPresPRe e ing FaFuRiey (5 TiI‘erefH’?fFﬁ“EE "ﬁ?ﬁ?ﬁé‘ﬂﬁl c fluid 35
supply (1€@pfigured td feguiald nbuid dlowdon anextemaliydeiulisfivpbshppbdnterthpr essure i s
comuni cag@shufré M¥séigressicti on side or fromthe discharge side of the punp

t281§.?(]a. 62%&%%§§%gr 5 Be glgqgwlﬁ%ua lg)t a.n(glg’ )ri the V\Q:ssure vessel, and

configured to regu.late a fluid flow between the external hydraulic fluid supply and a

barrier fluid circuit iri the subsea motor and pump module,

wherein the output flow of the first pressure reducing regulator (15) controls the

internal pressure of the pressure vessel, and the output flow of the second pressure

reducing regulator (14) is responsive to the internal pressure of the pressure vessel.
25 .

10. The pressure regulation unit of claim 9, wherein the first pressure reducing

regulator (15) is configured to control the internal pressure in the vessel (36} by

reducing the pressure of supplied hydraulic fluid in response to the pumped

medium pressure at a suction side or at a discharge side of the pump via a pilot line
30 (30) extended into the pressure vessel (36).

11. The pressure regulation unit of claim 10, wherein the pressure vessel (36)
comprises:
- a flow line connection that provides hydrauhc fluid flow from a hydraulic fluid

35 supply (10); :
- a flow line connection via which pumped medium pressure is communicated from
the suction side or from the discharge side of the pump to the first pressure
reducing regulator (15);



- 15 . a flow |line connection via which barrier fluid is supplied to the
notor fromthe second pressure reducing regulator (14); a flowline
connection via which lubrication fluid is supplied to the punp fromthe
pressure vessel interior, and 5 - a flow |line connection via which
hydraulic fluid can be dunped into the punped nedium at the suction side
or at the discharge side of the punp. 12. The pressure regulation unit
of any of clains 9-11, wherein the pressure vessel (36) houses the
conponent s WP 2UH¥BArri er and | ubri cgti on fluids prc&JPRIAEM ation 10

system according to any of clains 1 13. The pressure regulation unit

of any of cl ai 9-11,  where| he . pre re_\v. el, is m
ol ate w t T A RRE P ATER RhdR O PrRaeRire o s Fedt P cd onto a
nount i ng $eaeed picbaue pyluciog refudatonébt i on by an Renotely Operated Vehicle
15 (ROV) agdow @hé baRekidnovis WhicBaebridation aRidas eimlitd ke PumpeRai the
pressure vessel interior, and
5 - aflow line connection via which hydraulic fluid can be dumped inte the pumped

medium at the suction side or at the discharge side of the pump.

12, The pressure regulation unit of any of claims 9-11, wherein the pressure vessel
(36) houses the components of the barrier and lubrication fluids pressure regulation

10 system according to any of claims 1-8,

13. The pressure regulation unit of any of claims 9-11, wherein the pressure vessel
is made with a base plate with hydraulic couplings allowing the unit to be installed
onto a mounting base allowing for disconnection by an Remotely Operated Vehicle

15 (ROV) and retrieved to surface for replacement and/or repair.



