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suction side of the pump may be in the order of hundreds of bar, requiring

20 corresponding measures in the motor/pump 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.

Screw rotor pumps are often used for the purpose of pumping a multiphase fluid in

25 subsea production. The screw rotor pump is a positive displacement 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 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-

30 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 is hydraulically separated
from the pump 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

35 the pump medium by seal arrangements at both ends of the pump.

For purposes of lubrication and cooling, as well as for preventing intrusion of sea

water and pumped medium into the structures of a subsea motor and pump
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designs the pump shaft can be coupled to the motor shaft inside the motor housing.
In still other designs, the motor and pump is drive-connected by means of a
coupling located in a coupling chamber defined between the motor housing and the
pump. However, in all alternatives it is desirable to maintain at all times a pressure
30 difference over the interfaces, i.e. between the motor housing, the coupling chamber

when present, and the pumped medium, respectively.

Conventionally, motor barrier and pump barrier fluids are supplied via an umbilical,
and leakage compensation as well as pressure control is managed from the host

35 facility. As subsea hydrocarbon production sites are increasingly installed and
operated at increasing depths and step-out distances, the response times in
lubrication and cooling systems increase correspondingly. As a consequence, there

is a rising need for a motor and pump barrier fluids pressure regulation system that
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hydraullc a barrier fluid relief section

The motor and pump barrier fluids pressure regulation system of the present
invention may advantageously be applied to a subsea motor and pump module
which comprises a pump motor disposed in a motor housing; a pump disposed in a
pump housing having a pump inlet at a suction side and a pump outlet at a

25 discharge side of the pump, and a pump-rotor assembly arranged there between
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 via a seal arrangement and is configured to displace a fluid medium from the

pump inlet for discharge via the pump outlet.

30
Briefly, the object of the present invention is achieved by a motor and pump barrier
fluids pressure regulation system for a subsea motor and pump module,
comprising:

35 e a motor barrier fluid circuit hydraulically separating the motor from the

pump, comprising a barrier fluid supply section supplying barrier fluid to the
motor from a hydraulic fluid supply, as well as a barrier fluid relief section

discharging barrier fluid from the motor to the pumped medium,;



di scharging barrier fluid fromthe nmotor to the punped nedium WO

2011/ 161516PCT/ 1B2011/ 001388 4 a punp barrier fluid circuit, hydraulically
separ at i lgotzhe/iemi1er nal structure of the punp fromthe pompBzhivedsssm and
conprising a barrier fluid supply sectfon supplying barrier fluid to the
punp froma hydraulic fluid supply, as well as a barrier fluid relief
section discharging barrier fluid fromthe punp to 5the punped nedi um

wher ei n t-gea punipl baimey fwid girest dydranlicallytsephrating fee Bitemal staictarqpl
circuit an [T j ik GUL gl ng;lgqg'- ld eskriey S8
controlled o%@%@f@gs&gﬁufﬁg%%’%‘g’éﬁ%&? uit lhgdl d onﬁ gﬁ‘i&va \E/)g,s bei ng
i ndi vi dual | ySes6enrIRRABNg barries 8ish (e theoP WP P A BV&T W RN AN e

bet ween t he welliagm baxtier fRli@ relef sketiod Aisthadging tirsieh Angrd froint eheoputdpetopunp,
and[st he fl w& in the m)t(?r andli\%u barrier fluid circuits, respectively. A
system accor SRRt MRETHTLAYS ﬁﬁgrovi des i medi ate response to any change
in the pumpethenfhuiidufftow redpressurasnwelch ofishe nyitop bermenfluidhtisquis andithen

whi ch 15 conf i oMﬁl %r TRA RO i ' ESir et 3 ahgsedet ween
t he not or an%u%g)rrp af?ﬁé&tcﬁcﬂﬁdggpﬁgﬁlﬁ%gWaﬁr%ggsvﬁech at aeII ti mes._keeps the
circuit presamenged in pachpizeuili saidiand offvelussreing ndisidyaly controliabla in
Befaulse t he;&%bﬁﬁ&ﬂ%ﬁﬂd@@téd@&%_ tﬁﬁu%'iﬁ%f%eéﬁ;r%hﬁtﬁ@m !ﬂlﬁ@fnediri]uﬁ-, ohhesuction

mot or / punp 20 assenbly, and wi tho el ay-in operati.an, the pressure

r eg];?g ation sYdf@moBsh dbséﬁﬁ%eds’\%ﬁozgﬁ? pﬁﬁé?’ﬁlggﬁﬁeotﬂu‘fiéﬂatpa T8¢ r(?fl%p%‘ﬂr‘ﬁlp

ti e-back di sbamize fhrid civeluéts, seypebtivedynot her advant age provi ded by the

pressure regul ation systemis that it enables the operator to maintain a

st eady supply pressure through an unbilical. 25
A system according to the invention provides immediate response to any change in

the pumped medium pressure, as well as a simple and robust solution which
15 continuously maintains a predetermined pressure difference between the motor and
pump barrier fluid circuits, and which at all times keeps the circuit pressures in

balance with the pressure of the pumped medium.

Because the valves can be located close to the consumer, i.e. the motor/pump
20 assembly, and without delay in operation, the pressure regulation system can be
used without modification regardless of pump tie-back distance and water depth.

Another advantage provided by the pressure regulation system is that it enables the
operator to maintain a steady supply pressure through an umbilical.

25
The present invention can be applied to a pressure regulation system wherein the
motor barrier fluid is at all times maintained at a higher pressure than the pump
barrier fluid, and the pump barrier fluid is at all times maintained at a higher
pressure than the process medium in the pump. The pressure regulation system of

30 the present invention is operative either for raising the pressure in the motor barrier
fluid circuit or for lowering the pressure in the pump barrier fluid circuit. The
pressure regulation system according to the present invention can also be extended
to multiple pressure levels, i.e. by adding an intermediate pressure level between the
motor barrier fluid and the pump barrier fluid.

35
Preferably, each pressure controlled on/off valve is arranged in series with a flow

restriction of fixed orifice diameter which may be realized, alternatively, through a
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The embodiment provides valve position indication and operator control of each
valve. The valves are operated based on differential pressure between barrier fluid
and process medium. This can either be with reference to suction side or discharge
20 side of pump — whichever side of the pump and motor to which the barrier fluid is
connected. Valves are operated from the control system based on readings by
differential pressure transmitters. The differential pressure set point can either be a
single value, e.g. 10 bar, or it can be a range, such as 5 to 15 bar, e.g. The latter is
achieved by closing the supply valve(s) when differential pressure has reached 15
25  bar, and opening supply valve(s) when pressure differential has again reached 5 bar.

The pressure regulation system of the present invention enables the operator full
control of valves and valve position, and the pressure set-point can be varied by the
operator at the push of a button.

30
Leakage through seals in the motor and pump module can vary and may be low or
high. Low in the sense that an on/off valve in the supply circuit is required to open
only rarely, such as once or twice a day, or high in the sense that a supply valve of
low capacity in combination with a flow restriction of fixed orifice diameter will be in

35  open position most of the time.
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More precisely, in a set of first and second pressure controlled on/off supply valves

the first motor barrier fluid supply valve may be set to open for hydraulic fluid flow
20 in result of a differential pressure at or below 10 bar, and the second motor barrier

fluid supply valve be set to open for hydraulic fluid flow in result of a differential

pressure at or below 9.5 bar.

Correspondingly, in a set of first and second pressure controlled on/off supply

25  valves the first pump barrier fluid supply valve may be set to open for hydraulic
fluid flow in result of a differential pressure at or below 5 bar, and the second pump
barrier fluid supply valve be set to open for hydraulic fluid flow in result of a

differential pressure at or below 4.5 bar.

30 Likewise in a set of first and second pressure controlled on/off relief valves, the first
motor barrier fluid relief valve may be set to open for hydraulic fluid flow in result of
a differential pressure above 10.5 bar, and the second motor barrier fluid relief valve
be set to open for hydraulic fluid flow in result of a differential pressure at or above
11 bar.

35
Also in a set of first and second pressure controlled on/off relief valves, the first
pump barrier fluid relief valve may be set to open for hydraulic fluid flow in result of
a differential pressure above 5.5 bar, and the second pump barrier fluid relief valve
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and t hergspopsbiy piomitored difference in pressure between the motor barrier fluid and
the pump barrier fluid. The pressure differential set points of the motor barrier fluid
20 valves are then typically equal to the pressure differential set points of the pump

barrier fluid valves.

Without being limited to any specific type or model of motor or pump, the motor and
pump barrier fluids pressure regulating system of the present invention is

25 advantageously applied in a subsea motor and pump module comprising an electric
pump motor disposed in a motor housing, a pump disposed in a pump housing
having a pump inlet at a suction side and a pump outlet at a discharge side of the
pump, and a pump-rotor assembly arranged there between and journalled in
bearings in the pump housing, the pump-rotor assembly drive-connected to the

30 motor and configured to displace a fluid medium from the pump inlet for discharge

via the pump outlet.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In the following, preferred embodiments of the invention will be described in more
35 detail with reference made to the accompanying diagrammatic drawings, Figs. 1 and

2. In the drawings, a subsea motor and pump module comprises a motor/pump

assembly 1 to which motor barrier fluid and pump barrier fluid are supplied from an

external hydraulic fluid supply.



15 fluid circuit, and to transmt its readings to the pressure control unit
of the nmotor barrier fluid circuit. In such alternative enbodi nent, the

not or barwOen1ifiewsid circuit is controlled by pressure C @OTMBI1 00168y Of f

val ves that are individually controllaBl e in response to nonitored
difference in pressure between the notor barrier fluid and the punp barrier
fluid. The pressure differential set points of the notor barrier fluid 20
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35 get ail with reference made to the acconpanying di agramatic draw ngs,
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skilPl edby Brens of rreal Andrhearae AT RRRE R P )"‘gﬂﬁtbsﬁﬁ HQuLSIEe RER pe
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10 The punp rotor 1s configured for acenent o nped nmedi um whi ch
en2éy s amangempnts @ agdg i dpr Iuhrigation of %%m%%%F%aSWéh%PBmfb 18t 5, as
| I | ust r@é@%é&ysaﬂsaﬁf@ﬂ/g@ema pfﬂpr{a%oacl s drive-connected to the notor,
and the punp interior is hydraulically separated fromthe pressurized
(typically liquid-filled) notor housing
Motor barrier fluid and pump barrier fluid is supplied to the subsea motor and

pump module from an external supply of hydraulic fluid via feed line 9. The motor

25  barrier fluid is supplied to the motor housing via an on/off valve 10 connected in
series with a flow restriction 11 of fixed orifice diameter. The on/off valve 10 is
pressure controlled and operated in response to the difference in pressure between
the motor barrier fluid circuit and the pumped medium. The pressures in the
pumped medium are continuously monitored and detected and returned to a

30 pressure control unit 12 that operates the on/off valve 10 between open and closed
states. The pressures are monitored and detected by means of a pressure
differential transmitter 13 inserted between the motor barrier fluid circuit and the
pumped medium on the suction side or on the discharge side of the pump. The
choice of side is determined by flow direction through the pump and location of

35 motor/pump seals, as illustrated in Fig. 2.

Likewise, pump barrier fluid is supplied to the pump housing via an on/off valve 14
connected in series with a flow restriction 15 of fixed orifice diameter. The on/off



15 by nmeans of a seal and bearing arrangenment 6 which seals against the
outside of a rotary shaft (indicated at 7) by which the punp rotor is

dri ve- corweabadseiziét he notor. The punp rotor is journal lpet/iBwi1veaBssand
bearing arrangenents 6 and 8 in the pufp housing 3. Internally of the punp,
punp barrier fluid is typically circulated as indicated through the dash
dotted lines connecting the seal/bearing 20 arrangenents 6 and 8, for
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si de of ¥R Sunp. The control logic in pressure control units 12 and 16 is
set to provide val ve

In alternative embodiment, as previously stated, the pressure differential
20 transmitters 13 and 17 may instead be connected to the discharge side of the pump
in dependence on, e.g., flow direction through pump and the location of

motor/pump seal arrangements.

Sufficient supply of fluid to the barrier fluid circuits can be accomplished by a

25 corresponding setting of the control logic. In alternative to a more frequent valve
operation in case of sudden peaks in fluid leakage or pressure variation, additional
barrier fluid can be instantly supplied through a parallel arrangement of pressure
controlled on/off valves. To this purpose, a second pressure controlled on/off valve
18 connected in series with a flow restriction 19 of fixed orifice diameter is arranged

30 in parallel with on/off valve 10 and flow restriction 11 included in the motor barrier
fluid circuit. Correspondingly, a second pressure controlled on/off valve 20
connected in series with a flow restriction 21 of fixed orifice diameter is arranged in
parallel with on/off valve 14 and flow restriction 15 included in the pump barrier
fluid circuit.

35
Both first and second on/off valves arranged in parallel are individually operated by
the pressure control units 12 and 16, respectively. Flow capacity through the valves

in open state is determined by the orifice diameter. As previously explained in the



10 operation in imedi ate response to any change in pressure of the punped
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with a flow restriction 25 of fixed orifice diameter can be arranged in parallel with

the first on/off valve 22 in the motor barrier fluid relief section for increased flow

capacity.

25  Correspondingly, the pump barrier fluid circuit comprises a barrier fluid relief
section 26, 27 in addition to the barrier fluid supply section 14, 15 as described
above. At least a first pressure controlled on/off valve 26 is connected in series with
a flow restriction 27 of fixed orifice diameter, and operated by the pressure control
unit 16 for feeding barrier fluid into the pumped medium in response to the

30 readings of pressure differential transmitter 17, which returns the pressure
difference between the pump barrier fluid and the pumped medium to the pressure
control unit 16. A second pressure controlled on/off valve 28 connected in series
with a flow restriction 29 of fixed orifice diameter can be arranged in parallel with
the first on/off valve 26 in the pump barrier fluid relief section for increased flow

35 capacity.



require the barrier fluid pressures to be reduced in order to maintain a
steady differential pressure. In that case, a simlar valve and orifice

ar rangenew0 20ani6i610 i nstalled to open for relief of bacmimBroii/buBgks to the
punped medi um on the suction side or onlthe discharge side of the punp. To
this purpose, the notor barrier fluid circuit conprises a barrier fluid
relief section 22, 23 in addition to the barrier fluid supply sectign 10,

11 as deékewisesd cobrespondengy withabe harfier Suid perplyrssctions.rwalyesdngaraliel val ve

22 is coRRREdRthi i ﬁﬁrﬁﬁﬁeWﬂhliﬁ PelldfQUCHESS a5t beOdeAgn&d fdridifferent ifTolwce
di aneter, and operated by the pressure control unit 12 for feeding barrier

fluid | SRRGCIIES %}ﬂ@&?sﬁ%f"ﬁfﬁ‘?n response to the readings of pressure
differential transmtter 13, which returns the pressure difference between

th t b f d dth d t I
uni 1 A orraevefye pl R R s SiTL BosiBy RpERRUIF bEneRRd O
With a bdtowenehe matbr end3mimp barkedfloid ¢irastslitareadthe aressarey thergied i n
parall ¢ nél?dv'té PethiBS ifs! ga{nrr%%/tef&e\fﬁé%? b%?nwpltéaguf@&&{tr&aﬁﬁﬂt an. iA whid relief

sectio | NCr ease acit Correspondi ngl vy, h@}g rvier
fluid cembedimensnphe BEessurag F@?UafllsﬁF aomstﬁ o the matppRasger V&&adl on
to the parsg, Q{ndfi#'aﬂe SHRGALY EQEd1itoRhd presburadifiiaentinbest pointscof tAe purapt a
flr??/t pressure (Eoglt_y 4§ gloff ¥§I ve 26 is connected in series with a
£1 88 r e fivid valyeg % £Red® %+ di ameter, and operated by the pressure
control unit 16 for feeding barrier fluid into the punped mediumin

" eSPONSEadilall &3 ok %@%pgéwﬂiclp%femeﬁo@hiédeﬁ@mebar riet gmﬁeuﬁf%guy whi ch

returns ressure erence twee and t he
punped regdlatron systém ae damiliar @dhprsémﬂqﬂwmrsye al’N Beadbnd fprtBsEure controll ed

on/of f NANEABNC @?%%x%@vés%xﬁ@iﬁl@?o%’é"blﬁpt)k@%é R lexafiple @,o@aoaf fixed
orlflce dianeter can be arr | with the first on/off valve 26
n1Phe PRATBtadAiRestiona) FWV@?Y% @?:q?g ‘S}FJGF‘ R Y3 S5Baci ty. WO
2011/ 16&%@8@/@&%&1&.”@&]@8% b?ce Ieldcef\iwaﬂy adtivated endeadesiderietdf o menbar ri er
fluid t I , f fluid
o SRRl By LG BTy OR ) Sl AEAPRRIRIL 1 ehsbcgder 1 U

relief eren OW capaci t1es pressure
r anges. cnkctienmdthe EIGV can tHﬁlMp@thBmeeSImmlémoif éllle pramsifithe spcdon npy

0Pt i ONaLY NesdtS H HEArAENBE fod e dRERIt broddiie B8E poits i Welbeiigui ts,

tO rea pressures therein and to return’its readi ngs to .t he notor

0 erflwidesystema. Alernativelynithe Teturnyrelisf cormgrsipmeas be FﬂBplﬁfletgstHFe
dl f fer efistRArge Qlidd6f ﬂ{esp&hptlh&lmis@hatg%rsnde prédsuirel i/ tevagerbfice Bk, the8, and

ig g;reréﬁg{'c.%}a};llﬂll ge/%u‘}'g geggomgap 55 g%% I fatlt%rrggg'nlreainc uéespl%lrd} %1118a11}I he punp

activated valves which are controlled by b1—stab1e DCVs. The on/off valves can be
arranged in an oil-filled chamber in the subsea control unit 12, 16, or be situated in
25  a separate oil-filled chamber which is mountable on the motor/pump assembly.
Another valve alternative comprises hydraulically operated %2 inch gate or needle
valves or similar, which are controlled by bi-stable DCVs located inside the subsea

control module (SCM). The same system control set-up can still be employed.

30 As for the necessary instrumentation and control system, single pressure sensors or
differential pressure sensors can be employed and connected to a subsea electronics
module (SEM) that is situated in the SCM. The signals can be processed either
subsea in the SEM, or topside. If processing is situated topside, the topside
communication with the SEM can be effected via optical modem. Local

35 communication, i.e. sensor signal communication, can be performed through

conventional copper based electric leaders.



Basical ly, the conmponents which are incorporated in the barrier fluids
pressure regul ation systemare famliar to the skilled person and need no
furt her pwvezentwijien. On/of f val ves sujtable for the puPpwaB2ai/eo1Bss
exanpl e sol enoid 15 operated directioned control val ves (DCVs) which are
normal Iy used in subsea hydraulic systens. The DCVS are electrically
activated and can either be of a nono- stable or -stabl e type,. and

2-port Bire Bvsationcisrefi eaurse inoh in BRY way Jesiricded 4o @6%4@?“6? dFﬁ%“ can
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t he diﬁ@h&ﬁﬁ@n%ﬁdﬁaﬁﬂddﬂmedﬁnmhembpbhdedbhnhmrge side pressure is the
reference for the differential pressure set points. Another valve
altérnative includes hydraulically activated val ves which are controll ed by
bi -stabl e DCVs. The on/off valves can be arranged in an oil-filled chanber
in the subsea control unit 12, 16, or be situated in 25 a separate
oil-filled chanber which is nmountable on the notor/punp assenbly. Anot her
val ve alternative conprises hydraulically operated 1/2 inch gate or needle
valves or simlar, which are controlled by bi-stable DCVvs | ocated inside

t he subsea control nodule (SCM. The sane system control set-up can stil

be enpl oyed. 30 As for the necessary instrunmentation and control system
single pressure sensors or differential pressure sensors can be enpl oyed
and connected to a subsea electronics nodule (SEM that is situated in the
SCM The signals can be processed either subsea in the SEM or topside. If
processing is situated topside, the topside comunication with the SEM can
be effected via optical nodem Local 35 conmunication, i.e. sensor signal
communi cation, can be perforned through conventional copper based electric
| eaders. WO 2011/161516PCT/ 1B2011/ 001388 12 The invention is of course not
in any way restricted to the enbodi nents descri bed above. On the contrary,
many possibilities to nodifications thereof will be apparent to a person
with ordinary skill in the art without departing fromthe basic idea of the
i nvention such as defined in the appended clains. WO

2011/ 161516PCT/ 1B2011/ 001388



13 CLAIM5S 1. A notor and punp barrier fluids pressure regulation systemfor
a subsea notor and punp nodule, the systemconprising: a notor barrier
fluid cirwoizoiimgasiaul i cal |y separati n% t he notor fromtReTABZII/O@ESROT i Si Ng
a barrier fluid supply section (10, 1 supplying barrier fluid to the 5
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controlled on/off valves, including at |least a first (10 22; 14, 26) and a

second (18, 24; 20, 28) valve mhlch are arrang i n p IIeI f eed
hydr aul .Ihq Wﬁgéll%tmfbﬁﬁgﬁew 9laimm il ewhergip gaghony i"?f VaéYFd ?gh 14 gme‘éc h

I eSpONSdry¥gnded inhgeribisl dith eflbwlre iR &idH (&1, 28101 3,127) e fixel @irifice damedteat | east
twappressure controlled on/off valves (10, 18; 14, 20; 22, 24; 26, 28) are

ndi vidual | y responsive to separate ranges of differential pressure
bet weerB.tThe teguldtén §ysienh ofidlaim 1 ardainh@, piwepsd eastiafthe motor and pump

barrier fluid circuits comprises a respective pressure control unit (12; 16}, and the
on/off valves in each barrier fluid circuit are individually controllable from the
associated pressure control unit in response to differential pressures received in the
25  pressure control unit from a corresponding differential pressure transmitter (13; 17)
monitoring the differential pressure between the pumped medium and the

respective one of the motor barrier fluid circuit or the pump barrier fluid circuit.

4. The regulation system of claim 3, wherein at least one of the barrier fluid supply
30 and barrier fluid relief sections comprises a set of pressure controlled on/off valves,
including at least a first (10, 22; 14, 26) and a second (18, 24; 20, 28) valve, which
are arranged in parallel to feed hydraulic fluid through the barrier fluid circuit, and
which are each responsive to the differential pressure, and further wherein said at
least two pressure controlled on/off valves (10, 18; 14, 20; 22, 24; 26, 28) are
35 individually responsive to separate ranges of differential pressure between the

barrier fluid circuit and the pumped medium.



WO 2011/ 161516PCT/ 1B2011/ 001388 14 5. The regul ation system of claim 4,
wherein in a set of first and second pressure controlled on/off supply

val ves t hwofriste13mwt or barrier fluid sgfply val ve (10) irsT4aB2011/0018%8%en f or
hydraulic fluid flowin result of a di¥ferential pressure at or bel ow 10
bar, and the second notor barrier fluid supply valve (18) is set to open
for hydraulic fluid 5 flowin result of a differential pressure at or bel ow
9.5 bar5. Ti&: repwdaticry sy dieinoef dgicn dnivdiereindnm getof fost apd second Rrepsyss of
first anghtsQfch RIEESSHPIE varat Ak iesk Rdta barsiePPhiid babpBSvdlhe pfo; i§ betotenp

barrier fluid supply valve (14) is set tg open for hydrauljc fluid flowin
resul t epemyiog ihyflé"r‘\ée‘/ﬁ flyyd fg‘?‘ﬁé’s‘ ﬁF@llép?Bl‘it@?feg‘E‘IaqufsB & at aﬁhepﬁ’eij@ g@fynd punp
barri eradd thelseaomd mowea! begrie? Buid supply vadveo(18) is set toyupeaufor hiytiranlit fiidly i n
result of a different.ial .essure at_or I 4o bar. 7. The regul ation
sys#em ?Wélﬁ§e%l+lF8F3fi T B%‘?fﬁﬁé%‘fenaﬁ B geelggl\t%'gfbafri rst and second pressure
controlled on/off relief valves the first notor barrier fluid relief valve

(22) isg 1&%1\%@%@?%&&%@@%%' 1% i 1PW skPof fdildndddecdndi f f erenti al

pressure r, an second notor barrier fluid relief valve
(24) i spressurecaspEriledpn tafisurply valvesithe firstpympy Rasgier fped suppht Wldhit i al
Zr essur@4fis &t t8lpea f&ﬂ???faul%csﬂuiahﬁnﬁ ﬁggésa%i 6na giffdrentialf ;;@a?ullm(‘j ath)r;ii ][r}s
- er.ei n a set o i st _and secopd. ressur ntr ed on/o

¢ e GAPYo bip ekl thersesan Buph baftiey i rarnErebi o BT th S5eBofs open
f or hydhpdtaintic filuid dofd inweisnltrafsudiffeodntial girt$srre rattioatibepove $subar.above 5.5
bar, and the second punp barrier fluid relief valve (28) is set to open for
hydraulic fluid flowin result of a differential pressure at or above 6
bar. 257 dTheTtrgulation aystom efasveeh dritam §-Giwkergimin 8sgt offiestand segordset of
f2 '2 rs t2 5 ?ﬁ_@s%{%%&éht}?&lfbﬁféﬁ R)@ﬁh’%f Oélk/tég tlQé\ﬁPsftmeﬁ)g \B%ﬁrri%h ﬁu{)d fet‘-lie(g Vgiv\é q22)1i@, lg ,

: is sized for lower_flaow rates rangi own to abou : n, an
t hd Ssec¥itdowrendoy agdraygic thyd dg’B‘} n §eS§’ihz%fga 19 TR UHRTEPP ?%ﬁvgsljcf’g‘r]?&ir ng up
t 0o abouind @tk d¢d6nd matbkbarfiee flued) wélidfivalveS2s) Bsedfto opan fohyddtzedie fluithe
restriction orific 1 23, .27 e e first valve is sized
for |owel” 1 5WWIEP§%%%§{§P§81 oe’vsxﬁuf%agg%%‘?&%. gmf%% n, and the restriction

orifice (19, 21, 25, 29) downstreamthe second valve is sized for higher

flow ragep,d ﬁ%@é?l?hoﬁ’ $t0mPHOUly d0QaithEul7 35ndrtin HD8 seeOEEAkiRM Secpham of

any previous erein a differential pressure transmitter (30) is
ar é&ngeﬁreﬁgufﬁofﬁﬁrttmﬂqdr@l/mf%&wf ¥alyes the BrtdHep ResHet ﬁ&ld'rsrfﬁlk?& VB’:X? r(%rlsf | ui d
Ci rcui tseintd dpea B APdRAIlC Miidfflow th eésidtiof a diffedteiBall pre8silic abdve 3.8dgirngs t o

gogafi%%%ﬁq%%%r ?lfulé p&ie?%%ﬁl% (Bgf {si st t(]; lolfl)ierq fgli' ﬁ)galriatu'lic ﬁ{\JQd

flow in result of a differential pressure at or above 6 bar.

25 9. The regulation system of any of claims 5-8, wherein in a set of first and second
pressure controlled on/off valves the first valve (10, 14, 22, 26) is sized for lower
flow rates ranging down to about 0.3 1/min, and the second valve (18, 20, 24, 28) is
sized for higher flow rates ranging up to about 100 1/min.

30 10. The regulation system of claim 9, wherein the restriction orifice (11, 15, 23, 27)
downstream the first valve is sized for lower flow rates ranging down to about 0.3
1/min, and the restriction orifice (19, 21, 25, 29) downstream the second valve is
sized for higher flow rates ranging up to about 100 1/min

35 11. The regulation system of any previous claim, wherein a differential pressure
transmitter (30) is arranged to monitor the pressure difference between the motor
barrier fluid circuit and the pump barrier fluid circuit, and to transmit its readings

to a pressure control unit (12) of the motor barrier fluid circuit.



15 12. The regul ation systemof claim1l, wherein the notor barrier fluid
circuit is controlled by pressure controlled on/off valves (10, 22, 18, 24)
bei ng i ndwei2dualsisaecontrol | able in response to nonitor escditBioar/encss i n
pressure between the notor barrier fluld and the punp barrier fluid. 13.
The regul ati on system of claim 12, wherein the pressure differential set
points of the notor barrier fluid valves (10, 22, 18, 24) are equal to the
pr essur E2.dTHe mgauaticn sgsiempef laio 31, wherqinthepaetor darriegilaid eirqusig 14, 20,

26, 28)controlled by pressure controlled on/off valves (10, 22, 18, 24) being individually
controllable in response to monitored difference in pressure between the motor

barrier fluid and the pump barrier fluid.

13. The regulation system of claim 12, wherein the pressure differential set points of
the motor barrier fluid valves (10, 22, 18, 24) are equal to the pressure differential
set points of the pump barrier fluid valves (14, 20, 26, 28).



