PERMANENT MAGNET MOTOR FOR SUBSEA ' PUVP DRI VE BACKGROUND [ 00011The
invention relates generally to subsea punping systens arid nethods, and
nore specwbizealdiysza canned permanent magnet notor for apswhse@9psssps dri ve.
10002] The need for subsea punps in the oil and gas industry has been

i ncreasing due to increasing energy requirenents, and because onshore
energy sources are becom ng nore scarce. These industries must now | ook for
energy sources offshore: and the di stance between shore and subsea fields

continues to increase. [00Q3jElectrical nDtorémhave been sel ected as a
standard to drive the subséﬁgﬁﬁﬁb§“&J€A955é£§ ‘6¥‘pomer transfer over |ong
di stances when conpared to other driv@emsystens and net hods, including, for

exanpl e, hydraulic driven punps. Conventional systens and met hods enpl oy

i nducti on motors for driving theBAEATEMAE BREYBsea punps. Use of induction
type notors has been problematic however, since induction notors are | ow
efficiency and | ow power factor notors. This |low efficiency and | ow power
factor undeBACHOIROUMNIUI re an oversized unbilical connection and variabl e
frequency converter on the topside in order to provide a | arge anount of
VAR power to the subsea notor. Both, the oversized unbilical connection and

vari abl e fr@ghAncy. conySpeh i desi A1 GE Rl B SRS k@it NS UDSEa

punpi ng sy ern woul e both a vantage eneficial to
provide a subbed. @uhpmﬁgp@ysmﬁmﬁthmmdowem@@mam-mﬁempnd@reﬂﬁwgemﬁmalIy
associ at ed th subsea. punping systens that enploy induction notors. The
subsea punplng system shoul d have an overal |l efficiency that is greater
than known subsea punping systens uhlizing induction notors, such that the
subsea punpi®figisyst erfhe ogtd ffrupbsdaopunapsi mgibe oil and gas industry has been

increasing due 1o ncreasing energy requirements, and because onshore energy
sowrces are becoming more scarce.  These industries must now ook for energy
sowrces offshorel and the distance between shore and subsea fields continues o

merease.

[0003] Electrical motors have been selected as a standard to drive the subsea
pumps due to ease of power lranster over long distances when compared to other
drive systems and methods, ncludmg, for example, hvdravlic driven pumps.
Conventional systems and methods emplov induction mwotors for driving the atoresmd
subsea pumps. Lse of mduction type motors has been problematic however, since
induction motors are low efficiency and low power factor motors. This low efficiency
and low power factor undesirably requure an oversized umbilical connection and
variable frequency converter on the topside 1 order to provide a large amount of
VAR power to the subsea motor. Both, the oversized umbilical connection and
variablie frequency converter undesirably increase the cost to the subsea pumping

sy stem.

{0004] i would be both advantageous and beneficial to provide a suobsea
pumping system that overcomes the problems generally associated with subsea
pumping systems that employ induction motors. The subsea pumping svstem should
have an overall efficiency that i3 greater than known subsea pumping svstems

uitlizing induction motors, such that the subsea pumping system could function using



a low power rating unbilical. it would be further advantageous if the
subsea punpi ng system had a hi gher power factor than known subsea punpi ng
syst ens wwol20mimgssunducti on notors, such that the subseaCpurspinogssyst em
could function using a | ow power rating topside variable frequency
converter. BRIEF ' DESCRI PTI ON 100051Briefly, in accordance wth one

enbodi nent, a subsea punp drive notor conprises a stator, a rotor
conprising a plurality of permanent nagnet pol e pieces, and a non-magnetic

can configured to affix the pole pieces to the rotor. 100061According to
another enpbivione: g ypbSsTo Rl il iRt be SO R ent “rmgnet
subsea puNMsy@iehVRadT® haheN ¥k Aol Aar ARl iughesowidd sasiidlzidky of
per manent magnet pole pieces, the rotor and plurality of pole pieces
di sposed wi'f ‘i‘%“’é“ﬁl‘)‘ﬁ&rﬁéﬂhgﬁ‘f @ec*éihgeé@H'I“P’g“éirséﬂ'e‘f’d‘“ﬂfiégwné‘é’l“gés]m’)’n of the
rotor and phdiedbdihy 1@kidP O RLRI RGBSy comBRQVI ding a per manent nagnet (PM
subsea punp drive notor; and controlling. the PMdrive notor
such that the ,P‘I\,/I‘dri\ve),‘rmt\‘or drives a subsea punp in response to variable
frequency c%%%r?‘é%‘(’%liléﬁéﬁ‘s received by the PMdrive notor. DRAW NGS
100081These and ot her features, aspects, and advantages of the present
{0005] Brielly, in accordance with one embodiment, a subsea pump drive

motor comprises a stator, a rotor comprising a plurality of permanent magnet potle

meces, and a non-magnetic can configured to alfix the pole pieces to the sotor.

{0006 According to another embodiment, a subsea pump drive sysiem
comprises a permanent magnet suhsea pump drive motor having a rotor configured
with a plurality of permanent magnet pole pieces, the rotor and plurality of pole
pieces disposed within a non-magnetic can configured o prevent corrosion of the

rotor and plurality of pole pieces.

{0007} According to vet another embodiment, a method of controlling a

subsea pump comprises:
providing a permanent magnet (PM) subsea pump drive motor; and

controlling the PM drive motor such that the PM drive motor drives a
subsea pump in response {o variable frequency converter signals received by the PM

drive mostor,
DRAWINGS

{06008] These and other features, aspects, and advantages of the present
mvention will become betier understood when the following detailed deseription 1s
read with reference to the accompanying drawings in which like characters represent

like parts throughout the drawings, wherein:

{0009 Figure 1 illustrates a permanent magnet motor subsea pumyp drive

according to one embodiment of the invention:



I nvention wll beconme better understood when the foll ow ng detail ed
description is read with reference to the acconpanyi ng drawi ngs in which

| i ke charwoterignisaspr esent |ike parts throughout the draRCmgs2000083366 N:
100091Figure | illustrates a permanent magnet notor subsea punp drive
according to one enbodi nent of the invention; WO

2011/ 019334PCT/ US2009/ 053366 100101Figure 2 illustrates the pernmanent
magnet notor subsea punp drive depicted in Figure 1 but that does not have

a wireless tr smtter such as degl cted in Figure |; 80111F| qre 3
i 11 ustrates!PHmore GBRE T HSHRISS Gleoiernaen B’ﬁgﬁ’f “i"]’fg PeFrasit “'Hegnet not or

depi ct ed i nddpic@Mrie Figlr@NhoRihafGRORSIHAG § Q1ORS MbarizranRk & 3QR1&] ki gure 4 is
a cross-sectional view of the permanent nagnet notor depicted in Figures 1

and 2, accofé¥fid:to one enbodi ment; 100131Figure 5 illustrates a pernanent
_magnet_ not or subsea punp drive accordi ng to anot her enbodi nent of the
i nvention; @og] Figure 3 illustrates in more detal, the rotor portion of the permanent

magnet motor depicted in Figures | and 2, according to one embodiment;

{0012 Figure 4 1s a cross-sectional view of the permanent magnet motor

depicied i Figures 1 and 2, according o ong embodiment:

{0013] Figure 5 illusirates a permanent magnet mofor subsea pump drive

according 1o anothey embodinment of the mvention; and

{0014} Figure ¢ the permanent magnet molor subsea pump drive depieted in

Figure 3, but that does pot have a wireless transomtier such as depicled i Figure 5.

RS While the above-dentified drawing figures set forth alternative
embodiments, other embodiments of the presert invention are also contemplated, as
noted in the discussion. In all cases, this disclosure presents ilustrated embodiments
of the present invention by wav of representation and nol tirsitation. Numerous other
modifications and embodiments can be devised by those skilled in the art which fall

within the scope and spirtt of the principles of this invention,
DETAILED DESCRIPTION

{0016] Figure 1 tlustrates a permanent ntagnet motor subsea pump drive 10
according 1o one embodiment of the invention.  Subsea pump diive 1) includes a
permanent nuagnet motor 12 comprising a stator 14 and a rotor 16, Windings 20 are
disposed in stator slots. The rotor 16 comprises a plurality of permanent magnet (PM)
poles describad herein below with reference to Figures 3 and 4. The rotor {6 also
imchudes a non-magnetic can configured to fix the permanent magnets to the rotor 16,

also described further herein below with reference to Figure 3.

{117} Four sets of blades 22 are disposed on the rotor shaft 24, These blades

22 are configured to pump coohing fluid 26 fowing through a motor sealing can 28



100141Fi gure 6 the permanent nmagnet notor subsea punp drive depicted in
Figure 5, but that does not have a wireless transmtter such as depicted in
Fi gure 5 wOQ0WLZ1vWsi4l e t he abov e-identifi ed dra wi n v. PCrgise@s/0s366 f ort h
alternative enbodi nents, other enbodi nents of the present invention are

al so contenpl ated, as noted in the discussion. In all cases, this

di scl osure presents illustrated enbodi nents of the present invention by way
of representation and not limtation. Nunmerous other nodifications and

enbodi nents,can he devi s illed.int art which f xVi t hin
TreCstore. s BeRpeRY boF e YabnaF Sl fepf ph SeqelGania gt HSrseoheED

DESCRI PTI ONn @036 Jifs @UERInIF bbb IS hfBE, 8ot RAK PRRAN: 17RGNeHe 100F 06 agubsea punp
drive 10 according to one enbodi pent of the inve tion. Subsea punp drive 10

i ncl udes a PERYHRBHITONEE REYCCHIR Bhertpoeesied g inysed fareepidie. 1egAd™E rotor 1

6. W ndi ngsgd0 Rr eodls 399380 BocihdtdIthsk@les - 14ThQoF 96 0fndlfic CRARIIZES a
plurality of pernmanent nmagnet (PM _ pol es descrlbed herein bel ow with

ref erence t%“Fmﬁuﬂé@ﬂghﬁﬁﬂﬁwdwmﬁéﬂk%W%@iTd“&@@%]@ﬁ%?u@éé”&”déﬁﬂﬁﬁgnetlc can

configured tQ:di XdBEnRELNBASAL 3TRINEL Sith Q LRQ@LJ@@E%&LU%&@\&\ 153} gQuidegcr i bed
further hereln below wth reference to Figure 3 Four sets of bl ades

22 are di spbsed! onondueliniot oFtivhafito 2mpsserhens e vorkables ckpitaple wottiogured to
punp cool i ng a{)&l‘.lléh%g 6 ~Xf i\&%ﬂgi qb,-F QY4 < unR)t tQ.Imi%?ﬁéJi nxg)mC@)Q n%g’or Itzhl"ﬂt

encapsul at es e stator 14 and rotor 16 according to one aspect of
t he i nvent i onsidd deasaterat ed in Fi gures 5 and 6, where both the stator 14 and
the rotor 16 are canned for corrosion protection when processed fluid is

used for Col‘ré 839 The, ¢ '15@&;%&&%1?9‘3&1‘@%&&uH?x eE\'&Qc}é& ‘i'@;qctﬁngkfbn Of the

stator or 16, an assocl at bearings. In another e odlnent
illustr at edt ivari@ilg Ureggenty agvdv@ler tIVEIR L Bt orr 4virglensotivdnmedpitandot he

machi ne. 0avidoraBld Sud Lkt I BofLeAR AR RGLLHHARYENG, AUl tabl e

thermal conductiv 'S0 possessi ng wor & el'eetFical 1'nsul ation
char act eri sgastsn q;@m@amgwxeﬁwh‘amgev FR4isgpendtlesontmoutivaans fadfe (Heat from t he
notor 12 to Qutside seawater. [00181A rotor 16 position signal generated

via an encogio32 i s fEARLEr£AH & RNal LAPLE: {f SANSAGY OONYBLLGT (VFD) 35

via a mnreless S|gna ransmtter according to one enbo
anot her enbwtirmestioddpi poed speedAingue eo@iol thieha ptrovnguo siaghammabghal i s

transferr edﬁf‘rragi lignay Egl)lli\{)ll gpp?’()ﬂ%HéﬁtlﬁlPlL‘j%g SO icﬁ%ﬁlie%les ?f'? Sy &fh 1}) ‘griploy
when the VFD 3515 far away from the motor 12 due to signal attenuation along cables
between the motor 12 and the VFD 35 Further, traditional sensorless control
approaches also face challenges due to difficelties associaled with accurate

measurement of motor terminal voltages through such long distances.

{0020} The foregoing challenges associsted with  tradional  control
approaches utilizing communication cables are overcome using a wireless signal
ransnuiter 36, discussed herein above. The rotor posiion signals are sent to the
wireless signal transmutter 36, which then transmits the rotor position signals 10 a

topside controller/VFD 35 that is used to drive the PM motor 12

{0021} Figure 2 iflustrates the permanent magnet motor subsea pump drive
depicted in Figure 1. but that does not have a wireless transmitter such as depicted in

Figure . The rotor position signal is transferred through suable communication



100191The encoder 32 is connected to one end of rotor shaft 24 to detector
rotor position for proper speed/torque control of the pernanent magnet

not or 1. 2vOPoadiipizenal control approaches utilizi ng comromiusatmomeabl es

are difficult to enploy when the VFD 3.5 is far away fromthe notor 12 due

to signal attenuation along cables between the notor 12 and the V FD 35.
Further, traditional sensorless control approaches also face chall enges due

to difficulties associ at ed with accurate rreasurerrent of m)tor term nal

vol t ages t hroug ks di st anges. 100201The f 0|n | | enges

associ at ed VF% § W?@ﬂ SESHEROY Ui ERe RS “ﬁb Yuht #at i on

cabl es are @Meerdqmsv@ leAGiofedniial RE&edingNak pm'\a;mamﬂﬂte,%i%@mdnscussed
"herein above. The rotor position si gnal s are sent to the wirel ess signal

transmtter whi ch, t he transm sition,signals . to a

t opsi de conltoﬁ:g% er f VEPS 95! ¢l rofg ‘}H‘Z‘etf ‘B’B“‘d‘rﬁ?\F ne fgsRe By eesder

500211Fijgur mFiz gtnkﬂubll%ﬂ Ikﬁé eméﬂamgﬁnmrmmt, JTRNHasRIG. Bibsea panR dri veh
epicted in Figure ut that does el ess transnltter such as

depi ct ed |nbelt‘1‘% e potorfpandgiugp ide bp“i‘%ﬁ“’é‘i‘@ﬁ‘gi“ ié“{ iR dOPER IBRr ough

sui t abl e coppyupmeatbl ame 1mr@§ssé@ inshid e @RS QO nbﬁm@ﬁlﬂ?@{imaﬂnled/mklﬁ@f ul when a
long cable is not required, i.e. a subsea VFD 38 is egP oyed and is |ocated

in close pré# Fedlpid grepne PR (Do 2D THEeHBIC 1@%&%&@1@ shaft 24

opposi te t hg. QP CRABREGE edct A HREHRACRERS W3R réi%uﬁ&nl@qt;&@g tgndansl\zlbsea punp
40, such as a nultiphase punp. There is a seal 42 between the notor 12 and

punp 40 to WPeekanrotrerseddiuidiy Rrune e hengivtsidoiag terpmaweshie. guyp 40. The
fluid pressyrg; &&%hﬂﬁmdt@ﬁqs@m 1611-51Eq5§r&9'[1@%(lté(x J‘&h%%é‘,ﬁﬁhﬁ&ﬂ% than the

fluid pressure Inside t la a pressurizer typically |ocated
subsea besi@suts Henmmmr M@m smahaiw nd@:sbmlbaéd tetoosdanlgif iméﬂéﬁ@hae to

Figures 5 ﬁa@ln@cmﬂ% RE SRY 5 nﬂﬂ% 2 iR o Jnjfxl‘i!'\'zé'll 5\]‘& éﬁxl oy L alr;!}\ Qid.ne motor

side fromt not or coo ka e may pass from
t he notor scrodbnqudaﬁstm@dpurrp si de t hat occurs during rmt or - punp set
rotation is replenished via a topside fluid tank 46 that is connected to

the subsea FREAT 12 LhApuahiARMIDL LAl SHAP! K. L 48 bachr gvigle cool ing

fluid as neede 100 gure Illustrates in nore e rotor 16
portion of memamwet meagerit meBgnEl deprod 12 Fgepbct eddi B Biguhes 14 ard 2,

according t&ﬁuﬂ%&%mg\d{o% ftfrh,ﬂc f&oﬂl‘ﬁ%’le%x&n‘:% I?glfmtar@u[mbk m%%QFMLuCt ed from

a suitabl e nonnmag nconel or

al um num |matemifsu«gwbed\nﬁaomdtmnambn amumkhmafuumymmf xsrmghemrsd HRattaoh tahe rot or
core or bac 3 rot ect ch magnet
From cor r oo BATS TAERBARS B it esie Bt BanBRP el uB " ofi a%C  Sbre

f er r omagnet protetmdact tdgnet from corrosion. The back iron portion 34 is constructed from a

suitable ferronmagnetic material.

{0024 Figure 4 1s a cross-sectional view of the permanent magnet motor 12
depicted in Figures 1 and 2, according to one embodiment. One portion of the motor
shaft 24 15 encapsulated via the rotor core 54, The permanent magnets 32 having
north and south poles, are atiached 1o the rotor core 34 via the rotor can 30, Stator

laminations 56 having slots 58 surround the rotor can 50.

[0025] Figure 5 llustrates & permanent magnet motor subsea pumnp drive 100
according to another embodiment of the invention.  Pump drive 100 includes a
permanent magnet motor 102 that is cooled using the fluid 44 processed by the subsea

pump 40, Subses pump dnve 100 does not require a topside storage tank or

L



100241Figure 4 is a cross-sectional view of the pernmanent magnet notor 12
depicted in Figures 1 and 2, according to one enbodi nent. One portion of

t he not orwehafi012384i s encapsul ated via the rotor core 52CT/ise009as3386€Nt
magnets 52 having north and south poles, are attached to the rotor core 54
via the rotor can 50. Stator |am nations 56 having slots 58 surround the
rotor can 50. [0025]Figure 5 illustrates a permanent magnet notor subsea
punp drive 100 according to anot her enbodi nent of the invention Punp drive

100 incl udes a.per e nDto 02 that is cooled using the fluid 44
processed bfiﬁ"‘{cﬁqé‘?ds\r}%‘g‘éﬁ ﬁg‘ﬂgl" id SeHNHEH APy 8&? Y dHBY Cﬁgf‘ Wequire a

t opsi de st ofca@ehell aRke&ith t@i‘éﬁ:ﬂ@dt@ﬁ"@dﬂ&ﬁhﬁlhl”cm cooling fluid supply line
such as enpl oyed by punp drive 10 described above vvlth reference to Figures

1 and 2, A pressuri zer 4. i pl o 1 tain a

pressure fr@ﬁ?‘{ihe not “’“:t%”%jf%‘é @gwﬁ’g@a%wa% Hﬁ’h‘&é’? P"&T“l“”@b‘ﬁ‘ahﬂu ons. An
optional |i@guiodisicahagesdaninpl@amaanibendised. to sliese h@ﬁl@@ﬁﬁ(&e@mm uid 44
for notor cooling purposes t processed fluid pure gas.

10027] The sl‘é‘t@fﬂf USPS 1P @ﬁ&eéifgdﬁlé? &d 11 gotpr 6&%‘%0@“%%?%@&? any
process fl UpdcAdimididpubhamentering the stator 14 portion of the

per manent nagnet nDtor 102, This stator can 108 |s filled wth a clean

cooling fl Uf&g é sm the stator 14. A heat
exchanger 3#%4n he F’%’)‘f&b‘* £é S@f&ﬁ’&ﬁﬁ@e‘hé‘é@ ‘f“?’ 6% PHRERDLOY Pit 0 out si de
seawat erEjl 1982 83 ks e aoRUMRE | Ve300 1 /lpSMios MPRY Serdbn@N Q&R nddost hat s
connecte

102, Ths stator can 108 is filled with g clean cooling fhad 26, such a5 a suitable oil,

to cool the stator 14, A heat exchanger 34 can be emploved to exchange heat from the

motor 102 1o owside seawater.

[0028] Subisea pump drive 100 also employs an encoder 32 that is connected
to one end of rotor shaft 24 1o detector rotor position for proper speeditorque control
of the permanent magnet motor 102, A rotor 16 posttion signal generated via the
encoder 32 is {transferred to a vanable frequency converter (VFED) 33 via a wireless
signal transmitter 36 according to one embodiment.  In another embodiment depicted
in Figure 6. the rotor posibion signal is trapsferred 1o a VFD 38 wia a switable
conumunication cable (40) and does not have a wireless transmitter such as depicted in

Figure 5.

[0029] In summary explanation, a subsea pump drive enyploys 3 permanent
magnet (PM) motor to drive a subsea pump. The PM motor rotor in one embodiment
is canned with a non-magnetic material such as inconel, that can provide a desired
level of corrosion protection. The PM motor provides a subsea pump drive that is
smaller and more efficient, having a high power factor than a subsea pump drive
uiifizing a conventtonal induction motor.  The PM molor subsea pump drive
ehounates the necessity for a topside storage tank and associated floid transfer lines

when the motor rotor 18 cooled with processed fluid.

6



to one end of rotor shaft 24 to detector f cmor position for proper
speed/torque control of the permanent nagnet notor 102. A rotor 16 position
si gnal gewenatigd9is4a t he encoder 32 is transferred to apcanisaimesissequency
converter (VFD) 35 via a wireless signal transmtter 36 according to one
enbodi nent. In another enbodi ment depicted in Figure 6, the rotor position
signal is transferred to a V.FD 38 via a suitable conmmunication cable (40)
and does not have a wireless transmtter such as depicted in Figure 5,
[002. 91l n sunmary explanation, a subsea punp.drive enpl gys a per manent
magnet (Pl\/pi% vtlor to%? ?3’%5 SRR B T oA ‘r"ﬁ)’f‘?e&%tet‘}?}“ ¥ ®ne

embodi ment 8 pERRREH nWbdlicahnNANhIRGRSIKE . TR ftbado MGk BS] thften®@m, that can
provide a desired. |level of corrosion protection. The pm notor provides a
subsea punptclish ik thGacs e 1P abseapd  KUPECUETRY ci ent, having a hi gh power
factor than a subsea punp drive utilizing a conventional induction notor.
The PM not oposybsea pUa®MIsiMRa @uinl didkesotbh &nlRE B8S bl Yndr@Eed pbogsi de

st orage tank an%gasaoc#)at ed fluid transfer lines when the notor rotor is
cool ed wi t HPPOEEISEY PIIFe! SR ER019334PCT/ US2009/ 053366 10030j The PM
subsea punp drive notor achieves its high efficiency due to the . permanent
magneti c fl@wr3xgn theThetres shibsakipngptdigestatoemployi hater thoeePvmbdicglr can

achi eve higher efficien X'ducf to abs%nﬂce of ,rgtor ‘cgrrerjt. 100311The PM
subsea. pun5HIF J1° Wbt Hak PR PRt PR LM 5B Y act or due to the
absence of exciting current, 100321The PM subsea punp drive notor enploys

| ower power{oosd)i | i calthé ¢at wuiesa gueptdive heotaf enmgead d Ibhvghppawespsidact or and

high notor effjciency, 100331The PM subsea, pu drive notor enploys a | ower
bover T opsi S RIS FIBatE: Y aivarEan ReBTeE<t Hechor BEEMPAE gh  power
factor and hfighgot or efficiency.

[0034] While only certainy features of the invention have been illustrated and
described herein, many modifications and changes will oceur to those skilled in the
art. It is, therelore, 1o be understood that the appended claims are nlended 1o cover

all such modifications and changes as fall withun the true spint of the invention.



[0034] While only certain features of the invention have been illustrated
and descri bed herein, many nodifications and changes will occur to those
skilled iwothe/map334 It is, therefore, to be understood trhatustéve/naspended
clainms are intended to cover all such nodifications and changes as fal
wWithin the true spirit of the invention. CLAIMS: A subsea punp drive notor
conprising: a stator a rotor conprising a plurality of pernmanent magnet
pol e pi eces; and anon-nagnetic can configured to affix the pole pieces to
the rotor. 2. The subsea punp drive notor according to claim1, further
conpri sing %L%p“?or can envel oping the stator and configured to receive a
stator cooling fluid. 3. The subsea punp drive notor according to claim 2,
further conprising aseaicapxehdngemnonoafmgisived to transfer heat fromthe
stator cooling fluid to seawater surrounding the punp drive notor. 4. The
subsea punp drive nngg{r@ccording to claiml, wherein the notor is
configured to be coofédVia a fluid processed via a subsea punp. 5. The
subsea punp drive notor according to claim, wherein notor is configured to
be cool ed via a desi redocwoiptings kphirdithelviengadaisissed tohepemt. and ansf er and
el ectrical insulation characteristics. 6. The subsea punp drive notor
according {0 clai mSa blbiehicCMhshpgihheRk pXehaRagMAaRET gured {o
transfer heat fromthe notor cooling fluid to sga ter surrounding the punp
drive motor. 7. The subsea punp drive notor according to claim1" further
conprising & rotor sABEsubsFElMYUHIE GtE@dctRdpe K qkeRt L. Agther camdisingg f 1 ui d
fromexili nagsiiﬁtnleuaﬁlégﬁ%h@gqﬂ@stglﬁ} R B Qed to receive a stator cooling fuid.

3 The subsea pump drive motor according o claum 2, further compnising
a heat exchanger configured 1o transfer heat from the stator cooling flwid to seawater

surrounding the pump drive motor.

4. The subsea pump drive motor according to clamm 1, wherein the motor

is configured to be cooled via a flnd processed via a subsea punmp,

5. The subsea pump drive molor according to claim 1, wherein motor 18
configured to be cooled via a desired cooling fluid baving desired thermal transfer and

electrical insulation charactenstics.

6. The subsea pump drive motor gccording to claim 5, further comprising
a heat exchanger configured to transfer heat from the motor cooling fluid to seawater

surrounding the pump drive motor.

7. The subsea pump drive motor according fo claim 1, further comprising
a rotor shafi seal configured to prevent motor cooling fwd from exiling the sobsea

pump drive motor.

8. The subsea pump drive motor according to claim 1, further compnsing

an encoder allixed to one end of the rotor shafl 1o detect the position of the rotor.



8. The subsea punp drive notor according to claiml, further conprising an
encoder affixed to one end of the rotor shaft to detect the position of the
rotor. O9woOhelizubzsea punp drive notor accordi ng to cl ai mC8uskemiobasee
conprising a wireless signal transmtter con ft gilled to receive rotor
position signals generated via the encoder and transmt the signals to a
desired vari abl e frequency converter controller. 10. A subsea punp dri ve
system conprising a perrranent magnet (PM subsea punp drive notor 'having a

r ot or confl ur ed wt luralit er nanent net | e pieces, the
rotor and p urality gPe € i g‘ed‘i‘”g‘fiﬁ% Lri fogg'%ma% rﬁ@ﬁﬁh&ﬁ’éﬂqsﬁ’gcan

configured 4 @i-peewanh! €OLHISH 8hii@hred RErcEOt OfotR Pk b @lalst dn@hicPOlze pi eces,
it The subsea punp drive systemaccording to claim10, wherein the PMdrive

mot or furt W8P EEHBF %88 HIBE dbe e ‘@n\‘/éibﬁb‘idnb"“tﬁ‘ﬁjé EparEer SHEESnf i gur ed
to receive gpgh@t:or codling fluid, 12. The subsea punp drive system
according to claim1l, further corrpri sing a heat exchanger configured to
transfer heat fromthe stator cqoli n%ﬁ luid 1o seawat er surrounding the PM

punp drive Hbtor. 13\ SUPRE RUBSEB DURFIHFIWRE st BFTEBEHrHERY #dVcl ai m 10,

wher ei n t hesBMaRiQr dii® Hitkol R8inc ANbibpuEARula b Q%lrﬂﬂx \Hf Pedndnbti d
processed via, a subsea punp 1 The supsea punp drive S}/stem accordi ng

4.
to clai m 10MagePAE WitRe VRt 8 plasehbir phitle PR Gorose! 1'87%et 88l ed via a

cooling fl uig.payv &ﬁQ{>ﬁiﬁ§fr cﬁg ph}\l%{[@&lio&&@tﬂ‘%ﬁﬁ‘bh@%ﬂ ghastrdreak pln_@&m ation
char act erl stics. 15, The subsea punp drive systemaccording to clai m 14,

further n’ﬁl’l sing a_heat exchanger configured to transfer heat fromthe
mot or cool i Hg fluid t'8¢ 8RB FURPBUHERTE PO EU RS B PR R

drive motor Turther comprises a stator can enveloping the stator and configured to

receive g stator cooling fluid.

12 The subsea pump drive svstem according to clam 11, further
comprising a heat exchanger configured to transter heat from the stator coohing fhud

to seawater surrounding the PM pumyp drive motor.

13. The subsea pump drive system according to clatm 10, wherein the PM

motor is further configurad to be cooled via a flud processed via a subseg pump.

14 The subsea punip drive system according to claim 10, wherain the PM
motor i1s further configured to be cooled via a cooling fhud baving desired thermal

transfer and elecirical insulation characteristics.

15 The subsea pump drive svsiem according to clam 14, further
cornprising a heat exchanger configured to transfer heat from the motor cooling fluid

1o seawater surrounding the PM pump dirve niotor,

16. The subsea pump drive svstem according to claim {9, further
comprising a rolor shafl seal configured to prevent PM motor cooling fluid from

exiting the subsea pump drive PM motor.
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16. The subsea punp drive system according to claim11.0, further conprising
a rotor shaft seal configured to prevent PM notor cooling fluid from
exiting twesubses4punp drive PM notor. Phe/usadomss3pe np
drive system according to claim 10, further conprising an encoder affixed
to one end of the rotor shaft to detect the position of the rotor. 18.

' The subsea punp drive systemaccording to claim17, further conprising a.
wireless signal transmtter configured to receive rotor position signals

venerated vja the enggder and transmt the si ngls to a desired variable
frequency cbnverter dBRtFBIPePIML G R RSERbAGFIBEREY SRIT ng: 2 liBsea punp,
the met hod &@PRKInG A hcdAEOMTdiNG e REN FRARNbIoMAGREL deRM the phsea ¢unp drive
notor; and driving a subsea punp via the PMdrive notor. The
met hod accoP8iffy to claim 19, wherein providing a PM subsea punp drive

not or conprises providing an encoder affixed to one end of the PM subsea
punp drive mmtor rotahe Sdlch panglelrBet stk Posidih@niootiathel PMufméror rotor,
21. The met hod according to. claim?20, further conprising:..

provi di ng aCWRIIEPR ST A1epl ISRt epnlielie g dFcEt e reioT B Wesielst or
position sighalh&ddenafalnesisyal thenengedeaand o danamdridbRenshengl s to a
desired vari abl e frequency converter controller; and

control | i ngCEBEEHCHRE tor que characteristics of the PMmotor in response to
the rotor position signals generated via the encoder. The

met hod accorgi ng, to0 Achahsd di®ondhiBEEd ibRQVhEl MO rRHBYsUPseR: punp drive
not or conprises providing a rotor configured with a plurality of pernmanent
magnet pol e pieces, the rotor and EIurqu%,woprole i.eces di sposed within
a non-nmagnetic can cOHTYHEEF TSP %Wﬁﬁﬁp”éﬁP%”fBﬁ“% "YHROPO S and
plurality of pole pieces. The net hod according to claim?22,
wherei n provi di ng a BMisgbs@aspumy di the@Mrotermdtor t her conpri ses provi di ng
a stator and a stator can enveloping the stator and configured to receive a
stator cool 39 flui dThe method according to clanm 19, wherein providing a PM subsea
pump drive motor compnises providing an encoder affixed to one end of the PM

subsea pump drive motor rotor shaft to detect the position of the PM motor rotor.
21, The method according to claim 20, further comprising:

providing a wireless signal transmitter configured 1o receive rotor

position signals generated via the encoder and transmit the signals o a desired

variable frequency converler controlier; and

controlling speed and torque charactenistics of the PM mwotor in

response 1o the rotor position signals generated via the encoder.

22 The method according to claim 19, wherein providing a PM subsea
pump drive motor comprises providing a rotor configured with a plurality of
permanent magnet pole pieces, the rotor and plurality of pole pieces disposed within a
non~magnetic can configured to preveat corrosion of the rotor and plarality of pole

pieces.
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24. The net hod according to claim 23, further conprising: providing a beat
exchanger; and transferring heat fromthe stator cooling fluid
to the sewoavarvoisisar oundi ng the punp drive notor via thechastoowsisanger .
The met hod according to claim19. further conprising cooling the PMdrive
notor via a fluid processed via the subsea punp while the PMdrive notor is
driving the subsea punp.

23 The method according to claim 22, wherein providing 3 PM subsea
pump drive motor further comprises providing a stator and a stator can enveloping the

stator and configured to receive a stator cooling fluid.
24 The method according to claim 23, further comprising:
providing a heat exchanger; and

transferrmyg heat from the stator cooling luid to the seawater

surrounding the pump drive motor via the heat exchanger,

25, The method according to claim 19, further compnising cooling the PM
drive motor via a flurd processed via the subsea pump while the PM drive molor s

driving the subsea pump.
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