Submersible Direct-Current Electric Motor The invention relates to a
submersible direct-current electric motor to be used, in particular, as a
submersible pump drive in downhole oil production. Presently, induction
motors are used as submersible motors {n various applications, including
driving submersible electric pumps in oil fields. In some applications, an
induction motor is a single-phase alternating-current motor. But its
three-phase modstisiused merefiequenty~Haa vnelustiep i8OS tor
operation philosophy is based on the interaction between a rotating

magnetig field: that.qegurs vuhen Lthreezphase %LE%‘}E‘@FQ%%”G’&EQ%%%G—S@Mrent

through the stator windings, and the current induced by the stator field in
theetotof wingings, whichoesults:in, occyirrence okmeghanical foreagthats;inie
make the rotor rotate in the direction of the rotating field rotation, provided
tharthelrétor rotatibrwspeks isilowerdhanithedfield rotation speed. So, the

rotor rotates asynchronously with respect to the field. The disadvantages

of indugtieanotors include @ limited ptation. speed controlrange vt notors
considerable reactive power consumption under the low-load conditions. '

Moreover; thesspeegbpdonteal isystem isitatheraemplicated due to thesneed inie
to adjust the frequency of current, and the presence of three wires in the
wirRfifig tHakeswnis adjustnient a rathéddifficiitproeess. 2applications, an

induction motor is a single-phase alternating-current motor.
But its three-phase model is used more freguently. The
induction motor operation philosophy is based on the
interaction between a rotating magnetic field that occurs when
three-phase alternating current passes through the stator
windings, and the current induced by the stator field in the
rotor windings, which results in occurrence of mechanical
forces that make the rotor rotate in the direction of the
rotating field =rotation, provided that the rotor Totation
speed is lower than the field rotation speed. So, the rotor
rotates asynchronously with respect to the field. The
disadvantages of induction motors include a limited rotation
speed control range and considerable = reactive poOwWar
consumption under the low~load conditions. Moreover, the speed
control system is rather complicated due to the need to adjust
the -frequency of current, and the presence of three wires in

the winding makes this adjustment a rather difficult process.



The above-mentioned problems could be solved by using a direct-current
motor. Operation of direct-current motors is based on the interaction
between current conductors and magnets, which results in occurrence of
electromagnetic torque. These motors are characterized by a very
compact design, which provides a high current density in the primary
winding. Such machines operate in & wide rotation speed range and have
a rather simple control system. However, the main disadvantage of these

motois when ysed as: submersible,pumn drves is that a,Shof GirgHit << g
occurs between the brushes and the collector when the motors are
& SUbrRérgedHinrts R fluile particufdri= fritd &h etdctricallyC conddctimig-fILitp =TS
i s This48ay eausedamage te e brushes ward/ortothercollectorubhereforand
nafliS,Rroblem o be solved by, the, invention, is t provide an electric mofor _,; -
that could bé Used as & suibmersible pUm‘“p“grive, could have a simf)alg -
Logarttol Proeegurecéould provide A witkCrotaticieSpeed contitt rrangeandct

deGauld be easih-fabrieatedsand mounted(particularly, in@iprodyctian,  the

wells). One aspect of the present invention provides a submersible
DT §ifscticutrent elstiric thotor r\[}\%%ﬁ ihefudes™ ah-armaturé winidifg wh fchs~"
spfixad amdfgrms thel cehtrale paet of thé msotor, =8 housingwhith ®hclosestem.
nothe.amaire, windingand.is.capable ot rotating.aropnddhe aimalurgseq as
subnersible pump drives 1s that a short circuilt occurs
hetween the brushes and the colliector when the motors are
submerged into a fluid, particularly, intce an electrically
conducting fluld. This may cause damage o the brushes
and/or to the collector.

Therefore, the problem to be solved by the invention
is to provide an electric moteor that could be used as a
submersible pump drive, cculd have a simple control
procedure, could provide a wide rotation speed control
range and could be easily fabricated and mounted
(particularly, in oll production wells).

Cne aspect of the present invention provides a
submersible direct-current electric motor which includes:
an armature winding which 1s fixed and forms the central
part of the motor, a housing which encloses the armature
winding and is capable of rotating arcund the armature
winding; magnetic field generation means which are fixed in
the housing and are capable of interacting with the
armature winding to generate electromagnetic torgue; a
collector which is made fixed and is electrically connected
to the armature winding: brushes which are capable oI
rotating around and sliding along the fixed collector. The

brushes are connected to the external electric circuit, and



winding; magnetic field generation means which are fixed in the housing
and are capable of interacting with the armature winding to generate
electromagnetic torque; a collector which is made fixed and is electrically
connected to the armature winding; brushes which are capable of

rotating around and sliding along the fixed collector. The brushes are
connected to the external electric circuit, and J the fixed collector, together
with the brushes capable of rotating around it, is enclosed in an insulating

rnghamber, The possibility of 856%%8@9%8‘?:%Shcq{édl@}*ﬂ}s@qeé‘é’eedégﬁ%le of

collector and the brushes has been eliminated by placing them in‘the
r Oirstifetifgichamber: Moredver the Sbtdrcotitaind Tibtiotafirty SRS be
sealed -begalisei the: cellector and the armatiye winding arenmade fixedaywit

pelfis. gnses that the Insulating chamber and, consequenty, the contacts,
between the brushes and the collector are propérly sealed.”So, the

bypladements ofthebrushes and tHescolkeetardn Thetimstilating chamissr; ok he
notheronehand,.and fixedpasition; of thereollectaranddhe amaiiieause the

winding, on the other hand, ensure that the contact area between tge L
Oprushies’and e colfectdr i properly’sddlet SwHidit inéothbiration with -5
enwell<knowh properties obdirect:current angters (aed simplesconuoh \wigde the
co%%%%%%SQ%QQ@%Q”@H@”Q?&%%@% and the collector are properly
sealed.

So, the placement of the brushes and the collector in
the insulating chamber, on tThe one hand, and fixed position
of the collector and the armature winding, on the other
hand, ensure that the contact area between the brushes and
the colliector 1s properl gsealed, which, in combination
with well-known properties cof direct-current motors (i.e.

simple contrcel, wide rotation speed control range, easy

fabrication), provides a scolution to the above problem.



fabrication), provides a solution to the above problem. 4 Additional
improvements of the claimed submersible direct- current motor are
descried below. Permanent magnets, electromagnets or excitation
windings can be used as the magnetig field generation means. A fixed
collector ring can be provided for in order to connect input wires of the
power cable to the rotating brushes. In this case, the wires are be

connéti8d 1O IRE FixBBP EONERRS Pl ohGSwifich tRE brisRRE SRR Furfiyr=ct -

thg £%tg%iolg ogrgceggéThgsaqf\__zL%nt e cg wthis embodiment is that the wires

of the power cable are ﬁxea and can ther'efore be reliably sealed in the

wall of the insulating chamber. The collector ring can be made in the form

of twd SEPAFAR T rintfBRhénts wiTiEh 2P BaEparsted Frofreach bthdr antndings

are either arg;\n ed goncentricallg, gr, aEe spaced apart alon%the direct
can?kﬁ USﬁ %% E & qﬁgﬁetL re ceneral on.ﬁﬁa.s.
axis. Alternatively, the co Or ring can be equipped with two tracks

which are separated from each other and along which the brushes move.
Eachfing €féfercer faERTs tohfiected tdthe FESTece plaritywirerder to
rotatable ring installed inside the insulating chamber is used for the

if&Hiftion SFiRE bruéhes® Edth biiéh ca B made ifthé fornt 8 a TO-ating
3ipgls, brushy phigh contaets thg collector andthe colleclorfing aliMere ¢ vea
same time. Ajlternatlveﬁl, each brush can be made of two Separate -

bishes: o r ring along which - the brushes slide during the
rotation process. The advantage of this embodiment is that the

wires of the power cable are fixed and can therefore be

reliably sealed in the wall of the insulating chamber.

The collector ring can be made in the form of two separate
ring elementse which are separated from each other and are
either arranged concentrically, or are spaced apart along the
direct axis. Alternatively, the collector ring can be eguipped
with two tracks which are separated from each other and
along which the brushes move. Rach ring element or track is

connected to the respective polarity wire.

A rotatable ring installed inside the insulating chamber is
used for the installation of the brushes. Each brush can be
made in the form of a single brush which contacts the
coliector and the collector ring at the same time.
Alternatively, each brush can be made of two separate brushes
which are electrically connected to each other. One of these

brushes interacts with the collector, and the other one



which are electrically connected to each other. One of these brushes
interacts with the collector, and the other one 5 interacts with the collector
ring. Each brush should preferably be installed in the rotating ring and
should be removable. The wires of the power cable can be connected to
the collector ring either directly or through an intermediate connection,
which is more preferable. The intermediate connection can be a

GOICREAEESNNEEt Bonnd&fon RAULSATRE waifSfthe iféiatindHdhbershould

and connepted.o the colletor ring. The wires of {he power cable canbe .
onnected to this quick-disconnect connection, thus allowing an easy an

quick preparation of a submersible motor to downhole installation

(preparation to operation) . A plug-in connection can be used as such a

quicki‘ isconpect con e%ion. The rotation gan be trarggsmitted Irorrgt € L0 the
motor Sus‘fﬁdﬁfos thoe‘“brusﬁesp[‘):)faﬁfer%%kt} mearns. In one 6FtHe™ <=
s&bpedafa?ptsﬁ%g rogion is ransmitted by, a meghanical means, A, rmed;ate
rotatable shatt installed in the wall of thé insulating chamber can be used
%%@@%Chawﬁkme%- OIFJ&%n_d %EQ%&E@&E'@W&@%@'” SyUER S-WEYiate
as to allow form closure with the rotating housing of the motor, and the
other=end ofthe=shafids made: ifi:suchsaway as ta-alowfotrmrclasute with the
the brushes, either directly or indirectly (i.e. through the rotating

wall of the insulating chamber and connected to the collector
ring. The wires of the power cable can be connected to this
quick-disconnect connection, thus allowing an esasy and quick
preparation of a submersible motor to downhole installation

{(preparation to operation). A plug-in connection can be used

as such a quick-disconnect connection.

The rotation can be transmitted from the motor housing to
the brushes by different means. In one of the embodiments, the
rotation 1is transmitted by & mechanical means. A rotatable
shaft installed in the wall of the insulating chamber <an be
used as such a mechanical means. One end of the shaft is made
in such a way as to allow form closure with the rotating
housing of the motor, and the other end of the shaft is made
in such a way as to allow form closure with the brushes,
either directly or indirectly (i.e. through the rotating
ring). The form closure can bre implemented by using a toothed
gear, & tongue-and-groove Joint, etc., Alternatively, the

connection between the shaft and the motor housing or between



ring) . The form closure can be implemented by using a toothed gear, a
tongue-and-groove joint, etc. Alternatively, the connection between the
shaft and the motor housing or between 6 the shaft and the brushes or
the rotating ring containing the brushgs can be implemented by using
force closure due to frictional forces or magnetic attraction, or by using a

combination of the form closure and the force closure. The shaft should
bBSIBpRfy seRfed hbtherpsieviete the inSEABY M SrdeF tGenstite tha the

kt}he i sulatlngnch%rgbe,r is sealed.§1 case that the c!ialrpced m%tgg is usefgue o

in &Jow- préssure sur%“ﬁ%&fﬁ%%uei , it possivle to'fse a rotating Seal;

£.4-4 tigg.seal Q. springsloagled, seal However, Ip, gase of a substapligl,; 4

pressure differential, this seal alone may not be sufficient. In this Case, in

aggiiomnio tie use ofnthe fotaling ssal; the insulating chamber Gabbgre. The
filled with an insulating fluid (e.g. pressure oil) which limits the pressure

diffetentethactassiihe rotatng seal sAliematively, thesrotatiom:cantbere it 1is
transmitted from the rotating housing of the motor to the brushes by

Wedid b dnagheticridterattioretirough tHewalt bt thenimsbfetings chamber is
chamber. In this case, there are external magnets which are rotated

LAY by the 0RE6N g HGUSInG 6t tie MtEFandos®” coRseltRfty:r & Low-
installed thereon. In other embodimqnts,%external magnets can be .
Tristalied on"a rotaling Part dAveripy == +5 POSSERIE Lo use A rotating

seal, e.g. a ring seal or a sprincg-loaded seal. However, in
case of a substantial pressure differential, this seal alone
may not be sufficient. In this case, in addition to the use of
the rotating seel, the insulating chamber can be filled with
an insulating filuid ({(e.g. pressure oil} which limits the

pressure differential across the rotating s=al.

Alternatively, the rotation can be transmitted from the
rotating housing of the motor to the brushes by means of
magnetic interaction through the wall of the insulating
chamber. In this case, there are extefnal magnets which are
rotated directly by the rotating housing of the motor and are,
conseguently, installed thereon. In other  embodiments,
external magnets can be installed on a rotafing part driven by
the motor housing. When rotating, the external magnets
interact with the internal magnets which are connected to the
brushes either directly or indirectly (i.e. through the

rotating ring}, thus causing the brushes to rotate. So, the



the motor housing. When rotating, the external magnets interact with the
internal magnets which are connected to the brushes either directly or
indirectly (i.e. through the rotating ring), thus causing the brushes to
rotate. So, the 7 external and internal magnets form a so-called magnetic
coupling. In this embodiment, there are no parts passing through the wall
of the insulating chamber and, conséquently, no parts to be sealed. Itis
therefore possible to fully seal the insulating chamber, using static seals.

ex1BiS-dasign s partieularly preferable.in casg that.the liquidimedium. oo 5

surrounding the motor is kept at high pressure or is rather corrosive (i.e.
COEBthfifs abtAsives® acfife eRefiical cormpbiifidss 6fc.) "Wher Lising e 55109
thinagmetic caepling;ahe wallstof theniasulating.chamber shaulddies madend,
cogfs%gl%tﬁjé'?t{ﬁt‘a"'?‘hg 'OVA’af%ﬁ-[rQmaugor‘etﬁg&fog%%'féus.o that a magnetic flux

could pass through the wall. Besides, this material should have low »
POgSreuEiviy irf Brder t6 Simit BRE switPthad besurs dutingtthe rotation of thé 1<
sem_agneﬁr@ﬂ§X-c%§§@§s, ceramie materials or ompasite, Uéate_ﬁalﬁase that
4_*h%talTlgsleiséeel.,egtla%ums, b;gg%l%,d(altg. ca:_nbbe lzg%etdogs siusch Qgeatgrlalsi. TQ? ,‘
'embodiment described above provides for the Useof a aghiétic cdupling®”
prwherein therbrashesanayg fagdsehing the rdtating housing. i This Hyresults s,
actromethe-fliction of theopounds, etc.). When using a magnetic
coupling, the walls of the insulating chamber should be
made o©of a material having iow ferromagnetic properiies, so
that a magnetic flux could pass tThrough the wall. Besides,
this material should have low conductivity in order to
limit the swirl that occurs during the rotation of the
magnatic flux. Plastics, ceramic materials or composite
materials, stainless steel, titanium, bronze, etc. can be
usad as such materials.

The embodiment described above provides for the use of
a magnet:ic coupling wherein the brushes may lag behind the
rotating housing. This lag results from the friction of the
brushes against the collector (fricticnal lag), and from
the insrtial effect <that o¢cours during the acceleration
(inertial) lag), particularly, during the start-up. The lag
reduces the torgue of the motor, tThus allowing downhole
submersible electric motors to avoid the risk of failure of
the motor shaft or the tubing to which the motor or the

submersible pump



brushes against the collector (frictional lag), and from the inertial effect
that occurs during the acceleration (inertial) lag), particularly, during the
start-up. The lag reduces the torque of the motor, thus allowing downhole
submersible electric motors to avoid the risk of failure of the motor shaft
or the tubing to which the motor or the submersible pump 8 driven by the

motor is connected, due to great inertial forces occurring during the

SHBHYEP dVa FOSUIPBERIght BcEBBIaRGRIThE Werkal [agcdn bagaktet forces
iggrcea}:sr%%by ufs%‘ilg%an elagtic couplinlg_grovided for between the magnetic "
Soupling: &hd the briighes “Buring 1iE stattup 8Paccélerafisithe efdstic 9"
cuRling.twists under high torque which is required for the acceleration of

the brushes. As a result, the motor torque decreases, and equilibrium is
established between the acceleration of the motor and the lag of the

brushie A'gEimarfent-tafcoffttintfsystent dah bé roeRREFoPih e ar
referable odiment, Thvei er ent-la _%orrectin system i%i'nten%%d in
grelsi ogngé%*dm%fuﬂreﬁ' e %“ fion nge S e

for reducti eve imination of the  frictional go S.

the frictional lag glang with. the ingrtial lagallowg.eliminagon ofdhe: ; o, the
damage caused to the motor shaft during the acceleration of the brushes.

Buis ondhe etfer hands #hisdag generally has aspbstantiahich is required
for the acceleration of the brushes. As a result, the motor

torque decreases, and equilibrium is established between the

acceleration of the motor and the lag of the brushes,

E permanent-lag correcting system can be provided for in
one preferable embodiment. The permanent~lag correcting system
is intended £or reduction or even full elimination of the
frictional lag of the brushes. The frictional lag along with
the ipertial lag allows elimination of the damage caused to
the motor shaft during the acceleration of the brushes. But,
on the other hand, this lag generally hag a substantial
negative impact on the maximum torgue of the motor,
considering its constant effect during the operation of the
motor. So, the frictional lag should be eliminated or properly
cerrected after the acceleration phase has endsd. For this
purpose, the above-mentioned permanent~lag correcting system

is used.

The permanent-lag correcting system corrects an angle error

between the external and internal magnets, i.e. makes a slight



negative impact on the maximum torque of the motor, considering its

constant effect during the operation of the motor. So, the frictional lag

should be eliminated or properly corrected after the acceleration phase

has ended. For this purpose, the abovg-mentioned permanent-lag

correcting system is used. The permanent-lag correcting system corrects

an angle error between the external and internal magnets, i.e. makes a

stigard aanguEenNe nfeitisutfieiznt for elimbktiométtie ahgletdf laghoie of
Such a correcting system may include a correcting electromagnet and

wB%Emalf AR matinG:eEHERt aheraBrs BF thBEame e %fhe §enBPators 19

ar in%talled on Ehe cgrresgondin parts of the motor in suchca way. that
clec rom? net and tw Fmag% a tﬁrnatlﬂg—curren ge erg%ors of
théir outpu %owers are équal andtheir phases are opposite in case of a.

fuliy.aligngd.magnefic coupling. The, (ofal gf the output PQWELS|iSeq  on  the

therefore equal to zero and no current passes through the correcting

electiemagnelnfheperpanent-lag-coreeting systesashouwld pesferabhbecheir
equipped with a low-pass filter which is used for correction during the
acceterationyirorder o @void. mutdal dancellaticrs sof the drictigrneedtrection case
effect and temporary lag effect during the acceleration. Other possible
ifbrévetiénts aid aevantigeeofthetaimed dnvéitior RilEBeoméhe output
apparent from the following more

powers 1s therefore egual fto zerco and no current passes

through the correcting electromagnet.

The permanent-lag corrscting system should preferably be
equipped with & low-pass filter which is used for correction
during the acceleration, in order to avoid mutual cancellation
of the friction correction effect and temporary lag effect

during the acceleration.

Other possible improvements and advantages of the claimed
invention will become apparent from the following more
detailed explanation of the examples which are ezxplained,

using drawings. The drawings show the following:

Figure 1 - a submersible electric motor with mechanically

rotated brushes;

Figure 2 - a submersible electric motor with magnetically

rotated brushes:;

Figure 3 - a submersible electric motor eguipped with a

magnetic coupling and a permanent—-lag correcting system.



detailed explanation of the examples which are explained, using
drawings. The drawings show the following: Figure 1 - a submersible
electric motor with mechanically rotated brushes; Figure 2 - a
submersible electric motor with magnetically rotated brushes; Figure 3 - a
submersible electric motor equipped with a magnetic coupling and a
permanent-lag correcting system. 10 The submersible direct-current

electrmoblemgxzrseisfp?@dmé%m%&@V%@I’toneifCé%%%Scfrt%oaJ@ra%e sponding

winding (1) which is fixed and forms the central part of the motor. fé
awnaguee WiRdingid) isienclased inthe motor heusing(@) yhichis ynhich is
capable of rotating around the armature winding (1). The housing (2)

daxies permafenthmmagnetsc@)which farm an rexaifatian flux. The armature
Alternatively, it is possible to use excitation windings instead of

peéfAanent agnets. Furterethe 1fixetharmatuirenwihdimgifl) isGonnebtecth is
through wires to a collector (4) which is also fixed. Brushes (5) installed
Sﬁ%ag%)?atir?gf ring (6} intsfact Wit the EBffectdF T4y "The Briudfery(s) ko The

%ggalcnt with( §9rre§goggér£g soliql: I1[‘lixed collector rin%s (7) which are
connected to respective polahty Wires” (82 85 6 the power 2abf8! EH™ a0

brush (3);can be made ofiyq Separatg prushes co Qeaﬁﬁstgi geh other. oo
One of these brushes interacts with the collector (4) and'the other one

#ieracts;i on windings instead of permanent magnets. Further, the
fixed armature winding (1) is connected through wires to a
collector (4} which is alsoc fixed. rushes (5) installed on a
rotating ring (6) interact with the collector (4). The brushes
{5) also interact with corresponding solid fixed collector
rings {7} which are connected to respective polarity wires
(8a, 8b) of the power cable. Each brush {5) can be made of two
separate brushes connected to each other. One of these brushes
interacts with the collector (4) and the other one interacts
with the corresponding collector ring (7). Although the
example shown on the drawing provides for two separate
collector rings, it is possible to use one ring containing two
collector tracks which are separated from each other and are
connected to respective wires of the power cable. The
collector tracks are used for the sliding of respective
brushes. The collector tracks can be located on the outside
and on the inside of the ring, on the end surfaces of the ring

or on the same surface of the ring. The fixed collector (4),

the rotating ring {6) containing the brushes (5), and the



with the corresponding collector ring (7). Although the example shown on
the drawing provides for two separate collector rings, it is possible to use
one ring containing two collector tracks which are separated from each
other and are connected to respective wires of the power cable. The
collector tracks are used for the sliding bf respective brushes. The
collector tracks can be located on the outside and on the inside of the

ing..en the end-surfaces of the fing or on thesame sprface of the king ;. ¢ ; ¢

The fixed collector (4), therotating ring (6) containing the brushes (5),
ahd:the 8] (ixed collegherinngs €4) anecenclosedinandnsilating ahamhes and
(9) . To facilitate the maintenance of the brushes and the collector, the
chambet isniade détazhablentrot showm)anddthe detachmentpointsare  and
sealed, using any known static sealing means. The insulating chamber

L&R b BEARBEEY to RIS Winding By eah’chf a Wisdahnetticonfiegtion static
e.g, a threaded connection, clip connection, etc.) or by means of a

%3%%5%%{“ EhiectiBh (&7 W edtRteFRBRNE o Il¥d E5ARESTSE to the

£iGhHaweyer, a.disconpect cannection is preferableas it faciitates the
maintenance. The methods o ma?(mg the above connections are

walhkpewnand-arg,neldetaled herein, In the,abeve gxample, the pQWeEr. o«

cable wires (8a, 8b) to be connected to the collector rings (7) pass
torougtrthenwalleofthe insulating:gbambei (A c Therpoinis where th@nection,
wires (8a,

etc.). However, a disconnect connection is preferable as it

facilitates the maintenance. The methods of making the above

connections are well-known and are not detailed herein.

In the above example, the power cable wires (8a, 8b) to
be connected to the collector rings {7) pass through the wall
of the insulating chamber (9). The points where the wires (8a,
8b} pass through the wall of the insulating chamber (9) are
sealed, using static seals ({not shown), so the insulating
chamber (9) remains sealed. Alternatively, it is possible to
provide for a disconnect connection (not shown) in the wall of
the insulating chamber (9) to connect the power cable wires. A
plug-in connection «c¢an be used as such a disconnect
connection. Thanks to such a disconnect connection, the motor
can be rather easily and quickly connected to/disconnect from
the power cable and, consequently, rather easily and quickiy

mounted/dismantled in the borehole.



8b) pass through the wall of the insulating chamber (9) are sealed, using
static seals (not shown), so the insulating chamber (9) remains sealed.
Alternatively, it is possible to provide for a disconnect connection (not
shown) in the wall of the insulating chamber (9) to connect the power
cable wires. A plug-in connection canBe used as such a disconnect
connection. Thanks to such a disconnect connection, the motor can be

rathe@%@silqugyécktym%%ﬁct Jo@iﬁaona?&t fegm; dhe powes cable, ) 54
y an

and, consequently, rather easi quickly mounted/dismantled in the
berehelecl? tthe:agnabigavinding-(lyrangithescollecior{yd) are plsds through
connected to each other through wires (10) which pass through the wall
sfthevnddlatiig thambes (9% tile poindsindrere tHe Wites (@0) passwhere the
through the wall of the insulating chamber (9) are also reliably sealed,

iR stdtd seBfS ot sHowh). thesites adiscoihetieshnbétion Byteer (9)

glgg-ina(ionnectigﬁné can also be provided for in the wall of the insulating

enamber” (o) 16 adlitan €587 &Rd quick dectrictidConfiédticn ofthe  Shown) -

motongarts for mainienance o feplacement purposes. The, insulating, ...,
chamber, the collector, the armature Wlnglng and’ the motor housing are

installed;cogxiafly apdheirreammon: axis,qaincidescyith the direct aXis fanper
the motor. Figure 1 shows an example of the embodiment of the motor,

whichtuseslasmechanical coaippnent. €kl)dodriveithebrusbesection of the
motor parts for maintenance or replacement purposes. The
insulating chamber, the collector, the armature winding and

the motor housing are installed coaxiélly and their common

axis ceoincides with the direct axis of the motor.

Figure 1 shows an example of the embodiment of the motor,
which uses a mechanical component (11) to drive the brushes
{5) . The mechanical component {(11) transmits the rotation from
the rotating housing (2} of the motor to the ring (6) and,
consequently, to the brushes (5) through the wall of the
insulating chamber ({9}. In this example, the mechanical
component (11) is. a shaft (12) with toothed gears (13) which
are fixed on its ends and which mesh with the teeth made on
the motor housing (2) and, consequently, on the rotating ring
(6). Rotating seals (14) are provided for in the wall of the
insulating chamber (9) to seal the shaft (12). Alternatively,
the rotation can be transmitted by using a friction gear, a

tongue-and-groove gear, etc. instead of a toothed gear. The



(5). The mechanical component (11) transmits the rotation from the
rotating housing (2) of the motor to the ring (6) and, consequently, to the
brushes (5) through the wall of the insulating chamber (9). In this
example, the mechanical component (11) is a shaft (12) with toothed
gears (13) which are fixed on its ends!and which mesh with the teeth
made on the motor housing (2) and, consequently, on the rotating ring

@ +Retating seals (14) are BEOViqq:%ItxgmiPttpg&N alt)?f thr@e,cjar?lséjlat!)rkg magnetic

chamber (9) to seal the shaft (12). Alternatively, thée rotation can be
transmitted by usiag.e SHCtion geals B tangue-andigroeye gear, @le. rotating
instead of a toothed gear. The 13 rotation can also be transmitted by

Rreahsnof magnetid interastiefitbeti@endhe gotatingoring{6): 05 thenratatingd on
housing (2) and the shaft (12) or gear components installed on the shaft.

the e‘i&?ﬁﬁle of the embodiment of the motor, shown on Figure 2,

represents another way to transmit the rotation from the motor housing

(2) toTthe rextating ¢ingf(6)hin thiscembediment,the heusing (2hbas aon Figure
lateral surface area (2a) which is spaced from the outside surface of the
frsulatiRge thaktber (o) hThe wiotorthousing: (R)idandthe insulatingn  from the
chamber (9) are made in the form of rotation bodies (preferably, in the

¥Sth? bf a%?r%ﬁfé}gcylirﬂaér) ._‘L'Fsierm%{?]‘nent Ailghets 815)dred fixed at theldreathis
é%%%%ﬁ%%%??“sgﬁ%(zgéﬂgﬁﬁger?gﬁﬂwgﬂgha lateral surface area (Za)

which is spaced from the outside surface of the insulating
chamber (9). The motor housing (2) and the insulating chamber
(3} are made in the form of rotation bodies {preferably, in
the form of a circular cylinder). Permanent magnets (15) are
fixed at the area (2a) of the housing (2) and interact through
the wall of the insulating chamber (9) with permanent magnets
{16) installed on the rotating ring (6). So, the magnets (15,
16} form a magnetic coupling. Alternatively, it is pessible to
use electromagnets as the sources of magnetic field in the
magnetic coupling. There are no moving parts passing through
the wall of the insulating chamber in the example of the
embodiment, shown on Figure 2. As a result, the insulating
chamber is fully sealed, using static seals only, which
provides a more reliable separation of the insulating chamber
from a liguid medium or a gas-liquid medium, especially in

case of high pressure or high corrosiveness of this medium.



the wall of the insulating chamber (9) with permanent magnets (16)

installed on the rotating ring (6) . So, the magnets (15, 16) form a

magnetic coupling. Alternatively, it is possible to use electromagnets as

the sources of magnetic field in the magnetic coupling. There are no

moving parts passing through the wall‘f the insulating chamber in the
example of the embodiment, shown on Figure 2. As a result, the

insulaging, chamberis fully %%@rlﬁ@g;lygmg_étaggé&alfnon%éﬂfhé%&{ oyides oo
-a more reliable separation of the insulating chamber from a liquid

releciim o a gagdliguid: medilim wespecially in:kase pEhigh prRpsURRber  (9)
high corrosiveness of this medium. 14 When a magnetic coupling is used
iftthelelectrie motaleshown on Figures2ithe wallsvahthe ihsulatifgrromagnetic
chamber (9) should be made of a material having low ferromagnetic
Propeities &hd RN cohdldctiGity eHakdctekistics PIagHES r edhipusite Plastics,
rggrgeggllst%nd ceramic materials, stainless steel, titanium, bronze, etc.

CANPE ISEd A5 fibst prdterabfe” Tateridle Siheh & mayrieticiSotilig ¢eL -
IS. .theb (5) lag. behind the rotating housing (2) during the
gélg%?é%é#?dn o%%sé%ezs'sﬁoto%értigﬁférlﬁeduHr&l’g %eas?arﬁ%é of’ %%pmgtﬁrferable
gduedeo; thesfriction of the brushes (5) against the collector (4) and due to
inertia that occurs during the acceleration. As a result of this lag or,

n ntly, of an error in the . . .
CONSEAUE tX’Q%é%n%%EE éogpilng' 1% wused, the brushes (5} lag

behind the rotating housing (2} during the acceleration of the
motor {(particularly, during the start-up of the motor), due to
the friction of the brushes (5) against the collector (4) and
due to inertia that occurs during the acceleration. As a
result of this lag or, consequently, of an error in the
angular position of the magnets (15%) installed on the housing
(2) aﬁd the magnets (16} installed on the rotating ring {6},
the armature winding (2) is not connected in accordance with
the required position of the rotating housing (2). Due to the
lag, some wires of the armature winding (2) are connected in
reverse direction as compared with the required switching
position. The lag therefore reduces the torque of the motor
during the acceleration of the motor {particularly, during the
start-up); thus reducing the risk of Ffailure of the motor
shaft or the tubing to which the motor and the pump driven by

the motor is connected, due to a great moment of inertia.



angular position of the magnets (15) installed on the housing (2) and the
magnets (16) installed on the rotating ring (6), the armature winding (2) is
not connected in accordance with the required position of the rotating
housing (2). Due to the lag, some wires of the armature winding (2) are
connected in reverse direction as cortipared with the required switching
position. The lag therefore reduces the torque of the motor during the

accelﬂgﬁ% o@thgg&gtgr Egpl%gijcﬁjlfarlé/}k gﬁél%%bﬁ%% SE%”'U%)[%%Q&? I{%Q%Ci%% the

the risk of failure of the motor shaft ort g to which the motor and

the-pumplriyen By Jhermatopis,ceanected, due 1g a great:Mementiofyiment
inertia. '5 Figure 3 shows another example of the embodiment of the

mator regyripped: withv aghagheticscouplirg:dn this embodimenindbe permanent
magnetic coupling is formed by an external permanent magnet (15) which
1efied ord the matdrhodsind {2%:canchart:fistermat pragret 17y whith isand  an
fixed on an intermediate disk (18). The rotatable intermediate disk (18) is

iMEtaied thetweehtthd tollectBr &) ard théXfsll Fthe ihsdimgepanitser disk

hose,outside suyrface faces the armature wjnding l?2)%The_ rotatability
E‘%)%\‘\llje ag i%vea?ﬁg%n%%%ﬁy rﬁéléir%n\}v%%ﬁtgre 5@ %us d &hy sbecialfst it ted

s AL For gxample, ashaft gan be instajled in.g.fixed posifign in{g, ;. 5 g
insulating chamber (9) to support the intermediate disk via bearings.

Alternatively, theishadt can ratate and thednterpediate disk rnature winding
(2) . The rotatability can be achieved, using any means which
are cbvious to any specialist in this art. For example, a
shaft can be installed in a fixed position in the insulating
chamber (9} to support the intermediate disk via bearings.

Alternatively, the shaft can rotate and the intermediate disk

-can be installed thereon in a fixed position.

A torsion spring {(19) is installed between the intermediate
disk (18) and the rotating ring (6) containing the brushes
(5). When the motor accelerates under the torgque which is
required for the acceleration of the brushes (5), the torsion
spring (19} twists, which results in an even greater lag.
Consequently, the torsion spring further reduces the risk of

failure of the motor shaft and/or the tubing.

The example of the embodiment, shown on Figure 3, also
provides for a permanent-lag correcting system. This
correcting system is intended for elimination of the lag which

results from the friction of the brushes (5) against the



can be installed thereon in a fixed position. A torsion spring (19) is
installed between the intermediate disk (18) and the rotating ring (6)
containing the brushes (5). When the motor accelerates under the torque
which is required for the acceleration of the brushes (5), the torsion
spring (19) twists, which results in an &ven greater lag. Consequently, the
torsion spring further reduces the risk of failure of the motor shaft and/or

the tubing . The exampple.of the empodiment, shown on Eigure 3, also lag has

provides for a permanent-lag correcting system. This correcting system
iniraded ot ekmination-ef therlag,which sesultisfram the frigtion:of thenerat1y
brushes (5) against the 16 collector (4) (frictional lag) . Although frictional
ldgehas $omenpositive effettdurihg therageelerationebubit genenally, dimits; o
the maximum allowable torque of the motor. According to the example of

& enfociRient, fowhloh FRjUred Mhet permanent-lag'coféctimg 3, the
fi57‘,\I¥1stem includes two stationary alternating-current generators (20, 21)

iR A8 indtfied FR&iGRThE RsulSHRG ThambBF (g ahd a'etirechihgtionary
t et (23) which is electrically connected to the, generators. In a
gi%%??}@@% ((Jubr)r { ranrs fé}ﬁ;gsggﬁe (5!'}\%1& a 1ns‘sr,alled

1 ene . Ire
preferable case, oth gengrators aré wi € generators’i

trivesdy externalinagnets {22) ingtalied,on th@{waﬂ%gousaln_g @0t ing
the motor, and the other one’is driven by internal magnets (17) mstalleg

@lrectromagnet (23} which is electrically connected to the
generators. In a preferable case, both generators are
windings. One of the generators is driven by external nagnets
(22} installed on the rotating housing (2) of the motor, and
the other one is driven by internal magnets (17) installed on
the intermediate disk (18). The external magnets (Z22) are
aligned with respect to the external magnets (15) of the
magnetic coupling. The generators (20, 21) are installed in
such a way that their output powers are egual and their phases
are opposite in case of a fully aligned magnetic coupling. In
this case, the total of the two output powers is equal to zero
and no current passes through the correcting electromagnet
(23). If there is an angular deviation between the magnets
(15) and (17) of the magnetic éoupling, the output powers of
the generators (20, 21) are different, which results in a
voltage difference at the output. In accordance with the
voltage difference value, current passes though the

electromagnet (23) and .this current is high enocugh to perform



the intermediate disk (18) . The external magnets (22) are aligned with
respect to the external magnets (15) of the magnetic coupling. The
generators (20, 21) are installed in such a way that their output powers
are equal and their phases are opposite in case of a fully aligned
magnetic coupling. In this case, the total of the two output powers is
equal to zero and no current passes through the correcting electromagnet

(@3)lf there is an.angylar c%eviétlion be&w en the magpets (15) and (17)
of t%lé magnetic cgupglgl)ng, the outSut If)%v?ée”rgs“%ef the s@geglle?gtor%i)(Zgg 51) rgl?gnets
different,whigh yesults in a voltage difference at the output. In

accordance with the voltage difference value, current passes though the

electrgm%gggtt(lz\gggnd tt}oig gurrent iS_high gpoy h to @%rfoggi )1Zeangggt for

correction of the relative p05|t|ongol:fQ[H}éSmagnets ig? and

Altemnativelysrboth groupg.of Jaagnetsdo.be usedfor interactiop withthe. . 4

generators can be external magnets and internal magnets of the

magnaticlcauplingt Alsez bath-graugs ot magaetsitode useddor both groups
interaction with the generators can be magnets which are spaced from

afid mreadinet witrerespedt fothe magnets iofithe magnetic cpupling:dns can
this case, the magnets to be used for interaction with the generators are
Ratram fitstandd 61 thé Safre FRating para st tie maotdi,gasdhe hrhgreapect
of the, magnetic coupling. _ i )

to the Mmagnets of° the magnetic coupling. In this case, the
magnets to be used for interaction with the generators are

naturally installed on the same rotating parts of the motor,

as the magnets of the magnetic coupling.

As an alternative embodiment, it is possible to form the
correcting system by using magnetic field sensors based on
other non-inductive physical principles. Hall sensors which
are used for determination of angular positions of the
external magnets of the magnetic coupling can be used as such

magnetic field sensors.

The permanent-lag correcting system is eqguipped with low-
pass filters (not shown). The low-pass filters eliminate the
correction during the acceleration (start-up) in order to
avoid mutual cancellation of the brush friction correction

effect and temporary lag effect.

The embodiment of the motor, shown on Figure 3, can be
promising if used as a generator for downhole measurements

while drilling. In this case, the angular adjustment allows



As an alternative embodiment, it is possible to form the correcting system
by using magnetic field sensors based on other non-inductive physical
principles. Hall sensors which are used for determination of angular
positions of the external magnets of the magnetic coupling can be used
as such magnetic field sensors. The pgrmanent-lag correcting system is
equipped with low- pass filters (not shown) . The low-pass filters eliminate

the- gatrection gflrir% the %celgratio (start-up) in order to_avoid mutual
canjcellation of the bruesh(%ﬁcﬁ)gn cgr?g&?gﬁ e ectte}fr?d t%ﬁ%éar%’ry I}El%e angular

efieclc The embediment afthe, mator, shown.aR FigUWe 3.LaNbe e armature
promising if used as a generator for downhole measurements while

driltingnkn this casecthe-angulay adjustmenbaliews 18 adjustment of the

output voltage of the system. The angular position is set by applying the

output voiage,af thg.armiaiure puinding 1o the-carrealing eleciromagnet, Jt, .,
is obvious that the embodiments described above are not to be regarded

49 alfienitatipn-di:thesscope dfrpatenticlaimg of the nveptionsABMtent claims
specialist in this art understands that it is possible to introduce a lot of

ModifitatidREShio-tHe abbve Sepfersisle directBiftertdletititanptgnds that
yathqut dewiating fram the pringiples of the jnvention claimed.inthe . . =
summary of the invention.

above submersible direct-current electric motor without

deviating from the principles of the invention claimed in the

summary of the invention.



19 Claims 1. A submersible direct-current electric motor which includes:
an armature winding which is fixed and forms the central part of the
motor, a housing which encloses the armature winding and is capable of
rotating around the armature winding; magnetic field generation means
which are fixed in the housing and are capable of interacting with the
armature winding to generate electromagnetic torque; a collector which is
made fixed and is electrically conngcted ta the armature winding; brushes
which are capable of rotating around and sliding along the fixed collector.
The brushes are connected to the external electric circuit, and the fixed

collector, tBgethdr it the BrushesSCapatie” F fotafing Ardund it °* which

enclosed in an insulating chamber. 2. An electric motor as claimed in
claim 1, characterized in that a fixed collector ring is provided for in the
insulating chamber in order to connect the power cable to the brushes. 3.

An el8Btric ot s &afHéadn ¥Rim2, tharatt&ized tn tiEthe E8fectar = et
gg%s m.:aq:% gf I%\g/gos}gparate ring 20
a housing which encloses the armature  winding and is

capable of rotating around the armature winding;

magnetic field generation means which are fixed in the
housing and are capable of interacting with the armature

winding to generate electromagnetic torgus;

a collector which 1is made fixed and i1s electrically

connected to the armature winding:

brushes which are capable of rotating around and sliding
along the fixed collector. The brushes are connected to the

external electric circuit,

and the fixed collector, together with the brushes capable

of rotating around it, 1s enclosed in an insulating chamber.

2. An electric motor as claimed in claim 1, characterized
in that a fizxed ceollector ring is provided for in the
insulating chamber in order to connect the power cable to the

brushes.

3. An electric motor as claimed in claim 2, characterized

in that the collector ring is made of two separate ring



elements, each of them being connected to the respective polarity wire of

the power cable and being used for the sliding of respective brushes. 4.

An electric motor as claimed in claims 2 or 3, characterized in that the
collector ring is equipped with two tracks which are separated from each

other and are used for the sliding of respective brushes, each track being
connected to the respective polarity wire of the power cable. 5. An electric
mbtorcas clainedin any onbwt clamsg-4 ccharactetrizetkin thiat theespective
brushes are installed in a rotatable ring. 6. An electric motor as claimed in

€18 5. 'charakterized irritat thevsrushesbihstaligtlin #fe fifig &ged  for the
removable. 7. An electric motor as claimed in any one of claims 2-6,

Srardtiérifed it Rt eadis bradit i€ fivade in the form of a single brush

which contacts the collector ring and the collector at the same time. 8. An
electric mdtor aslelaimed interyoone of claimsingd charactériZetsin thator 3,
the each brush is made in the form of two separate brushes which are

SRR CoAectBd 6 EachP6the? LORE GPihédd Brusheddntétatts With® ¥

tthe cg{llect r.ring, and the other one_interacts with the collecE?r. 9. An
Fag 5 _which™ are s&parated I%om.ea%§ other ?n are used for
electric’ motor as claimedin any one of claims 2-8,” characterizedin that

%E%C%%%éﬁ%@”%?“QéQSé%%ﬁ%%c%@Séﬂes, each track being connected

to the respective polarity wire of the power cable.

5. An electric motor as claimed in any one of claims 2-4,
characterized in that the brushes are installed in a rotatable

ring.

©. An electric motor as claimed in claim 5, characterized

in that the brushes installed in the ring are removable.

7. An electric motor as claimed in any cne of claims 2Z-6,
characterized in that each brush 1s made in the form of a

single brush which contacts the collector ring and the

collector at the same time.

8. An electric motor as claimed in any one of claims 2-6,
characterized in that the each brush is made in the form of
two separate brushes which are electrically connected to each
other. One of these brushes imteracts with the collector ring,

and the cother one interacts with the collector.

9. An electric motor as claimed in any one of claims 2-8,

characterized in that the collector ring and the power cable



are connected though an intermediate connection made in the wall of the
insulating chamber. 10. An electric motor as claimed in claim 9,
characterized in that the intermediatezgonnection is a plug-in connection.
11. An electric motor as claimed in any one of the previous claims,
characterized in that the brushes are rotated by a mechanical means,
namely, by a rotatable shaft installed in the wall of the insulating
chamber, wherein the shaft interacts with the housing and, either directly
8T ofnaftEcthy: With the Btustes, Hshigforce Blosure orféimt tosurBdra 0 the
combination thereof. 12. An electric motor as claimed in any one of the

walh &fiotd %IdinE: chardtterZ&d iR dRat the brushes are rotated by

magnetic means, the magnetic means comprising external magnets and
internal maghets; whereintthe externdl-magnrets are- installed onthermoterr i zed
housing and the internal magnets are placed inside the insulating

in tchambenandrare condéeted todhecarushes either didectly on indirectiy;tthen .
external and internal magnets forming a magnetic coupling. 13. An

electric, molqr.as ¢laimed 1 claim 12, gharagterized in that thewalls.othe. ;

insulating chamber are made of a material having low ferromagnetic

o1z PrEperties.and low. eapductiyity characteyistics; 22, 14, An plectigmetoy .y 4
as claimed in claim 12, characterized

mechanical means, namely, by a rotatable shaft instaliled in

the wall of the insulating chamber, wherein the shaft

interacts with the housing and, either directly or indirectly,

with the brushes, using force closure or form closure or a

combination thereof.

12. An electric motor as claimed in any one of the previous
claims, characterized in that the brushes are rotated by
magnetic means, the magnetic means comprising external magnets
and internal magnets, wherein the external magnets are
installed on the motor hcousing and tThe internal magnets are
placed inside the insulating chamber and are connected to the
brushes either directly or indirectly; the external and

internal magnets forming a magnetic coupling.

13. An electric motor as claimed in claim 12, characterized
in that the walls of the insulating chamber are made of a
material having low ferromagnetic properties and low

conductivity characteristics.



in that an elastic coupling is provided between the magnetic coupling and
the brushes. 15. An electric motor as claimed in claim 12, characterized
in that the external and internal magng&s of the magnetic coupling are
capable of adjusting their angle error by using a permanent-lag correcting
system. 16. An electric motor as claimed in claim 15, characterized in that
the permanent-lag correcting system includes an electromagnet and two
alternating=ourrent gengratars, pne-reagcting tq the-movement oftheracterizad
external magnets, and the other one reacting to the movement of the
in terpalynagneds - whereinthe generators:are installeddn sueh away thatnetic
their output powers are equal and their phases are opposite in case of a
coutuliyraligned rmagnefis.cewpding, which results in no current on the
correcting electromagnet. 17. An electric motor as claimed in claim 16,
cpgracteriz d in that the Eermanent;lag correctingﬂiys.tem a#so includes

low- pash fiiters™ "Abstaet Subhiersible Birect:Curreft Eletfiic MotorThe" =+ 7=

cl imﬁed anvention relates to a %mee sible djrect- curr%nt eIe%tri r}‘?otor to .
tha ne ?Xterqﬁi =%s) LNTEerng magnets o &. magnetic
be used, in particular, for driving a submersible pLﬁnp in downhole oil

C S

couxﬁg%%ﬁ‘%%v{‘ﬁl;é%ﬁ'%ﬂgd Jpotoringlydes a fixed armature winding: 8., ysing =

permanent-lag correcting system.

in

16. An electric motor as claimed in claim 15, characterized
in that the permanent-lag c¢orrecting system includes an
electromagnet and two alternating-current generators, one
reacting to the movement of the external magnets, and the
other one reacting to the movement of the internal magnets,
wherein the generators are installed in such a way that their
output powers are egual and their phases are opposite in case
of a fully aligned magnetic coupliing, which results in no

current on the correcting electromagnet.

17. An electric motor as claimed in claim 16, characterized
in that the permanent-lag correcting system also includes low-

pass filters.



encloses the armature winding and rotates around it; magnetic field
generation means which are fixed in the housing and interact with the
armature winding to generate electromagnetic torque; a fixed collector
which is electrically connected to the armature winding; brushes which
rotate around the fixed collector and are connected to the external electric
circuit. The fixed collector and the brushes rotating around it are

enclosed in an insulating chamber. Thestechnical result consists in the
elimination of the risk of a short circuit between the brushes and the
collector of the direct-current motor when it is used as a submersible
more-. Fig. 1 _ Abstract

Submersible Direct-Current Electric Motor

The claimed i1nvention relates to a submersible direct-
current electric motor to be used, in particular, for driving
& submersikble pump in downhole o©il production. The claimed
motor includes & fixed armature winding: & housing which
encloses the armature winding and rotates around it; magnetic
field generation means which are fixed in the housing and
interact with the armature winding to generate electromagnetic
torgue; a fixed collector which is electrically connected to
the armaturs winding; brushes which rotate arcund the fixed
collector and are connected to the externsl slectric circuiti.
The fixed collector and the brushes rotating around it are
enclosed in an insulating chamber. The technical result
consists in the elimination of the risk of a short circuit
between the brushes and the coliector of the direct-current

motor when it is used as a submersible motor.

Fig. 1



