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

magnefi¢ field that.qceprs when Jthregzphase alterpnafing gurrenf;passes turrent

through the stator windings, and the current induced by the stator field in

theeratol wingings, whichJesultsin, ocourrgace ofmeghanical forcagthatsinie
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 rathéddifficuitprocess. 2afhéications, an

above-mentioned problems could be solved by using
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.



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 a wide rotation speed range
and have a rather simple control system. However, the main
disadvantage of these motors when used as submersible pump drives is

that-a short circuit acurs befween,the brushes-and the ggﬂ%@arl when the, .

motors are submerged into a fluid, particularly, into an electrically
2 Conduieting Hrg This' e cauSe Hahage tothe brdshes™ aRarci o i ors
iscallestar. Therefore ithesprabtento be selved hythednventiondistoors and

rovide an, %Iectric motorﬂ,tlgat could be used as a subénersibletpumg .
magnets g L O resulTsS l‘ﬂl CCCUrTence O eLed Jfgl‘f gnet;c
rive, dould Have a simple control procedure, could provide a wide

Copstation SpEstEcohtrbP Tanger&nd-cotild BesedsilyJabticated HRd MobftEtRct
detagticularly; in-oil praguction wells).:Qne aspeet-afthe pregentipvention ¢he
provides a supmersible direct-current electric motor which includes: an .
2+ arffatire win 'H& Whithis fiked %ﬁaé?grmoso fhe central’ p%rt St the rﬁ8f%ar,“é“ on
sphedsingavitich enctbsesahie armatuet ndnding landlis capable of rotatisg em .

yoound the.armature winding.magnetic, field generation meapswhigh ake ;
fixed in the housing and are capable of interacting with the _
subnersible pump drives '1s that a short circult 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



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 chamber. The possibility of occurrence of a
short circuit between the collector and the brushes has been eliminated

=nY plaging them,ip the insujating. ghamber, Motegvet, the motor contains ¢

no rotating shaft to be sealed, because the collector and the armature
T OWwfridiAg afe fidde fited. TFhi§PEHSUTES tHat the irSatAg eRAmBRF BT -
consaquently sthe» contacts between-the-brushesand the collegtor atercuit

neRioperly t?neea'edéﬁogé@%?'acgg‘e@%e"f th]?u%g%;@e%%%q Eg‘eee%o”%%t%‘l”nated
the insulating chamber, on the one hand, and fixed position of the

bycolléetor agd tHeearmiaturé Winding, lorathensther hahd renstife that¢he the
moSQMactarea:nefwaen tha brushes angdr the:collsetor is;properly sealesk tne

which, in combination with well-known properties of direct-current motors
SO (6% Sifple ToNtrol Ridé ToAIdh spded: ool Farige "84Sy fabfiéation),
enprovides thsalutiore toithewabovergroblean ke Additibnatinmprevements of the
cJ@@é@@Q“%%%%@QS“%W@(%%§§hes and The collector are properly
sezled.

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.



current motor are descried below. Permanent magnets, electromagnets or
excitation windings can be used as the magnetic 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
connected to the fixed collector ring along which the brushes slide during
the rotation process. The advantage of this embodiment is that the wires

of the{TSWEr CABle ARPHREEUHH Car? therBforé b PERalsiy Weated it théti rect-

wall of the ingulating chgmber. @% cgllector ring can be made in the form
current motTor .are descrie CW .
of two separate ring elements Which are separated from each other and

are either arranged concentrically, or are spaced apart along the direct
axis. Ritefiatindly, e eehéctoP iR CarfBEegtipped ity tws tratks windings
ngcr&)%re se%arateggrom ea(:hC otheﬂr,aréd alon% which the brushes move.
E4th rlnguesl%mé%st or frack 18 “cornecté C(lo e ré?ﬁé@t?vé“ %%fasrl‘ty wire. A
rotatable ring installed inside the insulating chamber is used for the
instalfatiér- 6t theSruste=e Eathiffustedane Rigde fifthe§orm bt aorder to
}igrale brush which contacts the collector and the collector ring at the

a

Bfthe. ‘At&hatiVely tadh brddica®BEThads®t vo S6pardts  Fo+ating
briishies. which gre electically gonnedied g each other, One.of ese, . ¢ cq
brushes interacts with tﬁe collector, aﬁg the other one % intéracts wit ?he”

QQM%EQ%HPQ-EQQQt”yﬁgﬁpowgich - 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



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 g quick-disconnect connection made
in the wall of the insulating chamber and connected to the collector ring.
The wires of the power cable can be connected to this_quick-disconnect

EORREATTT thus-aftowihan &5Y8RT Giick Tpfdparatfotror a Sibiersisigoutd

mr%%!aﬁ:oagfﬁwr‘%%'e i%séggﬁtl%’& ('%ep%%a{o%%%%a?“oﬂﬁﬁ pa!lfll%:ll,nshould be
onnection tan be Uséd as such a quick-disconnect connection. The
[Qtatign.can be transmitted from the motor housing to the brushes by

different means. In one of the embodiments, the rotation is transmitted by

a me%l;l%nica,l means. A rotatable shaft installed in the wall of the

insulating hahiSer an ba®uddd’ad such ™ e diahical meghne® %%den%o the
gbthe.shaflis made in sueh a way.as to allgw forp.clagpre with 96 . e ate
rotating housing of the motor, and the other end of theshaft is made In

sueh @wayas topllow. formsclosirevithibe hrushes,. eitherdiregllydfediate
indirectly (i.e. through the rotating ring) . The form closure can be

toplemented byausing:a toothad igears adongue-andrgroovedgoinkeie. in the
Alternatively, the connection between the shaft and the motor housing or
beblear! 6 tiie shaftaatithe brushke or thedrotativig wigdcontainiiig thel lector

ring. The wires of the power cable can be connected to this
quick-disconnect connection, thus allowing an easy 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



brushes 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 be properly sealed at the

point where it is installed, in order to gnsure that the insulating chamber is
sealed. in case that the claimed motor is used in a low- pressure

surrounding fluid, it is possible to use a rotating seal, e.g. a ring seal or a
SPRng16aded Bal MoWwsVeh s Qise'dfa Sistaniigl preksuePntaining the
dilfferﬁntial, this sgal alon% ma n%t b% sufficient. Infthis caseiin additio .
?o e tse 6f the r%tatllﬁé’ SEaT he msui”atinugscl:ﬁlgmbeorrc?éj’n pefifed with >
anjasylaling fluide.q pressuig gl which Uiz be, pressuie diffrenial,,
across the rotating seal. Alternatively, the rotation can be transmitted from
thewrotatinghousing-atthe Jpgtorto,theRrushes yweans of magnelic. The
interaction through the wall of the insulating chamber. In this case, there

are Extemaluhagnets whichearey rotated«directly byrthe ggdating housiag ak  is
the motor and are, consequently, installed thereon. In other

Enfiedihtshts 1 exterAakmagnestarebesimstalletonia potringgarcianesr is
by the motor housing. When rotating, the external magnets interact with

& tft€rnaf hagRats wHieh afe"GonRéctEto tHe 1ilishkd elRBFdirdtthForto¥~
indirectly (i.e. through.the rotating ring), thus causing the brushes to
VEE1E 55, (NS 7 e At Al magndts Torm 5o

seal, e.g. a ring seal or a sprincg-loaded seal. However, in

3 I 18 pogsil o use a rotatin

internal magnéfs form & so-Called” magnetic d
case of a substantial pressure differential, this sesal alone
may not be sufficient. In this case, in addition to the use of
the rotating seal, 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



coupling. In this embodiment, there are no parts passing through the wall
of the insulating chamber and, consequently, no parts to be sealed. It is
therefore possible to fully seal the insulating chamber, using static seals.
This design is particularly preferable in case that the liquid medium
surrounding the motor is kept at high. pressure or is rather corrosive (i.e.
contains abrasives, active chemical compounds, etc.). When using a
magnetic coupling, the walls of the insulating chamber should be made

ex0ka material having low, ferromagnetic preperties, sq, éh%'aa_ﬁ WP%%%@%’% ic

could pass through the wall. Besides, this material should have low .
CoB8ndditdivity i orderto MPHESRIT thaf 6ccursdiiring the rotation Gt tié 19
thinagmetic fiixe Plastics] ceramic materialsiofcompdsite matesalssr  and,
coti ’HS%%%EefJ-' “}ﬂaeg'”(;pnal?%@%”zeﬁ Ste,can e used as such Ensat?@%"éf%lﬁgre

embodiment described above provides for the use of a magnetic coupling
Powhekeif the bitshes may lag-behihl tHe srotatthg Hausnig. THIS laf restats i c
sebrom, therriction-efithe brushes against the,collestar(frictionallag); aad «hat
Hnféo 7,thg,iger%iiaeldeiffject thgggg&ursﬁuring%he arpgelevratijgg (Lnertjal) Igg)h .
~Particutany, dufing the star-up: e fag Tedudds the torque of'the rhotor;™ "
prinesialowing downhele: submersibleistectric motors to agoidstherisk ofves,
actailiee oé_h%imigtior shafter;thestubing to Wh'CﬂrHé%m%Qﬁ% the magnetic

submersible Eump ) u , _ ]

coupling, tne 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



8 driven by the motor is connected, due to great inertial forces occurring
during the start-up as a result of high acceleration. The inertial lag can be
further increased by using an elastic coupling provided for between the
magnetic coupling and the brushes. During the start-up or acceleration,

the elastic coupling twists under high torque which is required for the
acceleration of the brushes. As a result, the motor torque decreases, and
EquiNBRURY isEstaBRdifed benieshtne SAeceldratibh cFTHe bt drid thef orces

Igg of the brushes. A ermanent-latq cro_rrecting Séstem can be provided for

SRE g cBrrectifgsystentlis Mot

in_one preferable eéfBodimant. Tﬁeapetr?ﬁlé)nent@
intended far. reduction or even full elimination of the frictional lag of the
brushes. The frictional lag along with the inertial lag allows elimination of
the damage caused to the motor shaft during the acceleration of the

brushes® BAPCER1AE othe? hahid, tHIS lad Yenietally Hasre &ibdtahtal using an

negative.impact.on the maxingium t(%rguevofkhe motor con§iderin its :
Canaiant effost durt thE opetation of the Tator 6 the Tetsnallag: > ?L 419

should-he elypinated or propgrly corected:afterfpe acceleraion phase,  1ne

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

earrecting systen rig usedsthe pemmanantdag correcting,system correets:i red
an angle error between the external and internal magnets, i.e. makes a
§mynthe 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



9 angular movement sufficient for elimination of the angle of lag. Such a
correcting system may include a correcting electromagnet and two small
alternating-current generators of the same type. The generators are

installed on the corresponding parts of,the motor in such a way that their
output powers are equal and their phases are opposite in case of a. fully
aligned magnetic coupling. The total of the output powers is therefore

eHUAP i zemranteio-cLRRETsasYEs  thrsughltheiddriédtinge: the angie of
electromagnet. The permanent-lag correcting system should preferably be
etitifpped With a fow PHSLRtMFhichvE TR d 87 LorrdttibR Burifig th8* et 1ng
acceleration, in grdéarg i&o gvoid muﬂal c&ggglrll%[jroinn of the friction correction

effect and temporary jag effect  dufing the acceleration. Other p%%gﬁﬁe ore of

improvements and advantgges of the.claimed inyentionwillbacorme o, the

apparent from the following more™ detailed explanation of the examples
whichaspaxplained. tisingdrawings. dhe drawings shiowdhefollowing:  their
Figure 1 - a submersible electric motor with mechanically rotated

brusbes; Figuse 2 <asubmersibienélettric. motorawmith neagnetigadly i tatated case
brushes; Figure 3 - a submersible electric motor equipped with a
riagietic'édupling: dndh pernatiant-1ag toriading@ystdmtad of the output

powers 1s therefore egual fo zerc 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.



The submersible direct-current electric motor corresponding to the
invention includes an armature winding (1) which is fixed and forms the
central part of the motor. The armature winding (1) is enclosed in the
motor housing (2) which is capable of rotating around the armature
winding (1). The housing (2) carries pgrmanent magnets (3) which form
an excitation flux. Alternatively, it is possible to use excitation windings

e of geIAne usgoets P, e Soed amman ndng 11 ..,

connected through wires to a collector (4) which Is also fixe

instatied on:aydatating ring-ta)dnteract withdhe collegtonf4h o Tha brushesy ;s
(5) also interact with corresponding solid fixed collector rings (7) which
drexeonnecied: to-respectivepolarity wires: (8as 8hhef thempawercableirmature
Each brush (5) can be made of two separate brushes connected to each
§iet: Ohe bf these brtisHes dAterdetstwith thetcollettorgdpand(the othérh is
one interacts_with the corresponding collector ring (7). Although the

ERBHPIE sHdwn BHtHel Brawrg isYidéE For V5 -8Eparate” Cofettor riids, The

'g é% ggnssiblei 59 use one e(isng cor}tginingttwo coIIe%tor tracks which are
separatéd from each other ahd are” €onne&Ba16 respéitive Wirss of f™  an

power gahle. The collector tracks.are ysed fot the sliding of respective -

brushes. The collector tracks can be located on the outsitie and on the
inside of tba ringa@mihe and sudaces ofdhe Hngner QRdhesame siace, the

of the ring. The fixed collector (4), the rotating ring (6) containing the

biusiiesyBjpand¢herinding (1) is connected through wires to a
collector (4} which is also fixed. Brushes (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



a] fixed collector rings (7) are enclosed in an insulating chamber (9) . To
facilitate the maintenance of the brushes and the collector, the chamber
is made detachable (not shown) and the detachment points are sealed,
using any known static sealing means. The insulating chamber can be
connected to the winding by means ot & disconnect connection (e.g. a
threaded connection, clip connection, etc.) or by means of a permanent

ganRection (8.9- f-30ldered, conneetion, glued connection;  etc,), Hqwever, ing

a disconnect connection is preferable as it facilitates the maintenance.

Ehenmethods)af makipgdheiahave epanpstionsare welldnown. apd afBes and
not detailed herein. In the above example, the power cable wires (8a, 8b)

o becsdnmadted to the collectoe rings (¥) passithroughithe walbof thewn) and
insulating chamber (9) . The points where the wires (8a, 8b) pass through

e waheSrAHE AR Iathf BREMBETYQ) Hel sBaled Bishey static ska@hotstatic

ggown , S0 the insulating, chamber (9) remains sealed. Alternatively, it is

po%_s ible tofneparlc}f’/i'd e'1oF a'dISdArd& TonEttsh (HBPSﬁ%SNrﬂOIﬂWﬁ%%_QII bp the
Hl%!ﬂ atm,g MQEI’O(P) 50 %O%%%Cf}{}gg Oé’:voer{nceacbcl? Vl\lllreiﬁ% .plug-lghzrrﬁaded

connection can be used as such a disconnect connéction. nksto suc
@cﬂiﬁ@@@@%ﬁt,cm@%pt@an%m%ﬁf canbe rathegeasily,and gf"c}a(lypermanent
connected to/disconnect from the power cable and, consequently, rather
easily @nibguickly. gnouatedidismaniled irvthesberahole. 2ued connection,
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.



The armature winding (1) and the collector (4) are also connected to each
other through wires (10) which pass through the wall of the insulating
chamber (9). The points where the wires (10) pass through the wall of the
insulating chamber (9) are also reliably sealed, using static seals (not
shown). Besides, a disconnect connedtion (e.g. a plug-in connection) can
also be provided for in the wall of the insulating chamber (9) to allow an

easy apd quick.electric. disgonpection of the matorpakts for,maiptenance s,

or replacement purposes. The insulating chamber, the collector, the

arpnalbie sdndingeangh tbeﬁﬁﬁt%ﬁwii@ﬁg are-installed) caaxially @ﬁ@ﬁhejhrough
common axis coincides with the direct axis of the motor. Figure 1 shows
anexamble of thehembodinent ofithehmotery wiiich usks apméchaniedkre the
component (11) to drive the brushes (5). The mechanical component (11)

framsmité the retstfortirsrvthe rbeatitt Hodding t2) dnthel Motosttmerhag (9)

6) and,. consequently, to the brushes (5) through the wall of the
instlating %harﬁ?iqﬂié?r%%‘f InYhAfs ELampl& e nidchahical® tohfpor8RE (L Efov ™) -

i3 shall (12) wifh logthed gears (13) which are fixed O“ZL;&%F‘?(;;‘QS Ahection)

which mesh with the teeth made on the motor 'hgo'usi%g%

eansequentbs githei ratgting ring, (8. Ratating seals,d4) i previded 0k npe
in the wall of the insulating chamber (9) to seal the shaft (12).

Alternativelyl ctheaatatiomnycambe trapsmitied:by usinga fdctionegeasa of the
tongue-and-groove gear, etc. instead of a toothed gear. The 13

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



rotation can also be transmitted by means of magnetic interaction
between the rotating ring (6) or the rotating housing (2) and the shaft (12)
or gear components installed on the shaft. The example of the
embodiment of the motor, shown on Figure 2, represents another way to
transmit the rotation from the motor hdtising (2) to the rotating ring (6). In
this embodiment, the housing (2) has a lateral surface area (2a) which is

spacad figm the,outside surface of thejnsulating ghamber (9) . The mator. .
housing (2) and the insulating chamber (9) are made in the form of

rotation boties (peafesably, inhdhe-forar ohg cirgular cylinder). Pexmangftat ing
magnets (15) are fixed at the area (2a) of the housing (2) and interact
thPoaghath&2waliof thédnsulating chamher (93 withcpegmasentsmagaess led on
16) installed on the rotating ring (6) . So, the magnets (15, 16) form a

Pgn\%ﬁ‘i%fé'oupling. Alternatively, it is possible to use electromagnets as

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

movifiy pastsapassing througlenthedvakl of the insuating ehamberdn the Figure
example of the embodiment, shown on Figure 2. As a result, the

fsulatiRge ehaktber e fllgEseadet, bsingstatimseals lonlyr etk oprovides  the
-a more reliable separation of the insulating chamber from a liquid

rrnr?etd%ﬁm &?gﬁhggliquﬁ}neoﬁﬁm, &8FecidRFmttade o¥ﬁﬂj£h préSsure 6 this
Bighgargstiencss oL MR MEYD) 149" 3 MAYATICSHRTS 2K o)
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.



shown on Figure 2, the walls of the insulating chamber (9) should be
made of a material having low ferromagnetic properties and low
conductivity characteristics. Plastics, composite materials and ceramic
materials, stainless steel, titanium, bronze, etc. can be used as the most
preferable materials. When a magneti¢ coupling is used, the brushes (5)
lag behind the rotating housing (2) during the acceleration of the motor

(partigulady, Jupingdbe start-ypafithe mator), due to, the friction ot the.  ror
brushes (5) against the collector (4) and due to inertia that occurs during
thecaccelarationy As a xesuihof this lag ofrconsequenty, of anyererindbe (o)
angular position of the magnets (15) installed on the housing (2) and the
hizgnkds (16) instafled onfthearotatirig:ring 1(6), Himeiarmatse widingo@} dsietic
not connected in accordance with the required position of the rotating
REGEIRGH T DURS theCYag cstriaclives of the armretrrwirding (2) Btestics,
connected in reverse direction as compared with the required switching

postion: The 15y fHettsre FEGUCES 1AB 15rqE bR tHe hiotor® HRfingRe  steel.

%9%%'1?{%%9” qu_thgzr‘gotor (:oa}rticularly during the start-up), thus reduci
the risk of failureoof the rﬁof:or shaft olrj?heutggi%g 0] w%% tﬁneorsntot&%en? ranle
the pump driven by the motor is connected, due to a great moment of

inertia. '5 Figure 3 shows another example of the embodiment of the
mOt%f?&%JipBedmnge%m:agggggfgrlilglinjgé In&gig’d?mt%%cgm%g%shes {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) an‘d 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.



the magnetic coupling is formed by an external permanent magnet (15)

which is fixed on the motor housing (2), and an internal magnet (17)

which is fixed on an intermediate disk (18). The rotatable intermediate

disk (18) is installed between the collector (4) and the wall of the

insulating chamber (9) whose outsidd surface faces the armature winding

(2). The rotatability can be achieved, using any means which are obvious

to any.speialist indhjs.art, For example, 2, shaft can,be intalled in.g fixed

position’in the insulating ¢ amhber (Q%to Eupport the intermediate disk via

headngsqAltepaativielythe shafl.can rotatg, and the intermegliate disic £AR 1+,

be installed thereon in a fixed position. A torsion spring (19) is installed

betweendhetintermediale rdiski(d.8) ananthe ratating:1ing £6xeaaminingrthenent

brushes (5). When the motor accelerates under the torque which is

Feqired fokthe dbéelerationfakiré broshés: (Shahentolsions ispring2(19) and an

twists, which results in an even greater lag. Consequently, the torsion .

SPHRGTathEPEUced e rigk bfhfatdre DFIRE mtforghaft HitfBetHe te  disk
ing. The example of the embodiment, shown on Figure 3, also |

Eirtél\ﬂdes?(% a p]écrirgnaa}:naébn Gag Cbrfddtiy &Vstent THis cotrectingsystafirilted

j f iminati e which results the friction of.th :

%%tffr?e@f (50)[! g%airﬁ%ﬁ%ikfé géol@%tor%ﬁ? (fr?(?tl%nailr%%) %#tho%%% frfct?[%%%?tmg

daghasr sqme pesitie effed during the.acceleration, it itgenarall¥ 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



limits the maximum allowable torque of the motor. According to the
example of the embodiment, shown on Figure 3, the permanent-lag
correcting system includes two stationary alternating-current generators
(20, 21) which are installed inside the insulating chamber (9), and a
correcting electromagnet (23) which i®electrically connected to the
generators. In a preferable case, both generators are windings. One of

the geperatorsis dfiygﬂ&xg%ﬁm@a@ﬁgns§tﬁg@gmsta%%qg@ithﬁa&owfgn has

housing (2) of the motor, and the other one is driven by internal magnet
(bikinstalledion thedatarmediate; disk(18)  Therexiernal agNets leraily
are aligned with respect to the external magnets (15) of the magnetic
touplisg (The genbrators (20wab) are instaktedhifl sbehreoway.thattheifing to
output powers are equal and their phases are opposite in case of a fully
Siigne§rragAstic eduplit Inctisdase) the tetAbBhthestwo Butputepovlers the
is equal to zero and no current passes through the correcting

RiedroiRaGnet 423)°tthers 18an ahgiia devidiioh Bitiveen the midgHetsnary
g&@e?‘Hgé}%%g{:é%?@%gnetmﬂ%?g@lIgg’ tZSOOUtPEQ)OW rlscgf the ins‘%alled

gene W .gre
generators are dlﬁerent, which resutts i d vol age différendé

ih@ﬂ’épm-tlﬂeacc@m&\ﬁlge the_yaltage diff?@ﬁqce value, CUmentsy yect ing
passes though the electromagnet (23) and this current is high enough to

pestormidgasgularcorrestionof the relative-pesitionof thermagnels €d) the
and (17).

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



Alternatively, both groups of magnets to be used for interaction with the
generators can be external magnets and internal magnets of the
magnetic coupling. Also, both groups of magnets to be used for
interaction with the generators can be magnets which are spaced from
and are aligned with respect to the magnets of the magnetic coupling. In
this case, the magnets to be used for interaction with the generators are

nafyrallyinstalied qn e same fotating,parts of the motor, ag the magnets .
of the magnetic coupling. As an alternative embc?cﬁment, it is possi fe to
formy then gogrecting system by using magnetic field sensors based on

other non-inductive physical principles. Hall sensors which are used for

deterﬂ@%&?ﬁ‘?{@@%’ ,Iar B%%iftlionsr%fl} hg ec))(%em%ela mna nsetst%f t%e used for
magnetic coupling can be used as sueh magnetlcgﬂe sensors. The

Rermanentlag corigeting sysiem.is.equipped, with lows pass fillers (Mat. o anq

shown) . The low-pass filters eliminate the correction during the
acceleration(star41p) Hroreles tonapaid nutuahgancellation of the;bBrushgroups
friction correction effect and temporary lag effect. The embodiment of the
miotde siown or Figures3;caficie ipromisingiibused as a-generaterforors can
downhole measurements while drilling. In this case, the angular

BRjUBHARAL AIGRSDB aBfustRRFrSf HFeBuRd voksge bl giedystbhl TRepect

ngular position is set by applying the output voltage of the armature
gogq:ﬁe pmagnets of ythgp%;agnetic e:oupiirg;g. 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



winding to the correcting electromagnet. It is obvious that the
embodiments described above are not to be regarded as a limitation of
the scope of patent claims of the invention. Any specialist in this art
understands that it is possible to introduce a lot of modifications into the
above submersible direct-current electtic motor without deviating from the
principles of the invention claimed in the summary of the invention. 19

im ubmersible direct-current electric or which_inclugdes: an
grlﬁwﬁgtﬁénévaﬁdigg W%gh i%uf}:ﬁ-:-u(jt and ?gcr?r?se the %g%hgl Sgﬁtoﬂhe(ﬁlo or",’Hz];*f;'ular
hissing yhich %&0%5 %QWQHM@%IHQH&QQC{ %lqawé)l% of E%@tiggmat ure
around the armature winding; magnetic field generation means which are
fidedimthet housing anckate agpablecafintergsting with the armature
winding to generate electromagnetic torque; a collector which is made
fixed gad;is elecirically ,Gpnnegled [g.(he gramature winding, brushes whigh .
are capable of rotating around and sliding along the fixed collector. The
brushes argzotmected to theméxternahelegtrie eircuitcand the fixetent claims
caollector, together with the brushes capable of rotating around it, is
gﬁdgggdﬁ?ﬁﬁQHéaQMHaQ%aﬁﬂﬁﬁ%allst in this art understands that

it is possible to introduce a lot of modifications into the
above submersible direct-current electric motor without
deviating from the principles of the invention claimed in the

summary of the invention.



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 electric motor as claimed in claim
2, characterized in that the collector ring is made of two separate ring 20
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 gr.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

connécted to TEPEIFEtvR pdlantiirs BTRE poweréabias. AR Sléctrid?* <P

mptqr as claimed in any one of claims 2-4, characterized in that the
brushes are installed in a rotatable ring. 6. An electric motor as claimed in
claim 5, characterized  in that the brushes installed in the ring are

remo@4bl& 72 AR &lelttRAMdtor W AimeY ih iR oi@or dais 25gis central

chq:racgqri%%%in (tjq%treach brush is made in the form of a single brush
\%lgh 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 e&ch'tttgh1E meB&Th thetehAssts 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



two separate brushes which are electrically connected to each other. One

of these brushes interacts with the collector ring, and the other one

interacts with the collector. 9. An electric motor as claimed in any one of

claims 2-8, characterized in that the cgllector ring and the power cable 21

are connected though an intermediate connection made in the wall of the
insulating chamber. 10. An electric motor as claimed in claim 9,

chanaeterized eactihatdlie intermediatengonnestisr isd plug-inttenneetigrective
11. An electric motor as claimed in any one of the previous claims,
Elfdratierizetl i that the Brasheswss rotatelichy & tebhanizal wiegnsfor the
namely, by a rotatable shaft installed in the wall of the insulating

Safibe?, Whef&mARR S5 “tsratts with the housing and, either directly

or indirectly, with the brushes, using force closure or form closure or a
combfnatidn thereottr2cAnmsleetric motorcds: dledmiediin apioheof the or 3,
previous claims, characterized in that the brushes are rotated by _
righttsheans, e ManetitmeastE6ipTishty Extérnat MHaghss Ynd tve
i&tr%rg% me .negs, wherein the gxtdern,al magnet§1 are. ins;alled on Ttﬁkgae mé)é%r for
housing an frie iﬁt%ernﬁerﬁeéﬁ%e?s arlérﬁfécéaa Tiside {hee‘ in%ﬁ%tiﬁg” "
ehambet an g Connested 16 e, uusfes e ditaatly, orodlEelE fhec e

external and “internal magnets forming a magnetic coupling. 13. An
electiic metor ascglaimediin.claim 12-eharactelizetbyer cabie.

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



in that the walls of the insulating chamber are made of a material having
low ferromagnetic properties and low conductivity characteristics. 22 14.
An electric motor as claimed in claim 1,2, characterized in that an elastic
U s T i
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 magnets of the magnetic coupling are capable of
adjusting their angle error by using a permanent-lag correcting system.

are 1 €N Blechic niOoras claimet h eRIGCLS: tharacienizel tntthdidne 1n the

fiermanent-lag correcting system includes an electromagnet and two
wal b @ating-cutfeht Jeneratore g  reacting to the movement of the

external magnets, and the other one reacting to the movement of the
internal maghets; rwherein the generateisnare instattéd imsuch anaydthatrized
their output powers are equal and their phases are opposite in case of a

in fullyralignedimagnetisc:deuplingewhishtrésultsiin ro cumentondhenection.
correcting electromagnet. 17. An electric motor as claimed in claim 16,

characterized. n that the,permanent-lag gorrecing system alsg includes, ... ; 5
low- pass filters. Abstract Submersible Direct-Current Electric Motor
claims, characterized in that the Dbrushes are rotated by a
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.



The claimed invention relates to a submersible direct- current electric
motor to be used, in particular, for driving a submersible pump in
downhole oil production. The claimed,, motor includes a fixed armature
winding; a 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

torquena fixed collectopwhich iselectdeally.connegtedite the atmatbER terizec
winding; brushes which rotate around the fixed collector and are

in e€onnected ta the external glectriccircyit s The fixed colleciaranddhe magnetic
brushes rotating around it are enclosed in an insulating chamber. The

coutechiical result £opsistsivdhe 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 . o . L
%g. An e ectfic metory as %lalmed in c¢laim 12, characterized

in that the external and internal magnets of the magnetic
coupling are capable of adijusting 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 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.





