Subnersible Direct-Current Electric Mtor The
invention relates to a subnersible direct-current

el ectric notor to be used, in particular, as a
subnersi ble punp drive in downhole oil production.
Presently, induction notors are used as subnersible
nmotors in various applications, including driving
subnersible electric punps in oil fields. In sone

appl i cati ONS suffler ijﬁ:q.%cbi:i.ggcgptguorrrei 3 1eS-:-’¢i: ghce_l&q.%%e
alternating-curreﬁ? not Of . ut T'ts thrée-phase Tode

is used nore frequently. The induction notor

oper&hd onnghihtdbgopheliasebased on tshbmerstigtactdiorct—current
between a rotating magnetic field that occurs when
eheeeriphaset @t t be nkei ngpecur rient ppasised atrhr gugha t bebmersible
stator w ndings, and the current induced by the

sump ofrifvieelid dowitvde pofloprodurdiiogs, which results in
occurrence of mechanical forces that make the rotor

rot %&sieﬂtﬁpgv%cﬁe%c{ii’?%n ngOLQearé %%d na, fgu%lmgﬁgie%l? Smotors

rotation, p at the rotor rotation

_l'LI‘i)WervaEti‘QHst h%lpgyilﬂ:g\ﬂ&{@t i oﬂnéﬂ?cgtq‘fgt go?ﬁ%tfrlrdém g[lk?_rﬁeersible

rotates asynchronously w'th respe | d.

Qié@&l@:nt @gﬁﬁs Ofin i QQLé.ICt lfqglggt Of B i ns%rr%g?ggpg&ggéf&s, an

rotation speed contr range and consi

LIRS RN ST LB moor

contro temis

Iit?ct h.%rtsco@mf'é%%glﬁadsedu%gﬁglt hfs nei?QecI 0 m%qlfeuf rrgé@%\?tfleys The

frequency o rrent, t he presencé 0

- iftdi8o i adlBg MaKEs.thLE aghyPLIHy @ [8MBlsed on  the
ditticult process.

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 resuits in occurrence of mnechanical
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 power
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 wipding makes this adjustment a rather difficult process.




The above-nenti oned problens could be sol ved by using
a direct-current notor. QOperation of direct-current
notors is based on the interaction between current
conductors and nagnets, which results in occurrence
of electromagnetic torque. These notors are
characterized by a very conpact design, which
provides a high current density in the prinmary
wi nding._sSuch machi ne qgg{ate in a wde rotatjon ,
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However, the main disadvantage of these motors when .
e aS S GBREr SPhPE- pORET2 b TV eSTi LHIRAT -uUERRy motors is
girqyit Oﬁ%#rs bet ween .t he brushes and the. collector
when t & 6r sTRF e & IrBr gBALYTRD £HrGRE, conductors  and
art%pularlﬁ, into el ectrically conducting_ fl uid. )
'Sty “CatiBe GEMAYE t o't heP BIISRESS anff or SLeCHRmagnetic
ggllectOﬁh Therefore, the problemto be solved by the
THERE T oh'TE t BOLBFOVITE an" BT EHTIECHotY  PhateEbulpmpact
ge.used %§ g subnersi bl e ‘ﬁgqg drive, could have a )
§59Pe  EOREP P BY BLRUE eP 1 VU E T o dS 1 Ywitgle the priwary
r.otati on_speed control range and could be easily
oG at éag%nlaaﬂﬁd}ﬂseﬁpeﬁag?i &0l &r Fydej Rotppion speed range
Pro uction me#ls)._The problemis solved by using a .
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- the. collector when the motors are submerged into a fluid,

particularly, into an electrically conducting fluid. This may

- ‘cause damage to the brushes and/or to the collector.

Therefore, the problem to be solved by the invention is to

provide- an electric motor -that could be used as a submeréible

-pump drive, could have .a simple control procedure, could

provide a wide rotation speed control range and could be
easily fabricated and mounted (particularly, in oil production
wells).

The problem is solved by using a submersible direct-current

motor that includes:

rarn 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;




3 magnetic field generation neans which are fixed in

the housing; a collector which is nmade fixed and is

el ectrically connected to the armature w ndi ng;

brushes whi ch are capable of rotating around and

sliding along the fixed collector. The brushes are

connected to the external ebectric circuit, .and the

fixed coIIector together with the brushes capable of

rotatin arouP is enclosed in an insulating
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ngCU|t’betmeen the collector and the brushes has been
'ftih%t ed by placing themin the insulating chamber.

Mor eover, the notor contains no. rotating shaft to be

seal @d,cdigeause titeidtol hectmidandikBa atdatiy €electrically

w nding are made fixed. This ensures that the
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between the brushes and the collector are properly
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the brush s and the collector is
%%%%er y seafr%F A E in conmbination with well-known
properties of direct- current notors (i.e. sinple

contargl thei déxed otaltlicgospetdgetdntiyr olithange, beasyes capable
fabrication), provides a solution to the above
_qﬁ(jﬂU@Wﬁng 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 by placing
- them in the insulating chamber. Moreover, the motor contains
no. rotating shaft to be sealed, because the collector and the
armature winding are made fixed. This ensures that = the
insulating chamber and, consequently, the contacts between the

brushes and the collector are properly sealed.

50, the placement of the brushes and the collector in the
insulating chamber, on the 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 collector is
properly sealed, which, in combination with well-known
propepties of.direct-current‘motors.(i.e. simple control, wide
rotation speed control range, easy fabrication), provides a

solution to the above problem.




a Additional inprovenments of the clainmed subnersible
direct- current notor are descried bel ow Permnent
magnets, el ectromagnets or excitation wi ndings can be
used as the magnetic field generation neans. A fixed
collector ring can be provided for in order to

connect input wires of the pébwer cable to the rotating
brushes. In this case, the wires are be connected to

t he é&@ﬁd, chLector ring along whi ch the brushes )
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] pr?ﬁxe(w C%liéﬂ%(?ﬁg W% T hePBr B§ﬂ‘éjs£erf{)v OF phgporder to

each other  an a

et o TRPFE. W 10t aPhol 59 1 A Phst ST He; ESt HFaLing
PR R PO oo R0, S Tradee AP CRECFOrTH diea Fixed
PR SRR R R Bt e e
B R AP Toniith @ eBe aeif o e SEHEd I hdge hat 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 elements 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 equipped
with .two. tracks which are separated from each other and
along which the brushes move. Each ring element or track is

connected to the respective polarity wire.

A rotatable ring installed inside the insulating chamber is
.used for the instdllation of the brushes. Each brush can be
made in the form of a single brush which contacts the
- collector 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




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 renovable. The wires of the power cable

can be connected to the «collector ring either
directly or through an intersediate connection, which

is nore preferable. The internediate connection can

be a qui ck-dj sconnect connection made in the wall of
tRESTHHER atTHd chiEiber cahtPE6Bnedtie@-t o Basd cdiusét orshould
ring. The wires of the power cable can be connected to

PREEST 3y R dedrded cbhnelet i sAtating &irdweRg ghould be
e%a% and quick preparation of a subnersible notor to

BN i nstal lation (preparation to operation). A
plug-in connection can be used as such a
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transmtted fromthe notor housing to the brushes by
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rotation is transmtted by a nmechanical neans. A
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rotating ring). The formcl osure can be inpl enented

o cts i Dgodhii@@t hefhnection, 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 embodimenﬁs, the‘
rotation is ‘transmitted by a mechanical means. A rotatable
shaft installed in the wall of the insulating chamber can 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'lesure can be implemented by using a toothed
‘gear, a tongue-and-groove Jjoint, etc. Alternatively, the

connection between the shaft and the motor housing or between




gear, a tongue-and-groove joint, etc. Alternatively,
the connection between the shaft and the notor
housi ng or between ............ 6 the shaft and the
brushes or the rotating ring containing the brushes
can be inplenented by using force closure due to
frictional forces or magneti€ attraction, or by using
conbi nation of the formclosure and the force

a
C%OSUFG The shaft shoul d be properly sealed at the
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the insulating chanber is _ sealed. In case that the
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ddition to the use of the rotating seal, the. o
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i nstalled thereon. |In other enbodi nents, externa
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may not be sufficient.  -In this case, in addition toc the use of
the rotating seal, the insulating chamber can be filled with
an insulating fluid (e.g. pressure oil) which limits the

pressure differential across the rotating seal.

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 external magnets whi;h are
rotated directly by the rotating housing of the motor and are,
consequently, - installed- thereon. In other embodiments,
‘eﬁternal magnets can be installed on a rotating 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 notor housing. Wen rotating, the external magnets
interact wwth the internal nagnets 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

forma so-called magnetic coupling. In this

enbodi ment, there are no parts passing through the

wal | of the insulating chanber and, consequently, no
SAtesntb mEkedrearnet imaqnessef 6PN po3si Hwaldetlul mygnetic
seal . the insulating chanber, using static seals. This
FesPHH 9 s Iparbhiul grbgdbresiter abhers n a@gsene hatantlse passing
| i quid nmedium_surrounding the notor is. kept at high
pRESedR eth YAl sthdihe desréarirg (Fhambegomngl nsonsequently,
abrasi ves, active chem cal conpounds, etc.) . \Wen
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I nsul ati ng chanber should be nmade of a material having

B irspiehdfhethemriopersing, ssatihareal smgAkibc delsign is
coul d pass through. the wall. Besides, this materi al
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swirl that occurs during the rotation of the magnetic
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materi als, stainless steel, titanium bronze, etc.
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above enpbodi ment involving the use of a magnetic

Efupl-i nERER (UFdOgt he BraggkEscmespurdg nbehi Hee t Walls of the
rotating housing. This lag results fromthe friction
Yiswlré ingr ¢Rebeagahastdt e dwideecebr a( feiteriohahaving low
lag), and fromthe

ferromagnetic properties, so that a magnetic flux could pass
- through. the wall. Besides, this material should have. low
conductivity in order to limit the swirl that occurs during
the rotation of the magnétic flux. Plastics, ceramic materials

. or composite materials, .stainless steel, titanium, bronze,

etc. can be used as such materials.

The advantage of the above embodiment involving the use of
a magnetic coupling is that the brushes may lag behind the
rotating housing. This lag results from the friction of the
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




inertial effect that occurs during the acceleration
(inertial lag), particularly, during the start-up.

The | ag reduces the torque of the notor, thus

al | owi ng downhol e subnersible electric notors to

avoid the risk of failure of the notor shaft or the
tubing to which the notor or8the subnersible punp 8

driven by the notor is connected, due to great

inertial forces occurring during the start-up as a
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further increased by using an elastic coupling
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brushes. During the start-up or acceleration, the

P E9T@ 488pl i ng twi sts under high torque which is
required for the acceleration of the brushes. As a
-resulhl, if@diatoriad orguendecngases, Bd--Lgdil ig;}r i YMng an
is established between the acceleration of the notor
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system can be provided for in one preferable
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along wwth the inertial lag allows elimnation of the
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accel eration of the brushes. But, on the other hand,
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A permanent-lag correcting system can be provided for in
one preferable embodiment. The permanent-lag correcting system
is intended for reduction or even full elimination of the
lfrictional 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. But,
on. the other hand, this lag generally has a substantial
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 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




notor. So, the frictional |ag should be elimnated or
properly corrected after the accel erati on phase has
ended. For this purpose, the above-nentioned
permanent -1 ag correcting system is used. The

per manent -1 ag correcting systemcorrects an angle

error between the external @and internal magnets, i.e.
makes a slight 9 angular novenent sufficient for
elimnation of the angle of |ag. Such a correcting
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acceleration, in order to avoid nutual cancellation
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effect _during the acceleration. O her possible
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i1l become apparent fromthe followi ng nore detailed
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usi ng drawi ngs. The draw ngs show the foll ow ng:

The permanent-lag correcting system should preferably be
-equipped with a 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 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.




Figure 1 - a subnersible electric nmotor with

mechanically rotated brushes; Figure 2 - a

subnersi ble electric notor with nmagnetically rotated
brushes; Figure 3 - a subnersible electric notor

equi pped with a magnetic coupling and a permanent-| ag
correcting system io The gobnersible direct-current

el ectric notor corresponding to the invention includes

an armature winding (1) which is fixed and forns the
centr&l SBBW?f%bltEhglﬁ%%-rqurrﬁéta%%ﬁﬂﬁl@ Gk A8 FRFqepponding
IS egclosed in the nmotor housing (2) which is capable

o7 FOF at PRSI BUndPEHESSr it LR BRI i dEpg THE  which is

gﬁy§£;%}(§% carries permanent magnets (3) which form
Shxtld st 9D fihGx.CoRtralnREFVely, the m9tpsssithPe arpature

use,, excjtatjion w ndings instead of permanent magnets.
“’letmllrf‘gr,”t)helsfle?‘éﬁo%ﬁd?ra%%r Ehgi MR (RDRSEBYIcORnectdgh is
t hr gh wres to a collector (4) which is also fixed.
@H?g’ﬁ s U5) TOReEERT edTOHNE  HHSt aBPRYtHIhg WEBIIRGL drldct The
wth the collector (4). The brushes (5) also interact
R 8 or Fs pSRAFAES s I ERaFERED BRINSEEL of 3) 1 iyl 7form  an
mhL%h are connected to respective polarity wires (8a,
BHYtoF the pber chabisEnatiEslvr usht (5} caRobeittede & use
two_ separate brushes connected to each other. One of
SFeERtHShEE ingAt dpakead it PerREnent | BRIt S( 4 Fughler, the
the other one interacts w.th the corresponding
I8P AEBREPFRGWERT NN €hbudh t9Renegkafplterspgnvores hso a
drawi ng provides for two separate
~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 xring (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 respectivé 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




collector rings,. it is possible to use one ring

containing two collector tracks which are separated

fromeach other and are connected to respective wres

of the power cable. The <collector tracks are used for

the sliding of respective brushes. The collector

tracks can be | ocated on thelloutside and on the

inside of the ring, on the end surfaces of the ring

gr on the sane surface of the ring._ The fixed _ )
HFFLctErLEEYOr  (HEISot &) nFhS n§REEYSNnti&d nfRg tailating

br ushes @;), and the 11 fixed collector rings (7) are
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the maintenance of the brushes and the collector, the

Tranterlscd oradEhaethamid 65 AbdesHehasiante f1Re shown) and

ggtachnent poi nts are seal ed, using any known static .
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to the w nding by neans of a_ di sconnect connection

T%ﬁ%i“gamFﬁPEange EOHHSEHREN ChETPPr coitthehd | sinnested) to the

or hy neans of a permanent connection (e.g. a

EEI48PeBYc JRABEL i%6n 2 GliFEETEBRNeEPIRAFTio8 (e g. a threaded
However, a dj sconnect connection is preferable as it

FAGECFtaResCtiR FRIMACEAGRceSt The Methbdeeats mikicngrRgnent
above connections are well-known and are not detailed

FEFEFRLOT n ¢h&-abBveSekdifside, CORREGHOVRY: cgbredw gagection,
8a 8%% to be connected to the collector rings S;) .
§s4- t HOYEYRTt h@ VHISCONBECE hEOPRREH I nbS cRaRERTalS) as it
The poi nts where the mﬁresn%ﬁa, 8b) pass. through the
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static seals (not shown), so the insulating
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 <can 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 quickly

mounted/dismantled in the borehole.




chanber (9) remains sealed. Alternatively, it is
possible to provide for a disconnect connection (not
shown) in the wall of the insulating chanber (9) to
connect the power cable wres. A plug-in connection
can be used as such a disconnect connection. Thanks
to such a di sconnect connectl2zon, the notor can be
rather easily and quickly connected to/di sconnect from

t he power cabl e and, consequently, rather easily and

qui Sy ATRAINEEdMAPEimat (88 PRt RBehsiBerEOr 144) TRee also
armature winding (1) and the collector (4) are al so
COMMHEEEEd o eéagh% trer thrruslig inPPed 1P 10y ifh chrpasdirough
through the wall| of the insulating chanber (9). The

PoF ntE il etihelnslpsdng 1ohapeas (hroulie tBRIGKS IWhere the
the insul ating chanberﬁ%Q) are also reliably seal ed,

YsisTy dPAt PEsE et oudhotthghsak) oBddiaiddisuaaning ofhrster (9)

connection (e.g. a plug-in connection) can also be
1P%l¥hé

Providea f oR&PH: ofuiRg | Tisthigt i AgpthartbeE shown).

%?)_to al l ow an easg and quick electric disconnection
Sidrer FotBreparest f 6PPRRTREBhaltd -ord r BpRréTEheftnnection)
purposes, The jnsul ating chanber, the collector, the
Fh&lGPePRHi REPHiFleshdort BB Rt ofalNowdi geadasphaeilg sdamber
coaxially and their common axis coincides with the
dr d@ by @ e Ymetgr QuErlueéeatshowdisarreesipre ef the
t he enbodi mrent of the notor, which uses a nmechanica
MOGRPoneFE LY 1 5Pt g RANAE bPhshepladenthepurposes. The
Jrechani cal conponent (11) transmts the rotation from
PRELABING | ABARRRSI nEhY 2Fcbieer mothe BEMERere i HndE)y and
n
:.t%ed’motor housing are installed coaxially and their common

axis coincides 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 (l11) 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,
zthe rotation can be transmitted by ﬁsing a friction gear, a

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




consequently, to the brushes (5) through the wall of
the insulating chanber (9). In this exanple, the
nmechani cal conponent (11) is. a shaft (12) with
toothed gears (13) which are fixed on its ends and
whi ch nesh with the teeth nade on the. notor housing
(2) and, consequently, on the rotating ring (6) .
Rotating seals (14) are provided for in the wall of
hg insulatin%rchanber %9) to seal the shaft (12).
APERT A | V@YY, 215Re PBt at T A cHe PYan®¥ffts edoby magnetic
friction gear, a tongue-and-groove gear, etc.
AL Baid i aﬂoeefawedtfgeearotwémlsr%t HE oroRangl septating
e trans tted nmeans of nmagnetic |nteract|on
8&%’& eaPStE ?n@harﬁtngﬂ@é) OprItde TUPLLEAYS Housildgd on
{ﬁ% nd the shaft (12) or gear conponents installed on ,
The exanpl e of the enbodi mrent of the notor,

shown on Flgure 2, represents another way to transnit

the’Hhﬁ:akampﬂérdﬁﬂthbeemﬁﬁﬂiﬂénﬁodﬁlﬂ@e(ﬁato&Q théwn on Figure
rotating ring (6). In this enbodinent, the housing

12) rbpseseritat emathsur iiage tar earahi2a)t WhisChrot 8t $HRCeHom the
fromthe outside surface of the insulating chanber

@or Theusnhgr heoysi g (2he angotdeirdgnsulialyi ngeghambgr this
(9) are made in the formof rotation bodies

drproeliieeab) yrhénhotibend oM ohad @i rneulkeanl ChikREeE ) area (2a)
Per manent magnets (15) are fixed at the area (2a) of

whiehhalsi figadst) ansh | pher agtside odghraddeopalheofiddi@ating
i nsul ating chanber (9) with permanent magnets (16)

d(h?gmbaH ed) oNTRA endtirati@G ihyNg2{ 6hnd Sehe t NEsBANGLS chamber
{9) 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 possible to
use electromagnets as the sources of magnetic field in the
magpetic 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, wusing static seals only, which
provides a more reliable separation of the insulating chamber

from a liquid medium or a gas-liquid medium, especially in

case of high pressure or high corrosiveness of this medium.




16) forma magnetic coupling. Alternatively, it is
possible to use electromagnets as the sources of
magnetic field in the magnetic coupling. There are no
novi ng parts passing through the wall of the

i nsul ating chanber in the exanple of the enbodinent,
shown on Figure 2. As a resuMt, the insulating

chanber is fully sealed, using static seals only,

mhicq§¥$rovides a nore reliable separation of the
i ns nYy BRIMDEC FPUmthiadl iui Wseditmtse glectric motor

gs-liquid_nediunl especially in case of high
g PEEUPR 6rIRTYhZcorPBsinréhds &Loftheni N sydaitipy rhamber (9)

V&gahf magnetic coupling is used in the electric notor
SROWT oPSFi §BFE 20Tt hed WARFRFIGH t REVitRSul APY ngfeframsgRetic

ég% should be made of a material having | ow .
BhOia§iet 779 propefPrdectng trowsbdrrfi@riviigs. Plastics,
characteristics. Plastics, conposite materials_ and
CERARE et ARSS  Sdl Eseist eiteriplpanistminbpdnhzetecl,
efc. ,can be used as the nost preferable materials.
WP A e GHEPFE  c ST et sPEiségedt e bERg h@ests)pedgrable
behi nd_the rotating housing (2) during the

BEREEraration of the notor (particularly, during the
start-up of the notor), due to the friction of the

brughes E5)magaitnst ¢heiGell exd otséd) @Rd WKL (5) 1lag
inertia that occurs during the acceleration. As a

Heddtlbit tRé tdH£ingghehsig@NERqURRthY, tBéE AFcEId@kibA of the
the angul ar position of the nmagnets (15) installed on

niche rhopsitiuie2)l yandut ey egnetsrt18y st edoen, thge to
rotating ring (6),
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) 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 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 failure 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 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 conpared with the required sw tching
position. The |lag thereforeiseduces the torque of the
notor during the acceleration of the notor

(particularly, during the start-up), thus reducing

t he Fi%Eeof’ fHivgr @rethehecneiple Shafheorembpdingyi ngf the
to which the notor and the punp driven by the notor
PetPortfBiegd disht ¢ Fogrebic nepEMting ilerthis epodiment,
Fi gure 3 shows another exanple of the enbodi ment of

the HBEBRLEGUICSPRALNI t HSa Femgirst | BYcotpl ier§ernal t IFiegmanent
enbodi nent, the magnetic coupling is formed by an

A all PertdrBntis fdgaet op1shewRicERT| orfiea 6A) 't hand an
notor housing (2), and an internal magnet (17) which
Itqrngdd "GATER i(At &r HBEFat ésdifdged( £8) anThetegmgehpte disk
intermediate disk (18) is installed between the
Ed1-ectBr (Bytalileneinbeimestiatee FAskl atlhly Ichardbstalled
(9) whose outside surface faces the armature w nding
Refyeernhe ot spabrtiary €hh padacHievedllugsifngthny imsahating

which are obvious to any specialist in this art. For
SegRpFe, (a4 vBRaPt cebmidse THtagll dddes &hei vadapsset Wopding
in the insulating chanber (9) to support the

i2at efhediratatapskity Lasedrd mphievad epgaRgvany, nepes which
shaft can rotate and the internediate disk can be

FRs ALY St Her ety | ArecFabied posi thop. aKs: For example, a

shaft can be installed in a fixed position in the insﬁlating
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 torque which is
required for the acceleration of the brushes (5), the torsion
spring (19) twists, which results in an even greater lag.
Consequently, the torsién 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

o
4



A torsion spring (19) is installed between the
internmedi ate disk (18) and the rotating ring (6)

contai ning the brushes (5). Wen the notor

accel erates under the torque which is required for

the acceleration of the brushes (5), the torsion

spring (19) twists, which results in an even greater

|l ag. Consequently, the torsion spring further reduces

the risk of failure of the nmotor shaft and/or the
ForbtefgorThe! lexeifice iorat nba®m ot themgh sHowstéansl glipg has
3, also  provides for a permanent-|lag correcting

§98% RSIFHIVE cEbptlectunigasie earial 9maténtedotlorit generally
elimnation of the lag which results fromthe

S ditcofiehuprakiorable) taggianst tthe metorolAasoreing to
(4) (frictional lag). Although frictional |ag has

e S5EPLEVeChf fldte  @OPPHENEHe acdeler abRonfigwre | 8, the
generally limts the maxi nrum al |l owabl e torque of the
PRAABNENAC £8P di RETFeCt e eXaifisie ofnaliidegnbddionerttationary
shown on Figure 3, the permanent-|lag correcting

TN SrEMEL AL T cfeettwoIReREtenar Y 20al t&navhieh careedinstalled
generators (20, 21) which are installed inside the
infddeat i e chanpbekatigyp, adempesor r i ngend a  correcting
el ect ronagnet §23) which is electrically connected to
Frstrgepsnel orld3) | vt obr et er slesteasel Lborchngeneedit dos the

~are w ndings. One of the generators is driven by
FEREERARAFS maghet s2 (RRyLfevtldl | ethsen t lothot gehAgators  are
housing (2) of the notor, and the other one is driven
YBpdiRger ndie nefgnidts qerPraicass akfedrbyen the external magnets
internmedi ate disk (18). The external nagnets (22) are
(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 (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
(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

vpltage difference value, . current passes though the

electromagnet (23) and this current is high enéugh to perform




aligned with respect to the external magnets (15) of
the nmagnetic 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 powerrss is equal to zero and
no current passes through the correcting el ectromagnet
(23). If there is an angul ar devi ation between the
TRYNES coumctina (A7) the TRéakbgmerPeitiwpl PAg thehanagnets
out put powers of the generators (20, 21) are
é??ké?%ﬁﬂ}7%hich results in a voltage difference at

the output. In accordance with the voltage difference

- val yaregHRE M1 PasSHBent hpuahst her elfebiemgnete( 28ded for
and.this-current is high enough to perform 17 angul ar

Dofdreekiion Qfithhenel piderBesi than fof 4:he MBINGSnets and
(15) and (17). Alternatively, both groups of magnéets

i diauseighets bRt @hackiagRewit hobhs: agneratLr s wah Reoups
external magnets and intérnal nagnets of the nagnetic

cOURIgRgs AbSBe BALA B5PUPSefctTRANGL Sht Phbeqised Rk can
interaction with the generators can be nagne?s whi ch

B enagpeegdwhi o and ase-l 1:9red awdt BrEegPesled 40 & espect
magnets of the magnetic coupling. In this Case, the

RS Smidndr® USEdhor nhBherfCt LeRpWM A the FRDSN BLOLS the
are naturally installed on the sane rotating parts of

nf2ld@eclBt @, bASuLHe #BINGLS Rhcthen MREPRt itﬁlec%léﬁleifrﬁgors are

As an alternative enbodinent, it is possible to form

: ntahﬁrally installed on the same rotating parts of the motor,

as the magnets of the magnetic coupling.

As an alternative embodiment, it 1is possible to form the
correcting system by using magnétic 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 equipped with low-
pass filters (not shown). The low-pass filters elirﬁinate 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 1f used as a generator for downhole measurements

 while drilling. In this case, the angular adjustment allows




correcting system by using nmagnetic field sensors
based on other non-inductive physical principles.
Hal | sensors which are used for determ nation of
angul ar positions of the external magnets of the
magneti c coupling can be used as such nmagnetic field
sensors. The permanent-|lag cerrecting systemis
equipped with low pass filters (not shown) . The
glgfass filters elimnate the correction durln%.the
AWEET R S (Earutmyy itelseger ofo theyoixs st udine angular
cancel l ation of the brush friction correction effect

Ry Pepdrarst | By WHedng the enbdth meRtase phethmtamature
sho on Figure 3, can be promsing if used as a

wﬁggﬁ 6P FOF GOWRRELRY rekRsFremRARGE - while drilling.

In this case, the angular adjustnent allows is

adj ust renvbefodhea et put ¥ebd@URMRs URECEYSE@MboRE are not
~angular position is set by applying the output

- Wolhagegpirdebe aar matlinetawd odi o tiee theoorsegidtegt claims
el ectromagnet. It is obvious that the enbodi nments

 feddrd Begeabbve- abey raeciiedibe ipghhéiedans enderstands that
limtation of the scope of patent clains of the

itvieht POTEIRARY tspdditaioreesi g tiats ofr tnariddrostaps Rk the
|t|sp $S | ot of nodifications

PSS LR mgﬁsg%i%ubﬁé?éﬁl#éir&FPEcte&ﬁFF§ﬁF eW@EPF|CW1thOUt
d@EQElfﬂ&t c}‘“ tl'gee\ﬂrqiﬁl glég ngt Fl?e girln?%le J,lo%S c lmﬁg 1}@ the

i nvention clai ned i Nven
summary of the invention.




Cains 1. A subnersible direct-current electric notor
whi ch includes: an armature wi nding which is fixed
and forns the central part of the notor, a housing
whi ch encl oses the armature winding and is capable of
rotating around the armature w ndi ng; magnetic field
generation nmeans which are fisgxed in the housing and
are capable of interacting with the armature w nding
to generate el ectromagnetic torque; a collector which
is made fixed and is electehgahly connected to the
armat ure w ndi ng; brushes which are capabl e of
r ot ting*around and sliding along the fixed

ctor.

col | SPRBCh? 1Rlfes HrECEoREEdd BdeFhELC exttdfal Which

electric circuit, and the fixed collector, together
WtH987e brushes capable of rotating around it, is

encl osed in an insulating chanber. 2. An electric

ot Gin asneltaireedihdind aviich GhafaedErdmeormd tthat @ntral
fixed collector ring is provided for in the

pasulodt hg wdxesdyer in order to connect the power cable

to the brushes. 3. An electric notor as clained in

claim characterjzed .in that the collector ring is )
madé o%b‘fwgseb’gi‘gl?e F1h§599 %Peew@ﬁf‘g?u%%cﬁlBﬁl? erfitd 1is

bei copnect to the respective
capg% e Qg rota %ng aroun éﬂ% 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 1is made fixed and is electrically

connected te 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 rotatirng around it, is 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 electric motor as claimed in claim 2, characterized

in that the collector ring is made of two separate ring




polarity wire of the power cable and being used for

the sliding of respective brushes. 4. An electric

notor as clainmed in clainms 2 or 3, characterized in

that the collector ring is equipped with two tracks

whi ch are separated from each other and are used for

the sliding of respective brashes, each track being

connected to the respective polarity wire of the

gﬂmer cable. 5. An electric notor as clainmed in any ,
G| aPRER 204, thefar RELRY | AANPATERatt Y hERBr UstRRgCtive

are installed in a rotatable ring. 6. An electric

Rt tds €1E n@d ithec! BPWFS, “@RaPacinst i betng i wseHatfor the

the brushes installed in the ring are renovable. 7. An

NS etnbere < Vel BFREeSn any one of clains 2-6,

characterized in that each brush is nade in the form

of a. shngl@dytush Wabedr canrt astsiddie Gal | eCidhsringor 3,
and the <collector at the sane tinme. 8 An electric

cireictasigéd@i IRdtHat ahye @ 1ekt6) ak 1My 2-PH,equipped with two
characterized in that the each brush is nmade in the

f A dRs0fwhiltWo agepakpheabsdishesn Wehah afieeel 8ed rigal ived for
connected to each other. One of these brushes

i erldeti BgWo hrébee AaMeL ¢lr@EhE s NdeaciaNgrddie HLiRQY RRBected
interacts with the collector. 9. An electric notor as

@l aheededgeAnyc0pel £fiG) iile &f Sshe Pabactgpized in
that the collector ring and the power cable 21 are

conpected fhough an i nternedi ate connecti on nmade _in
theg' Ln e{ectéic motor as cgafhed 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 removable.

7. An electric motor as claimed in any one of claims 2-6,
characterized in that each brush is 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 claiﬁed 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 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 collector ring and the power cable




wal | of the insulating chanber. 10. An electric notor
as clainmed in claim9, characterized in that the
i nternedi ate connection is a plug-in connection. 11.
An el ectric notor as clainmed in any one of the
previous clains, characterized in that the brushes are
rotated by a nechanical neatls, nanely, by a rotatable
shaft installed in the wall of the insulating
er, wherein the shaft_ interacts with the housing
é‘ﬁ& Cé%“PﬁSFE%. FEB?% B FREPFEEINS SHOPROERRN bF‘ﬁg‘ﬁeén the
I.ng %orce cIo ure or formclosure or a conbination
%Ee% 'UTﬁlﬂﬁﬁ at e [Pé™hetor as claimed in any one
of the previous «clainms, characterized in that the
br ushes zar ealre(a:ﬁ:aliedm@t}br regRrekiGedennSs1aike opagnetacerized
means conprising external magnets and interna
raghed’s, thshenee médiartex tenmnett vagnet s eey-imnsbahéedion.
on the notor housing and the internal magnets are

e il il 8 e A i
g et R Fedp! St P s e e EPSatAd By
A e e viaior e rsalion, .
GG R e c??r e hygEaitie O%Pﬁggﬂgf %?g%%nm ffeq Shart
%é?%;é??%hégt% gﬁﬁgﬁééﬁgaﬂgt%{Eﬁexa%lggg fhe,gouplingd, 1y,

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

combination thereof.

- 13. 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 housing and the 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.

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

conductivity characteristics.




coupling and the brushes. 16. An electric notor as

clainmed in claim 13, characterized in that the

external and internal nmagnets of the magnetic

coupling are capable of adjusting their angle error by

using a permanent-lag correcting system 17. An

el ectric notor as clained in2claim16, characterized

in that the permanent-lag correcting systemi ncl udes

an fge troqaanet and two alternating-current ]

genetat 61 S16AETLT BT NG5 t O A W drdPefibit™ o -t FRaracterized

extghgﬁl na%ﬁets, and the ather one reacting to the )

AOvEreht 2Bf SLRAETT At EPHRA I PagietRECVIGREr BPRYEFR the magnetic

ggne ators are instal |l ed in such a way that their
BERU" D SNEr EREHRTEHES and their phases are opposite

in case of a fully aligned magnetic coupling, which
resuld.s Annedoct £itf mAbrods t iRkl €6t Egin 13, characterized
el ectromagnet. 18. An electric notor as clainmed in

thaithel 7, tiehaecsicd@rd1lzeshd | Antéaial hRagestmnent -thag magnetic
correcting systemal so includes |ow pass filters.

coupling are capable of adjusting their angle error by using a

permanent-lag correcting system.

17. An electric motor as claimed in claim 16, characterized
in. that the :permanent-lag correcting 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 equal and their phases are opposite in case
of a fully aligned magnetic coupling, which results iﬁ no

current on the correcting electromagnet.

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

pass filters.




