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Seal Sections of Submersible Pump
Electric Drives to Survive Especially Harsh

Operating Conditions

[MApPO3aUINTHI SAEKTPOIIPUBOAOB IMOTPY;KHBIX
HAaCOCOB AASI 0CO00 CAOKHBIX YCAOBU

HepTeAOObIYn

ver 50 percent of crude oil is produced with the use of electric
Osubmersible pumping units. Their electric motors are filled
with dielectric oil, which lubricates the bearings and cools down
the motor, thus preventing its overheating.

Oil temperature can vary from 40 to 250 °C, and its volume
changes correspondingly. Unless measures on compensation of
oil volume variation are taken, pressure that develops because of
oil heating can break the electric motor or its components.

To equalize pressure between oil and the well environment, the
electric motor is supplied with a seal section, which has a special
protector module.

In practice, most of sealing sections of motor protector include one
or several elastic positive seals for pressure equalization as labyrinth sys-
tems, which are also applied, have a number of significant limitations.

Elastic positive seals have two major functions:

1. Pressure equalization between oil and wellbore.

2. Motor oil protection against contamination by liquids and
gases contained in the formation.

Presently, there are two concepts of elastic positive seals:

— Seal bags made of elastomeric materials for moderate
operating conditions (up to 215 °C)

— Metal bellows for harsh operating conditions (temperature
exceeding 215 °C, higher gas-oil ratio).

However, both the elastomeric seal bags and elastomeric bel-
lows of mechanical seals have the following limitations:

a) Low thermal conduction;

b) Permeability to gases and some other harmful substances,
for example, hydrogen sulfide, which contaminate oil;

c) Inevitable aging, sensitivity to the environmental aggres-
siveness, which causes deterioration of elastic properties.
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onee 50% cblpoit He)TN JO6LIBAETCA 3NTEKTPUYECKUMU MOTPYXKHBIMU
EHaCOCHbIMI/I ycTaHoBKamu. X anekTpuyeckue ABuUratenn 3anosHf-
I0TCA AU3NEKTPUYECKUM MACNOM, KOTOPOE CMasbiBaeT MOALUUMAHUKN U
OxnaxKpaeT ABUratenun, npejoTepallas ux neperpes.

TemnepaTypa macna MoxeT BapbupoBaTbcs 0T 40 po 250 °C,
COOTBETCTBEHHO MeHseTcsa W ero 06bem. Ecnu He npuHumaTtbs Mep no
KOMMeHcaunm n3MeHeHns o6bema macna, To AaBleHne, passuBaoLLeecs
npyn Harpese Macna, cnoco6HO pas3pylnTb SNEKTPOABUraTeNb UK €ero
KOMMOHEHTBI.

[nsa BblpaBHWBAHMA AaBNEHUS MeXAY MAac/ioM W BHeELHei cpenon
3MeKTpoABUraTeNib cHabxaetca rMapo3alynTon co cneymanbHbiM MOAY-
NnemM-npoTeKTOpPOM.

Ha npakTuke, B 60NbLUMHCTBE NPOTEKTOPOB ANS BbIPABHUBAHWA
[AaBMIEHNS MCNONb3YHTCA 0fHA Wnn 60Nee 3nacTUYHbIX guadparm, Tak
Kak NabupUHTHbIE KOHCTPYKLWMW, KOTOPbIE TakXXe HaXOAAT NpUMEHeHue,
VMEIOT PSS CYLLECTBEHHbIX OrPaAHNYEHWIA.

Ha anacTtuuHble guadparmbl Bo3narawTcs
OBE BaXHble (PYHKLUK:

1. BbIpaBHUBAHWE ABNEHUA MEXAY MOTOPHbIM MAcSiOM W BHELUHei
Cpefon CKBaXUHbI;

2. 3aWwmTa MOTOPHOrO Macna OT 3arpsa3HeHns XWAKOCTAMU U rasa-
MW, COAEpXKalLMMuncs B NaacToBON Cpeae.

B HacTosLlee Bpema CYLLECTBYIOT iBe KOHLENUMN 3NaCTUYHbIX Ana-
hparm:

— [nadpparmbl U3 371aCTOMEPHbIX MATEPUANOB A1 YMEPEHHbIX YCNo-
BWIA akcnnyatauum (8o 215 °C)

— MeTanIn4eckne cunbOoHbl AN XKECTKUX YCNOBUA MPUMEHEHU:
(Temnepatypbl Bbile 215 °C, NOBbILEHHbIA ra30oBbliA akTop).

K HejocTaTkam anacToMepHbIX fuadparm, Takxke Kak n anactomep-
HbIX CUNbOHOB TOPLEBbIX YNIIOTHEHWUA, OTHOCATCA:
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Metal bellows of the seal sections are also characterized by
ineffective heat transfer, and their reduced elasticity results in
increased seal section dimensions.

Typical demerit of elastic seal bags or seal section metal bel-
lows is that they are not washed by external cooling medium and
act as natural thermal barriers, which aggravates the problem of
the electric motor thermal stress.

That is why the problem of seal section design without posi-
tive seals remains a topical issue.

This concept has the following advantages:

— Better motor oil cooling;

— Reliable protection of motor oil against penetration of gases
and other oil contaminating substances from the formation;

— Possibility of increase of motor oil operating temperature
above 250 °C;

— Reduction of overall dimensions of the seal section, which
facilitates placement of electric drive and the seal section in one
body (a monoblock unit).

Because of these attractive features, specialists are still try-
ing to use seal sections with floating pistons.

Back in 1960s, one of the oldest research centers in Russia,
the Rodless Pumps Design Bureau (KB BN “KONNAS”), was
experimenting with piston-type seal sections.

Since 2005, the Russian company RAM also has been try-
ing to design a seal section with piston elements. Similar work
is being done in other countries as well (see the U.S. Patent
6307290 issued to Camco International, Inc., Houston, Texas).

However, the attractive simplicity of this concept and the appar-
ently proved design of piston seal prevented designers from paying

a) nnoxas TennonpoBOAHOCTb;

6) NpOHMLAEeMOCTb ANA ra3oB U HEKOTOPbIX LPYrUX BpemHbIX
BeLLeCTB, Hanpumep, CEPOBOAOPOAA, KOTOPbIE 3arPASHAOT Macno;

B) Heu3bexHoe CTapeHue, 4yBCTBMTENbHOCTb K arpecCUMBHOCTU
cpefibl, YTO NPUBOANT K YXYALIEHUIO 3M1ACTUYHbIX CBOWNCTB.

[ns MeTannuyeckux cunb(OHOB NPOTEKTOPA TaKXe XapakTepHa
HeadbheKTMBHAA Tennonepeaya, a UX NOHMWKEHHAs 3NACTUYHOCTb YBe-
NnM4uBaeT rabapuTbl rMAPO3aALLNTHI.

TUNUYHBIM HEAO0CTAaTKOM 9NaCTUYHbIX AuadparM Unu cunbgoHOB
rMAPO3aLLNTbI SBNSETCA TO, YTO OHU HE OMbIBAIOTCSA BHELIHEN OXnaxma-
loLLei cpeaoin n ABNAOTCA eCTECTBEHHbIMI TENNOBbIMU 6apbepamu, YT
ycyry6nset npo6aemy TenoHaNpsHXKeHHOCTN 3N1EKTPOABUraTens.

B cBA3KM C 3TUM OocTaeTcs akTyanbHOW 3ajava paspaboTku 6esgma-
hparMeHHbIX KOHCTPYKLWUIA TApO3aLunT, Hanpumep, NOPLLIHEBOro Tuna.

K oyeBMAHbLIM NpeMmyLiecTBam Takoi KOHLENLUN
OTHOCATCA:

— NydLlee OXNaxeHne MOTOPHOro Macna;

— HafexHas 3alimTa MOTOPHOro macsia o1 NPOHUKHOBEHUS 13 nnac-
TOBOW Cpefibl ra30B W APYruX 3arpA3HAOLLNX MACI0 BELLECTB;

— BO3MOXHOCTb NOBbILLEHNA paboyel Temnepatypbl MOTOPHOro
macna sbiwe 250 °C;

— YMeHbLUeHMe rabaputoB NPOTEKTOpa rMApo3alinTbl, Y10 06ner-
4aeT cO3JaHue 3JNIEKTPONPUBOLOB B €MHOM KOpnyce C ruapo3alinton
(MOHO6110K).

13-3a BblIlENePeYNCIIEHHbIX NPEUMYLLECTB MOMbITKA NPUMEHEHUS
NPOTEKTOPOB FMAPO3ALLNT C NNaBAKLWMMN MOPLUHAMU OCYLLECTBNATCA
[10 HAacTOALLEro BPEMEHU.

Ewe B 1960-x rogax oAWH M3 CTapennx WUCCNepoBaTesibCKux
ueHTpos Poccuu — Kb no 6eclutanrosbim Hacocam (Kb BH «KOHHAC»),
3KCMNEpUMEHTMPOBANT C MOPLUHEBLIMU NPO-

ents of PBP-92

KkTopa MbM-92

3014 npotekTopa MNbI-92

ermal flow is hampered
710BOJA NOTOK 3aTpyAHEH

TeKTopamu.

C 2005 ropa poccuiickas KomnaHus
000 «PAM» Takxe nbiTaeTcst co3aaTb KOHC-
TPYKLUMIO NPOTEKTOpPA C MOPLUHEBLIMU 3fe-
MeHTamu. VI3BECTHbI aHanormyHble pabdoThl,
NPOBOAMMbIE B APYrUX CTPaHax (CM. NaTeHT
United States Patent 6307290 komnaHum
Camco International, Inc., XbtocTOH, Texac).

OfHako npuBnekatenbHas npocToTa
KOHLENUUM 1 Kaxyliaacs 0TpaboTaHHOCTb
KOHCTPYKLUWIA YNIOTHEHNI NOPLUHEN MELLIanu
paspaboTynkam YAentb [O/DKHOE BHUMA-
HWe CUCTEME 3aluTbl NOMOCTU, B KOTOPOU
NepeMeLlanTcsa MNOPLWHU, OT OTIOXKEeHUs
COJIeN (HAKMMW) WU TAVHUCTLIX 3arpA3HeHNn.
[To 3aTUM NpuynHaM HyBCTBUTENbHOCTb Nepe-
MeLLEeHUs NOPLLUHENA 0T UBMEHEHUs AaBneHus

piston-type protector module

EHTbl MOAYNA NOPLUHEBOro

Fig. 1

Puc. 1
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proper attention to the system that protected the cavity, in which
pistons were moving, against salt (scale) and clay contaminant depo-
sition. Due to this problem, the response of piston’s movement to
pressure variation was lost quickly causing the decrease in mechani-
cal seals’ efficiency, their failure and/or even piston seizure.

In applying all the mentioned design versions, servicing com-
panies faced the following serious problems:

— Piston sensitivity to seizure or intensive wear of piston
seals;

— Corrosion of internal working surface of the seal section
body, along which the piston is moving.

Specialists of REAM-RTI concentrated their attention on
these problems and managed to find technical solutions, which
provided for:

— Efficient protection of the surfaces along which the piston
seals are moving against formation liquids and solids;

— Improved sensitivity of the system of oil volume control to
the differential pressure in the oil chamber;

— Selection of materials which can ensure the piston system
serviceability at temperatures exceeding 250 °C.

Compared to seal sections, which include elastic seal bags,
piston seal section of a submersible pump’s (ESP, PCP) electric
drive has got a number of advantages for harsh operating condi-
tions:
® Possible long-term operation of the appropriate version of
electric drive at oil temperature up to 300 °C;
® Efficient oil cooling by the well environment (“thermos”
effect is eliminated);
® The design ensures overhaul period over 1,000 days (life
time is determined by the oil flow rate through the mechanical
seal);
® Ensured insensitivity to oil contaminating factors, such as
solids, aggressive environment, presence of gas including hydro-
gen sulfide and carbon dioxide;
® Reduced overall length of the seal section with comparable
oil-filled volume (or with the same overall length, oil volume can
be increased by up to 20 percent);
® Piston system sensitivity to pressure variation in the oil
chamber less than 0.01 MPa.

The developed technical solutions were implemented in the
seal section piston module PBP-92 manufactured by the Borets
company (Fig. 1).

A batch of piston-type seal sections PBP-92 undergoes
operational test in the Tomsk region according to the program of
Tomskneft-VNK, and also in other regions.

Some leading Russian manufacturers of oil-producing equip-
ment, for example, NOVOMET-Perm, and such oil companies as
Surgutneftegaz and TNK-BP became interested in the possible appli-
cation of REAM-RTI piston technology in seal sections of submersible
electric motors designed for especially harsh operating conditions.

Technical solutions used in the design of the seal section
piston module were patented by REAM-RTI.
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6bICTPO TepsAnach, 470 NPUBOANNO K HAPYLUEHUID IPAEKTUBHOCTI TOP-
LIeBbIX YNIIOTHEHNIA, BbIXOLY UX W3 CTPOA W/MNN [BaXe K 3aKINHUBAHUIO
MOpLUHEN.

Bo BCcex nepeyncneHHbIX cny4yasx CepBUCHblE KOMMAHWUW CTONKHY-
n1cb ¢ npobnemamu, cpein KOTOPbIX HAMG0NEE 3HAYUMbIMU ABNAKOTCA:

— YYBCTBUTENIbHOCTb NOPLUHEN K 3aeflaHNI0 UM UHTEHCUBHBIA U3HOC
YNIOTHEHWUIA NOPLLUHEN,

— KOppo3us BHYTPeHHel paboyeil MOBEPXHOCTM KOpnyca NpOTEKTO-
pa, N0 KOTOPOW MepemeLLaeTcs NopLUeHb.

IMEHHO Ha 3TMX 06CTOATENLCTBAX COCPEAOTOYNIINCH CMELUanuncThbl
komnauun «PEAM-PTW» n Hawnu TexXHW4ecKue peLleHns, no3Bonsio-
wue:

— 3(b(PeKTUBHO 3aLLMTUTL MOBEPXHOCTW, MO KOTOPbIM NepemMeLua-
I0TCA YNAOTHEHMA MOPLUHEN, OT BO3LENCTBUSA NIACTOBON XWAKOCTA ©
MeXaHN4YecKux npumMecen;

— MOBBICUTb YYBCTBUTENIbHOCTb CUCTEMbI KOHTPOJIA 06bEMA Machna K
andepeHymanbHOMy LABNEHNI0 B MACSIAHON NONOCTY;

— nopo6parb matepuansi, o6ecne4usaroLine paboTocnoco6HOCTb
NOPLUHEBON CUCTEMbI NpU TemnepaTtypax cebiwe 250 °C.

[To cpaBHeHMIO C MPOTEKTOPaMu, B KOTOPbIX MCMNONb3YHOTCA 3nac-
TUYHbIE AnadparMbl, NOPLIHEBO NPOTEKTOP MMAPO3ALLMTbI ANIEKTPONPU-
BOAA NOrpyxHbix Hacocos (YILH, YIBH) numeet pag npeumyllects ans
OCJI0XKHEHHBIX YCITOBUIA 3KCNyaTaunm:
® jonyckaetcsd AnuTenbHas paboTta 3anekTponpueoAa COOTBETCTBYHO-
LL|ero ncnonHeHms npu temnepatype macna ao 300 °C;

@® o6ecneynBaeTca a(PPEKTUBHOE OXNTAXIEHME Macsia BHELIHEN Cpe-
non (ycTpaHsetcs aeKkT «TepmMoca»);

@®  KOHCTPYKUUA 06ecnevymBaeT MeXpeMOHTHbIN nepuog 6onee 1 000
CYTOK (pecypc onpefensercs pacxofoM macna 4epe3 TOpLOBOe ynyioT-
HEHUe);

® 006ecne4ymBaeTcq HeYyBCTBUTENIbHOCTb K 3arpasHAOWMUM Macno
hakTopam, TakMM Kak MexaHU4eckue MpuMecu, arpecCcuBHble Cpeabl,
ra3ocofiepxxaHue, B TOM 4uclie CepoOBOAOPOSA W YTNEKUCNOro rasa;

® cokpawaertcq rabaputHas LnAMHA rUApO3aLLMTbl NPW COMOCTaBU-
MOM 06beme 3anoSIHeHUs Macnom (6o npu TON XXe rabapuTtHON ANuHe
00bEM Macna MoXeT 6bITb yBenuyeH 1o 20%);

®  4yBCTBUTE/NbHOCTb pearupoBaHns MOPLUHEBON CUCTEMbI K U3MeHe-
HUIO [aBneHns B macnsHoin nonoctn mexee 0,01 MMa.

HaieHHble TeXHUYECKWe PpeLleHns peann3oBaHbl B MOPLUHE-
BoM mogmyne npotektopa [16M1-92 npoussogctea komnanuu «bopeu»
(puc. 1).

[MapTus nopwHesBbix npoTtektopos [1BM1-92 npoxogut akcnnyarta-
LIMOHHbIE UCMbITaHMA B TOMCKOM pErnoHe no nporpamMmMe KOMMAHUW
«ToMmckHe(pTb-BHK», a Takxxe B pyrux pernoxax.

HekoTopble BedyLine poCCUIACKWE NPOU3BOAWUTENN HeddTe[o6biBa-
towero o6opynoBaHus, Hanpumep, komnauus «HOBOMET-lepmb», a
TakXe CepBUCHble KoMnaHuu «CypryTHedpTeras», THK-BP yxe 3auHTe-
pecoBanncb BO3MOXXHOCTbIO MCMONb30BAHMA MOPLUIHEBON TEXHONOMUN
«PEAM-PTW» B rupgposawmrax NOrpyXHbiX 3nekTpojsuratenen ans
0C060 CNOXHbIX YCNOBUI 3KCMyaTaumu.

TexHu4Yeckne peLleHmns, UCnosb3yeMble B KOHCTPYKLMUM NOPLUHEBOTO
MOJYNs NPOTeKTopa, 3anateHToBaHbl «PEAM-PTU».



