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Ways to Improve Protectors
of ESP Electric Motors

More than 50 percent of crude oil is produced with the uti-
lization of electrical submersible pumping units. Their elec-
tric motors are filled with oil of high dielectric behavior,
which not only lubricates the bearings, but also cools the
motors, preventing their overheating.

The temperature range of this oil can be from minus 40 C
to plus 250 C, and its volume changes respectively. Unless
appropriate measures on compensation of oil volume
change are taken, pressure created by oil heating will be able
to destroy the electric motor or its components, for exam-
ple, output shaft axial face seals.

To equalize pressure in the oil and external environment,
the electric motor is equipped with a seal section having a
special protector-module containing a certain amount of oil.

In practice, one or more elastic membranes are used for
pressure equalization in most protectors, as so-called
labyrinth systems which also find application have a number
of serious limitations.

Elastic membranes have two important functions:

1. To equalize pressure in the motor oil and external medi-
um of the well;

2. To prevent contamination of motor oil by liquids, gasses
and their components contained in the formation.

At present, there are two concepts of elastic membranes:
membranes made of elastomeric materials for moderate
operating conditions (up to 215 C) and metal bellows for
severe environment (over 215 C, high gas-oil ratio).

Demerits of elastomeric membranes and elastomeric bel-
lows of axial face seals include:

a) Low thermal conductivity;

b) Permeability to gasses and other harmful substances,
for example, hydrogen sulfide which contaminated oil;

c) Inevitable ageing, sensitivity to the environmental
aggressivity which result in deterioration of elastic proper-
ties and destruction of membranes caused by dynamic vol-
ume change.

Metal bellows of protectors are also characterized by inef-
ficient heat transfer; their reduced elasticity increases the
seal section size; external pressure pulsation results in
increased load on the bellow of the axial face seal.

Typical demerit of elastic membranes or bellows of the
seal section is that they are not washed by the external cool-
ing medium; they create natural thermal barriers, which
aggravates the problem of the motor calorific intensity
reduction.

In this connection, development of a non-membrane
design of seal sections remains urgent. They can be used, for
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Bo3MOXXHOCTH
COBEpLIEHCTBOBAHMUSA NPOTEKTOPOB
anektponpusogos YILH

Bonee 50% cpipoit HepTH TOOBIBACTCS C MOMOMIBIO ICKTPH-
YECKUX TOTPY)KHBIX HACOCHBIX YCTAaHOBOK. VIX sJIekTpuyeckue
ABUTATECIN 3AIIOJHAIOTCSI MAaCJIOM C BBICOKMMU Z[I/ISHCKTPI/I‘{CCKI/I'
MU CBOMCTBaMH, KOTOPOE HE TOJIBKO CMa3bIBAET ITOANIUITHUKH,
HO U OXJIUKJAET ABUTATEIN, IPEJOTBPAIIAs IEPErPEB.

JlnanasoH u3MeHeHus TeMIIEPATyPhl TOI0 MacJa MOXKET Baph-
nposatbcst oT -40 1o +250 °C, cOOTBETCTBEHHO MEHSETCS M €TO
O6'beM. ECJII/I HE HpI/IHI/IMaTI) Mep IIO KOMII€CHCAIIU U3MECHCHUS
o6bema Macia, TO JABJICHUE, Pa3BUBAIOLeecs IPYU HArPeBe Mac-
JIa, CIIOCOGHO Pa3pyLIUTh 3JeKTPOJBUTATEb HIN €TI0 KOMIIOHEH-
TBI, HAIIPUMEP, TOPIOBBIE YILIOTHEHUS BBIXOJHOTO BaJA.

JIJ1s1 BBIpDABHUBAHMS JABJEHUS MEKAY MACJIOM U BHEIIHEH cpe-
JIOM 3JIEKTPOABUTATENb CHAGKAETCS THIPO3AIUTON €O Crery-
ATBHBIM MOJYJIE€M-IPOTEKTOPOM, B KOTOPOM COJIEPKUTCS OIIpe-
JleJIEHHOE KOJMIECTBO MaCJIa.

Ha npakTuke B GOJIBIIMHCTBE IPOTEKTOPOB JUIsl BHIPABHUBA-
HUS JABJEHUs NCIOJIB3YIOTCS OJHA YUK 60JIee 3IaCTUIHBIX M-
¢parm, Tak Kak JaGUPUHTHBIE KOHCTPYKIIUU, KOTOPBIE TaKXKe
HaxXogdaT l'IpI/IMeHeHI/IC7 NMEIOT pH/I Cy]l[eCTBCHHI)IX OI‘paHH‘Ie-
HUIMA.

Ha siactuunble auadparMpl BO3JIaraloTCs JJB€ BaKHbIE (PYHK-
107078

1. BBIpaBHUBAHUE JAaBICHUS MEXKAYy MOTOPHBIM MAacJIOM U
BHEITHEN CPENOU CKBAKUHBI;

2. 3aIMTa MOTOPHOTO MACJIa OT 3arPSIBHEHUS JKUJIKOCTSMU, Ta-
3aMM U UX KOMIIOHEHTAMU, COJCPKAIMMICS B ILIACTOBOI Cpese.

B macrosmee BpeMs cymecTByeT JBe KOHIENIIUN 31aCTUYHBIX
Jguadparm: auadparMel U3 3J1aCTOMEPHBIX MATEPUAIOB IS yMe-
PEHHBIX ycoBuil akciuryaTanuu (go 215 °C) u MeTa/mmyeckue
CHITL(OHDI JUIA KECTKUX YCJIOBUM mpumeHenns (Bomre 215 °C,
IIOBBINICHHBIN Ta30BBIH (PakTop).

HenocraTku s1acToOMEpHBIX AuadparM, Takke Kak U 3J1aCTO-
MeprIX CI/I]II)q)OHOB TOpLIeBbIX yHHOTHeHI/Iﬁ TAKOBBbI:

a) IUIOXasi TEIIONPOBOJHOCTD;

6) IPOHMIIAEMOCTD JUISI TA30B U HEKOTOPBIX JPYTUX BPEAHBIX
BEIIECTB, HAIIPIMEP, CEPOBOJOPO/IA, KOTOPBIE 3arpsA3HIIOT Mac-
JI0;

B) HEM3OEKHOE CTAPEHUE, YYBCTBUTEIBHOCTH K arpeCCUBHO-
CTH CPeJibl, YTO IPUBOJUT K YXYAIIEHUIO 3JAaCTUYHBIX CBOUCTB U
CIIOCOGCTBYET PA3PyIICHUIO IMPU AMHAMUYECKOM H3MEHEHUH
obbema.

JIIs MeTaIIMYeCcKUX CHIB(OHOB IPOTEKTOPA TAKXKe Xapak-
TepHa Hed(P(PEeKTUBHAS TEIUIoNepeaada, a NX MOHIKEHHAs /1a-
CTUYHOCTD yBeJII/I‘II/IBaCT I‘a6apI/ITI)I FI/IﬂpOf_’:aH_[I/ITI)I; HpI/I HyJII)Ca'
NUAX BHEIIHEIO JaBJICHHUS NMEET MECTO IIOBbLIIICHHAS HarpySKa
Ha CHIB(OH TOPLEBOrO YILIOTHEHUS.
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® Fig. 1. Piston-type protector module with
protecting elements.

® Puc. 1. Mogynb npoTeKTopa nopLIHEBOro
THNA C 3ALWNUTHBIMU 3NEMEHTaMN.

example, with piston-type compensators of volume change.
Obvious advantages of this concept include:

- better cooling of the motor oil;

- reliable protection of the motor oil from gasses and
other contaminating substances coming from the forma-
tion;

— possibility to increase the motor oil operating tempera-
ture to over 300 C;

- reduction of overall dimensions of the seal section pro-
tector, which makes it possible to put the submersible elec-
tric motor in the same case with the seal section
(monoblock).

With the above indicated challenging prospects, attempts
to apply seal section protectors with floating pistons (includ-
ing gasfilled battery volumes) have been made until the
present time. However, attractive simplicity of the concept
and apparently proved design of the piston seals prevented
the designers from paying proper attention to protection of
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TUNIYHBIM HEAOCTATKOM 3IACTUYHBIX AuadparM KUIH CHIb-
(OHOB TUAPOZAMUTHI SABJIAETCSA TO, YTO OHH HE OMBIBAIOTCS
BHEIIHEH OXJIAKIAIOMENA CPENON U SABJISAIOTCS €CTECTBEHHBIMH
TEIJIOBBIMH GapbepaMU, B PE3YJILTAaTe UETO YCYIyOIseTcs mpoo-
JieMa CHIDKEHHS TEILIOHAIPSKEHHOCTU JICKTPO/IBUTATEIIA.

B cBsI3U ¢ 3THM OCTAETCS AKTyAIbHON 3a/1a4a pa3paboTku 6e3-
JuadparMeHHbIX KOHCTPYKIUN MHAPO3ALIUT, HAIPUMED, C KOM-
IIeHCATOPAMU U3MEHEHUS 06beMa nopuHesoro tumna. K ouesna-
HBIM IPEUMYINECTBAM TaKO KOHIIEIIUN OTHOCATCS:

— JIydniee OXJIaX/JieHIe MOTOPHOTO MacJIa;

— HAJIE’)KHAS 3aIUTA MOTOPHOTO MAC/Ia OT IIPOHUKHOBEHUS U3
IJIACTOBOM CpeJibl Ta30B M JPYTUX 3arpsi3HAIONMX Macjo Be-
IECTB;

— BO3MOXXHOCTD IOBBIIMICHUS paGodeil TeMIepaTypbl MOTOP-
noro macia soie 300 °C;

— YMEHBIICHHE Ta0APUTHBIX Pa3MEPOB IMPOTEKTOPa TUAPO3a-
IUTHI, YTO MO3BOJISAET co3/aBaTh [19/] B euHOM KOpIyce ¢ TUj-
posamuToi (MOHOOJIOK).

bBiarozapsi ykasaHHBIM 3aMaHUYNBBIM II€PCIEKTUBAM IOIBITKU
IIpUMEHEHUs IPOTEKTOPOB I'MJPO3ALIUT C IUIABAIOIUMH IIOPII-
HAMU, B TOM YHCJIE€ C Ta30HAIOJHEHHBIMU AKKYMYJISATOPHBIMHI
06bEMAMU, OCYIECTBIISIOTCS O HACTOAImETo BpeMeHn. OHaKko
MpUBJIEKATEIbHAS IPOCTOTA KOHIEMIUN U KAKYIAsACsa OTPabo-
TAaHHOCTb KOHCTPYKIIUN YIJIOTHEHUN MOPIIHEN Menraiu paspa-
GOTUYNKAM VAE/IATD JOLKHOE BHUMAHUE CHCTEME 3al[UThI II0JI0C-
TU, B KOTOPOU IEPEMENAIOTCS MOPIIHHI, OT OTIOXKEHHS COJIeil
(HaKUIM), IMHUCTBIX 3arpssHeHuil. B jydmem ciydae mpeny-
CManI/IBaJII/ICb MepI)I 3alUThI OT KOppOBI/II/I. HO ATUM HpI/I‘II/IHaM
‘IyBCTBI/ITeJIbHOCTI) HepeMeH.[eHI/Iﬂ HOp]lIHeﬁ OT USBMCHEHUSI aaB-
JIEHUS OBICTPO TEPSUIACH, YTO IPUBOJUIO K HAPYLIIEHUIO d(pek-
TUBHOCTHU TOPLEBBIX VILIOTHEHUI], BBIXOJY UX U3 CTPOs U,/ HIH
Jlaske K 3aKJIMHABAHUIO IIOPUIHEH.
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Metso Automation cneumanusnpyeTca Ha pa3paboTKe 1 NocTaBKe ceTell
NPOrPaMMHbIX NPUIOXKEHWNIA, CUCTEM aBTOMATU3aLMN 1 CUCTEM YyNpaBeHns
nHdOopMaLMen, a TakxKe TEXHOMOT I NoNeBbIX NPMOOPOB 1 perynupyioLlen
apmaTypbl Ana o6pabaTbiBaloLLEN MPOMBILLNIEHHOCT B MMPOBOM MacluTabe.
OcHoBHbIM 3aKa3uukam Metso Automation aBnaloTca npeanpuATUA
Liennono3Ho-6yMaxKHOM, SHepreTUYecKon 1 HepTerasoBow oTpacneil.

Q‘) metso

7~ automation
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the cavity, in which pistons are moving, from scale formation
and mud contamination. At best, anti-corrosion measures
were provided for. Due to these reasons, the sensitivity of pis-
ton movement to pressure variation declined quickly, which
resulted in a loss of efficiency of axial face seals, their failure
and /or piston jamming.

REAM-RTT have proposed and implements a design of a
piston-type protector which has elements ensuring effective
protection of the contact surfaces from scale and corrosive
substances; this design provides high piston sensitivity. The
solutions are patented.

http://www.reamt.ru

Modern Diagnostics and
Recondition Technologies for Qil
and Gas Equipment

The Center for Innovative Technologies, a Moscow-based
Russian company, is a member of Metallurgmash, the
International Union of Metallurgical Equipment Producers.
In the last years, it has been involved in successful commer-
cial introduction of a proprietary technology for forming
anti-friction coating at exposed wear surfaces (Patent No.
2664440).

This unique technology enables a significant increase in
the time between overhauls without decommissioning
equipment and machinery, prevents emergency shutdowns,
and ensures stable operation when routine maintenance is
impossible, or in dust conditions, at high or low tempera-
tures, etc.

This technology is based on filling in friction units with
MEGAFORCE, a friction reducing composition by means of
special techniques.

The composition is fine material that is fed to a friction
zone for reducing friction. This occurs directly in the con-
tact area under vibration loads in the process of equipment
operation due to changing properties of contact surfaces
and formation of ceramic metallic bond (CMB), and results
in recondition of friction couples. The CMB preserves its
efficiency within a long period without participation of the
composition itself. Industrial testing proves all technology
claims.

For continuous monitoring of the technical condition of
equipment bearing blocks before and after friction reducing
treatment with MEGAFORCE, the Center for Innovative
Technologies applies Kronwerk measuring and computing
complexes (MCCs) with an electrical resistance technique used
for measuring average resistance of bearing lubricant film.

The electrical resistance technique is an advanced non-
destructive method used for continuous monitoring of the
equipment’s technical condition. It is based on measuring

Kowmnanns «PEAM-PTH>» npeanoxuia u peajiusyeT KOHCTPYK-
LUIO TPOTEKTOPA MOPITHEBOTO TUMA € 3 (PEKTUBHBIMU JIEMEH-
TaMM 3aIUThl KOHTAKTHBIX ITOBEPXHOCTEN OT OTIOKEHUH, BO3-
JIeHICTBUSI KOPPO3UOHHLIX CPEJl U C BBICOKOM UYYBCTBUTEILHO-
CTBIO MOPIIHEH. Pemenns 3anaTeHTOBAHbI.

http://www.reamt.ru

CoBpeMeHHble METOAbI
AUArHOCTUKN U BOCCTAHOBNEHMSA
o6opynoBanus He(hTera3oBoi
oTpacnu

Poccuiickas kommanusa OOO «entp Hoseitmux Texuoso-
ruii» (. MockBa ) B T€4eHUE NOCJIEIHUX JIET IPOBOAUT YCIICII-
HOe BHEJPEHHE CBOEH 3aIaTeHTOBAHHOU TeXHOJOruu GpopMmu-
poBaHus AaHTHU(PUKIIMOHHOTO ITOKPBITUS TPYIIUXCS IOBEPXHO-
creit (ITarent Ne 2664440).

TexHnonorus yHHKaJbHA TEM, YTO ITO3BOJISET, HE BBIBOAS 060~
PYAOBaHUE U MEXAHU3MBI U3 JKCILTyaTallMH, 3HAYUTEIBLHO YBe-
JINIUTh MEKPEMOHTHBIN IIEPHOJ, IPEAOTBPATUTL ABAPUMHbIE
OCTaHOBKH, OOECIEYUTb YCTOMYUBYIO PabOTy B YCIOBUAX 3a-
TPYAHEHHOTO IpoBejeHust peryaspuoro TO, 3ambuleHHOCTH,
BBICOKHMX M HU3KUX TEMIIEPATYP U T.II.

B ocHOBE 3TOI TEXHOJIOTUN JIE)KUT BHECEHUE B y3JIbI TPEHHS
tpuborexHuueckoro cocraa MEGAFORCE no cnernpaabHbIM
METO/IKAM.

CocTaB IHpeacTaBIsieT COOOU MEJIKOAMCIEPCHBIM MaTepHall,
KOTOPBIN IIOJAETCsS B 30HY TpeHus. TpuborexHmdaeckuii appext
IIPOMCXOJIUT HEIOCPEACTBEHHO B IIATHE KOHTAKTA IIOJ XCHCTBU-
€M BUOPAIMOHHBIX HAIPY30K 32 CUET U3MEHEHMS CBOMCTB KOHTA-
KTUPYIOIUX [TOBEPXHOCTEHN IPH 0OPA30BAHIH META/UIOKEPaMU-
ueckoro cnost (MKC) ¢ Bocctanosnenuem nap rpeaus. MKC co-
XpaHsIETCs] B TeUCHHE [UINTEIBHOIO BPEMEHH yXKe 0e3 ydacTHs
camoro BemniecTsa. [IpoMbIIICHHbIE UCIIBITAHUS IIOATBEPKAAIOT
BCE 3asBJECHHBIEC CBOMCTBA TEXHOJOTUU.

JIIsT IOCTOSIHHOTO MOHHMTOPUHIA TE€XHUYECKOTO COCTOSHUS
MOIIUITHUKOBBIX Y3JI0B O00PYAOBAHUSA, JO U MOCJIE 06PabOTKHI
cocraBom MEGAFORCE, kommanus OOO «Ilentp Hosefimux
TexHosoruil», MPUMEHSIET U3MEPUTEIbHO-BBIUUCIUTEIbHBIC
xoMmILIeKcel «KpoHBepk», HcIOIB3yIOIUE 3I€KTPOPE3UCTUB-
HBII METOJ.

DIEKTPOPE3UCTUBHBIN METO/| HEPA3PYIIAIOMETO KOHTPOJIS SIB-
J€TCsl HanboJiee MepCHeKTUBHBIM JUIS TPOBEEHUS IOCTOSHHO-
IO MOHUTOPHUHIA TEXHUYIECKOTO COCTOSIHUS arPeraTa U OCHOBAH
Ha M3MEPEHUM JIEKTPUUECKOTO COIPOTUBJIEHUS CIOS CMa304-
HOTO MaTepHUaIa IOAMINIHAKA, BO3HUKAIOIIETO MEKAY IapaMI
tTpenus. IIpenMymecTBa 3TOro MeTo/a 3aKIIOYAIOTCS B BO3MOXK-
HOCTH IOJIyJaTh MH(OPMAIIIIO O COCTOSHUH IOAIINITHIKA HETIO-
CPEJICTBEHHO U3 30H TPEHUS €ro JieTanell B (popMe dIeKTpHude-
CKOT'O CUTHAJIA, YIOOHOTO 11 06pabOTKU. JTO IMOBBIIIAET JOCTO-

the electrical resistance of bearing lubricant
film between friction couples. The bearing con-
dition data is received directly from the bearing
friction zone in the form of electric signals that
are easy to process. It results in improving the
reliability of the bearing condition data, and

® CNT uses Kronwerk measuring and computing
complexes before and after using MEGAFORCE.

©® LIHT npumeHseT n3mepuTenbHO-BbIYUCIUTENbHBIE
Komnnekcbl «<KpoHBepk» A0 U nocne 06paboTku
NOAWMKNHUKOBbIX y3n0B coctaBom MEGAFORCE.

BEPHOCTH OIIPEJeICHUs
TEXHUYECKOTO COCTOSI-
HUS TOANIUIIHUKA U,
KakK CJIeJCTBUE, IT03BO-
JIIET COKPATHUTH 3aTpa-
Thl HA TEXHUYECKOE 00-
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CJIy’)KUBAHUE POTOPHO-
ro 060PyIOBaAHUS.

Jlna peanusanuu sTo-
ro MeTo/a KOJbIA TOJ-
munHuKa (6o Bpaia-
IOIUIACS Ba U KOPITYC B
cJIydae oIophl CKOJIbXKE-
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