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Cyclic Strength
of ESP
Intersection
Gonnections

By A.N. Komarov, Yu.l. Uliyanov

il production equipment unification and interchange-

ability of assemblies and parts of various manufactur-

ers are urgent matters for repair services, oil compa-
nies, and equipment producers.

Design of duplicate parts manufactured in accordance with
oil companies' specifications is quite diversified, which com-
plicates inventory stock accounting, storage, and shipping.
This variety results in issuing of numerous design documen-
tations, continuous realignment of equipment, and fabrica-
tion of additional processing and measuring instruments.
Unification should be achieved by selecting the most prefer-
able equipment option in terms of enhanced reliability and
constructability.

Thus, computations have been made to analyze the cyclic
strength of bolted flange connection bases of four different
designs.

This analysis has been made using a finite element method
and design standards established for nuclear power engineer-
ing. It has been assumed that the connection bears an internal
pressure of 42 MPa that corresponds to 3,000 m setting depth,
and a 1,400 N /m? density of formation fluid with the pressure
cycle changing from zero to the maximum
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onpoc yHuU(pHUKAnuu HedTeJ00bIBAIOIIET0 000pyLOBa-

HUS, B3AMMO3aMEHAEMOCTD Y3JIOB U JIeTajleii Pa3HBIX IIPO-

U3BOJIUTENICH aKTyaJleH HE TOJLKO JJI IPOU3BOAUTENCH
06OPYIOBAHNSA, PEMOHTHBIX IIPEATPUATHI, HO U I CaMHX Hed-
Taubix Kommauui (HK).

Muoroo6pasue BapUAHTOB UCIOJHEHUs OJHOTHUIIHBIX JeTa-
Jief, BBIYCKAEMbIX IO TexHudeckuM Tpedosanusm HK, ycmox-
HACT y4eT, XPaHEHHE U OTTPY3KY IIPOJYKITUH, IIPUBOJIUT K BBIITY-
CKy 6OJIBIIIOrO 06beMa KOHCTPYKTOPCKO-TEXHOTOTHIECKOH JTOKY-
MEHTAaIlMH, TIOCTOAHHON TIlepeHanajgke 0OOpyIOBaHUA,
U3TOTOBJIEHUIO JOMOJHUTEIBHOIO 0O0PAGATHIBAIOIETO U MEpPHU-
TEJIBHOTO0 MHCTPyMeHTAa. OJHAKO caMa YHH(UKAIUsS JOJDKHA
ITPOBOJIUTHCS HA OCHOBE BHIOOPA HANGOIIEE TPEIIIOYTUTEIHLHOTO
BapUAHTA MCIOJHEHHUA C TOYKHM 3PEHUs IOBBINICHUSA HaJCKHO-
CTH U TEXHOJIOTUIHOCTH OOOPYAOBAHMUS.

C 3Toli 1eTbIo OLUTN TPOBEIEHBI PACYETHI IUKIMIECKOH TpoY-
HOCTH OCHOBAHMI (PJIaHIIE€BO-60ITOBBIX COEMHEHU 4-X TUIIOB,
OTIMYAIOMUXCS APYT OT APyra KOHCTPYKTUBHO.

Mcnonp3oBany METO/, KOHEUYHBIX 3JIEMEHTOB, METOJUKY IIpa-
BIJT M HOPM, IPHHATYIO B ATOMHOI1 3HepreTuke. B pacuerax npu-
HUMAJIOCh, YTO COEIUHEHHE HArPY)KEHO BHYTPEHHUM JaBJICHU-
em 42 MIla, coorsercTByio-

value at a temperature of 100°C.
Equipment submersible assemblies
weight and case bending have been
ignored while setting and at the setting
depth.

Figure 1 shows that the maximum ten-
sile stresses are within fillet junction
between the flange and the wall. These
stresses are smaller in assemblies designed
with eight bolts as compared to assemblies
with six bolts, because in the former the
flange is more equally pressed down to the
counterpart.

Data on cyclic strength comparative
analysis of the bases is given in Table 1.

It is worth mentioning that analysis has
been conducted ignoring bending stresses,
which affect cyclic strength parameters.

MUM DJIYOMHE TIOJBECKH
3000 M ¥ IVIOTHOCTU TLIACTO-
Boit xuakoctn 1400H /M3,
JIaBJICHUE U3MEHAETCH IUK-
JIMYECKH OT HyJs IO MaKCH-
MaJIbHOI'O 3HAYEHUSsI, TEMIIE-
parypa 100°C. He yuursisa-
JIACh Macca y3JI0B
[IOTPY>KHOT'O arperara, us-
rub KopIyca IpH CIyCKe U B
30HE IOJBECKU.

Kax Bupno uz puc.l nan-
GoJbIIIE HAIPSDKEHUS pac-
TSHKEHUST B 30HE TaJITE€IbHO-
ro mepexoja Mexay ¢JaH-
nem " CTEHKOMH. B
KOHCTPYKLIHAX C BOCEMBIO
GoJaTAaMHU 3TH HaIPSHKEHUS

5.81+008

4.94+00

4.06+008

3.18+008

2.31+008

1.43+008

5.51+007

-3.26+007

-1.20+00

For checking computations, base speci-
mens have been forwarded to IMASH
Resurs LLP and tested at MTS-50, an elec-
trohydraulic test machine by MTS Systems
Corporation (USA).

® Fig. 1. Direction of the maximum tension stress in the
area of journal and base flange conjugation

® Puc. 1. Hanbonblume HaNPsAXEHUsA PacTsHKEHUs B 30-
He ranTefbHOro nepexoAa mexay hnaHuem U CTEeHKOW

MeHbIIE, YeM B KOHCTPYK-
OUM C HIECTBIO, TAK KakK B
aToM ciaydae duaHen 6oJee
PAaBHOMEPHO HpPUXKAT K OT-
BETHOM JieTaJIu.
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o Tabhle 1. Results of comparative calculation of connection cyclic strenth
® Tabnuua 1. PesynbTatbl CPaBHMTENbHOr0 Pac4yera UMKINYECcKOoNn NPO4YHOCTH COEANHEHMI

Specimen Detail Drawing No. Base cyclic strength // iuknuyeckas npo4HOCTb OCHOBAHUS
No. Ne yeptexa petanu Number of starts and stopsnof the submersible unit at 42 MPa pressuretill
Ne o6pa3ua crack formation // Yucno BKAKOYEHMIA 11 BbIKMOYEHWA NOTPYXXHOMO arperata
npw pgasneHun 42 MIMa 0o 06pa3oBaHMs TPELLWHbI
4E-UE186.003(6 bolts M12x1.25)
1 220000
43-Y3186.003(6 60nToB M12x1,25)
2UE186.003-02(6 bolts M12x1.25)
2 220000
2Y3186.003-02(6 6ontoB M12x1,25)
BND-249.00.001(8 bolts M12x1.25) 17
3 bH[1-249.00.001(8 6o0nToB M12x1,25) 0000
8UE186.003 (8 bolts M12x1.25)
4 400000
8Y3186.003 (8 6ontoB M12x1,25)
Calculated area Pump base transition fillet near the bolt
PaccuntbiBaemoe MecTo [anTenb nepexoaa OCHOBAHWA PAAOM C 6OITOM

Special high strength bolts manufactured by IMASH Resurs
have been used to connect the head to the base. The bolts'
parameters are M12x1,25, 6gx35 10.9 029p (HC.073.02); steel
grade is 30 HGSA. The bolts have been tightened by a wrench
with a torque of 55 N-m. The loading pattern has been cyclic
tension stress with a zero-to-tension stress cycle, a cycling fre-
quency of 2 Hz, a maximum testing pressure of P . .= 169,600
N, and minimum testing pressure of P ; =0...2,500 N.

While testing, crack initiation has been registered visually by
means of a lens with sevenfold magnification.

Design features of specimens and test results are presented
below (Figure 2).

Fracture pattern is presented on Figure 3.

Figure 2 displaying the base drawings, shows that designs
have varied in a number of tension bolts, flange thickness,
shape of neck-to-flange junction, and diametric dimensions.

Testing has proved that reliability of bolted flange connec-
tion is subject to a base design. No destructions of high

PesyabraTnl cpaBHUTEILHOTO pacyeTa MUKIMIECKON IPOYHO-
CTU PaCCMATPHUBAEMBIX OCHOBAHUI IIPUBEACHBI B Ta0I. 1.

34ech HaO OTMETUTD, YTO PACIETHI IPOBOAUINCH O€3 yueTa
U3ruGaAOMNX HAIPSDKEHUH, KOTOPBIE BJIUSIOT HA ITOKA3ATEJIH
LUKJIAIECKOM IPOYHOCTH.

C 11eJ1bI0 TPOBEPKH POUIBEACHHBIX PACIETOB 06PA3I[bl OCHO-
BaHnii 6butn nepegansl B OO0 «MMAIIL pecypc» M HCHBITAHBI
Ha sjekrporuapasindeckoil mamumue MTC-50 mpoussojcTsa
xommaruu MTS Systems Corporation (CIIIA).

Jlist coefuHE s TOJIOBKU C OCHOBAHUEM ObUIN HCIIOJIb30BAHBI
crenuagbHble BBICOKOPECYPCHBIE OGOJTBI  IPOU3BOJCTBA
000 «MMANI pecypc» MI12x1,25 6gx35 10.9 029p
(HC.073.02), usrorosnennsie nsz craau 30XI'CA. BonTo! 3aTsaru-
BAJIMCD FAC€YHBIM KJIIOYOM € MOMeHTOM 3atsikku b5 Hem. Cxema
HArpy’>KeHUs - HUKJINYecKoe pacTspkeHue. LUk HarpyxeHus -
OTHYJIEBOU, 4acTOTA Harpy;keHus 2 1. O6pasiibl MCIBITHIBAINCD
npu Harpyske P =169 600H. MunumanbHOE 3Ha4EHUE HArPY3-
xu P ;= 0...2500 H.

1 4E-UE186.003 AO19
43-Y3186.003 AO19

Mz

Number of cycles till crack formation
LIknoB 40 nosiBNeHNs TPeLLMHbI
Number of cycles till crack formation
LlnknoB no paspyLueHus

669,000

1,044,100

2 2UE186.003-02 AO16
2Y3186.003-02 AO16

Number of cycles till crack formation
LinknoB [0 NOSBNEHMS TPELLNHbI

Number of cycles till crack formation
Llnknos fo paspyLueHus

370,000

1,123,500

3 BND-249.00.001 AQ19
BH[1-249.00.001 AO19

Number of cycles till crack formation
LInknoB [0 NosBAEHUS TPELLMHBI
Number of cycles till crack formation
Llnknos fo paspyLieHuns

370,000

1,123,500

4 8UE186.003 AO17
8Y3186.003 AGI’L

Number of cycles till crack formation
LInknoB [0 NOSBAEHNS TPELLUMHbI

370,000

Number of cycles till crack formation

Lnknoe o paspyLueHus 1.123,500
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1 4E-UE186.003 2
43-Y3186.003

3 BND-249.00.001 .
BHJ1-249.00.001 4

2UE186.003-02
2Y3186.003-02

8UE186.003
8Y3186.003

B mpomecce ncnplTaHnil BH3yaJbHO C
ITOMOIIBIO JIYIIBI € CEMUKPATHBIM YBEJIH-
YeHneM (PUKCUPOBATIOCH MOSABJICHUE TPe-
IUHDL.

KoncTpykTuBHBIE OCOGEHHOCTH 06pas-
OB 1 pe3y]IbTaTLI UCOBITAHUI npeacran-
JIeHbl Ha puc.2.

Xapakrep paspymeHHs IIOKa3aH Ha
puc.3.

Kax BuHO 13 geprexeii OCHOBaHUH Ha
PHC.2, KOHCTPYKTUBHBIE OTIMYUSA COCTOS-
JII B KOJIMYECTBE CTSHKHBIX OOJITOB, TOJ-
muHe ¢uaHnes, GopMe Iepexona OT
meikn K (pJIaHny 1 AuaMeTpaJbHBIX pa3-
Mepax.

[IpUHIUNHATLHBIM PE3yAbTaTOM HC-
IIBITAHUK SIBJISICTCS TOT (1)aKT, YTO HALEK-
HOCTb (PIAaHIEBO-6OJITOBOIO COEIHUHE-
HUS OIIPEJEACTCS KOHCTPYKIIUEH OCHO-
Banns. He wmabGmozanuch paspymeHus
pecypcHOro Kpemexa HU B 6-Tu, HH B

strength fasteners have been observed in connections with 6 or
8 bolts. Bolt destruction in specimen No. 1 (Figure 3) has
occurred only after initiation of fatigue cracking in the flange
and its reaching the hole.

Test results have proved that destruction of any base occurs
within the fillet junction. In some cases (specimens 1 and 3,
Figure 3) cracking may reach the hole. Specimens 3 and 4 have
been registered to have minimum durability as compared to
specimens 1 and 2 with maximum durability.

Based on experimental data of base cyclic strength, it can
be assumed that connections with six bolts are more prefer-
able than those with eight bolts providing different flange
thickness and shape of neck-to-flange fillet junction.
However, it is necessary to increase the number of tests in
order to make more affirmative conclusions. On the basis of
research study [1] that describes the results of similar testing,
cyclic strength of duplicate connections was endured for
698,300 cycles, 997,200 cycles and 1,225,400 cycles at a less
pressure of P .. = 135,640 N. Thus, the results obtained in
this study are to be considered as a probabilistic estimate.

At the same time, cyclic strength of bolted flange connec-
tions is about 2.5 times higher than that of the connections
manufactured previously, the test results of which were pre-
sented in study [1].

Conclusions:

8-M1 6OATOBLIX coepnHeHnAx. Paspyme-
Hue GoaTta Ha obpasme Nel (pmc.3) mpousonuro JaUIIb IMOCTE
BO3HUKHOBEHUS YCTAJIOCTHOM TpEemUHBI BO (bJIAHIE U PA3BU-
THS €€ Ha 3HAYUTEJIbHYIO JUIMHY 10 OTBEPCTHS.

PesynpraThl MCIIBITAHMIT TOKA32/IM, YTO Pa3pylIeHUE OCHOBA-
HUI BCEX TUIOB IIPOMCXOJUT B 30HE TaJTEILHOTO Iepexoja. B
HEKOTOPBIX cTydasx (obpasery 1,3, puc.3) TpemuHa pa3BuBaeTcs
K OTBepCTI/IIO. Munnmanbuas JAOJITOBEYHOCTDH ObLIa OTMeYeHa Yy
006pasnos 3 u 4, MaKCUMaIbHAS - Y 06pasnos 1 u 2.

AHaMM3Upys 3HAYEHUE IUKJIMYHON JIOJITOBEYHOCTH OCHOBA-
HUI MOKHO IIPEAIIOJOKHTD, YTO MECTUOOITOBDIE COCIUHEHU
HpeJIOYTUTEIbHEE BOCLMHOOITOBBIX MPH Pa3HON TOJIIIHE
¢ranmes u Gpopme rarTesbHOrO MEpexosa OT MEUKH K (hIaHITy.
OpHako i 60J1ee yTBEPAUTEIBbHOIO BHIBOA YMCIO0 UCIIBITAHII
JIOJLKHO OBITH yBeuueHo. Kak ciaenyer us padors! [1], rae npu-
BEJIEHDI PE3yJbTAaThl AHAIOTUYHBLIX HCIBITAHUN, IUKIAYECcKas
JIOJITOBEYHOCTDH OJHOTO THIIA COCJAMHEHHs HMeJa 3HAYCHUA
698 300, 997 200, 1 225 400 HUKIOB IIPU MEHBIIEH BEIUIMHE Ha-
rpyxenusa P . =135 640 H, t.e. mosyuennnle B HacTOAIMEH pa-
60Te pe3ylbTaThl HEOOXOAUMO PACCMATPUBATL B BEPOSITHOCT-
HOM aCIeKTe.

Bmecte ¢ TeM, IUKIMYECKas JOJITOBEYHOCTD MCC/IEIOBAHHDBIX
(pranHIEeBO-6OITOBBIX COEMHEHMI TPUOIN3UTENBHO B 2,5 pasa
BBINIE, YEM COEITHEHMMA, BBITYCKABITIXCA PAHEE U PE3YILTAThI
HCHBITAHMI IO KOTOPBIM NIPUBEJIeHBI B padore [1].

BbiBOAbI:

1. Reliability of a flange bolted connection tightened with
high strength fasteners at a specified torque is limited by the
base fatigue properties.

2. The base design applying connections with eight bolts
(M12x1,25) does not result in enhanced cyclic strength.

3. BORETS Production Company applies the obtained
results for selecting high strength bases.

4. Further testing is required with an increased number of
life test specimens for analyzing fatigue resistance of bolted
flange connections, including those made by various manufac-
turers.

The authors thank N.I. Smirnov, Candidate of Engineering
Sciences, for assistance in the article preparation.
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