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AHHOTAITIUA

Tpy6GHas NIPOAYKIIUS UCTIOIb3YETCA IIPU OONBIIUHCTBE
PaboT, OTHOCAIINXCS K HE(PTETA30BON HHYCTPUU.
HaznexHOCTD M0601 ONEPAIH MOKET OBITD YTydIlIEHa
OyTEM IPOTHO3UPOBAHUS *KU3HEHHOTO IITUKJIA
TPYOHBIX U3JETUI. DTO TAKIKE IO3BOJIUT CHU3UTD
HEMPOAYKTHUBHOE BPEMS U U30€KATh JOMOTHUTEIBHBIX
pacxosioB.

Brarogapst pa3apadOTKe HOBBIX MATEPHUATIOB U
COBEPIIEHCTBOBAHHUIO KOJITIOOMHIOBBIX TEXHOJIOTUHA
3TU TPYOHBIE U3ZENS B IOCJIETHEE BPEMS HAY AU
UCIIOJIb30BAThCS 111 OOJIEE CIIOKHBIX OIIEPALTUT,
BKJIIOYas OypeHue. [IOCKOIbKY /111 IPOrHO3UPOBAHUSA
TPEBYETCHA OUEHb TOYHOE BOCIIPOU3BEAECHNE PEATTBHBIX
Harpy3ok Ha ru6kue Tpyos! (I'T), BOZBHUKAIOMMX B
MIPOLECCE UX UCTIONBb30BAHUS, ObLII CHPOEKTUPOBAH U
MOCTPOEH YHUKAJIBHBIN CTEH /11 BOCIIPOU3BENCHU A
BCEBO3MOKHBIX ITPOIIECCOB, KOTOPBIE CIIOCOOCTBYIOT
BBIXO/y U3 CTPOS KOJITIOOUHTA.

K OCHOBHBIM HArpy3KaM Ha I'T MOXXHO OTHECTH
CTHOAIONINE HATPY3KH, IEHCTBUE BHYTPEHHETO
JIABJIEHUS U OCEBBIE/PACTATUBAIONTNE BO3JAEUCTBUA.

B otnmnune o1 IPyrux TPyOHBIX U3EIUI, NICTIOTb3YEMBIX
B He(pTErazoBo nuAyCcTpuy, I'T mogBepraioTcs
IUIACTUYECKON ie(POPMAIINU U3-32 PETYIIPHBIX

[JUKJIOB U362, KOTOPBIE OOYCIOBIEHBI TPOXOXKACHUEM
KOJTIOOHMHTI A Y€PE3 BEPTIIIOT U HAMATBIBAHUEM HA
6apabaH. BHyTpEHHEE JJaBJICHUE BKYIIE C MEHSIOIUMUCS
CTHUOAIOMIMMU HATPY3KAMH IPUBOJUT K OBAJIM3ALIUH

I'T (moTepe nepBOHAYAIBHOI'O KPYIJIOT'O COCTOSIHUSA).
OBaJIBHOCTD TPYO CHUJIBHO BJIMSIET HA CIIOCOOHOCTD
KOJNTIOOHMHTA CONTPOTUBJIATCA JJEUCTBUIO BHYTPEHHETO
WJIU BHEITHETO AaBieHus. [Tockonbky I'T npeacTasisior
COOO HEPA3PBIBHYIO KOJIOHHY JJIMHOM /10 HECKOJIBKHUX
TBICAY METPOB, OYEHD YACTBIM ABJIEHUEM, CBOUCTBEHHBIM
KOJNTIOOHHTY, ABJIAETCA €TO YJIMHEHUE U3-32

OCEBBIX HATPY30K, OOYCJIOBJIEHHBIX BO3JEUCTBUEM
COOCTBEHHOTO BECA ITPH HAXOXK/IEHUN B BEDTUKAJIBHONU
YACTU CKBAKUHBL Ba’KHO IPUHATH BO BHUMAaHUE TPEHHE
O CTEHKHU CTBOJIA CKBAXXUHBI, KOTOPOE NPUCYTCTBYET
npu ciycke I'T. TpeHue MOXKeT ObITh IIPEACTABICHO

KAK UHAYIIMPOBAHHBIA KPYTAIUA MOMEHT. Mea
HCIIOJIb30BAHUS KOJITIOOUHTA JIJ1s1 Oy PEHU S JIE/IACT
HEOOXOAMMBIM TOYHOE U3y4YEHNE CKPYYHUBAIOMINX
HAI'PY30K Ha ruokue Tpyo6sl ITocneaHne o6yCi0BIEHbI
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ABSTRACT

Tubulars are involved in most of the activities related to
the oil and gas industry. The reliability of any operation
can be enhanced by predicting the lifetime of these
tubulars and thus avoiding non-productive time and
€xcessive COSts.

Thanks to the development of new materials and
improvements of the coiled tubing technology with
the years, these tubulars have been lately used in more
challenging operations, such as drilling. With the need
of accurately replicate the actual service loads acting on
coiled tubings during its operation in the field, a unique
testing facility was designed and built to replicate all the
different processes promoting the failure of these kind of
pipes.

The main loads acting on coiled tubings are the
bending, internal pressure and axial load. Unlike the rest
of the tubulars used in the oil and gas industry, coiled
tubings work under plastic deformation because of the
bending cycles encountered while passing through the
reel and gooseneck. The internal pressure, altogether
with the alternating bending loads are responsible for
the ovality of the pipe, an effect representing the loss
of roundness in the coiled tubing. The ovality strongly
affects the capacity of the tubing to resist the presence
of internal or external pressures. Since the coiled tubing
is one piece of pipe which can measure even thousands
of meters, it is very common for this tubular to suffer
elongation because of the high axial tension load
represented by its own buoyed weight when it hangs
in the vertical section of a well. Finally, it is important
to take into account the friction with the walls of the
wellbore as the tubing is deployed. This friction can be
represented as an induced torque in the pipe. The idea
of using the coiled tubing for drilling applications makes
necessary the accurate study of torsion loads in coiled
tubings, effect taking place due to the induced torque in
the string coming from the drill bit.

The new test facility is able to replicate all these possible
loads either separately or at the same time by means of
hydraulic cylinders acting directly on the test sample.
The results of the first tests applied on coiled tubings are
shown and compared with other available results. All
these first tests were run with high internal pressure in
order to simulate the loads acting in high pressure wells.



UHAYLUPOBAHHBIM KPYTAIIUM MOMEHTOM, UCXOASIIIUM
OT 6YPOBOT'O JOIOTA.

HoBBIM CTEH AJISI UICOBITAHHUI CITOCOOEH
BOCHPOU3BOAUTD BCE BO3MOKHBIE HATPY3KH,
JENCTBYIOIIYE HA THOKYIO TPYOY, KaK IO OTAEIbHOCTH,
T4K U OJJHOBPEMEHHO I PU HOMOIIY I'H/IPABINYECKUX
LWIHH/POB, BO3IEUCTBYIONUX HETOCPEJICTBEHHO HA
TECTOBBIN OOPAa3€ll. B CTaThe MOKA3aHbI PE3YJIBTATEI
TIEPBBIX TECTOB, IPOBEJICHHBIX HA KOJITIOOUHTE, 4 TAKXKE
MPOU3BEJICHO CPABHEHUE 3THUX PE3YJIBTATOB C IPYTHMU
JOCTYITHBIMH JAHHBIMU. BCe TECTHI NPOBEJIEHBI IO,
JIEHCTBHEM BBICOKOT'O BHYTPEHHET'O JIABJICHUS 7151 TOTO,
4TOOBI CUMYIUPOBATH YCIIOBUSI BHICOKOHATIOPHBIX
CKBAKUH.

BBEJEHHUE

PyKOBOACTBYACH UIc€H CHUMKEHUA PACXO/IOB IIyTEM
MIPOBEAEHUS TECTOB TPYOHBIX U3/IEIHH B IAOOPATOPHBIX
YCJIOBUSAIX, MBI IIPUILIN K BBIBOJIY O HEOOXOANMOCTH
OPOEKTUPOBAHHUSA U CO3/JAHHS HOBOI'O CTEHA IS
UCIBITAHUIN, KOTOPBIA CMOT OBI
BOCHPOU3BOAUTD PA3INYHBIE
HAI'PY3KHY, JEUCTBYIOIIUE HA
KOJITIOOUHT. ITyTeM npoBeIeHN A
UCIIBITAHUIH B JIA60PATOPHBIX
YCJIOBUSX, IJI€ TAKHUE HATPY3KHU
MOYKHO JIETKO KOHTPOJIUPOBATD,
MOKHO JJOCTUYb 9KOHOMHU BO
BPEMEHHU, TPYOHBIX MATEPUAIIAX,
paboyeM BPEMEHH U YCUITUSAX,
MNOTPAYEHHBIX HA OOECTIEUEHUE
6GE30ITaCHOCTH.

C Ha4aJ1a UCTIBITAHUI THOKHUX
TPy6 OKOJIO 25 JIET HA33a/]] BCE
CTEH/IBI, KOTOPBIE CO3/1aBAJIUCH,
MOIJIA BOCIIPOMU3BOJUTD TOIBKO IIUKJINYECKUE
M3TUOAIONINE HATPY3KHU IIPU BO3/ICUCTBUU BHYTPEHHETO
JIaBJIEHNS U JIMIIb B HEKOTOPBIX CJIYIAAX TAKXKE U OCEBBIE
HATPY3KHU.

Mcrnonb30BaHUE KONTIOOMHIOBOT'O OyPEHUA
B IIOCJIETHUE I'O/IbI CTAHOBUTCS BCE OOJIEE
PaCpOCTPAHEHHBIM 6JIATOAP PA3BUTHIO HOBBIX
TPYOHBIX MATEPHUAJIOB U TEXHOJIOTUH, KOTOPBIE
JI€JIAI0T BO3MOXXHBIMM TAKHE CIIOKHBIE PAOOTHL A B
HEKOTOPBIX PETUOHAX, TAKMUX KaK AJiAcKa, Kanama n
BnyxHUNI BOCTOK, KONITIOOMHI'OBOE OYPEHHE YKE CTAIIO
CTAHIAPTHOM OIIEPAIUET.

B JaHHOM KOHTEKCTE PACCMOTPEHHE HATPY30K HA
TUOKHE TPYOBI IIPH UX UCIIOJIb30BAHUH B IIPOLIECCE
OYpPOBBIX pabOT OO6PEIO HOBYIO CTEIIEHD BAKHOCTH.
Henzb6exHOoe MPUCYTCTBUE KPYTAIIETO MOMEHTA,
UCXOAAILIETO OT AOJIOTA, IIPU IIPOBEAEHUN OYPOBBIX
PaboT HETATUBHO BJIMAET HA OOIIEE CONPOTUBJIEHHE
KOJTIOOMHT A HATPY3KAM U, KAK CJIEJCTBUE, CHUXKAET
YCTAJIOCTHYIO JOJITOBEYHOCTh TMOKUX TPYO.

B nanHOM paboTe IpeCTABICH HOBBIH J1A60PATOPHBIN
CTEHJI, KOTOPBIX CIIOCO6EH BOCIIPOMU3BOJUTD HATPY3KH,
TPEBYIOIMECH 11 TOYHOI'O MOAEIUPOBAHHUA IIPOLIECCA
OypeHU 1, KOTOPBIH, KaK IIPABUJIO, IIOIBEPIACT I'HOKYIO
TPyOy IPEACAbHBIM HArpy3kam. HOBBINM CcLieHapui
HATPY30YHBIX UCIIBITAHUN I€JIAET HEAKTYAJIbHBIMU
CYLIECTBYIOIINE MATEMATUYIECKHE MOJIEIIH,

CNIOXHble paboThbl.

Mcnonb3oBaHme KonTiobmnHrosoro bypeHus
B NnocriefiH1e roapl CTaHOBMTCA BCe bonee
pacnpocTpaHeHHbIM Giarogaps pasBUTUIO
HOBbIX TPYOHbIX MaTepUanoB U TEXHONOMUM,
KOTOpbIe AeNalOT BO3MOXHbLIMU Takue

The implementation of coiled tubing drilling
has been continuously growing in the last
years thanks to the development of new
materials and technologies which make this
high demanding operation possible.

INTRODUCTION

With the original idea of reducing costs by testing
tubulars in labs it was found necessary to design and
build a new test frame, where the different loads acting
on the coiled tubing are replicated. Savings in time,
pipe material, man power and safety procedures can be
achieved when testing in labs where the loads can be
easily controlled.

Since the beginning of coiled tubing testing about
25 years ago, all test facilities built only consider the
application of the cyclic bending load while the pipe
is internally pressurized, and in few cases, it was found
possible the application of axial loads.

The implementation of coiled tubing drilling has been
continuously growing in the last years thanks to the
development of new materials and technologies which
make this high demanding operation possible, and even
standard in different places worldwide, such like Alaska,
Canada and in the middle east.

It has become really important to consider the loads
acting on coiled
tubings when they
are used in drilling
applications. The
presence of torque is
imminent in this kind
of operations, load
that negatively affects
the combined load
resistance of the coiled
tubing, and hence, the
fatigue lifetime of the
tubular.

In this paper a
new test facility is
presented which is able to replicate the loads necessary
to accurately simulate this challenging operation, which
generally take coiled tubings to their load limits. This new
load scenario makes obsolete the existing mathematical
prediction models for determining the fatigue lifetime
of coiled tubings, reason why it is necessary to establish a
comparison between the test results with these existing
models.

The experimental results of the first tests are presented
in this document as comparison to the existing
mathematical prediction models.

TECHNOLOGIES

REVIEW OF EXISTING TEST FACILITIES

To start, it is reviewed how the coiled tubing testing has
been performed worldwide during the last two decades.

Figure 1.a shows a test facility built as an intent to
standardize coiled tubing fatigue testing, being designed
as simple as possible with the goal to be easily available
to every company and also to make the rigging of the
sample as fast as possible (Newman and Brown, 1993).
In this facility, which is used to test pipe samples with
diameters between 1 and 1%, can be only applied
bending cycles with internal pressure since the main
target has been always focused in analyzing the main
components affecting the plasticity of the coiled tubing.

The figure 1.b shows a newer test facility built to test
coiled tubings with different induced surface defects
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MPOTHO3UPYIOIINE YCTATOCTHYIO IOJITOBEYHOCTD
KONTIOOMHTA. [To3TOMY HEOO6XOJUMO ITPOBECTHU
CPAaBHEHUE TECTOBBIX PE3YJIBTATOB C PE3YJIBTATAMH,
MPOTHO3UPYEMBIMU STUMH MOJEISMU.

JlaHHBIE IEPBBIX SKCIIEPUMEHTOB IIPE/ICTABICHDI B
HACTOSIIEN CTAThE B (POPME CPABHEHMA C IIPOTHO3AMHU
CYHIECTBYIONNX MATEMATHIYCCKUX MOJICIICH.

OB30P CYHIECTBYIOIIINX CTEHIOB IJI4
HNCIBITAHUN

Jlist Hadana 6yJeT aH 0630 TOT'O, KAK IIPOBOUIOCH
TECTUPOBAHNE TNOKUX TPYO B TAOOPATOPHAX IO BCEMY
MHPY Ha HPOTKEHUN HOCIEAHUX ABAJLIATH JIET.

Ha pucyHKe 12 MOKa33aHA UCTIBITATEIbHAS YCTAHOBKA,
HOCTPOEHHAS C HAIMEPEHUEM CTAHIAPTUZUPOBATH
MIPOLECC YCTAIOCTHBIX TECTOB /11 THOKUX TPYO.

OHa 6bUIA CIIPOEKTUPOBAHA TAKUM OOPA30M, UTOOBI

€€ MPUOOPETEHUE MOIJIA TIO3BOJIMUTD CEHE TTI00AS
KOMIIaHUA. JJaHHASA yCTAHOBKA UMEET IIPOCTOM IU3ANH,
JIETKO COOUPAETCA, 4 IPOLIECC MOHTAKA TECTOBOI'O
06pa3ziia oueHb 6b1CTp (Newman, Brown, 1993). B atori
YCTAHOBKE, KOTOPAs CHOCOOHA TECTUPOBATH OOPA3IIbI
TPy6 1uamMeTpoMm OT 31,75 MM 710 44,45 MM, MOKHO
HMUTHUPOBATH TOJIBKO CTUOAIOIINE IUKINYECKHE
HAT'PY3KH U BO3JICHCTBUE BHYTPEHHETO AABJICHU,
MOCKOJIBKY OCHOBHOH €€ LIEJIBIO BCETA ObLII AHAIN3
OCHOBHBIX KOMIIOHEHTOB, BIHAIOMUX HA IJIACTUYHOCTD
KOJITIOOUHT Q.

Ha pucyHke 1b noKa3aH UCIIBITATEIBHBIN CTEH],
KOTOPBIY ObLIT CO3/1aH A1 UCIIBITAHUI THOKUX TPYO C
Pa3NINYHBIMUA MHAYIIUPOBAHHBIMU IOBEPXHOCTHBIMH
JedEKTAMU IO/ BO3JEHCTBUEM BHYTPEHHETO IABICHUA U
UKINYECKUX CTUOAIONUX HATIPY30K. TAKXKE 3TOT CTEH/]
CIIOCOOEH TECTUPOBATD NOJ] BO3ACHCTBUEM PACTBOPOB
H,S ru6kue Tpy6bl, CO34AHHBIC U3 HOBBIX MAPOK CTAJIN
(CTMRC, 2016).

VCTaHOBKA, TOKA3aHHAS HA PUC. 1¢, 6bLIa TIOCTPOEHA
B €IMHCTBEHHOM 3K3EMILIAPE JJ11 TECTUPOBAHUSA
06PA3IOB TPYO AHAMETPOM OT 38,1 MM 710 76,2 MM 1107,
BO3/JIEHCTBUEM LIMKIUYECKHX CTUOAIOMIUX HATPY30K U
BHYTPEHHETO JJABJIEHUS BILUIOTb JIO PA3PYIIEHUS TPYOBL
Ha 3T011 yCTaHOBKE ObIM TPOBEAECHBI UCTIBITAHUS
06pa310B, U3TOTOBJIEHHBIX M3 YIVIEBOJIOKHA, I
CPABHEHUA UX YCTAJIOCTHOMN IIPOYHOCTU U TAKOBOH,
UMEIOIIEHCA Y CTAHAAPTHBIX CTAJIbHBIX TPYO
(DETCRC, 2016).

Crenj 111 UCIIBITAHUH, IPOJEMOHCTPUPOBAHHBIA HA
puc. 1d, 6611 CO3/1aH B PAMKAX IIPOEKTA, UMEHYEMOT'O
«COBMECTHBIN UCCIEA0BATEIBCKUU IIPOEKT 110 U3YUYEHUIO
YVIJIMHEHUS U YBEJIMYEHHN S TUAMETPA THOKUX TPy6»
(CTMRC, 2016). I[IpOEKT IIPU3BAH U3YIUTh MCXAHUKY
KOJITIOOMHT'A C LIENBIO CO3JJAHHS MOJIENIH INIACTUYHOCTH
TUOKUX TPy6. Ha 3TOM CTEH/IE MOKHO IPOBOANUTD
UCIBITAHUA THOKUX TPYO UaMETPOM OT 31,75 MM JJO
60,33 MM 11071, BO3/IEMCTBUEM OCEBBIX U IIUKINYECKUX
CrU6AIOMUX HATPY3O0K, 4 TAKKE BHYTPEHHETO TABJICHUS.

IlyTem NpOBENEHUS SIKCIEPUMEHTOB IO TECTUPOBAHUIO
T'UOKUX TPyO ydeHbIE pa3zpaboTaniu Habop
CYHIECTBYIOIINX CETOAHA MATEMATUYECKHUX MOJIETIEL,
MPOrHO3UPYIOIMINX YCTATIOCTHYIO JOJITOBEYHOCTD
KONTIOOUHTA. O HUX OYZIET BKPATLIE U3JIOKEHO HUXKE.

Maremarudeckue mogenu Achilles (CTES, 2003),

48 Ne 3 (057) Centsiops/ September 2016

Pucynox 1 — Cymgecmayroujue yCmanoexu
0151 nPOBEOeHUA UCNBIMAHULL KOIMIOOUHZA
Figure 1 — Existing coiled tubing

test facilities

against bending cycles with internal pressure. This
machine is also built to test new CT grades under
exposure of H,S solutions. (CTMRC, 2016)

The machine shown in the figure 1.c was exclusively
built to test pipe samples with OD between 17?7 and 3”
to bending cycles with internal pressure to failure. CT
samples made of carbon fibre were tested in this machine
to compare their fatigue performance to the ones of
normal steel pipes. (DETCRC, 2016)

The test facility shown in 1.d was built as part of a
project called “The elongation and diametral Growth
JIP” (CTMRC, 2016) to study the coiled tubing mechanics
with the idea to develop a coiled tubing plasticity model.
This machine was designed to apply bending cycling
and axial load to pressurized coiled tubings with outer
diameters between 1% and 2 ",

By means of experimental coiled tubing testing, it was
able for different investigators to develop today s existing
mathematical models to predict the fatigue life time of
coiled tubings, which will be shortly explained below.

The mathematical models Achilles (CTES, 2003),
CoilLIFE and Cycle have been developed after thousands
of pipes tested in labs, being the most used prediction
models worldwide. The Achilles model is an algorithm
belonging to the Cerberus package which has been
developed by Prof. Steven Tipton of the University of
Tulsa (Tipton, 1996, 1999)). This model is based on the
plasticity theory which relates the shear and the stress
or strain suffered, continuously updating the capacity
of the coiled tubing to resist additional forces. CoilLIFE
was developed for Dowell Schlumberger (CTMRC,

2016) and it calculates the damage occurring during

each bending cycle suffered depending on the internal
pressure, accumulating the total damage, predicting by
this way when the first crack will appear. During this
investigation, the strains were always measured in hoop
and axial directions in order to compare the accumulated
plastic deformation under different internal pressure
values. In the case of the software Cycle, it was developed



CoilLIFE u Cycle 65111 pa3paboTaHbl HA OCHOBE aHAIN34
J1260PATOPHBIX UCHBITAHUI THICSIY OOPA3LI0B TPYO. DTO
HAUOOJIEE YACTO UCTIOIb3YEMBIE IIPOIHOCTUYECKHUE
mozenu. Mogenb Achilles ripeacrasiseT CO60M1
AITOPUTM, IPUCYTCTBYIOIMIUI B ITAKETE IIPOTrPAMMHOTO
obecneuenus Cerberus, pa3paboTaHHOM IPOMECCOPOM
CruBeHOM TUNITOHOM U3 YHUBEpPCUTETA TaJICHI

(Tipton, 1996, 1999). BTa MOAIEIb OCHOBAHA HA TCOPUHN
IUTIACTUYHOCTH, KOTOPAA COOTHOCUT CJBUTAIOIIEE
YCHJIME C MHYLIITUPOBAHHBIM MEXAHUYECKHUM
HanpsiKeHUEM /1e(pOPMAIIHEH, HEIPEPBIBHO OOHOBJIAS
JaHHBIE O CITOCOOHOCTH KOJIITIOOMHI'A COTPOTUBIIATBCS
JIOIIOJIHUTENBbHBIM Harpy3kam. Mojenb CoilLIFE 6b11a
paspadorana i komnanuy Dowell Schlumberger
(CTMRC, 2016). OHa paCCUUTHIBACT MTOBPEK/ICHHS,
HAaHOCHMBIE I'NOKOU TPYOE KAXKABIM IIMKJIOM CTUOAIOINX
HAI'Py30K, B 3aBUCHMOCTHU OT 3HAYEHHH BHYTPEHHETO
JAasneHus. [Ipy 3TOM IPOU3BOAUTCA PACYET OOIIETO
KOJIMYECTBA ITOBPEK/ICHU M HA OCHOBE 3TOI'O

JIEJIAETCS IIPOTHO3 O TOM, KOTI/IA TO/XKHA ITOSIBUTHCS
TepBas TpeuHa B Tpy6e. B mporiecce pacyeTon
Jle(bOpMaIIK BCETIA UBMEPSIINCH B KOJIBLIEBOM M1 OCEBOM
HANPABJICHUAX JIUISL CDABHEHU S AKKYMYIUPOBAHHOM
IUIACTUYECKOU 1e(POPMALIH, TIOyYAEMOMN IIPU
pHBHI/I‘-IHbIX 3HA4YCHUAX BHyTpCHHCI‘O AABJICHM .
ITporpaMmmHoe ob6ecreueHue Cycle 6p110 pa3paboTaHO

B 90-X rofiax NpoUIJIOro CTONIETH KOMITAaHHUEH NOwWSCO
U HUCIIOJIB30BAJIOCh UCKJIIOYHUTE/IBHO KOMITaHMEH Baker
Hughes Inc (TCC210, 2005).

Bce aTu MOjIe TN IPUHUMAIOT B KAYECTBE BXOAHBIX
apaMEeTPOB CIAEAYIONUE BETUYHUHBL: BHEITHUH JHAMETP
TUO6KON TPYOBI, TOMIIUHY €€ CTEHOK M MapKY IPOYHOCTH
CTaJIU, U3 KOTOPOH OHA CJIe/IaH4, 4 TAKXKE PATUYCHI
UCKPUBJIEHUS 6apabaHa U BEPTIIIOra, BHYTPEHHEE
JIaBJICHUE B TPyOE IIPU €€ CTUOAHNHN/Pasrudbanun. MimMes
B CBOEM PACIHOPSI)KEHUH BCE BBINIEIIEPEYNCIICHHbBIC
apaMeTPBI, IPOrPAMMBI CIIOCOOHBI PACCUYUTATD
HANPSKEHM S, BOZHUKAIONINE B OCEBOM, Pa/IUAIbBHOM
U KOJIBIIEBOM HAIIPABJICHUAX ITOCJIE KAXK/IOT'O AMU30/1a
CTU6aHUS/Pa3rubaHms. 3aTEM JICIACTCS OLICHKA
MOCTENEHHO HAPACTAIONINX YCTAJIOCTHBIX ITIOBPEXK/JCHUH
T'UO6KOH TPyOBbL.

HNCIIBITAHUSA THBKOU TPYBHI,
IPEJIHA3HAYEHHOM /1711 BYPEHU A

IIpu UCTIOSIB30BAHUH B OY POBBIX TPHUJIOKEHUSAX
rUOKasi TpyOa NOABEPTaCTCA AKCUATIBHBIM U
TOPCHOHHBIM HATPY3KaM B JJONIOJIHEHUE K CTUOAIONINM,
KOTOPBIE OOYCJIOBJIEHBI IPOXOXKIECHHUEM YEPES
BEPTJIIOT MU HAMATBIBAHUEM HA 6apabaH. 111 TOUHOr O
BOCIIPOU3BE/ICHUS TAKOI'O THUIA PA60T OOPA3IIbI
TPYyObI JOIKHBI TOABEPTATHCA BCEM 3TUM HATPY3KAM.
BocnpousseieHUE OCEBON HATPY3KHU HEOOXOUMO
B (popMe pACTSIKEHUS 111 CUMYIISALUN AKCUATIBHOMN
HArpy3KH, KOTOPO TPyHa OABEPraeTCs, Oy 1yun
IOABEIIEHHOI IIPHU CITYCKE B CKBAKUHY/IIOAbEME
U3 CKBAXKUHBL TaK:Ke BO3MOXXHO BOCIIPOU3BEICHUE
OCEBOU HAT'PY3KU B (POPME CHKATUSA IJIST CUMYIIALIUNA
HArPy3KH, KOTOPOY THOKAsA TPyHA ITOJBEPTAETCA B
CJIy4dae UCTIONb30BaHus cpasy 3a KHBK. Takoe cxxatue
OOYCIIOBIIEHO CO3JAHUEM TPYOOU HATPY3KH HA
JIOJIOTO B IIPOLECCE Oy PEHUSL.

during the 1990’s by the Nowsco and it is exclusively used
by Baker Hughes Inc (TCC210, 2005).

All these models have in common the next input
variables: outer diameter, wall thickness, and material
grade, bending radii of the reel and gooseneck, and
the internal pressure present during the bending and
straightening of the CT. Once having these variables, the
programs calculate the axial, hoop and radial stresses
after each bending event, having an estimation of the
incremental fatigue damage added to the CT.

COILED TUBING TESTING FOR DRILLING
APPLICATIONS

For drilling applications, the coiled tubing is subjected
to axial load and torsion additional to the bending loads
taking place at the well head as running through the
reel and gooseneck. To accurately replicate this kind of
operation the pipe samples have to be subjected to all
these existing loads. The axial load is important to the
applied in form of tension in order to simulate the axial
load this pipe suffers as it hangs in the well during RIH or
POOH and also, if this is the case, in compression if the
CT is used directly after the BHA to simulate the WOB
present during the drilling operation.

Torsion loads have to be applied as well to simulate the
torque induced by the drilling bit, which is represented
during the test as an alternating torsion, oscilating
between a minimum and a maximum value. This
simulation is performed using a novel test facility able
to apply all these possible loads on the coiled tubing
samples. This machine is presented in the next section.

NOVEL TEST FACILITY FOR COILED TUBINGS

A new test facility which is able to replicate the loads
involved during drilling operations, especially in deep
drilling, must be capable to apply axial load and torque
to the test sample. This new test machine can perform
not only the standard bending cycles with internal
pressure but also as a new test approach is presented
the intervention simulation test, in which the specimen
is fixed at both ends with the goal of being tested
against axial load and torque, also in the presence of
internal pressure. By this way, a complete coiled tubing
intervention can be reproduced, beginning with the
RIH, replicated by bending cycles with internal pressure,
followed by the intervention itself which is represented
by the axial load and torque, also under the presence of
the internal pressure, and ending with the POOH which
is represented once again by the bending cyles with
internal pressure.

All components of this new machine were designed
to make the load application as similar as possible to the
reality. The most critical part was to properly reproduce
the bending process. In the figure 2.a is shown the arc
support which replicates the path of the coiled tubing
through the reel and gooseneck, being this part where
the bending of the pipe takes place during the test. This
arc support has a curvature radius of 83”, and it was built
for the tests to be performed on coiled tubings having
an outer diameter of 2 3/8”. In the figure 2.b is shown
the straight support, which is placed on the other side
of the tube in order to avoid undesirable deformation
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TEXHOJIOI'MU

TOPCUOHHBIE HATPY3KU TAKXKE JOJKHEI
BOCIIPOU3BOAUTBLCH, TAK KAK CUMYJIUPYIOT HAJTUYHE
KPYTAIIETO MOMEHTA, UHAYITUPYEMOT'O JOJIOTOM. B
MPOLECCE TECTOB TAKHUE HATPY3KH PEATTHU3YIOTCA B BUZIE
3HAKOIIEPEMEHHOI'O KPYYE€HHU A, OCLIUJIIUPYIOMETO
MEXKJY MUHUMAJIbHBIM U MAKCUMAJIbHBIM 3HAYE€HUAMU.
Bce BrIIENIEPEYNCIIEHHBIE CUMYIAILIMUA IIPOU3BOAATCA
C HCIIOJIb30BAHUEM HOBEHIIIEH MCTIBITATEIbHOM
YCTAaHOBKH, KOTOPas CIIOCOOHA NOIBEPTATh TECTOBBIE
06pa31bl THOKUX TPYO BCEM ITOJOOHBIM HATPY3KaM (110
OTAEIBHOCTH UJIM OZHOBPEMEHHO). OTIMCAHNE TAKOM
YCTAHOBKHM OyJIET JAHO HUIKE.

HOBEWIIIA A1 YCTAHOBKA JIJII UCIIBITAHUSA
T'BKOM TPYBbI

HoBast uCnelTaTeNbHAS yCTAHOBKA, KOTOPAas CIIOCOOHA
BOCIIPOU3BOAUTD HAT'PY3KU, FEHEPUPYEMBIE ITPH
OYPOBBIX pabOTaX, OCOOEHHO MPU IITyOOKOM OyPEHUH,
JIOJI?KHA OBITh CIIOCOOHA MOJBEPraTh TECTOBLIE
06pa3LIbl AKCHATBHBIM U TOPCUOHHBIM HATPY3KaAM.
OnHUCHIBAEMASA B CTATHE HOBAS YCTAHOBKA MOXET HE
TOJBKO IPOBOAUTD CTAHJAPTHBIE HCIIBITAHUS IO,
BO3/JICCTBUEM ITUKJINYECKHUX CIHOAIONUX HATPY30K
Y1 BHYTPEHHETO JABJIEHUS, HO TAKXKE CIIOCOOHA
HCIIOJIb30BATh HOBBIH OJXOJ] K IPOBEJEHHUIO TECTOB. DT4
METOAWKA IPEAYCMATPUBACT (DUKCAITUIO OO6PA311a TPYOBI
C O60OUX KOHIIOB Y IPUMEHEHHNE OCEBBIX U TOPCUOHHBIX
HArPy30K B IPUCYTCTBUH BHYTPEHHETO IABJICHUSL.
Taxkum 06pa3oM, MOKHO ITOJTHOCTBIO BOCIIPOU3BECTH
MNPOLECC BHYTPUCKBAXKMHHBIX PA6OT C IPUMEHEHUEM
KOJNTIOOMHT A, HAYMHAA OT CITyCK4 B CKBAXKUHY
(crubaromye Harpy3Ky + BHyTPEHHEE JaBIECHUE), CAMOI
BHYTPUCKBAKUHHOH OIl€PaLU (OCEBLIE U TOPCUOHHBIE
HATPY3KH + BHYTPEHHEE NABJICHNE) U 3AKAHYUBAS
MHOJHATUEM U3 CKBAXKUHEI (OIATh CTUOAIONINE HATPY3KHU
+ BHYTPEHHEE JABJICHUE).

Bce KOMIIOHEHTHI HOBOI YCTAHOBKH OBLIH
CIIPOEKTUPOBAHBI TAKUM OOPA30M, YTOOBI TPUOIHU3UTD
IPOLECC TAOOPATOPHBIX UCIIBITAHUN K PEAJIbHBIM
CKBa>KMHHBIM YCJIOBUAM. CaMOI BAKHOU YaCTBIO ObLIO
NPAaBHJIBHOE BOCIIPOU3BEACHHUE IPOLIECCA CTUOAHUA
KONTIOOMHTA. Ha pUCYHKe 22 TOKA34H IyrOBOM
JIEPKATENb, KOTOPBIM BOCIIPOU3BOJUT ITyTh 'HOKOI
TPyOB! yepes 6apadaH u BepTIIIor. IMEHHO B JAHHONU
YACTH BBITOJHAETCS CIr'u6aHME TPYOb! B IIPOLIECCE
UCIIBITAHUN. JIepKaTeNb UMEET PAUyC KPUBU3HBI B
2,1 M ¥ IpEJHA3HAYEH JIJIS1 UCIIBITAHUS KOJITIOOMHTIA
BHEITHUM guaMeTpom 60,33 mM. Ha prcyHKe 2b rtokasaH
MIPAMOMU JIEPKATEIb, KOTOPBIN PACIIONATAETCA C APYTOit
CTOPOHBI TPyOBL. OH HYKEH /151 TOT'O, YTOOBI N36€KATh
HEKEIATENBbHOU JIe(pOPMALIUU TPYObL, BKJIIOUYAS
CY’KEHHE IMAMETPA, B IIPOLIECCE €€ PACTIPAMIIEHH .
PUCYHOK 2C IEMOHCTPUPYET MEXAHU3M JIJISI CTUOAHUS,
KOTOPBII HENMOCPEACTBEHHO OCYIIECTBIAET CTUOAHNE
U PACTIPAMIIEHUE TPYOBI ITyTEM IEPEAYU YCUIH.
I'bkas TpyOa paconaraeTcs MEXAy ABYMsI POJIUKAMU,
UMEIOIMUMH (POPMY TECTUPYEMOU TPYOBL, YTO IIOMOI'ACT
U30€XATh HEHYXHOU icpopManiuy 06pasia B TOUKAX
KOHTaKTa. HakoHen, Ha puc. 2d IpOJEMOHCTPUPOBAHBI
JIBE IUIACTUHBI, KOTOPBIE PACIIONATAIOTCA B CEPESUHE
CTEH/1A 11 (PUKCALIUU TPYOBL DTO IIO3BOJISACT U30E€KATD
JII0O0TO CMEMIEHN ST OTHOCHUTEIBHO OCEBOH ITO3UITNH.
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Pucynox 2 - Komnonenmaot ycmpoiicmea
ona czubanusn

Figure 2 — Components of the bending setup

of the pipe, such as necking, as it is straightened back
to its original position. Figure 2.c shows the bending
mechanism, which is the one transmitting the force to
bend and straighten the pipe. The coiled tubing is placed
between two pulleys having the form of the pipe to be
tested, helping to avoid unnecessary deformation of the
specimen in the contact points. Finally, the figure 2.d
shows two plates which are placed in the middle of the
frame to keep the pipe fixed avoiding any offset from its
axial position. One of the plates has a rounded form to
avoid stress concentrations in the specimen since this is
the place where the bending process begins.

In this frame, axial, torsion and bending loads are
applied by means of hydraulic cylinders. Figure 3 shows
the final test facility including these three cylinders.

PREPARATION FOR THE TESTS

For the first tests performed in this new facility, coiled
tubings with 2 3/8” of outer diameter were the biggest
pipes found, having a wall thickness of 0,224” and HS-80
as material grade. Before proceeding with the tests, the
outer diameter and wall thickness were measured in
several sections of the pipes to determine their ovality
and eccentricity and by this way confirm that the coiled
tubings had a proper manufacturing process and are in
good shape, avoiding the experimental tests to deliver
wrong results. Material and residual stress tests were also
performed on each specimen to confirm the material
had not suffered any previous deformation and that the
heat treatment during their manufacture was propetrly
performed. The material tests were done following the
ASTM E8-11 (2011) and the residual stress evaluation is
in accordance with the ASTM E1928-13 (2013) and CEN
ISO/TR 10400:2011(2011).

In order to determine and control the strain during the
test, straingauges were positioned on the pipe samples.
A maximum strain ranging in the 2% to 3% was present
during the application of the bending. A total of 4 sets of
strain gauges were positioned on each specimen.

Three of these sets were placed in the bending section
close to the area expected to failure. Each of these three
sets are formed by four strain gauges located in the same
transversal section and placed 90° from each other. The
last set of strain gauges was placed where no bending is



OnHa U3 IIACTUH UMEET 3aKPYITIEHHYIO (DOPMY JIIS
NPEJOTBPAIEHNA KOHIIEHTPAIIUN HAIIPSAKEHUN B
06paslie, MOCKOJIBbKY MMEHHO B 3TOM MECTE HAYMHAETCA
IPOLIECC CTUOAHUS KOJITIOOUHTA.

B gaHHOM CTEH/IE OCEBasA, TOPCUOHHAA U CrUO6AIomas
HATPY3KH OKA3BIBAIOTCS IIPU IMTOMOIIU TUPABINYECKUX
MJIMHAPOB. Ha puCYHKE 3 TTOKA3aHA UCIIBITATEIbHAA
YCTAHOBK4, BKJIIOYAIOIAs TPU BBIEYTTOMAHYTBIX
UINH/PA.

INOATOTOBKA
HNCIBITAHUN

J17151 IEPBBIX UCIBITAHUI
OBbLIH BBIOPAHBI OOPA3IIbI
TUOKUX TPYO JUAMETPOM
60,33 mMm. To/MIMHA UX
CTEHOK COCTABJISIIA 5,7 MM,
a Mapka crayuu — HS-
80.Ilepen Havyamom
HCIIBITAHWUH TOJIMHA
CTEHOK BCEX OOPA3LI0OB U UX
BHEITHUI JJUAMETP ObUIN U3MEPEHBDI JJI PA3/IMYHBIX
4acTeN TPYO. DTO OBLIO CAEIAHO /I ONPENEICHUS
OBAJIBHOCTH M 3KCLIEHTPUCUTETA TPYO, UTO, B CBOIO
ouepeb, HEOOXOUMO OBLIO JJ1s IOATBEPXKACHUA UX
COOTBETCTBHA 3ABOJICKUM JAHHBIM. B IPOTUBHOM CJTy4ae
3KCIEPUMEHTBI MOITIU 1ATh HEBEPHBIE PE3YJIBTATHIL.
HicripITaHUSA MAaTEPHUAIA U TECTBI HA OCTATOYHOE
HANPSKEHUE TAKXKE OBLIIN IIPOBEJEHBI JIJIS KAXK/IOTO
06pa3s1a, YTOO! yIOCTOBEPUTHCS B TOM, UTO OHU HE
OBLIH IPEXE NOABEPKEHDI Ie(POPMALINH, A TETVIOBASA
06pabOTKA B IPOLIECCE UX U3IOTOBJICHUS ObLIA
BBITIOJTHEHA JJOJIKHBIM OOPa30M. ICIIBITAHUS MaTEpHUAIa
KOJTIOOMHTA OBIIINA BBITIOJIHEHHBI ITO CTAHJAPTHBIM
MmetogukaM ASTM E8-11 (2011), a OLEHKH OCTATOYHBIX
HANPsKEHUA — 1o MeToguKaM ASTM E1928-13 (2013) u
CEN ISO/TR 10400:2011(2011).

[ n3amMepeHuii 1 MOHUTOPUHI'A MEXAHUYECKUX
HANPKEHUA OOPA3IOB B IIPOLIECCE UCITBITAHUI
H4 TPyOaX YCTAHABIUBAINUCH 1€(POPMALTIOHHBIE
MAaHOMETPBL. MaKCUMAIbHAA BEITMYNHA MEXAHUYECKUX
HANPAKEHUNA KOJIe6AIaCh B PariOHe 2—3% IIPU CTUOAHNUH
06pa3L0B. BCEro Ha Ka:xJJ0M 0Opa31e yCTAHABINBAJIOCh
4yeTsIpe (4) Habopa AePOPMAITUOHHBIX MAHOMETPOB.

Tpu (3) U3 HUX PA3MEILAINUCH B TOM 9aCTU 0OpPA311a,
KOTOpas MOABEPTATIACh CTUOAHUIO B OOIACTH, TIE
OOJIBIIIE BCET'O OXKUAIOCH ITOABJIEHNE TPEMUHEL B
KK/ bIH U3 3TUX TPeEX (3) Ha6OPOB BXOAWIIO I10 YETBIPE
4) 1epopMaLIIOHHBIX MAHOMETPA, PACIIOIOKEHHBIX
B IIPE/IEIAX OIHOT'O TIOIIEPEYHOI'O CEYEHUSI O6PA3ILa,
noa yioM B 90° npyr ot gpyra. ITocieaHui Habop
J1epOPMALTMOHHBIX MAHOMETPOB PACIIONATAJICS B YACTU
06pa31a, I7I€ HE IIPOUCXOAMIIO CTUOAHM . DTOT HAO0P
HCIIOIB30BAJICS JJI U3BMEPEHHSI OCEBBIX MEXAHUYECKUX
HANPSDKEHUH, BIHSHUS BHYTPEHHETO JJaBJICHUS, 4
TAKXE AePOPMALUU CIBUT'A, OOYCIOBIEHHON HATUYHEM
3HAKOIIEPEMEHHOI'O KPYUCHHUSL

HNCIIBITAHUA OBPA3IIOB U IX PE3YJIBTATDI

B 1aHHOM paszeie CTaTbU OyyT IPEACTABIECHDI
PE3YJIBTATEIL, IIOJIYYEHHBIE B IIPOLIECCE UCIIBITAHUN
06PAa31I0B KOJITIOOUHT 4.

taking place for measuring the axial strain, the effect of
the internal pressure and the shear strain caused by the
alternating torque.

EXPERIMENTAL TESTS AND RESULTS
In the following section of this paper the obtained
experimental results are presented.

Pucynox 3 - Hogasn ycmano6Ka 011 UCnbimanus 2U0Koi mpyos.
Figure 3 — The new coiled tubing test facility

Bending test with internal pressure

Before beginning with the new tests it was important
to guarantee that the machine is delivering reliable
results, reason why it was started with the standard
bending test with internal pressure to validate the test
results by comparing them with the existing prediction
models. For the bending tests, the coiled tubing samples
were subjected to 650 bar of internal pressure and they
were posteriorly cycled under cyclic bending forces
until failure. The tests stopped once leakage appeared
and the internal pressure was lost. Figure 4 shows the
moment after one of the specimens broke. The section of
maximum shear stress can be observed, product of the
combined loads: axial tension induced by the bending
cycles and high internal pressure.

In table 1 the experimental results of the first 5 bending
tests with internal pressure are shown.

Table 1 - Bending test results

Pipe Number CT1 | CT2 | CT3 | CT4 | CT5

Bending cycles to failure 55 52 | 49 50 50

An average of 51 cycles to failure were obtained, value
located between the existing mathematical models. The
existing models considered are Achilles with predicts
48 cycles to failure, Flexor-TU model with 52 cycles
and finally the Cycle model which predicts 54 cycles to
failure.

As shown in the figure 5, all pipes tested under bending
forces with internal pressure had a similar final state,
plastic deformation expected for this kind of test. In the
figures “5.a” and “5.b” is shown the increased ovality in
the pipe, which for these tests was around 10%. Picture
“5.c” shows the pipe plastically bent. Picture “5.d” shows
the ballooning effect in the pipe, where the diameter
increase close to the failure section can be observed.

After having determined that the machine is providing
reliable results, the intervention simulation tests taking
into account the additional loads (axial tension and
torsion) were performed.
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TecT Ha CTHOAHHE B IPUCYTCTBHH
BHYTPEHHETO JABJICHHUA

Ilepe/1 Ha9aJI0M HOBBIX UCIIBITAHUN BA’KHO GBIJIO
TAPaHTUPOBATD, YTO YCTAHOBKA JAET HAJICKHBIE
pe3YAbTATEL [I03TOMY OBLIIO PEMIEHO HAYATh CO
CTaH/IAPTHBIX TECTOB HA CI'UOAHNE B IPUCYTCTBUH
BHYTPEHHET'O JIABJICHUS, TAK KAK TAKNE PE3YIbTAThI
MO’KHO CPaBHUTb C YK€ UMECIOIIUMHUCS 151
CYLIECTBYIOINX MPOTHOCTUYECKUX MOJIETIET.
O6pas1bl THOKUX TPYO B pAMKAX TECTOB OJBEPraIHCh
BOB/ICHCTBUIO BHYTPEHHET'O JaBICHU B 65 MI1a, a
TAKKE [TUKJIMYECKIX CTUOAIONNX HATPY30K BIUIOTH
JIO0 HA4aJ14 YCTAJIOCTHOT'O PA3PYIIEHUS 0Opa310B. To
€CTb TECTBI HPEKPAIIAJIUCH, KAK TOJIBKO IOSIBJISIIIACH
TEYb U3 0OPA311Aa KOJITIOOWHIA M BHYTPEHHEE IABJICHUE
nazano. Ha pyucyHke 4 moka3aH MOMEHT, KOT/ZIa B
OJJHOM U3 OOPA310B NOSABUIACh CKBO3HAS TPEIIUHA.
O61aCTh MAKCUMAJIBHOTO CIBUTAIONICT'O HATIPSKCHUS
06pa3yeTCs B TOU YACTH, TIIE TEHEPUPYETCA OCEBOE
PaCTsKEHNE N3-32 LIUKJIOB CTUOAHUA/PA3rud6anms, a
TAKXKE JEUCTBYET BBICOKOE BHYTPEHHEE JJABJICHUE.

B Ta6nmuiie 1 moka3aHbl PE3yIbTAThI IIEPBIX ITSTH
(5) TeCTOB HA CTUOAHUE B IPUCYTCTBUHN BHYTPEHHETO
JIABJICHUSL.

Taoruya 1 — Pe3ynsmamst mecmos Ha
czubanue

Homep obpasia CT1 | CT2 | CT3 | CT4 | CT5

Yuco HUKIOB CruGaHus o

paspymeHus o6pasia 55 | 52 | 49 | 50 | 50

B cpegHeM 9UCIO UKIIOB 10 YCTAJIOCTHOTO
Pa3pyLIEHU PABHAJIOCH 51, 4TO XOPOLIO COITIACYETCA
C CyICCTBYIOIIMHU MATCMATUYCCKUMU MO/JCJISIMU.
Hanpumep, Mmozgens Achilles mporanosuposana 48
LJUKJIOB /IO YCTAJIOCTHOT'O PA3PYIIEHU 00Pa311a,
mogenb Flexor-TU — 52 nukia u mogens Cycle — 54
IIHUKJIA.

Kak 1moka3aHo Ha pUc. 5, BCE 0Opa31bl TIMOKHUX
TPyO, TECTUPOBABIINECS HA CTUOAHUE B IPUCYTCTBUH
BHYTPEHHETO JJABIEHU S, UMEIOT IOXOXKEE COCTOSHUE
TOCJIE UCIIBITAHUI. A UMEHHO: Y BCEX OOPa3110B
HAOIIONAETCA OXKUIAEMAs TNIACTUYECKAS Je(POpMal s,
CBOMCTBEHHA TAKOMY TUITYy UCIIBITAHUI. Ha prCcyHKax
5a ¥ 5b MOKAa3aHO YBETUYEHHNE OBAJIBHOCTHU TPYO,
KOTOPOE JIJI5 JAHHBIX UCIIBITAHUU COCTABHUIIO
OKOJIO 10%. PUCYHOK 5C IEMOHCTPUPYET IUIACTUYHO
neopMupoBaHHYIO TPYOy. PUCYyHOK 5d MOKa3bIBAET
3(pPEKT «B3AYTUA> TPYOBI, KOTJJA MOKHO HAOIOAATh
YBEIUYEHHE JUAMETPA 06pa31ia B OOJIACTHU OIN3KOH
YCTAJIOCTHOT'O PA3PYIIEHU.

Ilocie TOro Kak 6bUI0 MOTYYEHO MOATBEPKICHUE
HAACKHOCTU PEIYJIbTATOB I/ICHbITaHI/Iﬁ, IIPOBOJUMBIX
C IOMOIIBIO HOBO! YCTAHOBKH, ObLIN IIPOBECHDI
HCHBITAHU S, CHUMYJIMPYIONHE BHYTPHUCKBAKUHHbBIC
OIlEPALUH, IIPU BO3JEUCTBUHN JOIIOTHUTEIBHBIX
HAT'PY30K (OCEBOE PACTAKEHHUE U TOPCUOHHBIE
HAIPYy3KH).

HcipITAaHHUA IIPH BO3JECHCTBHH OCEBBIX

H TOPCHOHHBIX HATPY30K
B nporecce faHHBIX UCTIBITAHUN OOPa311bI
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Pucynox4 — Bausanue pacmaaxcenus
U 8bLCOKO20 BHYMPEHHE20 0ABNeHUA
Ha oOpa3ey

Figure 4 — Tension and bigh internal
Ppressure effect on the failure section

Intervention simulation test with axial load
and torsion

For these tests the coiled tubing samples were
subjected to a critical combined load state corresponding
to the 95% of their VME, simulating a demanding drilling
operation for the drillstring, in which the presence of
axial forces and torque with internal pressure are added,
alternated with the normal bending forces suffered
while RTH and POOH.

The internal pressure used for the tests was the same
650 bar used for the bending tests. The axial load was set
to 240 kN in tension, to simulate the tension suffered by
the pipe. A cyclic torque between 2000 N-m and 3000
N-m was continuously applied to simulate the induced
torque in the pipe coming from the drill bit.

Figure 6 shows the location of the combined loads in
the specimen s VME during the test.

Rotation of the coiled tubing was not allowed in
any of the tests. Before each set of bending cycles
it was checked that the specimen had not suffered
circumferential offset from its initial position, making
sure that the fibers initially located at the maximum
tension and maximum compression positions staid in
their places. If rotation occurred during the torsion test,
the specimen was always brought back to its original
position.

The results of these tests show a decrease of the fatigue
lifetime of the coiled tubing, where in average a total of
41 bending cycles were applied before failure took place.
Figure 7 shows the failure section of a specimen tested
under this load state. Additional deformation forms are
seen, having parts of the inner wall of the pipe twisted
forms on the maximum shear stress plane, showing
how the torsion has its share in the failure of the coiled
tubing.

As well as for the bending tests, the crack spreads from
the inner wall up to the outer wall until the fracture of
the specimen, despite that the maximum shear stress is
located at the outer walls. This means that the influence
of the hoop and radial stresses are more determining in
how the failure takes place. This effect can be seen in the
figure 7.



Pucynox 5 - Koneunoe cocmoanue
mecmupyemuoix 00Pa3u06 2uoKo mpyost

Figure 5 — Final state of the tested coiled
tubings

KOJITIOOHMHTA TOJIBEPTAJIMCh KDUTHUECKHUM
KOMOWHHPOBAHHBIM HAIPYy3KaM, KOTOPBIE
COOTBETCTBOBAIM 95% OT UX OIHOAIOMIEN ITO MU3eCy.
Taxum 06pa30M, MOAECTUPOBAIACH TPEOOBATEIBHAS
K KOJIOHHE TPy0 OIlepanus o OypeHUIO, KOTOPas
CONPOBOXK/AJIACH BO3JEUCTBUEM OCEBBIX U TOPCUOHHBIX
HATPy30K, BHYTPEHHETO JIABJICHUS, 4 TAKXKE
CTAH/IAPTHBIX CrUOAIONTUX/PA3TUOAIONINX HATPY3OK,
HOABJIAIONIUXCS IPU CITYCKE/TIO/bEME TPYOBIL.

3Ha4YeHME BHYTPEHHETO JIABJIEHH B IPOLIECCE
UCITBITAHUI HE OTIMYAJIOCH OT TAKOBOTO,
IPUMEHSABIIETOCA IJIST CTAHAAPTHBIX TECTOB HA
crubaHue, ¥ COCTABIIsIOo 65 MITa. OceBast HATPy3Ka
MIPUCYTCTBOBAJIA B BUJIE PACTSKEHUS C CUJION
240 xkH, cuMynupys T€M CaAMbIM PACTAKEHUE,
KOTOPOMY IIOZIBEPTAETCSA F'NOKAs TPyOa B IIPOLIECCE
KOJITIOOMHT'OBOTO 6ypeHus. LInKknmndeckas TOpCUOHHAA
HAIPy3Ka CO 3HAYEHMEM KPyTAIEero MoMmeHTa B 2000—
3000 H*M NOCTOSIHHO BO3/ICHCTBOBAIA HA OOPA31bI
JUIS TOT'O, YTOOBI UMUTHUPOBATH KPYTAIIIUI MOMEHT,
JEUCTBYIOMIUIT HA TPYOy CO CTOPOHBI 6YPOBOI'O AOIOTA.

Ha pucyHke 6 TOKa3aHO MECTOIIOIOKCHUE
KOMOMHHPOBAHHBIX HAIPY30K HAa OO6PA31IbI B TEPMUHAX
orubaroer no Musecy.

BpammeHune KOITIOOMHT A HE JONTYCKAI0Ch HU
B OJTHOM M3 TE€CTOB. [lepe] Kaxk/1bIM HA60POM 13
IJMKJIOB CTUOAHUS IIPOBEPSIJIOCH, YTO OOPA3EL] HE
CIBHUHYT OTHOCHUTEJIBHO CBOETO NIEPBOHAYATIBLHOTO
NOJOXEHUSL. TAKMM 06pa30M, I'APaHTUPOBAJIOCH, UTO
BOJIOKHA, IIEPBOHAYAJIBHO PACIIOJIOKEHHBIE B TOYKAX
M4KCHMAJIbHOI'O PACTSAKEHUS U CKATUSA, OCTABAINCH
B TEX XK€ No3nunugax. Ecim B ipornecce BO3AeNCTBUA
TOPCHUOHHOI HATPY3KH IPOUCXOANII IOBOPOT O6PA31id,
ruoKas Tpyba BCEr/ia BO3BPAIladCh B IEPBOHAYAIBHOE
TOJIOKEHUE.

Pesynbprarsl JAHHBIX UCIIBITAHUI IIOKA3bIBAIOT
CHMIKEHHUE YCTAJIOCTHOM JJONTOBEYHOCTHU
KOJITIOOMHI'A IO CPEJHETO 3HAYEHU B 41 IIUKII 1O
Ha4ajla yCTaJIOCTHBIX PA3PyIIeHUI. PUCYHOK 7
JEMOHCTPUPYET OO6PA3ELL, MOABEPITIIHUICH YCTATIOCTHBIM
PaspylLIEHUAM B IIPOLIECCE UCTIBITAHNI. Hanuo
HaJIMYUE JJOTTOTHUTEIBbHBIX BHJIOB JIe(DOPMAITHH.
YacTu BHyTPEHHEN CTEHKU TPYObI UMEIOT CKPYYEHHbBIE
(POPMBEI B IIJIOCKOCTU MAKCUMATBHOI'O CIBUTAIOIIETO

Lncation of the Loads in the ViME
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Pucynox 6 — Komounuposeannvie Hazpy3xKu
6 npouecce ucnvimanuii

Figure 6 — Combined loads during the tests
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Pucynox 7 — Koneunoe cocmosnnue oopasua
noce nposedeHuss uCnblmanuil

Figure 7 — Final state of the CT after the test

In figure 8 is shown the fatigue life of a coiled tubing
affected by the torsion compared to the test results of
the standard bending cycling with internal pressure
for a CT with an OD of 23/8”. It can be seen in the tests
performed how the torsion significantly affects the
fatigue life time of the coiled tubing in around 10%.

CONCLUSIONS

A unique test facility was designed and built to increase
the accuracy for the prediction of the fatigue lifetime of
coiled tubings. The analysis of additional forces like axial
load and torque acting on the specimens can provide a
more realistic combined load state suffered by tubulars
when subjected to different operations within the oil
and gas industry.

It is proven that the existing models are not
appropriate to predict the fatigue lifetime of coiled
tubings for demanding operations like deep drilling,
since it is a must to take into account the effect of the
axial load and the torsion on the pipe.

The fatigue life time of the coiled tubing is reduced in
around 10% due to the influence of torsional forces.

RECOMMENDATIONS

An extensive test program can be performed in which
coiled tubings of several sizes and material grades are
tested to create a new algorithm based on experimental
tests with the goal of creating a new mathematical
model which determines with high accuracy how the
fatigue life of coiled tubings is consumed under all the
contemplated loads.
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TEXHOJIOI'MU

HANPSDKEHUS, YTO IEMOHCTPUPYET BIHSIHUE
TOPCHOHHBIX HAIPY30K HA CHIDKEHHE YCTAJIOCTHOU
JIOJITOBEYHOCTHU KOJITIOOMHTA.

TaK ’Ke KaK U JJI1 TECTOB HA CTUO6AHUE, TPEIUHA,

K4K [IPABUJIO, PACIIPOCTPAHAETCA OT BHYTPEHHEN

JIO BHEIITHEN CTEHKU TPYOBI (ABIAETCSI CKBO3HON).
O6J1aCTb MAKCUMAJIBHOT'O CABUT'AIOMIETO HAIPSKEHU A
PACIIOJIOKEHA Y BHENTHUX CTEHOK TPYOBL DTO
O3HAYAET, YTO BIIMAHHUE KOJIBLIEBBIX U PA/TUAJIbHBIX
HANPSKEHUN SBIISETCS 60IIEE ONPEAEIAIONIUM B
IUIaHE OOPA30BAHUS YCTAJIOCTHBIX PA3PYIHIEHUN. DTOT
3P PEKT MOKHO HAOIIOIATH HA PUC. 7.

Ha pucyHKe 8 MOKa3aHO CPABHEHUE YCTATOCTHON
JIOJITOBEYHOCTH I'MOKOI TPYObI IPU BO3ACHCTBUU
TOPCHOHHBIX HATPY30K C PE3YIBTATAMU CTAHJAPTHBIX
TECTOB HA CTUOAHHUE B IPHUCYTCTBUU BHYTPEHHETO
JABJICHUS 1151 TUOKO TPYOBI friamMe TpoM 60,33 MM.
ITo pe3ynbTraTaM NUCOBITAHWUI BUTHO, YTO TOPCUOHHBIE
HATPY3KH 3HAYUTEBHO BIIUAIOT HA YCTAIOCTHYIO
JIOJITOBEYHOCTD KOJITIOOUHIA, CHUXKAS €€ IPUMEPHO
Ha 10%.

SAK/IIOYEHHUE

VHHKAIbHAS UCIIBITATEIbHAS YCTAHOBKA ObLIA
CIIPOEKTUPOBAHA U TIOCTPOEHA /151 OBBIIECHU
TOYHOCTH HIPOTHO30B YCTAIOCTHO JONTOBEYHOCTHU
KOJITIOOMHTA. BblI IPOBEJEH AHAINU3 BIUSHUSA
JIOTIOJIHUTEJIBHBIX HATPY30K, BKJIIOYAsI OCEBBIE U
TOPCHOHHBIE, HA TECTOBBIE OOPA3LIbL. DTO NO3BOIUT
00J1e€ PEATUCTUYHO OLIEHHUBATh KOMOUMHHUPOBAHHEBIE
HArPy3KH, KOTOPBIM MO BEPIralOTCS FTHOKUE TPYOBI IPU
OPOBEAEHUHU PA3JIMUYHBIX ONIEPALINH B HEPTErA30BOH
UHAYCTPUH.

JIOKa3aHO, 4TO CYMECTBYIOMINE MOJIE/IHN HE OAXONAT
JUIS IPOTHO3UPOBAHUSA YCTAJIOCTHOIM JJOJTOBEYHOCTHU
TUOKOH TPYOBI IIPU €€ UCIIOIb30BAHUU B TAKUX
Oonepanmgax, Kak INyooKoe OypeHHUE, TAK KaK
HEOOXOAUMO MPUHUMATb BO BHUMAaHHUE OCEBOE
pacTsKeHre TPyObl U TOPCUOHHBIE HATPY3KU HA HEE.

TTOKa3aHO, YTO U3-32 BIMAHUA TOPCUOHHBIX
HATPy30K YCTAJIOCTHAA IOJITOBEYHOCTD KOJITIOOMHTIA
CHMIKAETCA IpUMepPHO Ha 10%.

PEKOMEHIAIINHN

MOXHO NPOBECTHU OOIIUPHYIO IPOTPAMMY
UCIIBITAHUIH, B IPOLIECCE KOTOPBIX FTHOKUE TPYOBI
PAa3IUYHBIX PA3MEPOB, U3TOTOBJIECHHBIE U3 PA3JIMYHBIX
MAapOK CTaJH, OYAYT TECTUPOBATHCS C LIEJIBIO CO3/JaAHUS
HOBOT'O 2JITOPUTMA Ha OCHOBE 9KCIIEPUMEHTAIBHBIX
JIAaHHBIX. TaKas HOBAst MATEMATUYECKASI MOJIE/Ib
CMOXKET C BBICOKOU TOYHOCTBIO ONPEJEIATh CHHXKEHUE
YCTAJIOCTHOU JIOJITOBEYHOCTD KOJITIOOMHTA O]
BO3/JIEICTBUEM BCEX MPE/IIONATAEMBIX HATPY3OK.

BJIATOOJAPHOCTHA

Co31aHre HACTOSIIEH CTAThU CTAJIO BO3MOKHBIM
6naropaps (GMHAHCOBOM HOAJIEPKKE MUHUCTEPCTBA
HAYKH U KYJIbTYPbI 3eMIu HroxHsAsa CaKCOHUS,
T'epMmanUs, a TAKXKE NOAACPKKE KOMITaHUU Baker
Hughes B pamkax nporpammsl GEBO («f'eoTepmanbHas
3SHEPTUA U BBICOKOIIPOU3BOAUTEIBHOE OYPEHUE»).
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Pucynok 8 — Bauanue énemnezo onamnempa
2ubKoUL mpyosL HA ee YCMAaIOCHYI0
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Figure 8 — Effect of the OD on the CT fatigue life
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NOMENCLATURE
CT: Coiled tubing
OD: Outer diameter
BHA: Bottom hole assembly
RIH: Running in hole
POOH: Putting out of hole
WOB: Weight on bit
VME: Von Mises envelope
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