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system may utilize various devices, such as tubular members, within a well.
Typically, the tubular members are placed within the wellbore to provide structural
support, zonal isolation, and allow for communication between subterranean
formations and surface facilities. That is, the tubular members may provide flow
paths for formation fluids, such as hydrocarbons, within the wellbore and to facilities
located at the surface. As these tubular members are individual sections of pipes,
two or more tubular members may be joined together by threaded connections or
welds to provide this functionality within a well.

[0004] For the threaded connections, two distinct classifications are utilized,
which are APl (American Petroleum Institute) and premium connections. API
connections typically rely on entrapment of thread compound in the helical thread
paths to provide sealability. See U.S. Patent Nos. 5,411,301 and 5,212,885.
Alternatively, premium connections typically rely on a metal-to-metal seal formed by
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[0007] A second method for evaluating performance of a threaded connection
may include finite element analysis (FEA). FEA may assess the contact
characteristics of connection features (i.e. the metal-to-metal seals, threads, etc.) as
well as the stress-strain response of the threaded connection under varying load
conditions. While the FEA method is generally inexpensive and not time consuming,
assessing threaded connection performance based solely on computational criteria
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[0009] An example of this method includes the commercial use of an FEA
criteria to evaluate sealability in the United States in 2004. In this use, the sealability
criteria were developed from comparisons of seal versus leak behavior exhibited
during physical testing with behavior predicted by FEA. The FEA criteria were then
applied to FEA results from subsequent connection evaluations to assess load and
pressure combinations at which adequate sealability performance was expected.
These results were then placed into a database and used to make commercial

decisions about equipment purchases.
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SUMMARY

[0013] In one embodiment, a method associated with the evaluation of
performance limits of threaded connections is described. In this method,
constituents of an evaluation group of threaded connections are determined via
model analysis, wherein the evaluation group includes a first plurality of the threaded
connections and a second plurality of the threaded connections. Then, physical
testing on the first plurality of the threaded connections in the evaluation group is
conducted. Modeling analysis on the first plurality of threaded connections and the



4,962,579; and U. S. Patent No. 4,707,001. SUMVARY
[0013] In one enbodi nent, a nethod associated with the

werarostodon of performance limts of threaded PCT/US2006/044893

connections is described. In this nethod, constituents
of an evaluation group of thregled connections are
determ ned vi a nodel analysis, wherein the evaluation

grou includes a first plurali.t f the threade
SRR PR Sl s Re e PeoBIeS; MESLHl dkugpond pluralty
C&ﬁﬁ%’a‘db@'&%nn%ﬂl@ﬁs aﬂhMé’d ﬂ%lctamsteﬁé@ ®ndé1moﬂeIBStthe results from
nnections in

pl urallty of the t

Pogl hvi et T8 danaReTane. AOHTS ) Cardipered g sssess a

:ﬂ%rédté@d’tncp{aéﬁoﬁlh’laﬁw&e Fhctbh Feadd fiesp rplgrality oofs traaskied connections.
esecond p

SEeTor B AR RN EEEG (T s ISP oF 10, sese Plurality of

ChraRehl @&ﬁwe@ﬁ@&oénophblélmfowaﬁ@smﬁﬁis Anc eefimsdielbaded on this
the results fromthe sical testing and the nodeling

a%r%?%stvarpérfemacﬁéagf? assess a characteristic

performance factor for the first plurality of threaded
CMAAFt | 9Ren aﬁeﬁrénvé BRLEMHEAE taarhbBibl assuidted Wih e productlon of
actor is applied to the seconwﬁ{ ural jty of threade
W@WP%‘S gserives T, pisrmeinRad rﬁ\'ﬁ@aﬁfi’% aaeerFWéHO" group of
bﬁ‘r?@éiie@”cddﬁbétldhga%ﬁe% laStirs€ p@l&élﬁ)ﬂbﬂwmréﬁédoéonnectlons in the
[0014] In an alternative enhodi nent

L etian o BhY chastan RGBS, PR SRYe SCBIIRGS nythe evaluaton

d&l%ﬁb 2P dnaly2Hdsoy B itReling 4k arV iy el fivet pﬂﬁ\rahty of the threaded
eval uati on group of_ threaded connecti on

oY P GV RUaton o % S GO B e ARG fufar members

eyadddadd PR JaRERoRBAhS thiRaasd colrdctdrst lhsfélhrv*ghhé&ﬁtﬁﬁhr members
connections in the eval uatign rou a zed E

G Pt BRes: 967 §rosang Py aLRe THE SoTHNE AT T

t hreaded connections in the evaluation group are

physical ly tested; obtaining tubular nenbers based on

tr]tﬁ)ﬁaa' blﬁté%c%dtaferﬁémsa&ﬁao&memeq 'rﬁ’é’cﬁodléééb&ble'dnﬂnth the
e tubul ar mbers within a wel | bore: and producj

f evaiationrotrthisaded opopRatigS is SeRCHPotre The raethpg eméideﬁ fpopducting
@%FE%IL %étfﬁb NGY iV @rs€ 'HRQQI'ItVQﬂ' tthe 3hiBREEP GoRRSHiIGh&ti®GNn evaluation

e eval uation of threaded connections is
d@@@m pedorming: mastefiog anﬁl&ﬁlad&th@ofﬁahe'ﬁﬁﬁa' ghipaded connections

U 834 bN&cBRY Blufdifky? bf ﬂﬁ#éé’d@lﬂ'cbﬁn@:fttch@% thBrewar@flon group, wherein the

connections I n an eval uation grou performn

nereReind rjurality lof §1rgadsd ctqﬂéeﬁthnmar%n@r%yﬁwwﬁﬂﬁar ARRA]INg results
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for the first plurality of threaded connections, wherein the performance factor is at
least one of structural integrity factor, galling resistance factor, environmental
resistance factor, fatigue resistance factor and any combination thereof; applying the
performance factor to the second plurality of threaded connections; and defining the
performance limits based on this characteristic performance factor.



and a second plurality of threaded connections in the
eval uation group, wherein the second plurality of

W@ boogasioos connecti ons are not physically testerCT/US2006/044893

conparing results fromthe physical testing and the
nodel i ng anal ysis to assess a gt formance factor for
the first plurality of threaded connections, wherein
the performance factor is at |east one of structural
integrity factor, galling resistance factor,

envi ronnental resistance factor, fatigue resistance
factor and anBRIEFDESCRIPTION OFfTHEMRAWINGS e
performance factor to the second plurality of threaded

connections; and definj ngﬁ&he performance linmts based
ofPU1B]s Cher swreapingtand pErer ord¥aREgeE o2t Hie Bresept technique may

& %%}Q}Erg:u bH Wh@@éldm@&l@&taiﬂbﬁdés@ﬁ@mi 4 (M reference
ot her advantages of the present” techni que may becone

appthe drawingsin whielli ng the fol | owi ng detail ed

description and upon reference to the drawings in

e | 71, EIG 1 is,.an r 0 ' S ;
(o IR i o el EERET p iR SRt b cerain
t agtuttgofthe pfddehBlechtiqizes; 2A- 2B are exenpl ary vi ews of
two tubular nenbers utilized in the production system
of FIG 1 being coupled together wth tal -to-netal .
SEA1ST] 0GOS PRED 3% SesPy SIRHeA 1P| DR EREMogr lged i the
S BlREEid SRk 4RI Bé&%’&(ﬁfp_léd&ﬁ&&hér Wien a tridgal-to-metal seal;
production system of FlI 1 in accordance wi th aspects
of the present techniques; [0020] FIG 4 is an
ef@0nf]ar yFIS. dvisc baraxeoplanhdowveliattaef the pelectisssand use of tubular

utili.z n,the f C Gy 3 i C
ST de e oL 38 F JTRi 1T acRoREREE B fopecis of the
Fbfasebt teshriqgesaph of di fferent threaded connections

and an envel ope fornmed by the process of FIG 4 in
accordance with certain aspects of the present

t 602010 ueBIG. RS AnLeRmPESCRbW Ehak of G@2ajaluation ipeocess utilized in the
foll oM n |1 ed descripti h I.L : .

e ARG £ imbopatehii fihests 172 PEbhGechnigs; and
connection with its preferred enbodi nents. However, to

: Egﬁﬁgftn lf:lé?(tjrfgtls tahSrafpﬂl éfog\#fgl%np Trebddd cSihdctiond GRd fa'ncenvelope

formed by the process of FIG. 4 in accordance with certain aspects of the present

techniques.

DETAILED DESCRIPTION

[0022] In the following detailed description, the specific embodiments of the
present invention are described in connection with its preferred embodiments.
However, to the extent that the following description is specific to a particular
embodiment or a particular use of the present techniques, it is intended to be
illustrative only and merely provides a concise description of the exemplary
embodiments. Accordingly, the invention is not limited to the specific embodiments
described below, but rather; the invention includes all alternatives, modifications, and

equivalents falling within the true scope of the appended claims.
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[0025] The surface facility 102 is configured to monitor and produce
hydrocarbons from the subsurface formation 108. The surface facility 102 may
include storage tanks and/or processing vessels that are utilized to handle the
production of formation fluids, such as hydrocarbons. To access the production

intervals of the subsurface formation 108, the surface facility 102 is coupled to the
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surface casmg string 124, the intermediate or production casing string 126, which
may extend down to a depth near the subsurface formation 108, may be utilized to
provide support for walls of the wellbore 114. The surface and production casing
strings 124 and 126 may be cemented into a fixed position within the wellbore 114 to
further stabilize the wellbore 114. Within the surface and production casing strings
124 and 126, a production tubing string 128 may be utilized to provide flow paths
through the welibore 114 for hydrocarbons and other fluids. Sections of each of the
surface casing string 124, the production casing string 126 and/or the production
tubing string 128 may be joined or coupled with threaded connections, as discussed

above.
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208a and 208b may have netal -to-netal seal sections

207a and 207b. These netal -to-netal seal sections

28501209, FIZO 7, the neck portion 203a of the first tubular member 200a is
coupled with the notched portion 208b of the second tubular member 200b. The
tubular members 200a and 200b are coupled together by engaging the external
threads 204a with the internal threads 206b to form a threaded connection. The
seal, which is formed by the metal-to-metal seal sections 205a, 205b, 207a and
207b and threads 204a, 204b, 206a and 206b, may prevent leaks. Accordingly, by
utilizing the threaded connection, the tubular members 200a and 200b may be
secured together to form a continuous flow path within the wellbore 114, which may

also be utilized to stabilize the wellbore 114.
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pevefl prassucized fedenvaiacdteithjectiom duits ang coatainedswithin the tubular. The
sealability factor of the threaded connections is affected by, among other things, the
fluids being transported, temperature, pressure, tensile and compressive loads,
bending, surface finish, thread compound, base material properties, connection
geometry, make-up torque and other factors. Also, the sealability factor is influenced
by different conditions experienced during make-up, during placement into the
wellbore, and/or during production and injection cyclic loading. For these conditions,
manufacturing conditions include at least one of base material properties, surface '/
finish, feature dimensions and interferences between feétures, conditions during
assembly and installation of the threaded connection include at least one of make-up
torque, make-up speed and thread compound, and service conditions of the
threaded connection include at least one of temperature, pressure, tensile,
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include at least one of base material properties, surface finish, feature dimensions
and interferences between features, conditions during assembly and installation of
the threaded connection include at least one of make-up torque, make-up speed and
thread compound, and service conditions of the threaded connection include at least
one of temperature, pressure, tensile, compressive, bending and torsional loads.
Also, the galling resistance factor is influenced by different conditions experienced
during make-up, during placement into the wellbore, and/or during production and

injection cyclic loading.
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conditions experienced during make-up, during placement into the wellbore, and/or

during production and injection cyclic loading. For these conditions, manufacturing
conditions include at least one of base material properties, surface finish, feature
dimensions and interferences between features, conditions during assembly and
installation of the threaded connection include at least one of make-up torque, make-
up speed and thread compound, and service conditions of the threaded connection
include at least one of temperature, pressure, tensile, compressive, bending and
torsional loads. The life cycle of tubular members within a production system are
discussed further in FIG. 3.
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at the well location and expected service requirements. Tubular members for the
well may then be obtained based on the design and previous threaded connection
evaluation, as shown in block 308. It should be noted that the evaluation group may

be formed either prior to or after a specific application or oil field is identified.

[0039] Once the tubular members are obtained, the tubular members may be
installed into the well, as shown in block 310. The tubular members may be installed
as part of the drilling operations that are performed to drill the welibore 114. At block

312, the tubular members may be utilized to produce formation fluids, such as
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bé@caesit gfes dthea yatousn factersc @edemingnsomnedtine pefdrmance, which is
| eERULESYY iRRficexpect ed service requirenments. Tubul ar

menbers for the well may then be obtained based on the
desi gn and previous threaded connection eval uati on, as
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testing has been conducted is described. The process utilizes previously performed
physical testing of threaded connections as a basis for the evaluation. Results from
these physical tests and modeling analysis may be associated to form a group of
threaded connections. For instance, the results from physical tests for threaded
connections may be compared with sealability performance using a computationally
determined seala)bility calibration factor 'k'. With this method, specific threaded
connections may be physically tested and utilized to define a characterization factor
for other threaded connections. The threaded connections within the envelope or
defined group may be utilized without the expense or time generally utilized for
physical testing each threaded connection.



312, the tubular nmenbers may be utilized to produce
formation fluids, such ashydrocarbons, through the
wao aabsiosrenbers. The production of hydrocar boPGT/Ie2006/044893

i ncl ude coupling tubular nenbers together, coupling

tubul ar menbers to the tree 104,-and tools 136 to form
fluid fl ow paths through the vve??bore 114. These fluid

fl ow paths may al | ow hydrocarbons to be provided to
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t TS aRAVIF AR 1o sbfessRrTaE 4, 6" AiaronEnIAaST threaded
dedonnedtions obdliffpeant sizes Mfferént thread tiesigns oc eealtdebigns.t he

vari ous factors governi ng connecti on performance,

which is discussed in FIG 4. [0041] FIG 4 is an
rocess

e ry flow chart, of .th val uat i.on . o .
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Vikevd sighget 68 grolipIronh the dVatudtib@ Yrdipavhild @Rethar BiKdeE6Sgroup from
Si calpll\%- basEg determ nation of connection

f t he ph ! i

odis SVANRGED BERIP IR HIoh ey Sicaly stedk | 1he iAYSEeigsting may be

C @aAdted oh Sh@?&ﬁééﬁ@ﬁﬁeﬂbﬂst{iﬂ?ﬂ@?ﬁ tHe é*d'lu.t?eﬁﬁn géou to assess the
revi ous error ySi ca estin or . reade

P e o fiebRetie Gletarity e herdione, daqusing keadngls temperature,

f nioebd ooy, Suffate fifish, et@Neh BRPELiid Perfdlrlanté SharY¥tehstic, such

associ at eﬂ to fq%ré)rﬁ] a groug Ff. thr,eapled_ connections.

FGP PHutesHRR sqarbility s girydunal dptelysigdingt é%st'%a'?%_r ?“V'ronmen’fa'
t héfadﬁa@b 60FHGGE rsuistantRy 'Plfﬁets_@q:iﬁylairsﬁldg&\ﬂtstrhaf B@E@Hbﬂnhéob’based on
I'tor mance usin a conputatl ona / etermne " .
5 dest AP0y cBet HOQ I SPBFTE |IIdRRER, { (&S, n@@hotConnection
s Emeiubtién Progaded st Edition, ExxonMobil (2001) and “Petroleum and natural gas

industries — Procedures for testing casing and tubing connections," ISO 13679
(2002). Then, modeling analysis, such as FEA, is performed on the each of the
threaded connections in the evaluation group, as shown in block 408. The modeling
analysis may assess standard characteristics of the threaded connection design and
determine trends that impact threaded connection performance, such as stiffness,
seal contact and shoulder contact. For example, FEA modeling may be used to
calculate stress-strain response of features to applied boundary conditions or to
calculate contact pressure between features. This type of assessment may be
useful in verifying consistency among the threaded connections in the evaluation
group for a variety of performance characteristics that may include sealability,



connections may be physically tested and utilized to
define a characterization factor for other threaded

W@ ovnegdodons. The threaded connections withi n PEEUS2006/044893
envel ope or defined group may be utilized wthout the
expense or time generally utiliged for physica
testing each threaded connection.[0042] The fl ow chart

ns at bl ock 2. At bl ock 404 nstituents.o .
eitichiat e RE oA IR et oD SRk or or fatigue
d.%tsgfemb@,ed Constituents of the evaluation group may

i ncl ude threaded connections havi ng consi st ent
features, such as seal design (spherical or conical),
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menbe
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anong t hreaded connections of different sizes
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dent hysi cal testin performed on
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I'ONs bend tenperature
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R 52 g T AR L BRI e
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ARl bASOR) EAt BAT AL A e BaPg ck o.
C HABRdalded Tonndatith 1s36fkcted to leak. Accordingly, the process ends at block
418. '

[0045] Although finite element analysis (FEA) is utilized for each threaded
connection to determine performance, only a limited number threaded connections
with similar design and material properties are physically evaluated to assess
performance for a larger grouping or range of threaded connections in a given
evaluation group. Additional modeling may also be performed on thehphysically
tested connections to capture details of the evaluation and testing programs, such as

unique path dependent behavior. This data from the test programs may be used to



(2002). Then, nodeling analysis, such as FEA, is
perfornmed on the each of the threaded connections in
W b@7es@btiat i on group, as shown in block 408. AEEUS2006/044893
nodel i ng anal ysis nay assess standard characteristics
of the threaded connection design.and determ ne trends
that inpact threaded connection performance, such as
cont act houl der contact For
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assessed. This assessnent may involve estimating a
value for the characteristic performance factor. For
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the seal ability factor, a value is estinat
WTuR PRESE & B tRTBFESSSOfHY Fo Bhissacsatdanee y@él cerbm aspects of the

b@l’&‘dﬂﬂ\f@bﬁmq@lé‘ eInFI &) 8 Chtreddiel %oﬁW&%Bﬁ‘seﬁb%%b%Qr mERABers having an
Then, (51 hysi cal test results are conpare th the

nOHter i e ere(OD)Fl‘_.SRfl fregu R348 fipgh () ttei @ in is shown against the
I HEKRREHOH S0EintthE ?&H\e&“ aF%r@Eﬁ ‘Effgoﬂ?thf r%{;\? 5SU aéﬁja}all.%rﬁon group

group, as shown in bl ock
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Camsilgy @ér‘id?}% ﬂo?htﬁ trhé%;&ﬂrlwtg i eooulnfia IL% At§ %Hh irséﬁ ssnted by

not sinlar, e outs
r Kiggaulag IsbaBed | arks), tO}utlﬁlmJgt pmlniss5ika(mesembcagm nurounar shaped

OB 40 ek o b3 e 9 et B W, Tre
pbtvdrmtaryapmetsfm& formi an awdlw;mdmmtlﬁadbﬁﬁés thBethidaied @8fnections,
Sﬁ@l\%ﬁ%%tsq%ﬁ]&igreg%l%g fcg]r%e Pees,%gct vgya?olpl(l:cantllox tested, as
[0047] Under the present techniques, physical testing is performed on
representative constituents of the threaded connection family to capture the range of
sealability performance of the threaded connection design within the given material
property range. For this example, an evaluatibn group is determined and physical
tests are performed on the threaded connections represented by the boundary points
508. Then, FEAs are performed on each of the threaded connections to evaluate
the seal and shoulder contact trends associated with the evaluation group. From the
FEA analysis, eight threaded connections, which are the outlying points 512, are
determined to have performance that is not fully described by the eighf threaded



This may be done by perform ng additional FEA and
calculating the sealability factor for various |oad

w@e ovhios@bs ons. For | oad conbi nations wi th seal BOI/U51096/044893
factor above the value determined in block 410, the
t hreaded connection is expecteqgto seal. For | oad
conbi nations with sealability factor | ess than the

val ue determ ned in block 410, .the th ded .
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tmoglél@étbplbf@ﬁh%éﬁiﬂéhhtglf%ﬁﬁ?fs i ncl udi ng t hr eaded
connections of simlar geonetries and/or threaded
connections exhibiting sim|lar performance
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orrrance for tested and unt ested
cdihaEIst thersealabdihefaictor &f the, phyrisallystestesl thrgaded connections is utilized
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ing a ntity t
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nbers ving an outer
dicanmgation @RS de4mined mmpat/aaomailu hithitie scfajabllltv fagtey.
shown agai nst the thickness/OD 502 in the formof a
graph 500. In this graph 500, an eval uation group
[0050] In addition to a single envelope 506, the evaluation group may include

threaded connections in multiple envelopes or with individual threaded connections.
For example, an evaluation group may include a first plurality (i.e., group) of
threaded connections and a second plurality of threaded connections. The first and
second groups may be formed into an envelope based on connection geometry to
define the evaluation group. Alternatively, the first and second groups may be
formed into a plurality of envelopes based on connection geometry to define the
evaluation group. In another embodiment, the first and second groups are formed:
from an envelope with a portion of the second group of threaded connections falling
outside the geometric bounds defined by the first group of threaded connections. As



of threaded connections includes fifty-two threaded
connections, which each have simlar features and are
w@ooopos@es of simlar carbon steel (i.e., fromBEIBUS®06/044893

C95, which enconpasses four grades). Each of these
i ndi vidual threaded connectionsids shown by various
poi nts These points include boundary points 508
(r sent ed@l angul ar shaped marks), outly ?
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the thresholds for the respectlve application. [0047]
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nodi fication to the sealability factor. [0049] Once
the adjustnents have been nade to the sealability

wo 2086998t s applied to the renaining thirtyPGI/KS2006/044893
t hreaded connections in the evaluation group. That is,
the sealability factor of the_ppysically tested
t hreaded connections is utilized with the standardi zed
FEA to assign sealability performance limts for the
remai ni ng untested threaded c ons in the
eval uation group. The result of this analysis is one
h‘b"ﬁ'\% At.y-si X threaded connections wth
sea g%ﬁ@@éag%rf ormance. In determning this result,
only eight threaded connections were subjected to
physi cAlmethed aassapinted Wikethgep\ahialiam ok p@ffJOTWCtee'Wfsn?fn@readed
ORSh e iHEbniirising: € ght threaded connections was

determ ned conputationally with the sealability

fact or gefeARRNg ddhsitdehts @ ant svaflialbm grctipesiuateded ebnections via
t he eval uati on Er oug’ ‘rraywl ncl ude t hreaded connecti ans
§iSor

d .
in multipl emMosekiasg harelR heaeValuatian gFewW, gomPrises a first
connect i ons puFAty SX MNP ifteadtdti ¥HdBdrisOBNd ROBEcaMEYplurality of the
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connect i onstrupedesd GREBHIPNSI ural ity of threaded

connecthiRting PRydidal EdstiAdion SRCMBICHIGHEM RS tHEWird2@iell @bmmsttions in
into an envelope based on connection geonetry to

define the &ef\@HAUOR IGup. Al ternatively, the first

and Seg@ﬁ&nﬁﬁé’%eﬁb’ aA8ly&ieTdethel fitsOpRrdlityu bR trréadedfl connections
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first groupggfedshs e&&%&é}%ﬂé‘gﬁ'ﬂbﬂﬁénce%@td‘rif@ahhe first plurality of
exanple, the first and second groups are fornmed into a

plurality ofhreaded eRwscliinéh a portion of the second

group ghyApefdeensapeasic paSorhinkte Mactertsi e $dvend plurality of
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t hr eaded coffifeadeberneciS13"%urt her, as noted above,

di f f er gBfinic@hE NMridPMan&d litits 1sdian agt eis Sdhafacteristic performance
performance factors may be utilized. For instance, the

seal abilityfadetor and gal ling resistance factor may
be utilized individually on the sanme eval uati on group.
This type of evaluation may be perforned in a manner

. e
s2mi | arl hegnetheddpfselaiss iTonhershy e eyaliatiop HroYR SOMPLSeR; (hreaded
b%oﬁﬁ’é(}%ﬁ‘seﬁa\iiﬁ’g Exfdidisla retfiegr ent threaded connections
that do

3. The method of claim 2 wherein the consistent features comprise at least one
of seal design, thread design, shoulder location and any combination thereof over a

defined range.

4, The method of claim 1 wherein the evaluation group comprises threaded

connections exhibiting consistent performance characteristics.



not satisfy both factors. Accordingly, based on this

approach, two, three, four or nore factors nay be
waieioziogees t oget her for certain eval uations. [ OBPSRS1006/044893

addition to the discussion above, it should be noted

that tubul ar nenbers nmay have _d%f_erent appear ances

than presented in FIGs. 2A-2B. ese di fferences nmay

i ncluded, but are not limted to, |ocation and

gednet riieometnichet Eirigh 4 whersinethe eansistans p§€armance characteristics

shsympiiges at Be&ashe of@ﬁéchahf&aﬁ@gbéris@ o aﬁﬁ\%dll 8onse of contact

mechani sm may occur via coupl er or ot her P, e
c OHPRIG S shangessinchechanient leadince rasdt resleenser efscomigct sessure to

W'\Iahb@s ;nlgﬁe_%g,ggﬁd,ggng he present techni ques. [0053]
Wil e the present techniques of the invention may be
susceptible to various nodifications and alternative

f og s, TH@n@ﬂ%@loﬁrdélrﬁ @%Héﬂ?gﬁp% ﬂ?rﬁﬁ&sﬁl@dﬁrﬁpgl{@a @?\6? threaded

been shovvn by wa exa wever, 1t
beCONRRREIEE G th?aﬁe‘fqlﬂ’é‘ Plntivaélm pbmrreedewbponmﬂoén@@mtooarb@nvelope

| igEsb&en tc@nr‘ié@:ﬁoﬁ@é&ﬂnﬁw ﬁfdém@(?ﬁ%%aﬁloqg?&dpﬁsed

herei n. I ndeed, the present techniques
i nvention are to cover all nodifications, equivalents,
arfd al tidenBnetiasss of glaimnt qmr’donslngtﬂqcsmgguthetflra‘rnalusaimp@f threaded

Ofcohh’@ctlbﬂy eal?ﬁ' ﬂ’\% @écoﬂ@f ;l‘al bbff {H?Sald‘egl &&We@@od%o e e Piurality of

cl ai ns. IS C

aﬁ‘&%‘%@%’@?%ﬁm %W@e@tmlmme@u t@ﬂefp@rth@ eralbiation group.s
of threaded connections conprising: determ ning
constituents of an eval uation group of threaded

cShnectlifeniethod abelaim ah£oywrising \faeriag rthe Hissteplaraligt ob threaded
9rBHRe ¢8RP éhéﬁﬁe gcbhd Ehrﬂllt)%fathﬂeta)ﬂe@fz?ﬁrié%tléﬁﬁ gag'p?velope with a

connections and a second ural l
c ARABEL9f dhe seeansiirletality of ﬁﬁ@gd@@ponr@gtwrﬁgfawng toitside thetgeometric

p'tkb[uﬁd!é detinRll bl iRe FilkE s@%@ &rqms&éci Brhebtib

eval uation group; pertorring nodeling ana yS| s on the
first plurality of threaded connections and the second
plCur al iThg Bethorr ehglalin cb saBetision Sorming rtaé rfirsthplusadityonfl threaded

p'cHﬁﬁédtan{s @hd HAECRHI GANBRG biOMTeddcl QtneBibR AR WY plurality of

t est ed
envelopes with a portion of the second plurality of threaded connections falling

outside the geometric bounds defined by the first plurality of threaded connections.

10. The method of claim 1 wherein the modeling analysis comprises finite
element analysis.

11. The method of claim 10 wherein the finite element analysis comprises at least
one of calculating stress-strain response of features to applied boundary conditions,
calculating contact pressure between features, and calculating strains at the
surfaces of features.

12. The method of claim 1 wherein the evaluation group of threaded connections
comprises threaded connections between tubular members utilized in producing
hydrocarbons.



conparing results fromthe physical testing and the
nodel i ng analysis to assess a characteristic

wpeeofosdyesice factor for the first plurality ofpPehUsmdee4893
connections; applying the characteristic performance
factor to the second plurality2®»t threaded
connections, and defining the performance Iimts based
on this characteristic performapce factor. 2. .The
T8 hod it MEROrAT Eaich EhaTer e 20u CrlLTOR0 gpBRgees atleast one of
CAHRS-US Bhd! bregreat ta@i nendibro 86 chapigagion dbSairertests, collapse or
f eat ures. e met hod of c

3. Th ot i.m, 2 whergi.n the .
oSt (eeton idHEaPRARIE Gy A5 8RB S8 oSS teitsy bending tests,
d@SirsH ,yéliﬁ@%é tH&MBGueridhasbler | ocation and any
conmbi nation thereof over a defined range. 4. The

nmet hod of claim 1 wherein the eval uation group

CONPri g hbtheaded amnecivhersn axdi thdradigristionpedérenance factor
performance characteristics.5. The nmethod of claim4
WPRSPRIISES @realabiiyl ©ElORt per f or mance characteristics

conprises at | east one of nechanical response to

appl i ed | oads, respon f coptact pressure .t h e

| o -mecHamMeIod BeRRY 14 AT Mol BisH dg fefined < How wel
p?r%%&iﬂz@d lrEserddil OURjeRBHEALGS BrNebntditatbwitifin ththreaeied @dnnection
of claim1 co risiqg formng the first plurality of

t formad Y twe HbeE( | &4%d the second plurality of

t hreaded connections into an envel ope based on
connection geonetry to define the evalug%wﬁgf rLOup

| s
THe el Rddmethod é’ifﬁ?'i'”b&?pr"i’ &g 6 A Gtor 1S based on

Phishfaltying| cbhvitstdedofpRingt bonsasindné hef seefacel finish, feature
plurality of threaded connections into a plurality of

eAEngions apd duer RN e RFENEF bIFHEShet ry to define the
eval uation group. 8. The nethod of claim 1 conprising
formng the first plurality of thr d.connecti ons .
aRE  ndne awdies B SR 1o STeit RSP D IFGR I BHESY 7 gonditons
aRufiy SRR YRN8t 8tidn Sth® thrédedsemasectionl, bormpbiidiyg af least one
t hreaded connections fallj n%p\F\Ut giclge t he, geonetric

I

belmake-HeoraEe: BIke e Spggdsan FPOYRY-t hr eaded

connecti ons.

18. The method of claim 15 wherein the sealability factor is based on the service
" conditions of the threaded connection comprising at least one of temperature,

pressure, tensile, compressive, bending and torsional loads.

19. The method of claim 15 wherein the sealability factor is based on the fluids

being transported through the tubular members.

20. The method of claim 1 wherein the characteristic performance factor

comprises a structural integrity factor.

21.  The method of claim 20 wherein the structural integrity factor is defined as

how well applied loads are distributed among threaded connection features.



9. The method of claim 1l conprising formng the first
plurality of threaded connections and the second

w@bkwragdony of threaded connections into a pl ureCT/U§2006/044893

envel opes with a portion of the second plurality of
t hreaded connections falling ogB8side the geonetric
bounds defined by the first plurality of threaded

connectjons. 10..The t hod of, cl ai r e .

COher e HS BatngLot HE e BGe t S AL b T i besed on

1hanUfaetuing heshdiions | eompristhgwaereast oree df i imasee nelteriak raroperties,
i i ses at .| east

I S. , f | at |
PR TGisha SR GBS B P Bo T B BB indar y
condi tions, calculating contact pressure between
£ €3¢ ur 56 righod AL L HIRBFeR Lient kel B b ERr S based on

evaditRink Qurigl§ Gisgemblyt drideiadiriiatioansfethé ittreadexb nprriestion, comprising

| A e P e o e At B uttig, 1°°

wherein the physical testing conprises at |east one of
make- up and br -out . rests ension Qr .cC I

{31 ur She axand BhrRanet RBpeby b e A0 I FT 5 € Baddk on the
seahibi lcbhditishs OfS tiseathadzided t yorirestion Earhprigirey tatisteast one of
bendi ng tests, thermal cycling and ther en

¢ ESRRSTRtEE, PISRSUifo e ST S LOARE e oo el ocs.
characteristic performnce factor conprises a

sealability factor. 15. The nethod of clai.m 14 [e]

t Ke seghﬁbhemoﬂ PhEAM il ?'ﬁe@’%éﬂ%@ﬂﬁ'ﬁ bettBih&icd factor
PEempliddsZLgallirRsReistince @actom] ection fluids are

contained within the threaded connection fornmed by two

tubul ar nmenbers. 16. The method of claim15 wherein
t hg. seghabhéthby of adiar2s shbesetheogalliraneisistaneeifagior is defined as

condi tions_conprisin t .least one of surface. finis .

r Bavin Brisendporoeats  Erra BiBe sRRER rusRifiomecton
1¥eatdee. met hod of claim 15 wherein the sealability

factor is based on conditions during assenbly and
installation of the threaded connection, conprising at

| east qme Mbthaake- digint 26 Giereimake gafling pesistaacel fadtoreiscbased on
C?n%%ya%gdring conditions comprising at least one of base material properties,

surface finish, feature dimensions and interferences between features.

28. The method of claim 26 wherein the galling resistance factor is based on
conditions during assembly and installation of the threaded connection, comprising

at least one of make-up torque, make-up speed and thread compound.

29.  The method of claim 26 wherein the galling resistance factor is based on the
service conditions of the threaded connection comprising at least one of

temperature, pressure, tensile, compressive, bending and torsional loads.

30. The method of claim 1 wherein the characteristic performance factor

comprises a fatigue resistance factor.



18. The nmethod of claim 15 wherein the sealability
factor is based on the service conditions of the
W@ boogagioes connecti on conprising at | east one 0PCT/US2006/044893
tenperature, pressure, tensile, conpressive, bending
and torsional |oads. 19. The mpabod of claim15
wherein the sealability factor is based on the fluids
bei ng trans orted thr

nethod! ¥ MS d,ﬁflclmsg%qrﬂg ti&%gql{ngg? é‘??lg?p%e ’fac%or is de?ned as

PdvE WEMMBYUHE IdaRfHgaE eA@UITRE ibg Esatdres of thetthreabied Bbm@ctiory
factor. 21. The method of claim20 wherein the

structural integrity factor is defined as how wel |

agnl | ethd aRMSoRbE cRing 131 Whérer t&ﬁﬁémdé‘lfamﬂbe factor is based on
connection features. 22. The

WRERERAUERG CONAteRS rCaMArisNggA ﬁ%ps? an’teoro ab;ssagmg\&engh properties,

naHecatihidhi RENEOOTMdNIsRNG 8@ MEf&ENgEsdicthessieatunes. of
base material properties, surface finish, feature

di mensi ons and i nterferences between featur es. 23. The

?@3 POdTKRi, ngétl%cgbﬂ c[blrﬂ\mf\?héketnhtge%ﬁgué tesitarigat ﬁgfor tiy based on
actor is based on conditi.o ur.in SS

 SECHonBHBRS GeSTMEy A dEHIBIPER AR ﬂadeeg’ ?f%meg cgprising

| a84st ORE 0P makBliP-tbiRUE OMEKEUp BPdR! A tﬁﬁaﬁd:oamuhmr ead

conpound. 24. The nethod of claim2 1 wherein the

structural integrity factor is based on the service

candi t TR tefiodt Sreldifn BawRste MRS etigue I’ﬂeﬂﬁtﬁi@d&é fictvy isibased on the
| east one of tenperat [ressure, tensi

lepgsgq>%tlon‘§erq H’G g{ﬁr@ag Smmgpthrbaqygnpn?@g -ﬁjieleast one of

NRhipReatofe, ledbifeltaMais, Rbmptdigive Nesriigedridabistonal loads.
performance factor conprises a galling resistance

factor. 26. The nmethod of claim25 wherein the galling
i st Ofg | efyi W, f
rss "flﬁéliemgﬁ'a%%i bf | Faifth 1 Qf?\@ dé?tf] e c%é&teﬁé{fcbﬁﬁﬁormance factor

damage rictional g I's endured

t boropithed ancavisenmental registanesd fackor.  The net hod of claim

26 wherein the galling resistance factor is based on

manuf acturing condi tions conprising at |east one

b&@e mibermethoprafpelein &5, whareimdee fqnmr@]merft@lafegﬁ#séance factor is

%‘Fﬁ-]%g'é%% {R/Qn 'ag%ﬁ‘efdf lSé@éq&r?theQGﬁéﬁﬁ%ﬂeés%@ta%ﬁesﬁran%&lremﬁdled by

ai m wherein t resi stance
f teatuwes pEthp dlyeadeshcamediian ipitke ﬂr@sem@ SHAYSFSLShfpnvironment.
installation of the threaded connection, conprising

37. The method of claim 35 wherein the environmental resistance factor is based
on manufacturing conditions comprising at least one of base material properties,

surface finish, feature dimensions or interferences between features.

38. The method of claim 35 wherein the environmental resistance factor is based
on conditions during assembly and installation of the threaded connection,

comprising at least one of make-up torque, make-up speed or thread compound.

39. The method of claim 35 wherein the environmental resistance factor is based
on the service conditions of the threaded connection comprising at least one of in-
situ fluid composition, produced fluid composition, temperature, pressure, tensile,

compressive, bending or torsional loads.



at | east one of nake-up torque, nmake-up speed and
thread conpound. 29. The nethod of claim 26 wherein

W b@708d998 ng resi stance factor is based on t hePGEUS100€044893

conditions of the threaded connection conprising at
| east one of tenperature, pressgre, tensile,
conpressive, bending and torsional |oads. 30. The
met hod of claim 1l wherein the characteristic

P& or Ararriod agsosiatedoiipt he @soducrion Pfd‘dé’f?%‘?%lsaﬁ?w's'”g
factor.3 1. The met hod of cl 3 the f
resi st eipiating cam revaliagien i%%‘tPai’S’gn th@\ﬁﬁg\glr‘?%ng?@ﬂ%é Bhefbt a fist

| Qadiin g%f'tﬁ’e ﬁ]rr‘é’éﬂ'e@%ohﬁeéﬂ%ﬁé WY 188 eQAlukitgh §roupaded second plurality of
conne t1on . The nmethod of claim3 wherein t

f tarqagied oeiraionR e MEYIHAIO8 FaeaHAY byt B JP99RIng analysis
CQrﬁHjioBIyOcﬂé fl?éi"ﬂ?uﬂaﬁ’tyrtg tRé thredddd esthefiorizamenarivaluatidn group are

properties, surface finish, feature dinensions and
i physically testess bet ween features. 33. The nethod of

cl ai m FoihinMe tabilat MeerhBérs JB8sdde DS twn Cevalatibar of she threaded
based on conditions during assenbly and installation

ofonnestiens; eaded connection, conprising at |east one of

make- Umsiaﬂrngtiﬁe td&l&?rﬁ&?n&éﬁ@ﬁﬂh:ﬂradmélmbfsadneonpound 34,
The nethod of claim3 1 wherein the fat ue resi st ance

f act or Prosiuping ermsion feids &Py the WRWATINEBAYSof t he

t hreaded connection conprising at | east one of
tenperature, pressure, tensile, conpressive, bending

apg t offk qRaiholiOgFd8iaind 20 Whereiretieodvalliatgata evalbatioai group of
the characteristic performance factor conprises an

eHveadadRORNEFIIONE SPEWHRRS: factor. 36. The nethod of
claim 35 wherein the envi ronnentaglaar esi st.ance, facto

i s def dﬁ@ﬂnw%m%pptsa?jrﬁq evply gragpvia nogel gﬁ?lyms wherein

stresses an%estewamaﬁorargeodpafa&hpﬂisel@ytrfeeatswrmawﬁy tththe threaded
t hreaded connection in t

envi r onnent cogqectlw,%alﬁ%ﬂﬁé&c%dg gl %%éh%\mée?%{eﬁ cioHréectlons

envi r oRpRdlichg RIS adxting b irst ﬁunbﬂfy&ﬂ ttnthreaded connections;
manuf act uri ng condi ti ons co

base MREEPITNG SPRRSEPG 388! ysggﬂ Igieeﬂg Mﬂ fsgi?r gg%e%f connections

di nensi ons @hgithé §éé&ﬂqdmmy e thresied @ahucties, BBereifittbe second
met hod of claim35 wherein the environne

resi stance 4@y of @r%gd’oﬁ?ﬁ%@%?ﬁ% Hmcﬁllxéested
assenbloyn@Bfng RedMs! MémoRe Gdhytitel tdatitpded thermeddlingranalysis to

gggga' 2} n? h%g%GQEM%gﬁstuﬁgeeﬁor altlger u?dr 57 ktﬁeq‘Pst plurality of
threaded connections;
applying the characteristic performance factor to the second plurality of
threaded connections, and
defining the performance limits based on the characteristic performance

factor.

42. The method of claim 41 wherein the evaluation group comprises threaded

connections having consistent features.

43. The method of claim 42 wherein the consistent features comprise at least
one of seal design, thread design, shoulder location and any combination thereof

over a defined range.



39. The nethod of claim 35 wherein the environnent al

resi stance factor is based on the service conditions
w@boorlgsovdhr eaded connecti on conpri sing at | easPCDOR2006/044893

insitu fluid conposition, produced fluid conposition,

tenperature, pressure, tensile,ogonpressive, bending

or torsional |oads.40. A nethodzassociated wWth the

productj on of Hydrocarbons conpri si ng: eval uating an

eVt uat iNEnMgiod°Toslaih A& ahieseie Shm sveltiainn, avaverempriges threaded

f idoRhedtloHs ekh|buyng>toriJ&eﬁtfﬁeﬁaﬁﬁ%c@%a%@r@ﬂ& in the
eval uation group and a second plurality of threaded

connections in the evaluation group are anal yzed by a

magel | Nheamatiedi o G’Péiﬂ Myelehtttnkl donbiskint bahbinYarRE dhaBacteristics
t hr eaded connect| ons in the evaluation group are

pIfPEIPESES 9t leasong of sichpRiclgesharse ie aﬂ%‘ﬁﬁ éq%isb@ggns&pf contact
t hpevird Y@ ichamyeRf int MechdHi &@erﬁoﬁﬁ@%é%e dfNhnBct ioRksure to

the tubul ar nmenbers within a bore; and produci ng
f JPHEYS BAKSHBICERIHONSM t he tubul ar nmenbers. 41. The
nmet hod of claim40 wherein the evaluating the

eval uat.i on group of threaded connections congrl ses
déPer mi henget9Aseh tlalbhdd eamriisingy tarming bie te eblra)maof threaded

NMdRhedliBAd YEdStheWBEIoR NpltiRftye ¥R tHahd <N cEH IR0 RLO ARG | a?rf3 Bnvelope
the first plurality of the threaded connections and

t #@s%e'aﬁammcmragﬁwefaf torqdefing the-anaitptiep AFRYP: | ons:

conducting physical testing on the first plurality of

t g t hreadedineansreahinPas; cd?r%rfs MoRGing@e! 4ir80 pRfk %’f ?hreaded
on the first plurality of threaded connections an

s EeBRFRNE, ranjl e %?°°Pﬂ r@‘é@% fothrrader ospfneglipnseinp fah@lurahty of
S @R0EI8peY bHsRbichYedRhedtidh QRERE G BB tRE §v§lﬁ§hd’r’1§ﬁoup

physically tested; comparing results fromthe physical
testing and the rmdel ing anal ysis to assess a

chgr actreei ﬁnbtl'@dp&‘félglh‘fmﬁlc&nﬁﬁ%tn@r fo?uﬁfngt ih% ﬁr‘sf ﬁFurahty of threaded
pluralit hr eaded connecti ons

ppl'y
c HSP'&P&'@%/? and @ep?écf’@ﬁ‘ RuFRIY qfdreaded %Prt*ﬁét'%d@#?cﬁn envelope with a
PlogFtRhi dfthefsebHcP prieSlityC RINMEG CAUtNAS the2BEometric bounds defined by the

first plurality.

49, The method of claim 41 comprising forming the first plurality of threaded
connections and the second plurality of threaded connections into a plurality of
envelopes with a portion of the second plurality falling outside the geometric bounds
defined by the first plurality.

50. The method of claim 41 wherein the modeling analysis comprises finite
element analysis.

51.  The method of claim 50 wherein the finite element analysis comprises at least
one of calculating stress-strain response of features to applied boundary conditions,
calculating contact pressure between features and calculating strains at the surfaces
of features.



defining the performance |limts based on the

characteristic performance factor. 42. The net hod of
web@i7nse98. wherein the eval uati on group conpriBEBUS2006/044893

t hreaded connections havi ng consi stent features. 43.

The nmet hod of claim 42 whereinpthe consistent features

conprise at | east one of seal design, thread design,

S 5k 958 S0 SR R RSHER B pf veaced

E3ERNE&Idna Ncdii s isRs GRS esnridatiead between rtabilalomembers utilized in
exhi biti ng consi stent perfornmance characteristics. 45.
THRAYRIRHBYABFarRPS m 44 wherein the consi stent

performance characteristics conprises at |east one of
nmechani_cal response to applied | gads,, response of

Coht acTpmedast & QEch BT feroRizat ESTH Balp R i deast one
V&Srgélﬂeﬁﬁp ahd ?géﬁkaﬁdt t@sﬂ@,ﬁt‘égii@? bﬂlc:Mﬁblie@siSn noksluteptests, collapse or
conditions., 46. The nethod o Al 1, conprisin .
C s Tty o i SR T R GTE  ng tots
aﬂﬂérrﬁa%ﬁlgﬁ@m tRémialdnchabstshr eaded connections into

an envel ope based on connection geonetry to define the

eval uation group. 47. The nmethod of claim4 1

COAPT | PhdOné®bAT 6 claite 41 neergihuthel charaoteristior @adednance factor
connections and the second plurality of threaded

cepmrrises greafallley 2Cif-ural ity of envel opes based on
connection geonetry to define the eval uati on group.

48. The nmethod of claim4 1 cqnprisir orm.n he

S5t B Faatned, SbRSimmeh et QIR AHEING A 1t ARG fow wel

PhikabrizeY rederidif SRIARLSHMIES hicOdtmtdimdcDwiinin ¢y threxuied connection
portion of the second plurality falling outside

wth a
t FEMERA BdWe fUoUIRE RRIORIRT i ned by the first plurality.
49. The nethod of claim4 1 conprising formng the
first plurality of threaded connec¢tions and the second
ph&ir al i[?'h? Brethasy é’éd@ﬂ'ﬁb%é’@ﬁrﬂﬂs %ts(?a?%wg'urfﬁ"ﬁ?'i y® o?ased on
e MABLRBRFINY! EdhdRtioPer EdrMprisiiy tahaesstcomsl dfl bastl imaferial properties,
falling outside the rg‘;;eomet ri.c Eti)ounds dﬁfi neg% t he
fP'i"&chglr\'ﬁhafeiatt‘V.e digpensiie andinederences eea" PAWEY ei n
the nodeling analysis conprises finite
57. The method of claim 54 wherein the sealability factor is based on conditions
during assembly and installation of the threaded connection, comprising at least one

of make-up torque, make-up speed and thread compound.

58. The method of claim 54 wherein the sealability factor is based on the service
conditions of the threaded connection comprising at least one of temperature,

pressure, tensile, compressive, bending and torsional loads.

59. The method of claim 54 wherein the sealability factor is based on the fluids

being transported through the tubular members.

60. The method of claim 41 wherein the characteristic performance factor

comprises a structural integrity factor.



el enent analysis. 5 1. The nethod of claim50 wherein
the finite elenent analysis conprises at | east one of

W@ a00cos@8 ng stress-strain response of feat ur eBCT/US2006/044893

appl i ed boundary conditions, cal cul ating contact

pressure between features and cg{cul ating strains at

the surfaces of features.52. T nmet hod of claim4 1
wherein the eval uation group of threaded connections
c@tpri déw mhthed dd claipréle whersinsthisestiustinal integrityr fagionfise defined as
Uti i . iy

oM PPl B Bl e o renlls cOMl} ROMY S

| east one of make-up and break-out tests, tension or

CQHIPr eSj0 e@%ﬁlf @" J:IéﬁFneGB We?ein ‘Er‘?é ls?rgétﬁra?ri?tgé’rrit? tf?ct,tgrs fsShased on
liquid sealabilTity or gas sealability tests, Tatilgue

t esarsifadieniyi wgnditeiss compasingl atcleakt egeaoll bebermalerial properties,
g ‘é‘ﬁﬂ%&i ifiSh, Seardft aiRsBRS B inflefl Rl drdechtELElds. t he
characteristic perfornmance Tactor conprises a

seal ability factor. 55. The nmethod of claim54 wherein

t rée& Seaﬂhaebllnle{hto\é éfa&lzim ) %NP%?&IH '?I?g s?rPftt]PaWiM@@Jity factor is based on
pressuri zed reservolr or 1njéection urds are

c aonditiores] dwiinchassenttdy ahd dtididtiaro nhthet hegaded raepdedsipnt egmprising
t t ho, ] [ n

t e e o BRSep Rorg AV BBl ATl coBEOR

condi tions conprising at | east one of base materi al

prgper t4.es f - f IR : t ' i

Rhrt el of ik oP ulereih 8% dhfendfplTRRDIG50B0R based on the
c|s&irviees 4caniditions not Hbe s dakadsd icopnéciionocompriding edt deast one of
. o ) . , :

¢ AP bk afE i RS et Bhth 3plittsfRhal Bt

make-up torque, nmake-up speed and thread conpound. 58.

The nmethod ' erelLn. S HARRY

! ShacodTornd et Aok e SRR pgRfhthoe factor
c aonpdsena galinp réesstancedactoeast one of tenperature,

pressure, tensile, conpressive, bending and torsiona

| oads. 59. The nethod of claim54 wherein the

seafl. abiThe yefhadt ofr claisn Basdegraim theh galfihg)reristrdentactor is defined as

t "AUWPRAT gt?rgacterua% éJéetotfHQthglrslirdrﬁagqg eRdured by threaded connection

features.

67. The method of claim 65 wherein the galling resistance factor is based on
manufacturing conditions comprising at least one of base material properties,

surface finish, feature dimensions and interferences between features.

68. The method of claim 65 wherein the galling resistance factor is based on
conditions during assembly and installation of the threaded connection, comprising

at least one of make-up torque, make-up speed and thread compound.

69. The method of claim 65 wherein the galling resistance factor is based on the
service conditions of the threaded connection comprising at least one of

temperature, pressure, tensile, compressive, bending and torsional loads.



60. The nethod of claim4 1 wherein the characteristic
performance factor conprises a structural integrity

wo aov086988.. The net hod of claim 60 wherein thePCT/US2006/044893
structural integrity factor is defined as how wel |
applied | oads are distributednzgnng t hr eaded
connection features. 62. The ntthod of claim60
wherein the structural integrity factor is based on
neauf atlﬁelrmélgo@outdlctamnm o:d’iqoemsihagchmad:’seasttc oadorgiance factor
base nmater ro surface finish, feature
d?cffg'?féﬁeﬁﬁsfaw ﬁ{ggq”f:%?aecaces bet ween features. 63. The
met hod of claim 60 wherein the structural integrity

L7 ROT R AR YR ISR e o

tall conne
| B&® veh Rgcliefloavieis epdtreddydeatomieef the threseidd &ndned’ﬂp@ad
conmpound. 64. The nethod of claim60 wherein the
structural integrity factor is based on the service
cppdi t Thasnethod loé ctdime?&blwdemcmﬁeciaitlgtue ozRigancs f?@’ttmls based on

| east. ope of tepperature |

%5t e2Lof bRl 5 A LT b mperl poperes
metiep@ fdishe feature 4iMensitersaind intbdereheesloateeen faatures.
performance factor conprises a galling resistance

factor. 66. The nmethod of claim®65 wherein the galling

r gsi st aneemétacd @if diamdil iwhetirathehfaigue résistandea tastor is based on

damage du IOfI‘IC na [ . "
C eingt s asEr o i [FeldleRtr iy FCGRE gBhecton, comerising
68t kst hervf infekegdd forque, mekespapeed fiad thoead sorpaed. on

manuf acturing conditions conprising at |east one of

base material properties, surface finish, feature

di7aensiTassnethet bﬁtlelrrf £0 eheri thetfatire resiatance fact@ds basas on the

met hod of 5. wherein the g nge

f SEVGF icgn@:h ‘% ”&%n f?ﬂdgﬂscaﬁﬁcngﬁa%i@ﬁbﬁw atj least one o
i E@rﬁ@érbﬂﬁré,@ﬂe@bré,h@qdllarmdmebsa@nhmlmgaand tm)slmalinadg at

| east one of nmake-up torque, nmake-up speed and thread
conpound. 69. The nethod of claim®65 wherein the

gabl i ngheesietioanoe diziot dn whersins dte mhatdeteristic wastormance factor
ondi t.i ons the thread ction conprising at
I @g@pn%%arb?m@rgﬁglgp%i S?ar]z?%gas%ﬁrr e, tensile,
conpreSS|ve bendlng and torsional |oads.70. The
hod 1 whe a
odpt or Aic el 8 Sibipfs etelf E; YRbfE] Fesistance factor is

f Qdefivegd as how well applied loads and resultant stresses and stralns are handled by
features of the threaded connection in the presence of an aggressive environment.

77. The method of claim 76 wherein the environmental resistance factor is based
on manufacturing conditions comprising at least one of base material properties,
surface finish, feature dimensions or interferences between features.

78. The method of claim 76 wherein the environmental resistance factor is based
on conditions during assembly and installation of the threaded connection,

comprising at least one of make-up torque, make-up speed or thread compound.

79. The method of claim 76 wherein the environmental resistance factor is based
on the service conditions of the threaded connection comprising at least one of in-



7 1. The method of claim70 wherein the fatigue
resistance factor is defined as how well cyclic

wo odiosy98 s endured by features of the threadePCT/US2006/044893

connection. 72. The nethod of claim 70 wherein the

fatigue resistance factor is bg@ed on manufacturing

condi tions conprising at |easi”one of base materi al
properties, surface finish, feature dinmensions and

i sttefldie rcejmmmbat mxelncéceamm esnpoaBionThempasatieel prEssure, tensile,
claim resi stance factor is

b%@"@’%feﬁﬂv%&?agwpéjﬁ orﬁﬁp?lh%(j%Ssénbl y and installation

of the threaded connecti on, conprising at |east one of

TR U0 T oA SRR, e HEABE i, orres

f apdredarbenspased on the service conditions of the
t hr eaded connection conprising at | east one of
tenperature, pressure, tensile, conpressive, bending

\Aﬁgrtelt)%sr% o%a%%%d %q,wgl? hg Q/a[ﬂ?o@ﬁgfntgéea?ég'tcmﬁlec}lons comprising:

conpri ses, a i 1.0 | ;
met hod® ?ﬂdU&F H%%C%mg&@? OI{ %Sflrgt Vprfagtl){ @fctiwg threbed EBRnections,
resi stance fvaeter th«s filstf ploeafityaof Howaded |coapettions grsh @s second

and resul tan %It 3&%@%01%% Hord5a,8! 1r€an%{?§m§t§%nb%oup,

features of P onnec fon in't resence of
an aggpessimiey amdemumraaaryss n. thEhfrsihpluradity of threadegh q@nections

wherein the en\rﬁr'bé %encir#ﬁ pﬁJr (53t @?@a%ﬁ coﬂﬁ%&{onk Swﬁ@éiﬁqh? second

on manuf act @Ff 0 A conpr |
base materi alurailty)pléthteaeled cenneciios anemos physicsdly tested;

%?ﬁgzlcg?'ase?rig |ﬁ$n rf Oéls eﬁ ﬁhﬁ&&%@&@ﬁ%&ﬁﬁ? mgc?élmg %aly&s to
resi stance hasdssr ai petfasehcen factomdfari tres fidstr phggality of threaded

ggﬁg?,bls?/ngngPlW%ig%sl ay bg%% th%(g)%ﬁo%S%eqa&%Eéa%' @9st one of

speed or t hstacucdniptegriy. facdor, Wlngetqsmﬂarme &a@prmemlronmental
wherein the environ I
on the servi %Sést%%edﬁgc%la faEgL?% f]rE@l fcd 3%58[: A % egombmatlon

0ns 0 rea connect
conpri si ng #tereefast one of insitu fluid conpositi on

produced | ui | raLur e f threaded
tensi | &P pg@ﬁp?@%sn%go‘? g%dlfﬁét%gﬁ%t orésjl%r?gﬁa él%(\;ghf‘y . nreade
The net hod ebnedaions;4hdwherein the formation fl ui ds

conprig de nmg %80;% L3hce limits based on this characteristic performance

factor.

82.  The method of claim 81 wherein the evaluation group comprises threaded

connections having consistent features.

83. The method of claim 82 wherein the consistent features comprise at least
one of seal design, thread design, shoulder location and any combination thereof

over a defined range.

84. The method of claim 81 wherein the evaluation group comprises threaded

connections exhibiting consistent performance characteristics.



8 1. A method associated with the eval uation of
t hreaded connecti ons conprising: conducting physi cal

wao e®viosgon a first plurality of the threaded PCT/US2006/044893

connections, wherein the first plurality of threaded
connections and a second pluralj,ty of threaded

connections are in an eval uation group; performng

nodel i ng analysis on the first plurality of threaded
c8hnectThermsetiind of fekaing eﬁdowuerplnumaldows@ht peifermpege characteristics
C%qugﬁ% s SeadARE %t hekhgnis ?%bgp tbr%dhééf Igalis ! RREEAE D contact
conn lons are no ys cal onpari ng

r emestie fo omandes iphyethsmicat ﬁwmgamde&mesew@tﬂ@omagt pressure to
a performance factor for the first

R}g' l%'f'aﬁe ?8%@?’3@0@& connections, wherein the

perforrmnce factor is at |east one of structural

i ré%_egr iﬁ%nr}l@ﬁwtogrof é H iBWg?&g?fsﬁba@ﬁﬁmgaﬁgoﬁrst Iurah a/ of threaded

environne resit s ance ue I‘eSI
f monmectians] aadytheosdsiondt plomlity hefr ﬁméadedpmmengowmto an envelope

PRLLQY ?RH&%ecﬂ&r‘i 8%p+& r}F {8%eh é?%de\%'ldéﬁéh téFéﬁlp"f threaded

connecti ons; and I ng t e performn imts based
on this characteristic performance factor. 82. The
né7hod Toe methioch & dlainh 81 esamprisingeforhingt thenfirgt plypality of threaded

C [ eade QN ' ' gk ;
;RIS e RSSO Heda BABSEA Eito a plralty o
c engélspebastdanunopsectongeoretruto Hefimetthe pealadtionegibup.

desi gn, thread design, shoulder |ocation and any

conbi nation thereof over a defined range. 84. The
mé8hod Toe methioch & dlaiwh & esamprisingefoaningt thenfirgt plupality of threaded

C : IS¢t ;
OB b ARG SEBORTY R B prR 08 L g vin
\Mpert-nmftthe secosd plueiity fadlingooutsite éhecbaoraetrierbosiniis defined by the
F%q glﬁ at | east one of nechani cal response to
appli %ads, response of contact pressure to changes

in nechanlcal | oadi ng and response of contact pressure
t @9var iThesmetklod- efpclaion @il t gammmising forming the first plurality of threaded

connections and the second plurality of threaded connections into a plurality of
envelopes with a portion of the second plurality falling outside the geometric bounds

defined by the first plurality.

90. The method of claim 81 wherein the modeling analysis comprises finite

element analysis.

1
91. The method of claim 81 wherein the finite element analysis comprises at least
one of calculating stress-strain response of features to applied boundary conditions,
calculating contact pressure between features and calculating strains at the surfaces

of features.

92. The method of claim 81 wherein the evaluation group of threaded
connections comprises threaded connections between tubular members utilized in

producing hydrocarbons.



86. The nethod of claim8 1 conprising formng the

first plurality of threaded connections and the second
w@baragdony of threaded connections into an envRCDP82006/044893

based on connection geonetry to define the eval uation

group. 87. The nethod of claim § 1 conprising formng

the first plurality of threade connections and the

second plurality of threaded connections into a

pbar al Thy nedthedh vk tlajpes1 vesesin dire ploysivat testing gempedsesyattleast one

de t he eval uati r '
O8] 3B LB AL CRe 8L B Rl e AL Bl or
cburrsEd:ést@nﬁqmdealhblllis'emogab stalability ttgstef fatigueddstd, bending tests,
an_envel o%tggvmth a portion of the

(5'??8 %Cﬂ?ga?n‘i@“efrg?l GURHCSEET de the geometric bounds
deflned by the first plurality. 89. The method of

1 conpr, n.fo'nteir
eadj—g ﬂg’gt Cga”gngmt W@erg@mcgﬂedc ur aﬁw’sﬁ g¥f o%ance factor
thbmﬁd&f‘s a:@tmrt&wtal integrityrfactoa plurality of envel opes
wth a portion of the second plurality falling outside
the geonetric bounds defined by the first plurality.

9(95I Thaheahsibdd of ctdirai9h @hdreinhibeestructuna intedetyi fagfor is defined as
' [ fi I is., S
ﬁg?W&%éllg%p%@%(o!ﬁégg? q/‘ﬂglﬁlzte aan)Eg ?hr%ﬁ?éedy é(%nz'nﬁgtgc{n]fea’;[lpees.
anal ysi s corrpri ses at | e?\s]tc otne of cal cul Ia_ti ng .
t eat ures ,
cohar ¢ Tranelaf GRIGRTre bR e FeldyRE Ml B R esea on

f Qﬁnufaiﬁlrﬁngd cﬁrailmﬂsabomgnsmg ait nisastt ohéeofs baseageatend! properties,
feature

8 1
G SaTef st goasths e i el otes BURRS ihas,
thr eaded connecti ons between tubul ar rrenbers utilized
b 93. Th t.h

WREF e T RERoRY i Sy SR RIE T ko e 2 e fiy Mlbdispased on

?&bﬁdlﬂ@‘l&'ﬂlﬁlﬁhr@rm aﬁcﬁﬂsﬁatl)laﬂlcﬂf?eﬁ ihe tbreadedrossegition, ¢amprising
ure tests se or hurs

s@éleﬁﬁﬁ P& rB?keglé% AL [ yspegégégl ﬁ?rg%clii gﬁég?uensdf s,
bendlng tests, thermal cycling and thermal quench

r act-@\% rg%rlged ngtpl‘ggr? &v@%lrﬁrgm gsrtrluc%l\lﬂﬁril%'earittyqsctor is based on the

service conditions of the threaded connection comprising at least one of

temperature, pressure, tensile, compressive, bending and torsional loads.

99. The method of claim 81 wherein the characteristic performance factor

comprises a galling resistance factor.

100. The method of claim 99 wherein the galling resistance factor is defined as
how well surface damage due to frictional sliding is endured by threaded connection

features.

101. The method of claim 100 wherein the galling resistance factor is based on
manufacturing conditions comprising at least one of base material properties,

surface finish, feature dimensions and interferences between features.



conprises a structural integrity factor. 95. The
met hod of claim 94 wherein the structural integrity
w0 awv0s699% defined as how wel |l applied | oads aP@I/US2006/044893
di stri buted anong t hreaded connection features. 96.
The nmethod of claim95 wherein ghe structural
i nt egrity factor i s based on rmnuf acturing conditions
rls_I. Ie st on of base material properties,

ace! Wl %l?'m OQyigiel) Biesoaling rastséaricerfeptor s based on

be:tomaené elaﬁirtg a§sen9c]y ahf éngdi@iktien] opfheot'h?éemeg%o%@ét%hncompnsmg
Lﬁ?ll uctu integrity factor is based on conditions
d

8%%%%%6 P ot makesin Sheegend Hereed compemnd.

connect| on, conpri si ng at | east one of nake-up torqué

@ﬁ up, speet?I 8 gl gsd conmpound. 98. The net hod of

m g5 Aehes of elaEn QWE?@W&PG|9ﬁH'@@F€FSt'§Fa'1@cfﬁ©tpr jsdpased on the

b&eﬂﬁhsi)rbdnhiﬁoﬁﬁw Qﬁecﬂﬁgédédoﬁén@éctlbnec&mbﬁé dat least one of
nnect i on Coggjrréesilerg%l at | east one of te ure,

p YERTARIeLRER RpfRRRPERLE. BERding gna S'P@ﬁiléQaﬂSal
| oads. 99. The nethod of claim8 1 wherein the
3 [ ac rlsty?ciq(ﬁerforrmnce factor conprises a galllng

st ©f dym Sthwhereimdee eharacksristio aoaxiesmanas - factor

t kempAsdd Neatipas rediancR thawer.or is defined as how wel |
surface damage due to frictional sliding is endured by

t hr eaded connection features. 101. The met hod of claim
1005 WhGThel rethbé of @lairh 94 vRekdh W%t@@&'i'ég sthifcPRRid gsoaleﬁned as

ng turﬂgg ondi ti ons conpr|3|ng [ east one
Itcé(P {C; a‘%%ﬁe‘?ﬁdiué%d bysfgatuErseof h%t@ﬁadqde@me@on
di nrensi ons and interferences between features.102. The
m 100 wherein the galling resistance

od_of cl

ﬁ@? ?'ﬁ %%168?1 b 51288 @St Whkein db? ifftigugsesiptange dagior is based on
i Pr&hafdcalringnc@fdlttd?r@ &&ﬁ&%ﬂﬁd aE QBAKCHAD bof S:Qé@rn’\a?%&g %Bpertles
| east Eﬁé" nmake-up torque, make-up speed and t

‘h%a&& {ishs tpgiture (M e lscANGHnte T iens SR WA SatrERe
galllng resi stance factor is based on the service
c ns Q t hreaded connection conprising at

ZQ? tﬁ?cieﬁekage (P8, whereia 4l atigpie fesistance factor is based on
CwmtmIMng %@dﬂnﬁ@ ﬁ&ldmﬁt@ﬂa%bﬁrkﬁ'thé sded! Péhnelhich, comprising

@tr'??ﬁ? Ia|m81 wherein the characteristic
Y

Wa&st%rm%'ﬁpmﬁls,%gp sreed argﬂlﬁé\re?aélsqos,mmd

factor.

108.  The method of claim 105 wherein the fatigue resistance factor is based on
the service conditions of the threaded connection comprising at least one of

temperature, pressure, tensile, compressive, bending and torsional loads.

109. The method of claim 81 wherein the characteristic performance factor
comprises an environmental resistance factor.

110.  The method of claim 109 wherein the environmental resistance factor is
defined as how well applied loads and resultant stresses and strains are handled by

features of the threaded connection in the presence of an aggressive environment.



105. The nethod of claim 104 wherein the fatigue
resistance factor is defined as how well cyclic
wo odiosy98 s endured by features of the threadePCT/US2006/044893
connection. 106. The nethod of claim 105 wherein the
fatigue resistance factor is baggd on nanufacturing
conditions conprising at |east one of base materi al
urface finish, feature dinensions and

r ertj
p fﬁrf e 'Ehm@ %m%@ﬂ* 1 thwheein theofatigos, eesigianasafastor is based on

C | mamf&&ﬁnrvgh Qfoﬂbl mond & ohpiisiBy eatr RHisB loRRCBf fiask olrnafe?lal properties,
on conditions during assenbly and i nstall

ofS ﬁ‘@e f 'ﬂ'?%ef@@%l‘r%@m‘?@épp% A inteslepRnces hgtwnlf@%ﬁitesone of
make- up torque, nmake-up speed and thread conpound
10 The net hod of claim 105 wherein the fatigue

eki2st alfteemethadsf glaimy Lt whesin the fatigug rasistenngi farionds based on

Ofcohhiﬁth HERELE dsSPRBNE Ghd GRstARABH b Hfégth?éadee%tnn ﬁf%nof:omprlsmg
?ture pressure, tensile, conpressive, ny

S RUNBkGHB bR grakeip $hseAGa tpaE FamAREY
mherein the characteristic performance factor

co s an _environnmental resistance factor. 110. The
metiHod B BEKIofh f AT EIE MhereR therTahgusnasistatios factor is based on

I @6é $bAiteeconditiols of thed@tdiird c'éﬁné@WnV&%Hpn@m éef%aét QREDF in-situ
ag@FLesultant stresses and strains are

(GOEPGPItIPRe Preflcsd e BUid o AeraRESTIN, |ﬁ¢"tﬂ$éatpfees@rﬁ§%ur©f tensile,
aroAPHERBLI NShEMY brf tORYIBMAL loddd. The nmethod of claim 110
wherein the fatigue resistance factor is based on
manuf acturing conditions conprising at | east one of
base material properties, surface finish, feature
di mensions or interferences between features. 112. The
nmet hod of claim 110 wherein the fatigue resistance
factor is based on conditions during assenbly and
installation of the threaded connection, conprising at
| east one of nake-up torque, nmake-up speed or thread
conmpound. 113. The nethod of claim 110 wherein the
fatigue resistance factor is based on the service
conditions of the threaded connection conprising at
| east one of in-situ fluid conmposition, produced fluid
conposition, tenperature, pressure, tensile,
conpressive, bending or torsional | oads.



