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., e3eCE@x<=t @E6HETE!r - 5 MAY 2003 METHOD FOR | NSPECTI NG A TAPERED THREAD
ANDORRESPONDI NG | NSPECTI ON DEVI CES The present invention rel at esht MAY 2003
nmet hod for inspecting the dinensions of a nale or fermale tapered thread

| ocated on the periphery of a male or female tubular elenent itself |ocated
at the end of a netal pipe, nore particylarly to a ' process for inspecting

the di TenMIErAOD FOR INSPHCTINGEA f APEREHS THRIERDEAND ICORRESIFORDENG

thread in a given cross 5 sectional plane and inspection devices for
carryi ng DNSPEQTION PEVICEfe term "pitch dianmeter"” of a thread neans the

di t t ak t he f.l . of I h d at the.thread.hal f. hei ght.
I SR AT A R A o I R
thread, therRAME Bakrel Aresd Riatkd8n Rid fddipHes BTaghal S s fenlife BliiaP 8RnidAt AsdfO

gi ven cross-sectional plane. Threaded connections for netal pipes are known
whi ch ar elocatep aatt the Lendr oflig edetab pigensnore usagticlarlyl kng, proresd Ufot iinspetting tig or

casing pipes for hydrocarbon |1 s of mne | | t he .connection bei ng nade
bet wean abiaRgoas Bhiie Piieh iametehel woh e cpaleor Tegulé tagers thiRed i 5 ENERAMRG
each 1 espgetibNA pYarR oM AR dovicedBbiai thel R BletndtAfEr ed thread |ocated 15
respectively on'the external or internal "periphery of the male or female

fal enment . TBe té‘lhq:terpi ‘Lpﬁtchai@mn@efi orﬁert%reaémsmaﬁw_diaymﬁ:rdakqmi q:et;hlerﬂmksifﬂm Iy a
andnabl | nAaEode T daead bl o at Bipeleofltads deBped MRSiosh GBI s T

fromthe i _PetroleumInstitute (APlI), which 20 constitutes a

wor | d-wi de standard in the hydrocarbon extraction industry, specifies pipes
coupl ed usi ng Boch taperedatiesdd ctha mentina valuearfishe pitehgditimpter enist be defiexd in a
portions with triangular, round or trapezoidal threads. Specification API
5B, al &b EWEHFIOgESHBONalARG fj es the corresponding thread and a nmethod for

| nspecting it . TfRa3BPEhideEabon: AlluPHpaPae! iHoGal WicHEh P BaniclAF uSaFl Pi Pe
di rension, the value of the thread nom nal pitch dianeter in a

cr oss- sectomtialte gtiling, prodatteeh @wbinghe cesidg pipes fia Ipdrdcedtonmmedlls drimmadeellon t he
pi pe body side, nale threads. exceeding this plane having an ipconplete

hei ght anHCrSBPRGIBUREING F ﬁé’eF‘@r‘?ﬁi%@gk %‘Fm? &M raeg:gﬁ‘he g’&ﬁ\?ﬂ%ﬁi"?t 1 &%) ane
is terned " £Hde b foRled | g2 g taperd i d o
"refer encgfpgIeearllgeﬁ.c éﬁ%&?ﬁ%m%?%st {1%]‘32‘5-9‘{ reTéat e?%%mpe Btz:m{?e EiaH;S’@d(lg/elﬁxY
2003 211 heespeddivelyfort the ekterresh dethtqroaltpeaiphaty o€ dicadale onfenttde tlhmefit, ee end of

t he correspondj mal ¢ or, fenal e el enent; the tfrm "1 ast, tprezlid" refers to
t he side of thﬁg ReTEhdRIBC pBY P?%‘ﬁ‘%%ﬁt?%’i‘st dyyytype of pipe, not simply a long pipe but

also a short tubular element forming, for example, a coupling and enabling two long pipes
to be associated together.
Specification API 5CT from the American Petroleum Institute (API), which

20 constitutes a world-wide standard in the hydrocarbon extraction industry, specifies pipes
coupled using such threaded connections comprising tapered threaded portions with
triangular, round or trapezoidal threads.

Specification API 5B, also from the API, specifies the corresponding thread and a
method for inspecting it.

25 Specification API 5B specifically mentions, for each pipe dimension, the value of
the thread nominal pitch diameter in a cross-sectional plane located at the end of the
perfect male threads on the pipe body side, male threads exceeding this plane having an
incomplete height and fading out.

In the remainder of the present document, this plane is fermed the “reference plane

30 of the pitch diameter”, abbreviated to “reference plane”. The term “first thread” relates to
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directed to the free end of the corresponding el enment. The | ast rf
.male thread is thus located in the reference plane while the IH{fidpﬁghgoa
thread corresponds to the end of the threaded portion on the pipe body
side. Threads produced in accordance with APl 5B nust be inspected by hand
ti ghteni ng of gauges such as ring gauges conprising an internal thread irk
the case e 86 pLGkithgaddd Rriby SicttediowatdiGhe Aegesd 0B cbaeHpInding xdleonal
thread in the case of inspecting female threads. 1o The rel ative axi al

posi ti on Wealerckmaepsiibe taves s ditead e {Rss toothe isisle i deacbieaded RorioaEpesitedy t he
i nspect ed dtlrrgéattgggo ﬁl@qfﬁ%%ﬁ'offh%.aégkfggbfﬁg{f} 56I1%erg i nes a val ue and a tol erance

for this re I've axial 'pos spection nethod specified by APl 5B

has advant ages, THeda®!l perfectiilafe tfehdriaphes Beabalin iths peathcnplahe Whdle ithe &€,

but it also has a nunber of econom cal and technical 15 di sadvantages.
Firstly$ meale duedd qonrespendditathstead of thephreadespartienion theeviprabelygidaye

i nspection nethqd requires,sets of gauge diftfecent |evels . nanel
mater gauges AniAseniER) Hi-SaaRE Ary 86 s b PR EbE i e
be di scar dedanhrenuéings MERpauRes E&ﬂﬁﬂiﬁ%%@l@ﬂﬁerﬁal%éaﬂ G theVcaks! Bf indfeclifl Sndl@ans
that an extremely |arge nunber of high precision gauges have to be nade and
t hey have thigadseonphigggangee pempiising on external brepdeinghe \gasg of hngpegtngt Emale

hi gh. That, t hr ead i nspection nethod provides a gl obal result which depends
on a nurrbél?re%(is' paraneters including the pitch dianmeter and al so the taper
and ovabity whiTe RRtiFERkRI posiibeidieh tAd dalddUsasdRen @éretvag ioni it @heckel eith
interpretation of the inspection results. 25 Thus when inspecting a nale

t hread, i frespret tpalpinspactadibread ped specification ABE SBrisfnes avrlisandastolerhang fohat

of the gazgie, the fi.rlst .tc.oots of the male threads are in contact with the
gauge t hr SRS LClRYS ZIRLROSHIR: * 50t s of the male threads have a radial

cl earance wi th TiRSRESdCtibR ndifod SidcHRAMGHAPY @ﬁﬁaﬂﬁ/aﬁﬂ‘agéﬁﬁaﬁ@lygﬁmpwand
contrast, if the taper of the male thréad to be inspected is higher than

t hat of t hapidglahal inshectioo®f theothraat cbutdsaisorbisea nmberdd eaoroniinal@odtteahnicdb
W th thg %{Jraﬁa%ﬁ%of t he gauge but not the roots of the first threads. -5
MAY 2003 3'5%1VHB84Scases, the pitch diameter of the male thread in: the

correspondi ng HiANg, R chdiethBAd Warhdlerd BeliBERERACE. a&glrg%ugé ids?ﬁc‘-‘ti&hﬁ&héd‘e

E
nom nal pitch dianmeter but, in addition in the second case, e pitch
di anet er aequires Joty of gauges four difidrent deveds, mowly anastey gangem andisatoralrtyy or i n

the case of inspecting.,a female thread,. when the t r ,of the female 5
thread to %(érhnlgs%aé]cg%d FSVPTEES BN %‘Pw&getg?léer Q{Sﬁgﬁgfﬁ’mmo et‘ﬁ%arg%fhglée,mt he
pi tch di angb&ddsfcritios Ja@¥p! € thread in the correspondi ng plane on the gauge

to the reference plane is higher than the nom nal pitch diameter but, if is
its | oReér, the Bis srags dhadanrextremelyelarger sumbag|of high pregisiansganges hsvutabe| y

known. The nuf.act ur er f particul ar..t hreaded, connections such as .t he
connect i orf8% oa'n&gg@'ru%’aﬁlgzo 5%"%8?%?&%83%“&%%‘% &"EE-SK’-% otj‘ggargﬁ%?\:% CWX‘? %rﬁ%é?k known
to have servi ceTigireidRmesREoNRictbdrevideP£Elo8s] ksl WRRE dependfbn a number
connections, have been forced to use inspection nmethods simlar to those

speci fi ed dfoparameters rinduding nthe bpitchu slianagteri an@ralsa ithi dhpar eawstywivaliyn velrich
| mposi {1 on, of AEl 5@t [LEALI 80, AR SORk RlerbRSTRP L Muiose IRk 0ds 1o

25 Thus when inspecting a male thread, if the taper of the, male thread to be inspected

is less than that of the gauge, the first roots of the male thréads are in contact with the

gauge threads while the last roots of the male threads have a radial clearance with respect

to the corresponding threads of the gauge. In contrast, if the taper of the male thread to be

inspected is higher than that of the gauge, the roots of the last male threads are in contact

30 with the threads of the gauge but not the roots of the first threagls.



15 have avail abl e conplete sets of gauges for itself and for
sub-contractors. Thread inspection nethods have thus been devglimaw
do not use hard gauges but which carry out a direct determ nati

pitch dianeter in the reference plane or at another set position. United
States patent US-A-4 524 524 describes & nethod and:a device for direct 20
i nspection of {mbothicases, dieaprishaliaretenohiheimala thread/indthe gowespording planefanal e

thread inwhich:. The device,co i SeS_an upper, contact surface and a.

| over cont HaeLRs in PR FrEeE 5iS TIehEfin o NORTRLSEH dfnely Bt i pdiiofin

hori zont akhetieséril\GSe,[thOPitch h@bict al the Giddt inlille fiadda &brot adiRateBinotal di st ance
bet ween the upper and | ower contact surfaces are adjusted to a

pr e- det er m ned Sinilady, inshe qase ofiendpeetingsa fareale dhreads twhenahe taper 96 thei femiale
bearing_syrfa bear s ai nst the end of .th I nt the.thread.of which is
Lo be helieiit Bl dalforiaBnmind of B auied e HER oSl
t he t hr eagheCfeffaleSthidaddh MEEIe ol AInOPIRAS Bl tIROFAUES tOthelrBRrdndE pRfhe is HigBer
difference in distance between these two contact surfaces is neasured with
respect t thantbe mominaltpitchi diadetonbute iitsi ityyloaves.othp aritgh sliaméter atefbgniiisemalghi ch
has been ﬁgr odad to 30 tpf *)ée-det erm ned val ue. F - 5 MAY 2003 4 The
pre-deter RET ¥R AT ORT YO Whs e corresponds to the nom nal value of the
di anet er bet weqhet Mgnifhdt@Res 6f Qaktfcufid htdad&d conddBomOshdhahs i eBnktibire
pitch dianeter increased or reduced by the height of one thread depending
on whethedesgrifred eino Eufansan epatént e EB-A-9 488i%1g, i wiple caredkn®viThe hava rseoti¢eons

for the devifce sol d ?1}/ the proprietor of #?—A—4 524 524 defi nes: i t he
Fequi red PUTOIBICS SRIChHEPPEHITIG Bhse 95 AEL SRORGEEARS have Brat reed 19 Uithe
pi tch di agRbedtionGhéthblls IMMBAr 15thOek SpBEifid FRELPT RnndRIAS BedktbSf nf@national
measurenment of the pitch dianeter and the tolerance in the axial position

(4S) of t kesopuitidn gad gepesstiatedli ARlspogifisgtenisf i cati on APl 5B. 10 DD =

~S. TTnom~100 TT.,nom being the thread nominal. taper i.n % with respect to the
divameter: b) 1 iHE KOS FeREnIGREn g e BUIIORS PO SRRble i GEHERIRE st
geonet 1y @hvd [AiIGHIR B! 1&@&&@&%@@& fobP RsdISREGE sMlcditabees. on the
pre-determ ned value of the vertical distance between the contact surfaces;

15 c) the met hddrdadr indpecioni methgds hevep tlausdbeenr divebyped avhich ado nhe use hnidcal
di stance between_ the .contact surfaces of the i.nspect.ign devi.ce to account
for Poce: Batess Bl WAL GRL Plro Hiridh defagmingtion ot RO PEo MR if dné Seffience

quantity egalor bPanckhel Setqdsitdd. | s subtracted from the nomnal pitch
di aneter; "L being the axial distance between the neasuring plane and the

reference pl andJmied Statno pateot YSidg IMeS5SHodésombesvaingthodfandhed¢vagee foralirethe
t hread_expr essed. a %wth respect to the di ter. _The instructi.ons for
Unat dd0 CEprgunat i Budhpmiet PERROtay al Fombaflinef o 6Fraln cESeb U ng

8% e: he di,mepgd @Rate doRsRRES LPBpRRE cbRBetRutadt Hid3MBIeF cdltad sBBRIULEAG Rl ane

vertical plane at an adjustable horizontal distance from a vertical bearing surface;
o The vertical distance between the upper and lower contact surfaces are adjusted to a
pre-determined value;

25 e The device is placed such that the vertical bearing surface bears against the end of the
element the thread of which is to be inspected and such that the two contact surfaces
are in contact with the thread crests at diametrically opposed points on the thread;

e The difference in distance between these two contact surfaces is measured with respect
to the pre-determined value using a comparator, for example, which has been zeroed to

30 the pre-determined value.
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than.the reference plane. 25 In a first aspect, the present invention has
sought to develop a nethod for inspecting a male or femal e taper zgﬁbﬁgd
which is nore particularly adapted to connections with a hi gh'-ge@j
tightness the male and femal e el enents of which conprise at |east one

seal i ng neans, which does not use a hard gauge but which can produce and
even guar ant ee Thheprsdieterperctlovalem oe thas chseecdreasporgisugethe mopesali valueref tiod. 30

W have t ht t thod in which the.pitch diageter. i
nspect ed SHimS kR h S oo el duibng e SPRHER alleee e et amerer
device.  jncrOash¥r £QR3ed Ef Xhet ﬁlﬁ%mif%@ thu@hd debeRbRe b ahiher @hfﬁlf{jﬁlte fhmned

val ue of the vertical distance between the contact surfaces o

i nspect i othrdavisdeinginsggeeteadnt f or | ocati on of the neasuring plane out of the
reference plan Thus a quantity equ to; L. TTm 10Q_is, suhtract fromthe
nom nal S pi tch i&BIBIEH08S OTHE%d‘Cgﬁg{da‘%&tSf pmpgpmegdﬁéféwe&? Petedossur i ng
plane anda)he il RLGNER BlAOR 10 et BT k! BAWAA e lol¥B G Ghe biith
taper of the thread expressed as a % w Ch respect to the dianeter. e
instructions fdianidred (d®Yiwleendesim®the ihepuetien medtiddagdingithe medsuiettdn@lof the

i nportance to carrying out the dinmensional inspection of the pitch dianmeter
in a neasuri ng PiFhskaraeteepnd ghet tolgrancedn the axighpasippmdS) dothethard gapgeas he
devi ce describ i . 4 670 and US patent 4 96s937. In a first
aspect, the prgiggirll{tl gﬁ?f%%ﬁl&g{rllo%{a%?g%ught to devel op a nethod for inspecting
a mal e1or fenal e tapgneds.Irgadoohich is nore particularly adapted to 15
connections with a high dﬁgee of tightness the nmale and fenal e el ements of
whi ch conpri se T being therthregd apmingl rapanis, Yowrithoiespestte thediamstera hard gauge

gauge | nefbet i OerErsaon B o ditnBdoE Sut R ER oL e olebd ainTARREI ne
pi tch di amet er shFadddSHR el thshéctRnIddest OB ARk fredeRRtANEd Ualtd of! (K 3RRical

di aneter neasuring device, 20 In the remainder of the present docunent, the
term "pl ane di ahsanee bebresarthergordact swididces;abbr evi at ed to "neasuring devi ce",

deyi il i val. to that d ibed ip US-A-4 s24 S24
Whicn din S’ dBh FodRha Jor, AR the, Pro- ARtmBROE o8P et B Virhvel) Ssfenste o
an object to bectwisRaRs Esht@d duMiles bf &R TRIPeERS devicelth ABOUET £ 1BEAThMT the

surface; 25 at |east two contact surfaces defined with respect to the
measuri ng pl anénegserieg plans ovierishe diferengecplate: chhusacqnantityeaqualrid: biT Tamn/100

adj ust abl e axi al _di st fromthe bearin urface; and a neans for
measuring the df %\ﬁ)&agg:ggfonehg:r&ml@lénqcﬁgé@ée 'i'n a transverse neasuri ng

pl ane t anlewihgtheta&idl higst&RB IR ech Yhd AERMriAE phndiakg PhefvéfeddncdipH@nag T om t he
bearing 30 surface. - 5 MAY 2003 -6 W have al so sought to neasure the

pi t ch @Parbeingrthp mominadl alussef hedapesrd|thg Kueas! ewpsessed as a Sotwith raspect itotloy t ant
to carry out éthre measur enent considering the expected sealing

char act er (“St1¢€ of the connections to be i nspected. 5 One di sadvant age of
using a plane ditRnBS@ictiBBS FotthAIdNRE dotndtShdvidVer, tdi@ciPhd e parfib@iBin®iortadcd e
inspected is only accurately known close to the neasuring plane;, the value
of the pi tteRamyiagetethedimensynahmspestian ol 8ieypifch digneasen in laaneaswrsng plage pthane i s
hi ghly unggrtt i netgecaus][%gof t he manufacturing tol erances on the taper of
the thread to Bé |'§?§IB%B . to US patent 5 360 239 describes a nethod of

i nspedison usi g 2 fik@RAghedt, 2Bt SreseiBaatdntiod KRYVERRht: kd &leRblbsNa dhaREd Gbr

bei ng neasured close to the first perfect male threads and on the

cor r espondnspgctingral enaldrezaftmalSiapered archd dvlgoka bk emoren particnlgriy idagtedv & ue

of interference between t.h irst perfect 15 | e threads and the .

corresppnci"loH’('jec(lagf‘r%I"%1 ﬁr}élﬁg_séeigFFet ﬁigtlgggﬁsso%etrﬁ?lga@éd{‘e hé .%OW‘Y&HCI};\
| arge di a%hﬁﬁisé‘@l@ 18RE oRE Q¥AIFRImBALsh wiERAlGEsEnct ARk I HardESNge It & cheP
obt ai n threaded connections which are sufficiently tight in spite of the

i nvol ved predwsegred everdgwrdnded the s@ue Nernfemtanet astbe hiridgaus: wapestion siede@. 239
does naqt descri t he way t efine the expected value. of the.pitch. .

i amet e i n ¢ nev rdadt IR GopReS Ui & s oddheRie Ao S R AR er
and does @?erﬁxﬁé‘d@uﬁﬁg?%@h@in@aﬁﬂ’é&'d}d}h&érxqéz?shfih gédi@n of the neasured

di ameters With respect to the distribution which is obtained by a

conventional inspection with hard gauges. 25
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The nmethod of the invention for inspecting a male or fenale tapered thread

| ocated on the external or internal periphery of a nale or femal-eﬁtMNeﬁﬂ[B
el ement itself located at the end of a netal pipe and conprising at T east
one sealing neans is a nmethod in which the pitch dianmeter of the thread is
inspected in a given neasuring Mane |ocated at a distance L 30 - 5 MAY
2003 6a fromthe reference plane of the-drawi ng using a plane di aneter

measuri ng device provided with a di ameter neasuri ngxiemaans. The term

"seal i ng Sreandhe gaethed oy determinipg dhenprejdetermuned yalienes the yedical diskancas,

for exanpl e, i I e :

caui var ot e d b P 0 ool 36ftnecd of IRYRERGH RAKC Dol BECI BRIV e
end of the malmeaslidngplanabul ef thbecférensd plasealhusg qeaatisy éqiabtoe LL'BEZL/@00 on

the fenmale el ement so as to co-operate with that/those close to the free
end of the nalléseteaciediirars thgnaminglatch digmetere| ement is i ntended to be
coupl ed. T, h C i I j X 0, fusting,
on sai g p geﬁlgggxfea%g lea(r%mn@g?%?‘?/%gq%%&eé%wngﬂ)é&%iea@ ? élﬁ%?gf%gt?(%gg#et éi €dli ng
surface ajehg the foRABAMI V@ Pf eRetapdriifshéilgbaneprbgedds a Jounih iredpeaftotthe

di stance between the neasuring pﬁ)ane and the reference plane; b) a step for
adj ust i ngliametdr-neasuri ng means to a value .of the transverse distance

bet ween the c a f S ' set.t] o) r .St

di mena on of viooiro SR FRSRHCAG el i bWyt it Al BRAGECE RhbSHAcke

pi tch di agehgyingdut the di@assicrial thspéotiog of Bensntidignasr inhehbasurihf plaf@bthepr
female thread is to be inspected, the characteristic dinension is

r especi0i by thgirefigeanceplangwer t han the estimated val ue of the pitch di aneter
in the neasuri ... pl ane quant ity h. this tity is e I t he
sum of the heisa s V%nﬂle tgﬁflg‘élgya% CAalyelgncl)r\}ng c?rrglt?rg'igcégl 6@orar§lgcﬂ$§r{)a$e§%t or;
c) a step day93peasuring the dianeter between the thread 'crests of the
thread in the selected nmeasuring plane, said nmeasuring device being brought
i nt o abut nent Ibyaifirst lsepact.nthe spriesent dnegpiionshast baight de dayglopf atmethed elvent

nder consi deration; ,d) a.st for ari ng fhe neasured dianeter t ween
PhaCt oy odBtrerlst et oot eifted IRRAR WReh'S FRR PRt Baded

pl ane ifsorcohhgetidhb thtldiaaﬂi%hedetg_ﬁefe bheghtabs therpad afl fenpdldngerh@fidicedyiies ween
the reference plane and the first perfect male thread. The choice of the

measur i ngoplpaise atnleast ohe sedlingemeansh Mhi¢th dogsomtaese & hafdagage diuttwichrsas ur i ng

device to be able to be appljed over .a sufficjient length of perfect,thread
crests. Produceind ey aiaiiths (€ Same Recfobinee b g Bord gailfe Msretlin method  of r he
nal e thread i syenabekaklsyuihito Bk metiaah Sehistihetpidh idadnhoterd imdpbdtedidd 4 Way
between the reference plane and that corresponding to the first perfect

mal e t hr egiven MpsuRBE HLADE Nging laplanefdigmetpiompasuong deveet er of the tapered
femal g thread j s,the plane of, the drawn i.ch coipcides.with the .
measuri’ng pl anllé1 ﬁhSrreF'ﬁgl%ﬁf Pgﬁhedprgﬁ%}te OCB‘%eméh%“i“é‘ t‘ﬁ?’éeaala\'mieﬁ PEEUEDS mal e
and f emal ®@vidar ebee dited &9 MMessufifly idBvicsre nlaf¥va tidvick RifilMSdH &ful@bnt itd tﬂaﬂe

pl ane of the draw ng coinciding Wth the nmeasuring plane for the pitc
di anmet er dskcritied indl A—ﬁrS%d%lo'g'sclmm beawdeditatnarasure endiametep & & givenf aossh e

nreads, A0ERERRHE bR, PLA% P Teliil EhRbRLE, L el faperec
threads vhi gRrahSvetdeeatifs Sfifack0 sai d coinciding plane.

25 e at least two contact surfaces defined with respect to tHe measuring plane and a
transverse distance from each other and at an adjustable axial distance from the
bearing surface;

e and a means for measuring the diameter of the circle located in a transverse measuring
plane tangential to the contact surfaces at a given axial idistance from the bearing

30 surface.
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- 5 MAY 2003 The estimated value Dle of the pitch diameter of the nale
thread in the nmeasuring plane is obtained using the foll ow ng far mm
of the taped values in the renmai nder of the present docunent bei rrgu r

to the dianeter and expressed as a % Dle = Dhnom- LI ~ TTrept | 100 TTrepl
= TTnom+ KI ~PTTI + K ~~1, exp- 1. (PTT1/ ~1) 2 2~c -KI ~ OIT h.
g(-~Tt"1/ 0-1) The estimated val ue D2e qf.the pitch dianeter of the fenale
thread in the nmeasuring 5 plane is obtained by the follow ng fornul ae: D2e
= Dnom - L2 ~WETha&p2also 1500ght| for mp&sure ThEnpitech+ diéheterDhTde -créssZsestianap Glane ~
(~TT2 / @) 2 -K2 ~ OIT2.~ g(~TT2 | ~2) Indices 1 and 2 jn.the equatiaons
Felate t OWPHE jraf dne, PSt RBTIAE P S3EY e aepYEPRenTEaRHdeEng e RepReied)
vatue of LAfnpLhEcidEs bPind BphlifiohElo¥cthbRecap! ane: TTrep is the pl ot
value for the taper; 10 L is the distance between the neasuring plane and
the reference plane and is positive when the neasuring plane is | ocated on
the lower diagpmeter side wth respect to the reference plane; TT'mis the
nom nal’ vQI“Eg‘S@ vankage gl Msg at%{fa‘é‘i%af.“e‘igﬁ‘?“iag‘rt eéﬂcﬁé%thf g‘e\Péi"héh%‘Fet‘f‘h@

di fferenc Fod is b S ' t

m ni mum ﬁ%&n;gﬁgcrtﬁ %ﬁdo-ﬁrgﬁgancu\;/az lgggbgP-Eﬁwgg @g%e[?;g%? nﬁgla{l ﬁ’ﬁgggéﬁ%?g tfclgg;h ais
t he st anddichettz\in atplare efativélg fai fomitheitieasurin rilives is dpghly uaderam ecavkeosfd; Ki
is the ratio of the length of the nmale thread to the distance between the
ref er enceﬂﬁlr‘éﬁé‘f?qﬂ(‘)‘)‘ngatﬁger%qﬁs i theitapes of therthisad & bhingRestednd Kz is the ratio
of the; length of the female thread 20 to the di stance between the
reference plane (Po) and the | ast pe~'fect fenale thread; g(x) is the val ue
of thelr educetScpattntefl 360r 230 ddscsibes humiethodf aff idshectioal uptngx aoplaheh diavatérabl e.
The pl ot val ue of the taper. TT~eP defined by its equation corresponds to
the taper Mspsugingidevice; Be pitehAivmefrs being gecagnisdstose tothe fistiperigetanalg threglst ne
#~om nal f I [ is situated in the reference plane and
the smal | t |§>?<fh%é:{)§ragpggh\%%ﬁgﬂhggﬁgae§&fo the 25 mean val ue of the pitch

di aneters of the thread being inspected by neans of hard gauges is -5 M

AY 2003 g situyated in the plane located at the end of the threads of the
i nspect ed t hr edeh dethed capbles essuting p bigh vagieofdatgrersgeslediysen the dirss merfesit

i nvent i on rdli . re 4t i

| mport i TR HE%d: MBatheRARAARGE BER APRP iR WIEER hlcaléh tlRlRE |
optim se Wi dlagaldiangtehaidagdteprosided Svith sdépacaté Retingatemorinesttiérot. obihia

i nventors have becone aware when devel oping the invention that too |arge a
di anet ri cHireadsd eaangatioas Mavdnaie sugficiently et infspitgeofrthe dnvobveds pressurss) and

t hr eads hgﬁpﬁ’,\% del eterious effect on the sealing of the connection, in
particul ar en a netallic sealing surface is provided between the nmal e
thread and the end of tl~e male elenent to radially 1 ointerfere with a
metallic sealing surface |located on_the female elenent. The dianetri cal

he f
i nterfétence DEvesessdhisdUgiatng SoA0q w89 nes 40k slesnribe b Wi bndsfinice e

radially | fere | | b [ pffe e -
Cross-s ec'%3 %ﬁ%ldevcf ?lzliérrét{ glr%n@kﬁt(#%mgﬁ F rggg: Iglté asItuElg% ?l%r%i (ﬁﬁg 8 %fir%lgsss Ejgrﬂgclf Hgtésfoof re
connect i opaidndiataeienGinfodacsi e Bk not ftRainve mtidubaedistribnden adnhe chetdburedxer t
a contact pressure between the mated points. 15 This definition is

appl i cabl diametesy with; 1gepachtathe distributionr whigh iaabtaingd hya sonyestierahénsgectipy
estimate ) h\é?dgﬁl Q the diametrical thread interference close to the
first perfect nm xS ireads, it is necessary to neasure the pitch dianeter
cldser240 this zone rather than near the |last perfect male threads in order

not to introduce ~ a | artge uncertainty due to
The method of the invention for inspecting a male or féemale tapered thread located

on the external or internal periphery of a male or female tubular element itself located at
the end of a metal pipe and comprising at least one sealing means is a method in which the
pitch diameter of the thread is inspected in a given measuring plane located at a distance L

30
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variability in the taper: such an aimis taken into account in the;present
i nvention. 20 The present invention can al so guarantee that the jrean val ue
of the pitch dianmeters of the thread inspected by the nethod of m
invention ~n the plane of threads close to at | east one sealing neans w | |
be the sane as when carrying out the ingpgection using the nethod of the
present invention or using hard gauges as specified in APl SB, even if the
measuring plane is not |ocated quite at the end of the thread. 25 The nean
val ue of frdme theaggarerse plame of dreadrewiny st # plape diastedsimyeasudng devaee prowidedan
val ue of tiﬂ? t.aper of the male thread associated therewith. Such a

di stincti% %ﬂ@g‘lﬁ%é‘é%as‘t"ﬁ@ BFY¥ucti on of connections where the thread
interference iphe RAHCGEIRLIRENED adlisd ERSthe PA&eRCAduft@niBEMMTes o inBankddudR Of
the dianetrical interference of the thread at this l.evel being optinally
appr eci atasdfopgxarhplej msspling swfacgm watisvode béaringesuifaceeit angggui vhteat means.val ue of
the taper of the maje thread is.preferably higher than the nomnal val ue.

L MAY 2003 ol alevsenlits pisans 1S acafed dpsheboffe g tBnp Hlondi o
thread i syhifShe! BRRIe! REIALTHARN ishRé Wtatelth BRMemlcdiEmBhtio B MoAE ok MM
val ues for the dianmeter neasured between the thread crests can be directly
defi ned fwithnthatvthogewiossitblie freaembiof thednataclement $o wiichetheffomatenelemintciy

di aneter .in éh onsi dered nmeasuring planie increased or decreased by the
hei ght of™&h “ﬁﬁ’&@aﬁ?“ﬂ flendi ng on whether a male or female thread is to be
i nspected. Therdak®ai BbRpRR ItHAHDIRBMngREpsTUM val ues for the pitch dianmeter
can be defined directly fromto |erances on the estinated val ue of the

pi tch di ayet era ferd fox adjus@ig oorsaidyplampdiametey mehsuring| dezicef the ldéstatics batvegen

bet ween the reference pl ane and the neasuring, plane 1o hy the adm ssjbl e
i ni mum and olRf REFFISTUEEES 8RY fia TeRERgRARc; ik AT hella RO ohive
estimat ed val ugsQf ool GBI hEO idh &tk §ladehnli e RS glthep! @ne. During the

step for adj usting the nmeasuring ans, the measuring neans is preferably
zeroed thHen dux step fohedjustipusdid gnaserng mednd tenevabe of theneasueme didtardve

respect to zero and finally, during.the conparison step, the difference is~
conpared with %@tweqneﬁhaﬁeetaitssqrféﬁasegﬂ%eéﬁ%lag_gwiq e C&ﬁ}éﬁevﬂ& dhincasion
devi ce has t WO, GRR§Afdinel WithGBSpect (3ahé BIRSAL] PMludBE MO PickR dGRlRGdn tid four

times in the sane neasuring plane by turning the nmeasuring device or the
thread to be imepuEnsdPane. denpendinghonfwhetharr thepaelgeen female theeasuieterhe
about the axis e connection. the dianeter Li.e en the thre cr.ests
in 20 the neaslﬁgéeﬁ{ge pIﬂ}fng aﬁ%c %?Stlgoéllgfeﬁgélro at'’ 6%8_93!@?‘?16 V\Ktenégjlgﬁ ({roloﬁlgr al %o
the mean val uees@inafedUvalieasthe PR dfamdtdr @ hamaabiuiy i pMAE By lahfuaRBASKI thiRY
device has three Contact surfaces |located at |20 to.each other, the

i nspecti on nmetqBatitysh saqpildg theisum jof ghe height of one threathand hknowsageometgicalevi ce
or the thread by 40 .fa' ﬁé a ninth of a turn, about the connection axis
bet ween each té%‘h &nt. In a second aspect of the invention, the

i nventor d)as pf o¢p dBH nRaflrMAEhE IdRIRSET boRRSH i GhrdhAVieas Wit 18P et he
met hod of the invention tp be carried out rapidly and thus econom cally.

Wien the measwelastpddagissang planeienid orgaseringsdevicecbsing bhaughievite ebitngint ey
pivoted its bearing surface against the free end of the element uxider consideration;
d) a step for comparing the measured diameter between the thread crests with respect
to the admissible limits. '
The measuring plane for the pitch diameter of the male thread is a plane located
between the reference plane and the first perfect male thread. The choice of the measuring
plane must of course enable the contact surfaces of the measuring device to be able to be

applied over a sufficient length of perfect thread crests.



30 about one of the two contact surfaces to detect the point of ~ the
thread to be inspected which is dianmetrically opposite the poi-f§ “MAYéZﬂBB
pi vot contact surface is applied, the dianmeter between the thread crests
corresponding to the maxi numin the neasurenent Ci r - 5 MAY 2003 10
made during this pivoting action. Thébmeasuring device thus conprises a
means for automatically acquiring this nmaxi mum The invention al so seeks to
enabl e the inspection nmetl~,od of the invention to react rapidly in the
event of a driid nehsurlig paedbatthepitch diamaecof tteahalenthread ¥ Qréfiadlyetd, said
neasurinq device conprises a nmean& for carrying out statistica

cal cul atRlas legptedsu jatly daxially dwlf vyayabethicer the peederengen plangy apd jthet

provi des t 4. j ust the pre determ ned val ue of the
distancéxggféég% oghggntégﬁgéur %g%%ﬁln the inspection nethod of the first
aspect of theThawRakiriip. plafe Yetei picchedibmegr wlltee tapesdefbnid dadsad id tie
setting bl pck used wwth a neasuring device with two contact surfaces is, in
accor darRlanept therdspwinghvhigh germeides With thaenqesiringoplane {or(the pitely digserier of
conprisipg. _a.transyver end surf : - N
subst antﬁ'ﬁgm%l/e Thcr)%aglvtvﬁe |t§§fw%maeen éi?tlg %ﬁ!eqﬁ%g?%%%ﬁgé%t%ﬁ rgi?l?:ea F%/J?n ‘thIs

respect to thg 4 vansoal Feheprns of flrcaadig cdmvidingiwith thewaéadsring plané e angl e
between said flat faces being equal to 2. arctan (TTa,,~/2); and the

t r ansverthe pifich diameteief the apele slirdad dogsi nnsdalf infe arzeme Pitnering lemald theepdsD ~ a
+ h) to the longitudinal distance.LA fr h [ . ~h_1s the
quant |ty PaaprRaEng reotrs e R RiagebE B Serf GHELT AN s Yes’ Wi
a measur iRfosi\laR Mtithd I iiREz0ne i dRifestUeinalettirdads Whi¢he thekcmsedt 18 said
truncated cone and conprises a tt~ansverse end surface at the cone vertex
si de andcangdmgphancal tapered surface with a taper of TTa,,~, the dianeter
of the tapered surface at a distance LA fromthe transverse end surface
being equal to (Die + h). The setting bl ock can al so conprise, at the end
of its inclined flat faces or of its 25 tapered peripheral surface at the
side of the end surface, a port.~on with a different taper or slope which
reproduces the profile of the sealing neans of; the nale el enent. Such a
setting bl ock enables a second pl ane di aneter measuring device to be adj
usted in particular to inspect the dianeter of the sealing surface. Wen

i nspecting femal e tapered threads, the bl ock used with a neasuring device
30 with two contact surfaces in this third aspect has a transverse end
surface and an internal space delimted by two flat surfaces of the bl ock,
with a~ substantially | ongitudinal - 5 MAY 2003 orientation,
symmetrically inclined with respect to said enti surface and convergi ng
towards the back of the internal space, the angle between sa' ~ti inclined
flat faces being equal to 2.arctan(TTa"2~2) and the transverse di stance
between said inclined flat faces



H

being'equal to (DZe - h) at a longitudinal distance:LB fromthe 'end
surface, where h is the 5 quantity defined above. In a variatigmsz 3
i nspect femal e tapered threads, the ~ setting blockiused with a ri 9
device with three contact surfaces conprises a transverse end surface and
an internal space delimted by a tapered peripheral surface with a

| ongi t udi nal axihs estiiated vaherD Qlof Theapiteh diflv@eteebf S adle Wikadin the dhdagdrigd
towards the side opposite to the transverse end 1 o surface and in which

the di amePlaneas obfpined veiagthe following formulae,-¢lb of thectapersialuea i thegemginger o0

(D2e - h) 4T i L\ egting fenal e tapered threads can al so
conpri se, ﬂ}ietﬁ}? %CZ‘?Q‘?{%%“%%@E f%\fgﬁrledn{tgoig? ﬁ}ﬁm SU raflgg’é%reﬁlp Hlaf & /f'aper ed

peri pheral duetabmnat L1-1Trgi d@0opposite to its transverse end surface, a
portion with a different taper 1 | ope whi ch reprgduces the 15 profile of
at | east Omeessedfng+rRNITOR Th t@(%l_é.@hmml-)zguch a setting block
enabl es a second pl ane di anet ex2measu i?g device to be adjusted to i $~spect
the di ameter of-ghenmmabingrayifigce. The acconpanying figures illustrate
non limting exanples of enbodi nents of the invention. 20 Figure 1 shows a
f emal e t hr eadedhelestiraated atlua D3| pfthe pitch Hagietez o thefomaleahmzad & the neac@thg

el enent _at a pipe en Figure 3 shows the elenents of Figures 1 and 2 once
connect &d Plapg lgalﬂegbﬁéfwafglle‘amgfogwe% i nspection of a femal e eljenent
with a plug saugp,if29Cprda)aeoW th specification APl SB. 25 Figure 5
schematically shows inspection of a nmale element using a ring gauge in

accordanceqw Lh ﬁn%%ijkgaﬁiﬁ_m'ags X i glur %ﬁzﬁg%gs i nspection of a male
el ement of ‘the type shown i'n Fi glgpe 5 sipé a pran i amet er measuring
device of the in né@%&%r en?é shows a detail of Figure 6 at a contact
surface on a pla da asuring device. Figure 8 shows a detail of

Fi 6 at ' ' i ce.
T MRy 2003 13 By T e S BRE e b B 0%, AAERERE LR SPAESY oo

shown i n B,gyisehd naminabvalupbiithe pittladiaireter i dRutferaceplange of the invention.

Figures 10 .to,.13 show varjations of solid setting bloc~CS for use in
i nspecti n%TtmgtﬁﬁPE’tWHWééﬁ g&PFHIi ng to Figure 6 while Figures 14 to 17

relate;forholld Wstﬁﬁée&%e@\?%éﬂ at‘ﬁ% Fl%ﬁ%&%{ﬂ%%ﬂ%ﬁ&#é&é&%&{l%@%ﬁ he P(E]szlri’%l Ghd1r ead

of Figure 9. Figure IC i 1on o

rel at i ons thepmbsedunmgrpladeeispositéd on thé Idve diivhetsr sidanwitiefespéct @8 ehe Rder@hcd he
mal e thread for dif!Ferent possible tapers with respect to the position of
the pitchPd™neter of a ring gauge of t~e type shown in Figure 5. Figure 19

illustratgs the ﬁlxp@al&go{tﬁétaﬁ%&gt??&p in ~he case of a female thread to

with respect™ o0 the position o ch dianeter of a hard gauge of the
type showaATThisFhaalgebrdic viatuefof ghe disfereBc(,19 TTL1g; di fferences in the tapes
have been_subst anti al I¥ magni fied to show the distribution of the val ues
more clt@arklymns Filgurand3l Ty @lg respechivelydhe mepipee MaRmupy apd mees ryabiepiof ¢he

el, ement 1 tﬂ}er Bpﬁle%}‘ga& groauced;

G is the standard deviation of the distribution of the taper values produced;

K, is the ratio of the length of the male thread to the distance between the reference plane

(Po) and the first perfect male thread and K, is the ratio of the.;length of the female thread

20 to the distance between the reference plane (Py) and the last peffect female thread;

g(x) is the value of the reduced centred normal distribution for the value x of the variable.
The plot value of the taper TT,, defined by its equation corresponds to the taper of

a fictitious cone the large diameter of which equal to the hominal value of the pitch

diameter is situated in the reference plane and the small dim£eter of which equal to the

25 mean value of the pitch diameters of the thread being inspected by means of hard gauges is



15 first netal pipe 101 and a fermale elenent 2 at the end of a second netal
pi pe 102 which may be a | ong pipe or a coupling. Such threaded connectig
fan, for exanple, constitute strings of casing pipes or tubi ngsﬁcMAY Zﬂrbsa
hydr ocarbon wells. Male elenment 1 shown in Figure 2 conprises at its
e~Cternal peripheral surface a tapered gale threaded portion 3 with
trapezoi dgtuatddr i@ 3ES pRAE 1dchted a€ it endUifGhe thecadb sPthehiRspeirdd 2deddf ort tR stder it

pi pe 10l, has an annular and transverse nmale end sujrface 7. Plane Po is
shown in &;lgast en@saghing meangcordi ng to specification APl SB, is the

Cross-sectiona | ane l.ocated at the e of the zone of perfect. mal e

t hreads corr gsIIBjIIafeﬁaﬁt‘B" 18n!sgIsv S B@rﬁféﬁ?@ﬁgp‘éer?lﬁgg&d@aﬁebﬁé%ﬁlltelsIﬁ?ee??ﬂﬁt 2
repr esent gghdrihinf @ WisdreChEiichedlaMBtet b th HRERRlo BEihpEdlo 2ptifiiéd aee a
tapered fenmal e threaded portion 4 with trapezoidal treads mated with the

mal e t ht esedliBg ahatacthmstisn df dfe threadédecaminestiont 2, which is al so the endf of

th d pi 102, h I d.t .se fenal e. f 10.
Pipos 101, 102 Y GHieBIIE) BAGHotie NG RER 1o\ 0 GPeianangs BRAAES £ i nt o

femal e t hggafutealfihfcRABinGrRI&I¥BNn 2he 36nd 081 BE sy peffedt Rl YHrBsHsOHAs bhe
invention, tapered threaded portions 3, 4 are single stage threads. i - 5

MAY 2003 ddetErieuseffenrt omi tha sedlirfg ofithe ce@nnestipn, ivepartiodarewbén ainetallic stadimgnt s,
ddi ti | whi. der .th t ticularl i gh ly:

on"t he. aPETER ar B Ged L e nals drepcsuf Sue i o Be ! glebtbhf 1 B o
paper of Wuiedte withdeehald Salndhudfies 1dcBRA oh ke feRfald@éBedthr ead 3; the taper

of the male sealing surface 5 wWith respect to the dianeter is 20% for
exanpl e; an aitheldsameiricaltinterferenrs betwean inrageds poifitican Fva eurfaces of exvobytionhe

I d f " . t he. f I I t: i i nt I dt d
ol o scatiohg il BA BB es oS Tpl” v o e AeTA- i B SROrHSEREal o
that of tBRned CfS@R!subed H {RSE pdints, Mbabite® boRIe THMUASH aHE LRI HRAN ar

and transverse bearing surface 8. The nale end surface 7 can, as 1s known,
be concaveihen thepeoesirfacdsh opcemnycaed rxent p centattgiréssaredletyeehdhe sratedigonty.s |
the fenmal g bearing surface $ i hj s. case, bej ng, convex 15 with the sane
vertexlI.'naI% 18 &P’égn'l*ﬁép EfGI’IFitB%QIht HI’i%‘f?e'Sl,ngéI,“eg‘,is %Bé?ai‘_tng SIlrrIa‘fceﬁe fol | owi ng
manner 1N connagldsematfle vANE ofeRishalibd skl iffiferchct 2Bl thelmiglel LS
with the fe',Inale sealing surface 6, 1.e., FiIts dianeter at a reference
poi nt i s hiatghtdweddef Wienaessaectd measuhathetpiteh diianettrecldsef td kes pacexhtipoiten of

the femal e seal i.ng su face16 the di anmeter al so Bei ng rreasured.be:‘l@rge
connect i oS dRStRETIEG KIS reasticie warh ARt OhRErofisend JHeS RET AR BEntot he

seal i Ng SYLEARRS in ARYRHEIY SELSH N i GkbR HHE 8ol MGhH FRSHBLnH|ndBRI. cal _
interference of "'the sealing surfaces. The precise position when nmakeup is
conpl e2@ i s deflhe prgsent ihyerdioutcan also gharmahtee thak theenchnsiahfeafeherpitapadiarsétetshe

nter f or oRE BV IR Tsaeciiby iranebad Phibe SumpRBiETs0n It 16 DIRE ofdirdylose” °°
surfaces (¢at RistGRB s@ﬂ% ﬁ%&nsa@ilﬁ?éﬁ@ dafif W@Iﬁe . tﬁ@ﬁIs?ecItiroﬂ rse.

di sposition renders t | ess performng than t ng surtaces ,0) 1In
t hi s regatht. méthed pdshd pesentheventiak eupsing hawhgdugeeac specified paARIAB, aved &

referred to a given value for the nakeyp tqrque.. The advant ageously
concaye-ch'?\}B %Pé&ef%‘?%?%cfa_t‘%C&‘"ﬁéﬁﬂ?r‘?ﬁ?ﬂﬂ?é@@é‘i?, 8, not 30 shown in
the Figures, prgyenta Jai& SE@Either 20iiagaald thami e phgedbisadassh Rdnean

i ncreases the
value of the taper of the male thread associated therewith.,

Such a distinction encourages the production of connections where the thread
interference is reduced close to at least one sealing means, the value of the diametrical
interference of the thread at this level being optimally apl;reciated by the inspection

30 method of the invention.

The mean value of the taper of the male thread is preferably higher than the

nominal value.



a highly schematic illustration of inspection of a fenale taper
on a female elenment 2 in accordance with specification APl ~B using a male
pl ug gauge 4 21 provided with a male tapered thread 23 produced With

tol erances which are substantially narr8wer than those of the thread 4 to
be inspected, e vaxiahehghe ereanivabes & thartapsrenf. tha Hersale rbrepd tis hesditharether  of
t he gauge in.tge lﬁl ane c~f its last perfect thread can be considered to be
equal to PHE™OKHY'H&I pitch dianeter and the taper of the gauge is equal to
the taper of tHhgediRAvside mbRfusi 48 thidif@bd PiuesTbOthe Yidn A8 nEdstrsd By Y
show the pitch cone of the thread, not the taper of ;the crests and roots of
t he t hr eatls. threadSpests fcae dei direcpldefBeds fratre thet admissiblei mgpwom ad ezaximymp| ug
gauge 21 is hapd scr. until it stops,,whereupon the pitch di ameter, of
Phr oad SavaleofiE i pEftaalet vt eBnsiited iSSP ate iebi ar eEoRRE byt ch
di ameter gfe Hefiht beEORY ﬁlréa'ﬂrcﬁﬁéhdqn% &n DBethBSPRGIRSA fériale tIHeXER t&baRRpbdied. eof .
The di stance A between the end of the female elenent 10 and the annul ar 15
transver se sur fThe eadpgssable trhimiplmgang ogeimemcahyesr fod the tpatch iametandan deval ue

S for thi i stance f.or set ring-gaugel pl ug g e.pair., the fenmale

Chr e o 4SHITEG S R BIFtEtseh o dheap A e Bl fipmeiR Ebe PRD# Y ance
Wth res IOS%Ee Lindhe VaRRITKIE KNS bebwidnlthe Pef@refleiiind SldGheRREsrMeIMR! -
When the threads of plug gauge 21 are in contact with those of the fenale
t hr ead16! By theadmissibpmatindnmaend maxinme adlues df shisldistcefin theefopinulp gisinge 21,
whi ch occyrs when the taper .of dfihe th.regd 4 to, beli nspected is | ower than
t he nomin efi?&f“ﬂ@_,d‘ia id?ethC(!i‘i WB‘_FtE’rmG ©IRIYEREL' P t he plane |ocated at
the end opposi TRinStHRNEERTEL adjusthP IR ihs@int2 nttlns; It Bé&buﬁﬁg Rbarshis

di aneter of the thread of plug gauge 21 in the correspbnding plrane. It can
t hus be cordérdblyedraeddhen duingaht meaburing stdp, t ldifferamderis ofeafuradinitht laspeatitos

bel ow 25 the naom nal vyalue, the pi.tch co f.thread 4 pivots, about a point
Cocat ed | ROPHEIIAT. ik (bg RMPEHECTOTEP. 350 QRIS thrueef WHhe Mg Gauge.
The opppsijfpeoccurs when the taper of the thread 4 to Fbe inspected is

hi gher than the nominal value; the pitch cone of the thread 4 then pivots
bout a point | edchvtedgequsiyhewhdmnke | meateng ateviche handwa7 caftadtheurfavesatheof

the plug gauge, 30 In the sa , Figure 5 shows the inspection. of a nmale
t aper ed tmsegﬁlosl raﬁthadrfa|cgn@fr{eéw£?¥uri 4mECEORASADE MEASHIUHEERF Y ALTERE 91 | S
using a rifigs Bevide RF Qid ‘E't?r@adr’“tc]ﬁ *E_e%g%%%hg% %ﬂ%&ﬂh tF £ 86 2o REQH s

using very tight” tolerances. Here agal n, ring gauge
22 i s scr ewasurement atmue thehmaadf thetanbertionsthe cli@vetembiétiveert thet thyead wingstshin

it AT XN N N D

measurements.

contact pressure of the sealing surfaces 5, 6. - 5'MAY 2003 14£iﬂ%fm

In a variation, when the measuring device has three contact surfaces located at
120° to each other, the inspection method is carried out three times, turning the measuring
device or the thread by 40°, i.e., a ninth of a turn, about the cohnection axis between each

25 measurement.

In a second aspect of the invention, the inventor has provided a plane diameter
measuring device which enables the method of the invention t¢o be carried out rapidly and
thus economically.

When the measuring device has two contact surfaces, the device must be pivoted

30 about one of the two contact surfaces to detect the point ofithe thread to be inspected
which is diametrically opposite the point where the pivot contact surface is applied, the

diameter between the thread crests corresponding to the maximum in the measurement



[
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When the threads of the ring gauge 22 are in contact with those % tﬁrﬂﬁ
thread 5 3 to be inspected at the thread end side 26 of the rin®g aM 4 0%
v~rhich occurs when the taper of the thread 3 to be inspected is higher
than a nom nal value, the pitch dianeter of thread 3 in the plane | ocated
at the start of said thread is | ess thamthe~pitch dianeter of thread 24 of
the ring gadeeduhg fhid PROGAE 'REMLNThO k@i ddAUS thisOforfrsey @l wRand ol he
taper of the male thread 3 which are higher than the to nom nal val ue, the
pi t ch coneutomatipalbyatqgiringrthisenaxémuinder ed to! pivot about a point |ocated at
end 26 of the read of the rin auge., The opposite occurs when the taper
of the mal e ¢ hidaanenfion igartitta FRATE e EndRB) Beibd Sibe SpeBfe bt
thread 3 PéY&Y%nﬁfE%n@of%r[ﬁof tﬁ_@@?&fﬁcﬁém 5% spedfidfionl. the ring

gauget hreacf. 5 Figure 6 schematically shows inspection of the pitch

di anetes of a sl thist endesad ménaseaig Bevisd ognprisss ameeatis fnetaTying asustatigicdlevi ce
51 of the t)éaﬁ.descr' bed i.ndUS-A-4 524 524. Device 51 conprises: an end
traverse SHCHANRP ?fbﬁll?ﬁtaf%'ﬂ? d2U4eSnsver se bearing surface formed by edges
54, 20 54"; tup J @R dspedtndle BUERionZproPRieydi Shind! Blobl ARV Y agLit @k Hrant
whi ch are mounted on traverse 57 so as to be adjustabl e depending on the
type at ~dddieamneéd valug of itlke distancedbatwedretha sprtactenirfacasvio theoingpactidi madthad of

di sposed El{"ﬁfrgﬁ 58 2 the edges of which are turned towards each 25

ot her, PEFL ?‘@el&l"?ﬁt&’ﬁt from each other and constitute contact
surfacgs 60, 6lyndidsBectiRghRalp Gapped! tigdadan thtehﬁttirg‘glgél@ As QR bviR! MnRAsiEhedS
tc~ be able to pivot only in its plane while knife 59 is nounted in the
sane pi vodavicemvithetwootonéactrsinifdces ispih & osdadees piithetbistthiah aspect @b he foam of a
measuring nmeans which here.is a conparator 55 |ocated bn the | ongitudinal
arm and 36FUBFAELIVCRSE GPRHIE | e rod 56. - 5 MAY 2003 16 The pivotal axes
of the knigve i ring plane P 1, transverse to the neasuring
device 51 an%“g‘g;r"gﬁﬁé to ghérl{ang surface 54, 54'; the traverse 57 can be
sl id such et higio flitefacssasitt 4 Rehsfahtaley Bngitudind]l @eRhatomtindingt temn@iridalln odth A
from bearing surface 54, 54' . 5 Conparator 5 5 neasures the difference in
di st andé betXFepsstlp the tranpierss end sedacs and ganvesgingatawasds ftace 60 with respect

to a pre-determ al ue res ding to the zero.of 4.he conparator. The
i ameter feot EQREERs o Sati e BEREORRE dald d Ao Cutind B 2 ng. ¢ he

al gebr ai ¢ ovaiidqrapbvdreditahlCbRNES FRARILRH AX BUIRRGR QuabR IR, #N§ 1o the
pre-determ ned val ue. Conparator 55 can advant ageously be replaced by an

el ectroni ¢ diopgitadieaiedistaboe dendmm vthé cindasitrtavat what | ly iacthai questigndefirabr ds
the neasurenents. The male thread 3 is inspected as follows. The distance
LA between bBSVIM§surface 54, 54' arnd measuring plane P | is adj usted to

the vahye corrgsROAH A6, fhe sB@ing AN GEet Ryl @ Hhéswidglddvi& WithltRRE&olRkyeen
the plane P 1 and the end surface 7 of nale elenment 1. This distance L,, is

equal to tshefags islirf fherform efseryreatedtdose dnd camprsesfa Bansyerserot Furfad at e

Pl o sel cePedetTonad miE Deimer fncisd e Wah o BET Ton R BGISC g
perfect thgeadssurtle a@ﬁ'ﬁ;@lﬁ&e E%Jfrf)ﬁi(iﬁé tr@vedd eQ@Qtﬁga.lcgfbeigl fe%f 4iend, epgth to

come into contact with at |least two thread crests he position of

measur i ng pl aneltRlsettingobletle cabhlyo semposedy theesershafvits inclifedyflatefades dradff itmay
mal o ¢ 1 et e BATTR O SRS, R (i EneEieh BRI DOHEA L 8
much cl 0s&fodeOwhRf BpRfdhices the profile of the sealing means of|the male element. Such a
setting block enables a second plane diameter measuring device to be adjusted in
particular to inspect the diameter of the sealing surface. I
When inspecting female tapered threads, the block uséd with a measuring device
30 with two contact surfaces in this third aspect has a transverse end surface and an internal

space delimited by two flat surfaces of the block, with a substantially longitudinal



of the male thread and thus the val ue of the di anet rEi cal interference at

this |l evel can be 25 better appreciated while ensuring correct-§ewzggp
t he contact surfaces 60, 61 even when the perfect thread zone i t y

short. The zero of conparator 55 is then adjusted or the pry-determ ned
value is then directly applied by interposing between the contact surfaces

60; 61 theridntiion! aymhaeesalS inchged a¥it RepBiioak sAi@ afd Gingateeadd cohtagmef | at
surfaces being separated from each other by a 3o di stance csDI e + h) which

i s the chemacdsethe dack ofiitheini¢ronl sace,ltbe gagleihegvesnowid impliaed dlat facep beingat ed

val ue of the, pitch di t of, the thread .t e.insp ! ring
pl ane; h ?aélalag(ﬁ argign évzg) rﬁngfﬁ?ﬁtéanﬁ%?%%fmg@g? r?gp‘f%r%g%c?fgéﬂh%l néh]g%agﬁgfetﬂi cal
correcti Opeih@eq@l tA(IVLN h) at aSoMAGAARD diskincd g fioan tHeashld Wutface) fwHeReh ieagur i ng
device 51; this correction factor takes into account the fact that knives

58, 59 doquantitypdefimed abonet cont act surfaces 60, 61. Such a setting bl ock 70

is much cheapej to produce than a threaded, gau uch_as ince it does
not include a i"n?ev _ auony Q) ‘é‘ﬁ?%g?‘gﬂﬁﬁﬁl?fr?deg‘ge%ﬁi |§;tté%g fzafocf(susﬁgtwgth a
subj ect edmgadiu@inglelicR! its reVcHsta@ NArHOS CJotWWriRes QRRAXr@Nénd Srfack Snd an
determ ned using the followng relationship: Die = Dnom - L~. TT~eP~/100

Dnom i s tinterndrspacel delisited hyfa taperepperitheril suréace with hlesgitwdingliaxisandiadaparer

I [ I Po: .t 1 isg.the dist t t | P
and P wPERTrE PR B sk B diteled oyt B8R GpRPaF et BaRef dcpect
t o Po; 1ol Tsi@Rice lafid i hdhOthe \dddniterOdt disighcBal efréraARS trddiiveRRe \hdl lsuffBce is equal
defi nedbelow;, it is higher than the nom nal value of the taper. In a

vari ati onto @ +dYyul ate the zero of the conparator Sri, instead of using a

tting 15 bl i t.h flat I el f tting bl ock 7 b
sed i on 15 e S Bl it Erelbndiq Rugfariy P B, AR
conpri sesedy bf ANFUARSEAMSIrAYES RGR thper8d PelitWeral !éﬁxﬁﬁé}%titﬁé kide |o9?ﬁ§ei{ett6iif§a| ly

orientated flat faces, symmetrically inclined with respect to
t r ansver stamavdrss ienflawefaasida porticer withg diffesend daper ; oraslopee witich tepraduiees thse

il ot ance Bt BhA Bt St forfiEifren o e Rande tedital e et b ARG
| ongi t udi E'éb'on&“p?éxfén&iﬁrlnleé_r fxﬁ&'sﬁxg'nf GE'\fIi@é’ kd BE Gdfubted SR fﬂsﬁ&t RhoQkan{éled §f the

inserted so as to apply its end surface 72 agai nst the bearing surface 54,
54' of nesslingsgrfatevi ce 51 and its inclined flat faces between ci~ntact

surfaces 60, 61, of neasuring.devigce 51. Thus.only a ;single setti l.ock 70
is- required ri&ﬁraﬁ‘fo&%anﬁlf“gt%ﬁé“?ﬁ @Pgﬁ%een@;ﬁmgglgl %‘aﬁ’@?r(ﬁ]aetn?b& “Pﬁ“qgf’gﬂ}ee 12,
t he angl ejfvch@éyeen the inclined planes is equal to 2.arctan (TT~epl ~2) and

the transverse distance between the inclined flat faces is equal to (D'om +
h) at 2he | ongiFigwi¢ hahows & feaade thi¢aded element atarpipmendsur f ace 72. The setting

bl ock 70 can also ¢ rise, at . th d of tie.flat faces on the side of end
surface 72 o FURES QARHS ErersterfeCEmAn S 2B 15 W th a it erent
sl ope whi ch 30 pi&RpE 9dHGRStHeREnr ofl Mottes | BEd 30Atd dfhne®aNS of mal e el ement
.1, in particular the sealing surface 5 and optionally the mal e end surface
7. Such a sett iFigprdHecherativaly aliws mspeetiomdf a femgle piRnmepOHith a plug gauge in
accordance with specification API 5B. :
25 Figure 5 schematically shows inspection of a male eleinent using a ring gauge in
accordance with specification API 5B.
Figure 6 shows inspection of a male element of the type shown in Figure 2 using a
plane diameter measuring device of the invention.
Figure 7 shows a detail of Figure 6 at a contact sd:rface on a plane diameter
30 measuring device.

Figure 8 shows a detail of Figure 6 at another contact surface of a plane diameter

measuring device.



|
pl ane di aneter neasuring device 51 to be adjusted té i nspect ahe dianeter
of the sealing surface 5. The neasurenent is carried out by dq-ﬁ)cMAngioaa
measuring device 51 so as to place its bearing surface 54, 54' agal nst the
end surface 7 of male elenent 1 or against the nost 5 external points of
this end surface when it is not flat buizis, for exanple, slightly

concavel y tapepgshdishows ¥Rpdceidn bfkiferdfiglefenint 4Ptheask dHomGAMIGGE 1SusHgaces
60, 61 are placed in external contact with the dianmetrically opposed crests
13 of t heampidne didmeseromeduringdeviteoitbadnventiemt , t he contact surface 60 is

kept fixed to th f.the thread wit. ich.it is in cantact. whil
Che measur i ng SEITELIELS 17 ShowhiatiBfcirafols sF g Wtk Bt b FRsRElnd g 1 o
contact Wyldle tHiéadoriRemdidLtd PighRds WHEstFigued N tdi1Y QblaRGo UMW RASY BloBI  Of

the diameter D 15 between the thread créests in the neasuring plane Pl
cor r espdniiy use vihien imsprétingthe &male direadof Rigwadver se di st ance bet ween cont act

f 60, 61, duri | ch x| be obtai ned. b
Fead ng the contar b Sl Hmits sty B R BlalBpSiP roSbraft P ReR
an~el ectr gpike PRES AamelerUfiChe Bndl of Rhe Gl threARAT difefenb posiitle Afipepd S ONi C

circuit is used which; detects and nenorises the naximum value as the plane
di anet er maspsuitd thy msitionefithe piichstiaetabefia rigghgruge of Bgrtypecshoso.in Figuré fnal

t f th le th i ti t j ~ i bet th
Vel e DLS et B A9 LB, Grtr 150 o arrtoRete iR dBictsF aL s Eaie Btad
i R

mal e pitch dianmeter in the neasuring plane Pl is obtained by subtracting
t he quant Fignrhddef i ned above fromthe neasured~value D's of the dianeter

bet th ts of the threads in.the sane plane.Pl t | f th
i ts of the Sarhiggien B e offh abe ot tenBo e th v dest psn el |
thread crgsiifeats shek g ARtiButioh SEhbFaidid @6t HehBfined fromthe linits for

the pitch diranmeter D,, increased by a quantity h. "They can al so be
i ndirectly obt &igwed3ishowepktacided conmection he0 between andlelelement¥' afrthe end of a

measur g Tgttantia! Pie 105 08 adPrefrerdhettcr dbe 8Bt bathone acts cries AL #Hiftane
and the mﬁgéﬁé D! oxbyc@mg:o‘s&dhmfwdéd BBnnsbtidal csﬂ,%ﬂgﬁ%g?@j ik L

with OL, 1. The way TT~ePl "is obtained is defined by t | ow ng

cal cul at i etringh o basing mped aitnedgbior BydrocabdBwells.- 5 NMAY 2003 19 In general,
t he mean val ue of the pitch diameter of the .nale.thread 3 inspecte
according to t alﬁreé"s“é%tt 1 10 gE@t{ COMBHRRS) 2t s iRmaal RFé’ipEg‘agFurgff?é Pitch

di aneters 'éasfg&-ﬁ it HAGhRA05 A d r; '
speci fi cattfiﬁjgﬁetd%lgﬁcshéﬂ%a?n the&gIglzft‘)ri\g1 tg%lﬁéﬁga% of iﬁlﬁll%s% %@ng&gcgdgg&ggh%ﬁd;h i's

posi ti eheaf tre firstpipeh01,has an asularenf] éransveedeande ehd sutthce The point Gl on
Figure 18 marks, .t he,nean val ue.of the ,pitch di,ameter, of. thre jn the end
pl ane 28 of t hz)l?’rfeng" Fatgam th’(ﬁgﬂreoﬂ "Ykﬁ%h’rqcﬁ%rdlj’zﬁu'é’esheglﬁﬁ?té‘fnaz‘? I%&ﬁ’lﬁﬂle from
the refer @psg sBtRMal plané@Meatell at HeQURIRIFARE AR I Peie@Inale thid8dsOlRREpSIHh L

the thread of the ring gauge.
to the last perfect male thread.

\
1
L

Female element 2 represented in Figure 1 comprises on its internal peripheral
25 surface a tapered female threaded portion 4 with trapezoidal threads mated with the male
thread 3 and the end of female element 2, which is also the endlof the second pipe 102, has

an annular and transverse female end surface 10. t
Pipes 101, 102 are coupled by screwing male thread}; 3 of male element | into

female thread 4 of female element 2. ,
30 Preferably, for carrying out the invention, tapered thredded portions 3, 4 are single

stage threads.
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to It. is assuned that: a) As indicated above, the pi Etch cone of the thread

produced pivot about a point |ocated at one end or the other 0.1‘.5 mwm
of the ring gauge 22 screwed onto male thread 3 to be inspected depehding

on whether the taper TT, of inspected thread 3 is higher or |ower than the
taper of the ring gauge thread, which i;g 15 assuned to be equal to the

nom nal val ue ﬁge %%e&ﬁ&%ﬁ el %gxlﬁlgﬁéc{si Qﬁlkwﬁoi‘)ﬁm{etrégégrxégﬁsﬁ)t%ﬁéiti%altrﬁéans

t hr eads produce oWws a nornma tribution centr. e mean val ue
TTa,, | of whith r¢rajeethe doheedtioh panthladgttight matbly: maxi mum val ue and the mi ni num

val ue of the tapers (TTm-, - TTm~ ~) being equal td 6 tines the standard
devi at i on®~1 o?fﬁﬁé“%lPQ{gf;}eﬂhti on. 20 It follows that: if the taper of the

i nspected thread . i 0 Q{a e LT i t he
i nspected thr egd a’:n?lexggﬁggl %Flcaltrgé&geéf %? leﬁ%a r énuéﬁggﬁgg;gﬁgg %pggé{}ggpgné%ﬁ%hy
intervad O 1Al, Higier feinthatGf maleQlifead pOidi tageriod thd)Maledgalind m@ave S withe

ri ng gauge and the point A correszﬁ)(gndi ng to the maxi numvalue TTm-~ of the
taper of the t hr daspestdorthe dinmgisr isd%. faeeamleibi ity density at any point

inthe interval Q Al .foll a _Gaussian 25.1 aw centred.on il lustrated
by the porti ont oy R WS et BEAR GRed"t ERRIiRA Y, e, Ml i
point Ol correspqpghég to the nean value TTa~ i of tihe taper of the thread
3 to be inspected. If the taper TT1l of the inspected thread is |ess than
t)~e nomi Wal ven the fgmalgrplerpeis: end of the inspected thread in the end plane

28 of the ri i s the,. pivot ' g .. 30 Th babi |l it spci at ed
w th thie posi o1 oqbomiparhand taierd il Seaing Bl € P Pmer oF  PBRE o °t ne

bel | curve of Fi gypgarkBilytdGkiiad fat BEfhe male s@liNE¥urdQd3; 20 The mean
resultant value of the position of the threadkE end i,-n the plane 28 is the

centre of gravet yanGhtenfal thomldeo stith anesinfilar aﬁdw&andqa‘seljl‘afrintgharfaem&r val ues
fromTTm", to TTm~, and enables a p|lot val lllje TT~eP i~ to be defined for the
taper by the sFbp@als endhgurfaced eang agisiknopges bp sPREaVEly1tapeipd M4Hoh SPRPREB t he

rom nal ol o e, Bt o e B gRp B ST Sl R o0,
T, 7., L1d slvithghe SHnee vertekdalfrahplt i s again equal to the ratio K, of the

|l ength of the male thread to 10 the distance between the reference plane Po
and the first pHeepdditionalmeans b8 opgrete in thefollpwing manpepirfcqnpgetion(h9P. dx x

[ duced ¥ k0. (TT1z. T AN, ich. f
o0 to oo, Triie B R Rl Pntd s T S B AR

function s diagepakd réferdhcanints Bighker Befdref @hnection tkdhTthé Alamedterefthd Rated T1 >
'~ Tnom p(x) -~TTl/al for x <- -OITl/~i, i.e.,, for TT, < TTnom 20

- ~TT1/ ~1 oot Tty female-yoajing eprigce) the digmeigxalso being meaxysed Refore copneation, f 1.
1 BT rrhoc T R S B o saessal ot
continued screwing induces increasing diametrical interference of the sealing surfaces.
The precise position when makeup is complete is dete%rmined by abutment of the
male end surface 7 against the bearing surface 8 of the inten:f;al female shoulder, which
defines a precise interference value between the sealing surface%s 5,6.
25 The bearing surfaces (7, 8) can also act as a sealing meaiﬁns although their transverse
disposition renders them less performing than the sealing surfa¢es (5,6) in this regard.
The position when makeup is complete can in panic;hlar be referred to a given
value for the makeup torque.
The advantageously concave-convex tapered form of tfxe bearing surfaces 7,8, not
30 shown in the Figures, prevents the bearing surfaces from beingidislodged and increases the

contact pressure of the sealing surfaces 5,6.
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f
-KI''" . OrTI" g(-0OrTlI | ~1) 25 - 5 MAY 2003 Nunerical exanple: 21 TTnoa, =
6.25% K~ = 2.22 TT~";n~ = 6.10% TT", ~1 = 6.60% TTa, ;~ = 6. 35%.§"|M¢g(mal
- TTom) = 0.10%~1 = (6.60 - 6.10)16 = 0.08%5 We obtain: TT~ePl "="6. 0
Preferably, the value TTrePl is intended to be in the range between TTnm
and TTm-l, corresponding to the case of 14 he present nunerical exac~nple)

The cone fornegidiye 4 iea hitepecherRst $llustratém oN¥ectiof FE arfedale thpared fieedd ons,
such as to ovalit hol | ows and periodic bunps I1n a:cross-section. To

obtain a fepracismalelpment isancerdanee with spreifigation ARI RFesire 3 malenpluggaudsr i ng
| P 1,,if iskh t k ity of ients of
D P ey BBk Wiu R A RG8RS RS TrBANCA) b, ShollRAS IRARE! GRS ©

measur i ngselewntielpinkitoweothaa theet of e ftmesd 460, bebihspektedh fort ekampEh@wniniys
device 51, it is not necessary to carry out 15 nore than four neasurenents

t o obt af nnarrewe eEstthe piteh digmeterqrf thegaypetin fhaiplane pBHs dast peréechthypd ¢2n | ¢t
i th { t, f . i det i ti .
masur oot Conpaspbior daliabid the il B Grmbteel FAFTHELERY oR DR e s cgpel,,

thread 3 tdthe@agenspareidesivingr ough 45 , i. e., an eighth of a turn, about the
thread axi s between each neasurenment, D ~ being 20 taken to be equal to the
mean val ue of thesimplidigationdsgyrefesndignre Joglyrshawi tba pitalcorhelie, thread,

pl ane di aneter . neass i evi c ri.se in known fashion, three contact
surfaces gﬁétgg&p&/oqéﬁg?ersosn%ngtgg%tsg?ﬁlgrtﬁr\ﬁ%fl%h can directly define the circle
fornedipy the iSpeafisdion API 5B stalts @ eimpedt AeeddV, ek §428 103 ivhidy dchdved
measuring plane P1 and, as a result, the dianmeter between the thread crests

Di s wi t houynti] it stps,sehasepnondhe piely diamepsir v threade? Hahangof£nde 25,22 Tcoftha plug
'surface during,the ureneni ... The s i | ock thus, as i,s shown in
2 e ot R BedTEORUE T giahiSerft e Bhaale e 46 B Rnsr et T VN 1O

i n Figureplade théredfas a truncated conical shape with a dianeter equal to:

(Die + h) "in a cross-sectional plane |ocated at a | ongitudinal distance LA

fromthe 30 trdhsvdiseace uy thgtweenf thenennd ofi therdemalecpldmeat 3o atde the anedard
val ue .TTa~i, the. tapered, s tt"ugg%l%lo k 70

cone; its.taper is ugl to. th
bei mg ThelPiRETEsEeR 80 Aoy M Bulid € SPmaeet e MR ERA T g o
agai nst t athRarbing s&lﬂr{gagffﬁl_gé‘?nlugl:’%léug@fpaﬁbﬁwr’f@lﬁﬁlérthf&gd diewdi e conbidRell to be 5
MAY 2003 22 its t aﬁer ed peripheral surface between the contact surfaces of
measur i ng aceepfable whan thﬁilffemlcg/ ipdistanes withgretpeotio the stradarsiovalesytor witkis s of
the length.LA, .as -s. tthe case in Figure 12.
given'tolérance interval.
When the threads of plug gauge 21 are in contact with those of the female thread 4
20 to be inspected at the thread end side 25 of the plug gauge 21, which occurs when the taper
of the thread 4 to be inspected is lower than the nominal vhlue, the pitch diameter of
thread 4 in the plane located at the end opposite its entrance is higher by a value Ad, than
the pitch diameter of the thread of plug gauge 21 in the correspbnding plane.

It can thus be considered that, for all values of the tapér of female thread 4 below

25 the nominal value, the pitch cone of thread 4 pivots about a point located in the plane
located at the end 25 of the thread of the plug gauge. »

The opposite occurs when the taper of the thread 4 tojbe inspected is higher than
the nominal value; the pitch cone of the thread 4 then pivots ::itbout a point located in the
plane located at the end 27 of the thread of the plug gauge.

30 In the same way, Figure 5 shows the inspection of a:male tapered thread 3 of a
male element in accordance with specification API 5B using a ring gauge 22 provided

with a female tapered thread 24 produced using very tight tolerances.
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In a.variation of Figure 13, the setting block 70 has a dianeter equal to:
(D'm+ h) in a cross-sectional plane |ocated at a | ongitudinal -(5 SMAY:QOOQA
+ L1) fromthe transverse 5 surface of snall dianmeter end 72 of the
truncated cone; its taper is equal to the value TTrep 1 In a variation, not
shown in Figure 13, the setting block 7@ can al so conprise, at the end of
its tapered peHeRh&gzah, sy fape IMNistdeevidddentdmAe ehrsall B as &efdspeatedaltil 9N
which is not shown in Figure 12 with a different ethiﬁler whi ch reproduces the

profil e oftophahichengbles g digiansed) terhsrdefined petwsan thecanilanf nagle elmentdjapd ghe
surface 5_an i.bl I surfac . Such'a setting bl ock enabl es
a second gﬁg%é&gfégr%gf%dr5%5@%}@3?%%@#%%%%2§b be adjusted to inspect the

di aneter of theviggaht fgtesdirdfakering gD Pare®@ SoHthdGvidetio§EoMtht indlé freead
contact surfaces, the inventors have established that three neasurenents of

t Ee p iOI tTh3de ﬁn@msepctgqi at Eleﬂl:]need end sidp261of the meg EM§J$hi¢b@§@FTF N@legém 'E?é‘;ror
t 3t ' t : i e, a ninth.of a. tur. {
thread axPEBpteBE R W6 ke inspliee fnidier darfe poRinl Bl dhe PiritiRnel B irtel o

three neasun eigplare lofate®hehd sturf SYaRS®BRaalis 1685 Midh Wee|pith dParheteNof theead 24

measuri ng El ane P 1. Figures 9 and 19 are the counterpart to Figures 6 and
18 and i | P ermgeange22 upthacarresponding ptasei on of the pitch dianeter Dz of a

femal e tapered.t hread in th suri | ane 20 ,P2 usi.n .pl ane di,anet er
measuring devi u%%%r _ﬁevaﬁg’ S rtgggapﬁé\f’?glégglf co?m?ﬂdg%rwg“g‘ %§a‘§‘§‘6¢§t‘§ﬁ’f e |y

i dent i ¢@l nbRidad@hluef thEipabli ot GERAE 3tdaatbedasidétee t hidot A5EEa ipoiliQodatsirl e
thread, longitudinal arns 52, 53 are pivoted through 180 so that contact

surfaces @0enda ofithe threasafdbe fing gtugeopposite direction to each other. 25
The i nspection.method.conprises the sang. ste s that relating to the nale
(b ead, v th SO CHPTH ErOREE S A Be RF] 71 b R LR e a§er d She e,

di stance kBubeiheasRthiddee REARIRE 3SpivbRUDoRta potht 16datkdt 18hERAS WRI HOMR! @e PZ
is adjusted on the neasuring device 51. The position of the neasuring pl ane
P2 has beegdugedheeded on Figure 3 such that it is located 30 in a zone with -
perfect_femal e threads,and.is the cl.osest to.the.plape of the draw n ich
ol ot s i EIHIES Resbamrg Ty shies pREedion fetiBh Hited hamaip forted
drawi ng, Hi8ad'® QisaiRd of PrERkee diabic@@d nthsuri@NASEEEdS1 of the MpE 28&3ied [ gure
3 shows such a case when plane P2 coincides with plane P, on the draw ng of
t he connediS-6m S2h&24i st ance LB thus corresponds on Figuxe 3 to the

di stance bet vvefi? th(§ pl ane. P2 and the end surface 10 of the fenal e el enent
2. The zero of HNECIFERIASEY 55 is adj usted by placing the contact

surfaces O, afdnOffaverdehs7 WHRKIdoRpriRed @kﬂaﬁéveﬁs@%&iﬁ%‘%{rﬁ?ﬁ oL dA el et 4L he

branches of a U shaped setting bl'ock 80 of Figure e two flat” taces
delinm 20 ng a¥’internal space 81 of width (D2e - h). In this fornula, D2e is

Fepresent & (I KHITNEhETHOP oS BILCh Hh Gy DTSRt B2 MOBPIdceN on
factor for {hadRasd fbodRUdittle Wl DrkRO el dfinertol AIIGRAEE

above. 10 To determi ne D2e, a're I'p whic stsimlar to that
mal e thread besinsseeted;,, ~ D2e = Dnom - Lz. TTreP2/100 D'omis the nomi nal
val ue of the pitch djaneter; ) .
o two longitudinally disposed knives 58, 59, the edges of which are turned towards each
25 other, are transversely distant from each other and constitilte contact surfaces 60, 61,
knife 58 being mounted on the longitudinal arm 52 so as tcé be able to pivot only in its
plane while knife 59 is mounted in the same pivotal mianner on a mobile rod 56
disposed transversely; t
e a measuring means which here is a comparator 55 located bn the longitudinal arm and

30 driven by the mobile rod 56.
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L2 is the distance between the planes Po and P2 which is considered to be
positive since P, 15 is on the |ower dianmeter side with respect %
TT~eP2 is the plot value of the fenal e taper which v~zl| be defi'Ened bel ow,
it is lower than the nom nal value of the taper. In a variation, instead of
using the setting block of Figure 14 comgprising an internal space delimted
by two paratthel pivb@l ke ¥, theenikks @apRd abhRedurR@ plndiFAYreantfersaino 28e be
used which has a transverse end surface 82 and in which the internal space
81 i s delmedsurdg ligvicod lvandgearalied pe detning surtage fSHad4’t dectravagier Hi7 gan be slid

substanti al | gngi t udi.nal , orient ation,  symetrically.nclined widh fespect
to the en%lcéﬁhﬁgl%nﬁugﬁép%ﬁ\? rlaforgatea&tl\%ﬁargntd%anﬁ%bk frgm b‘f‘?émgﬁflgi?%ea#’space
81, i.e.,s4owards the bottomof the U The angle D between the inclined
flat surfaces equals 2.arctan(TTe,,z~2) end the transverse di stance 25

bet weerd t he i nCoinpamtor|Satméasurss thesdifigreate inodigtBaes betwgengontagbsurtag ol @ad nal

di stance LB from.end surface : Measuri.ng,device 51 is inserted so.as to
Copl o i eatask SRS SR ASPed] To i pre BBl FRke Sitbapdiuk I 85 B S ng
bl ock 80 @thdritsr.C AL AGimaIt edwss $10.th@4d agRisNSL, i Mn iiGkire@byfddaingf mees of
bl ock 80. Thus only one setting block 80'is required regardl eSs of the

di st ance dlgebraio valeaf vl diffeienpe mkaduirefubyecongparathes aeghe po-dstermargd ahie.
inclined flat surfaces [s equal to 2. arctan(TTrep2/ 2 nd the.transverse

i st ance bet vieGHPABAT RS R o pifep s Plbe G Al b BRI (g
L2) from dehsoraitlcs HitbABcAR dcquReidld rbédrdIne Measitbments- 5 MAY 2003 24 In a
variation which is not shown in Figure 16, setting bl ock 80 can al so

conpri se, at tThee malt tbfeai3gs inspeat Howher al surface on the side of the
end surface 82, a rtio ich is not shown in _FEiqure 16 with.a diff.erent
Caper which r eprodivuicerfe b feabie FEREh ort MY ararEbe et 5
particul a&dj@éte&h Rems alue %n%%ﬁ&%ﬁﬁl% iR ﬂl?emawﬁfg%hii%melfz th %désw%&w@&%b ng

surface 8. "Such a setting bl'ock eénables a second plane di aneter neasuring
devi ce 5lplage Pé adij thest¢reldsuréace ik pfatale klenwinartet Fhisodistaee Egas iequalstorthace 6.

The neasur, nt s nmade in the s A r in.the_case of nal e thread
by pl abi rgitierRop bapyeen tagdistzaee sio o nda andile diviancs T tefiysnalants Pornghe

femal e thpead 4 to be inspected and bringing the contact surfaces 60, 61
into internal contact with the crests of 10 diametrically opposed female
threads. The d&h¢ pesifien pf thonwdsubmnlana i issaleeted sunlrthatoontet sunfaces ¢, vbt s

whi | ti ' tact with the th d t di ter. Dzs bet
e thr catt LUsrab ARl tegraeh s 0 ClEhE HINVA 80P ¢ he
transver sg i fh@R&RaSliNE/NedshBvs BidaaGtestiury aces 60, 61. 15 As is the case

for the male thread, this value can be read on the conparator 55 or
di rect®dy recor dbe pofitivhef app@samg plane &) écprefaably cklectadt a5 sheswrinbidguabhve

are used. in.the casg of the le,thread, it is possible to use a plane
i et er BB OserBIFEE AP Re Lot e atest RS G rsdeteEaeBh, ch
provi des fhgdval ue of Dzs wi thout needing to pivot the device about one of

its contact surfaces. 20 In this case, the setting block 80 of Figure 15 is
used, conpri si fyctaa pysitionenadds thapitely diametes ty be imeasused muble closert torthe bagck 80

of Figure 17 i d, .co i sin tr er .end rface 82. and ,an

Cnt er nal e heataly Wishd R dptpe gofis A BS ReRT ap TeRo ShS PV %R Aer o
TTa~z, 54 hgef ra%ﬁ?&cﬁted"@bi@edsﬁrigg b&td R dedtiaVRIr dife ddheace 5 acBPBPR Y1t &eh witche
transverse 25 end surface and for which the dianeter at a distance LB from

t he transtermefcentreadzbacs r8dtivalyelqprl to (Dze - h). The neasuring device

51 is inserted_~ so as_.to apply the beari.n urface 54, 54 i nst the end
surface 82 of thE 25 Pf ﬁ%‘“B&gﬁ’I’j%’é tg?fhaﬁilf‘g‘eié)ﬁt %PrFé‘éﬁt?rgE’é%daggl“e is then

directly applied by interposing between the contact surfaces 60,3 61 the two flat faces of the
setting block 70 of Figure 10, these flat surfaces being separated from each other by a
30 distance (D, + h) which is the characteristic dimension of the setting block; D, is the
estimated value of the pitch diameter of the thread to be inspegted in the measuring plane;

h is equal to the sum of the height of the thread and a geometléical correction factor given
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agai nst the tapered peripheral surface of the setting bl ock 80'.'5.'M6¥m
one setting block is required regardless of the length LB as is the case in
Figure 1~6. 30 In a variation shown in Figure 17, the tapered peripheral
surface has a taper of TT~ePZ and its dianeter at a distance (LB - Lz) from
the transverse end surface 82 is equal {0 (Dnom- h). - 5 MAY 2003 25 In
a vari ati o uhthedhéitpof BMBadAnE dBHEE s1.ihis ffretibd b thigEH B ackiinal SO
have, the end of 1ts tapered pefipheral surface, ;on the end surface ~82
si de, a pthetfacthastkinoies 58, Sfodo sdtgivntiahoicgutaet slivfavdstd®, al.di f f er ent t aper

whi ch reproduces ,the profjl f. the sealing neans of fenmale elenent 2, in
par t1 cul ar ¢ heotep peigne bloek 28 is myeh Hiineth Bguaenban & Braded Ty rirh o
surface 897 SneditosLhdtiRdull PEcRANMAlRS ReadEaaR RS qmaely ARG hotRBfRkeiNg
device 51 to be adjusted to 1 nspect the dianeter of 'the sealing surface 6.

The meas utcemshipladcravniag dindmetceswibR Sptretiomsen t he cxests of the threads in
t he neasuring P2 is. made in ner as the neasurenent of the

| an he.sane .na
di ameter D 1 SB S%ﬁ@"ﬁﬁ\eg“F‘I‘fgéléedfotu%'mﬂfgﬁpf’ﬂ IP'step of the female thread 4
i nspectiop nephod j st cagpari son between the val ue D2S neasured between
the crests of {We threXds and the admissible linits defined by a range
about D2eD,ghe theahaminBPvaiie ¢fihe fpétonldameterethds theppitchRliaghetartaue imrefdrence
measuring plape PZ is obtained by adding the quantity h defined above to
t he nmeasuP eg%il ue D2S. 15 The limts of the adnmissible range for the

di amet @y ADRASHE QfkiRL Wekibeh i pBR&EAS] HIGSIWHhiERR FANIRGHELN ECE oy HEIdwAgd

fromthe limts for the pitch dianmeter DZ, mnus the quantity h. They can
al so be i deimetriside willt wispaetitdoly; r epl acing, in the fornula D2e = Dnom

L2. TT~ePZ=100 .gi Vi the estimted val ue of. the pitch diameter in th
measur | ng peaB e Ig: vae,Sh e THe gpe which %ib b debefibaiuris Paheribamgen,
val ues LZg3minal¢ilie Whinghagtpconpass distance LZ with ~I,2. DZe is determ ned
fromthe ?J())anvm ngere{l at?l%nshi ps illustrated by Figure 19 using the sane

type of cal cul &t a cariatbon, kateghiate theeetedfahaicomparator 36, Iistead bfiugiag arsattingt he
mean val ue of the pitch diameter of the f&gﬁl e threads, 4 inspected 25

accor dithgblosk pith tyjodiat paraligh sstacess 2iseffiag hlogk 78 caw be yepd) whigh isia thetpsmefl ue
 he b . _ . o i
ccor dancbarAZE oRag be FALRAL BIGIREEM b HaloBioldndRRetd 4 ovg) |

gauge 2| wiliscintially pogittdioalbdoriemtated flatfacdsheymmeticdiyrihelitedieitateaptditedd. The

point &G on Figure 19 rks the nean value qf th i tch di apeter . of thread
4 30 in tHEYR ep‘?“él‘né‘“ eqnd; RRIVSTEIRE daNiyds 1Wrﬁ“c8$? &E’E‘i"‘é"?’éﬁgg dyclingg éﬁ“om

the ref e ehtReplanfall ARk 07 BhARE AR ERE Ao bekhen A FRliRAL AT the

20 faces is equal to (Dy, + h) at the longitudinal distance L, fron end surface 72. Setting
block 70 is inserted so as to apply its end surface 72 against thé bearing surface 54, 54’ of
measuring device 51 and its inclined flat faces between contact surfaces 60, 61 of
measuring device 51. Thus only a single setting block 70 is required regardless of the
distance L;.

25 In a variation in Figure 12, the angle C between the inclined planes is equal to
2.arctan (TT,/2) and the transverse distance between the inglined flat faces is equal to
(Dnom t h) at the longitudinal distance (L, + L;) from end surfae 72.

The setting block 70 can also comprise, at the end of the flat faces on the side of
end surface 72, a portion which is not shown in Figure 12 with a different slope which

30 reproduces the profile of the sealing means of male element 3, in particular the sealing

surface 5 and optionally the male end surface 7. Such a setting block can enable a second
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- 5 MAY 2003 It is assunmed that: 26 a) As indicated above, the-p MAYCE?ﬁg
of the threads produced pivot about a point |ocated:at one end or the other
of a thread of the plug gauge 21 screwed onto the male thread 4 to be

i nspect ed dependi ng on whether the taper TT2 of inspected 5 thread 4 is

| ower or higher than the taper of the tfgew of the plug gauge, which latter

i s assuneglahe diendistuabasifing Aevibo Bl N@lbe wdjusRdab itdpectt@piamdigr dihe sealing
distribution of the tapers of the threads produced follows a nornal
di st ri but pwfacedw centred on the mean value TTa,,2 of the taper, the

i nterval betwe%rg1 t he maxi mum val He nd..t he. m ni num val ue L the, t gest
(T, t2 - TTmiBs TasHiEmen 1§ cermed pthy disResint mesLing depte 3He7 4% todhetsf
the di strbliridgl Rifacd 54 4’| Pafnst bRt erdf sukaBe aiTahalefeldphit iINGHALLRE theesd i s

| ower than the nom nal value TT"om the Point of the inspected thread in
pl ane 2% etterabpeint offthis ped purlage ydggét is got Batdwue i, for exprapienslighilyicomayply, t he

point O 2 corr.espondi ng t he .ta oI T of th I and th oi nt
A2 corr es b n@ﬁgdl Yﬁf{%"nﬁﬂfﬁ%ﬁ# \?gﬁrée’_ ﬁ"fﬁfrﬁg %qnqiéw%é%g%qt fi& RIATER t o
be 15 Inseﬂeﬁﬁﬁ_eonmemﬁﬁh@aiakﬂewcaﬂgr&gpésyéd@kes@m dTdinalenhich® i nterval O 2A2
follows a Gaussian |law centred on 01 illustrated by the portion of the bell

curve shown i nDswingdhd measurémerkj theraontey surfage pOiinkeml fized ke thsondstngf the t he
mean val ug TTa, , f. tha t.aper, o e thread 4 to be inspected. . |f the

taper 112 turad i gk ifis g RRadlwhle A ERRsite R S AT S T ¢ ne
20 endpf silazeig1SBRAGIEE ih%ﬁt%_@t\bﬁhﬁl%eopﬁlmto({héﬂ@ﬁ?e& Afridghevaingg gauge is the

pi vot point O 2. The probability associated with the position of the point
O 2- is equal flThenmasaemanodf thhalipoetti D wetwednethb ¢hiead greges infthé-ngpaswing9 i n
dotted lines. The nmean .resul tant, val ue of e position of the thread end in
ol ane. 27 PP CETERBISAS Jhe FRrimen \aie oioe SBREYestrodrRos AWEADaTaRt | he
taper val uggadet @0 61 Mufifg (ftvolihg; WhAAOmaRInRRARARS cBn MeOdbt¥iAtd By tdadime O be
defined for the taper by the,| ope of the line 262, the point”

cor r espondomgaratr tSheriwten &kn bahutemaficdllyalepirimadeddf @nelearanicenaor iaxssl in
directed from ? 2 to A2: TTleP2 = TT'om +, O 2G2~|-s2 = TT"om + O z02~-sz +
Oz Gz/ L$2 @faspp! compargior 5g.and apeledropicsirowiids pagd; whipkylpiasts 2ad mpmagrised hene
rati o | C2pphih (e V5008 htthﬁg)l'c{n@ediélﬁa‘ér ﬁl*ééé%@iﬂgt&vﬁb‘?s giv&eﬂ_%%u%)@&n\ﬁé‘&@u}f%

reference plane Po an | ast perfect naZe thread. MAY 2003 27 02Q&2
+~[' Lf6R. a2 J f (x)' P(x). dx x is a reduced centred vari able equal to
TT2 corres ding to the

(172 - ra. ) g o] 6, CPOEIN L0l 300,010, T2 SoLreseonding, o
value D;; measured for the diameter between the thread crests and the admissible limits
20 defined by an interval about D..

The value D; of the male pitch diameter in the mcasuﬁjng plane P, is obtained by
subtracting the quantity h defined above from the measured‘value D; of the diameter
between the crests of the threads in the same plane Py, the values of the limits of the
admissible interval of the diameter measured between the thread crests D being able to

25 be directly defined from the limits for the pitch diameter D,, in¢reased by a quantity h.

They can also be indirectly obtained by replacing, infthe formula Dy, = Dyom —
L;. TT,1/100 giving the estimated value of the pitch diameter fm the measuring plane, the
value of the distance L; between the reference plane and the 'measuring plane by values
L > Limax Which encompass distance L; with +AL;.

30 The way TTy,; is obtained is defined by the following calculation which is
explained by Figure 18.
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p(x) = x for x < -eTT2/a2, i.e., for TT2 < TT~om p(x) = -eTT2/az for x >_
-eTT2/a2, i.e., for TT2 > TT"m lo -eTr2n2 +o0 02& | ~X. e.xﬁ Mé? %g\ga
dx _ ~TT2 f exp(--x2 / 2). dx Lf 2. ~2 2~ -~ 2~ ~2 _eTr2ia~2 The Il g
formula can readily be deduced: TTrep2 = TThom + K2 ~ eTT2 - K22 , expC 2
~ (eTT2 / a2)2 15 -K2 ~ eTT2 ~ g(eTT2 / 192) Nunerical exanple: TT"'om =

6.25% TT", ", z InGech&%, dRe eehr valudYofkthe pitth 2Barkdier-of tife. thals thiead D .ikkpdotdda” 2
= 6. ~5% TT~ePZ = 6.19% and is within the desired interval between TTrTE"Z
P

and TT"m apeorfingde v pregersunethedt is $¢é thedyad thamean value o dherpiteh diamfetany

t hreads i ect.ed in the et hod of e._pres i.hvent i -.hat

val ue of ?ﬁx%a@%olpsgeﬁgdt\glﬁléla e %a(r?ilge ?gn%lagg?rﬁ%cae th ?ééc écggm?r%hﬁiglg ﬁgean
val ue TTa'ptarfoflehe 28 P is Bihg ghgre which iegshitibne@ 36 Mnedh onhBe Abst Fotfect amdle
femal e elenents |, 2 conprising sealing neans such as a sealing surface 5,

6 whi chSrdbiead-ly interferes with that of the mated el ement on connection

100 and/or bearyng . -~5 Y 20 28 surface 7. 8 utted.wth that of,the
mat ed el enent o eg)gﬁrﬁe%k?%%?épﬁg(srﬁ? glegléélfll’uﬁé)fﬁlge éc%l@egépﬁgu%ﬁ%s:%posed
cl ose to tihehd &REplansl 205 f R EnebamRNivhich OMN@B rinperaiBa s dislaHeby of, fréif thapers
are so distinct, the threads tend to hardly interfere close to the sealing

means. Thacheranenplang Pogué Lnelsym nddsiec6t locaipd ol thaathes endaf thet thraad @f the ring
interference close to the sealing neans (S, 6, 7, 8) is favourable as

regards t F8"€ont act pressure of the sealing nmeans. The nmean value TTa,,| of
the tapegr of theiseignddthe@d can be hi gher than the nom nal value TT"om The
nmean value TTa,,2 of the taper of the female thread can be |l ess than the i

o nomi nal ayal ueAsTinshgaterhabave] theepitch eenmpupf thef thagadnpredutedapivetahbeutaa poins on

a connection of, pipes, wth di,a er /7. 7"), a thickness of 8.0S
mm (23 16/ 11 odPE ROt g o e o loactiend R Thd fipk eefd 22 3ErTER PPl
m nimum yl el d Shél@fiﬁhfeﬁd G ir@f)e& &eﬂ\éﬁaingtdl?w%@m&eﬁie' @ﬁexbﬂ‘ﬂgf $1'1sﬁ5b<lt§d to
that of Figure 3. It gives the value of the contact pressure at the sealing
15 surfaces S, tbreada cuhighed of dower thakethp taparefethefrigg @auge. threathpelich is

Uhst Tal'e 1 hr AMERCO LGB o FOFa (AR IIOBIB0% - 0. 48 mnD. 16
(-0 74 192 ol SAHRHRYN300RS D e BudiR NS0k RNFACTPRGASLIE

ON SEALI NG SURFACES AS A FUNCTI NTERFERENCE' The del eterious
ef fect of a pogienirgdouithament valueiT.ardfethe¢apenrthe frndeyiidectpien He maxigtun0

el o ¢ eads O AR S A RLERIHE T B Ik T ol B S R
di anetrical intgef@heReeePRidhs, 6t AL Histidgioal the male thread and in
particular in the plane corresponding to the |ast perfect female
20 It follows that if the taper of the inspected thread is higher than the nominal value
TTom, the point of the inspected thread in end plane 28 of the ring gauge is located in the
interval O’} A,, the point O’ corresponding to the taper TT,,m of the ring gauge and the
point A; corresponding to the maximum value TT, of the taper of the thread to be
inspected. The probability density at any point in the interval O’ A, follows a Gaussian
25 law centred on O illustrated by the portion of the bell curve shown in solid lines in Figure
18, the point O; corresponding to the mean value TT,y; of the taper of the thread 3 to be
inspected.
If the taper TT; of the inspected thread is less than the nominal value TT gy, the
end of the inspected thread in the end plane 28 of the ring gauge is the pivot point O’.
30 The probability associated with the position of point O’; is equal to the area of the portion

of the bell curve of Figure 18 in dotted lines.
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thread interacting with the first perfect nale thread. NEasurerrS-eMA%fZﬂﬂaa
pitch diameter of the threads in this region would appear to be an

advant ageous consequence. - 5 MAY 2003 29 However,  even when formng the
connection with the nean distinct values of the taper and by controlling
the pitch diameter relatively close to #he sealing surfaces using the

met hod of the The ewhi oesulthoy vabes ofithe positionf efnthe shrehd ardin thaiplaneat spthed by

t he i nspection t hod of e inyvention, the val f the,thread

interfer e‘Fﬁf’gec‘?frb%év% Cﬁh‘lﬁ:tI @ﬁéﬁsﬁ’@% GP% glf’eg’ﬁ%leﬁﬁg‘eﬁﬂifrb@h‘}?ﬁ FP Them Phe
mexi mum vairue ofd didshy piedvdid ¢af Srenetdctined s (hamdper 8PIHIRNIGHY of e aRES

i nspect ed by har d gauges using the APl SB specification. This point can be
verified QyGgelnpdini Qatorcaponding fodhe npminahyalye obthefpitthdiapiepass gi ven in the
above exanpl e, taking into account the adm ssible tolerances for the
tapers,Sit is found that the maxi numvalue of the thread 1 o interference
close to the seglinngisstifdRQ8%m 0’ feeagase of the , inspection nmethod of the
invention is 0.07 mmless than the maxi num val ue of the thre~.d

i nterferehtg,at TThe QN6 MlocalTan f OfQife: tkhé&adls | nspect ed using
specificatj,og API..SB. Such a result is satisfactory. It that was not the
case, in fé&l_',gf?pfe to be a strict equival ence of the nethods, it
woul d be sust ablles] for exanple, to reduce the tol erance 15 range for the

taper of the threads prpduced and inspected i the t-hod o he
invention. A f?hﬁfg\?eﬁﬁl de-(a o etqgalbé t@ﬁf?’tfoeg? 8E?l1eclgﬂ%tg§>r§?ﬁegn}a;]ee%hread to
equi valenge ddtardde BeRedeh ARe WidrBnceRfsrel P @al it fiAPherfBtmaleithRagqui val ence of
t he makeup torques. The nmakeup torque at the nonment when the bearing

surfaces 7, 8 conme into 20 contact is essentially a function of the gl obal
interference on t+poe- whol e of the threads. Wiile the value of the thread
i nterferenéeGel osiﬁ% t{u%r%eal ing surfaces 5, 6 is well under control by
usi ng the"—_@ﬁﬂ e ) fFention, the value of the interference at the
ot her end of the-thread, i.e., at the level of the inperfect nale threads,

is in contrast nore poorly contrqlled. 25 u he, i nyentors haye confirmned
hat "t e akeud T bROIE RO TR PIL AL FHIad Wi PHEN R da ORI Phr ead
interferengerar g &H d SRk vididge mean di mensi ons of the nale/fenale
el enents 1, ’mn@?sﬁ%grgﬁﬁg tlﬁevvagf uee' of the interference all along the
threadjsis little different for the threads inspected using the nethod of
the invention and the threads inspected using specification APl SB. 30 In
the case of thegxpiPesatisigTuhdliohle i pgy gxanp~e, the value of this
thread interference area is 2%lo #of the nethod of the invention with
respect to _inspection using specification APl SB; such a difference is
entirely ¥€Eptable. E - 5 MAY 2003 30 If a large difference were to be
found. for exanpl.e pore than % 1LLn e _or. ot | kection, it would be
2 v oAt F e e T T

suitable here & in, for exa € t®¥m"f the tol erance
range for the thpeathtBRE S for x <-ATTy/o), i.e., for TT; < TThom

20
—ATTl/ ol +eo
01G1 _ I ATTL o (x2/2).dx 4 [x.exp(~x2/2).dx
ILfl.ol V2701 V2T oL,

The following formula can readily be deduced:
Kl.-o1

2r

—K1-ATT1- g(-ATT1/ o1)

|
TTrepl = TTnom+ K1-ATT1+ exp[— = (ATT/ 01)2]



The present invention is not l[imted to the enbodi nents :described in the

Figures or 5 exanples. The invention can be applied to inspecting!i)teﬁ %03

t hreads of integral connections, each pipe being a | ong pipe and Ay

provided with a nale element 1 at one end and a fenale elenent 2 at the

other end, the male elenent of a first pipe 101 being connected to the

femal e el eNGidricdl &fandleéecond pipe 102. 1 o It can also be applied to

i nspecting the tapered threads of coupled connections between | ong pipes

provi ded Wilima67abe el enent Kef2ddch end, the couplings for connection

bei ng prowvided_ ch end with.a fe ele t 2,.k{, can al so be applied
oed al B2 TS5BS, © CMREL 26 3k

to inspecti d‘r‘i‘.‘of af)_ergad threa h-any thre form  round, triangular,
trapezoi dalTmit ’[QﬁS_ITT\(I)gj ¥ oqoypegat i vely, appbedsiibppAsossst c. . E-5M
AY 2003 CLAI NS 1. method f or i nspecting a nmal e tapered thread (3)

| ocat ed5orWe hbtaisx fldkpet 698%4.phery of a male elenent ( 1) itself located at
the end of a netal pipe ( 101 ) and conprising at | east one sealing neans
(5, 7) Located close to this end, in which the pitch diameter (Di ) of the
thread is inspegéfefhbly) the GaMRNTTEASH ihidSddd BNBe I the targ@ClRiREENT TR, Pand

di stance Li fromthe reference pllane (Po) of the draw ng using a plane

di amet er MEasur omgspndingto(tle ¢gse i thetpresshprumesicabexsdple-ng sur face (54,

54'), at least t cont ac rf aces , B at a .t.ransverse. di stance from
oach ot herlTh ek omieh b dhe HeAR St Phcad bt SodfibA ORI RIS SR fn
a meangg ( 2RAhlidyOkol FRASAMdI pRflo8idDuipd i8h Bfosbectiofl rcl e located in a transverse

measuring plane (P i ) tangential to io the contact surfaces, said nethod
conpri si ng t he Toobbteim agepressptative)measuiemenpbhiithe pitcdndilametardadhe inegsaeng ce

51), ~.djusti t he di st LA bet . [ f .(54, 54 d
{he. e LA T s OTE PSR B0t I eGP B0 0 e e OF TEGHABreh: b)
adj usting sai d TRaSVENDE HRANStabRsiRIRhA Hehe a6 a WA ad@rid L ledibE Wi two

transverse di stance between the contact surfaces using a setting block (70)
t he char acoetacssiurfacei 68nsl ofi thef typhshdwn by deticadd, wiis mot esesiry to cadre out

esti mated val (Die) of the pitch. dianeter, in the treasur, | ane (P i
o o) S aitte e ot FhaSiels PO Gin EPraserade yalie of B2 IrRAIRAT cn
bet ween tl}ﬁm{el‘p’lead crests (D, S), the bearing surface (54, 54) of the

measuring device zo (51 ) being abutted against the free end of the nale

el enent; d) conpirthngpropesadeasany dutifoansucsesshet debminadtions br magsucerestts of D, 5)
with the admssible limts of the range;,and Qheing characterized,in that
the measuri G Sgelep oY e e engtie detiean GiiRb e THFCEd Teye s a
pl ane | ocafsed; besyeeh §Ca hehCHRNE trenhARg skRBerRbent HiEh IReahrdiieR ANGLifNE
first perfeci1 el e thread and in that tie est iertrateéld&val Ue o th% [ﬁi tc

di anet €0 (tiken)toibn eqivd tordmsneannglysl afitkese Boyr seasursfriens. ' t he fol | owi ng

equati ons: DIeI: Dnom - L& ~ TTregI hI 00& T rep | :.TTaom+ Kl ~ OIT'"1 +
KI ~ ~1, expC 1§ @ Vanatiop (not shown) the planepdgigmgter meadurigg’ fevige compHseinip 5003
32

known fashion, three contact surfaces spaced by 120° from each other which can directly
define the circle formed by the intersection of the cone of the thread crests with the
measuring plane P, and, as a result, the diameter between the thread crests D, without it
25 being necessary to pivot the device about a contact surface during the measurement.
The setting block 70 thus, as is shown in Figure 11, has a cylindrical shape with
diameter Dy;.
In a variation shown in Figure 13, it has a truncated conical shape with a diameter
equal to: (D, + h) in a cross-sectional plane located at a longitudinal distance L, from the
30 transverse surface of small diameter end 72 of the truncated cone; its taper is equal to the
value TTy,, the tapered setting block 70 being inserted so as to apply its end surface 72

with the small diameter against the bearing surface 54, 54’ of the measuring device 51 and



D~0~" is the nom nal value of the pitch diameter in.the referenc me'
TT~eP is the plot value for the nale taper; nomis the nom nal “val f29@3
taper of the thread; TTminl~ TTm-~ and TTa"i are respectively the m ni num
maxi mrum and nean 5 val ues of the taper of the threads produced; OIT1 is the
al gebrai c_value of the difference (TTa,22 - TT~on); ai is the standard

devi at i onitdfapered neripherabsirfasn betweendhe egieacs sprfargs ok theaseringglevige Ylat Thusof

the length of the.m hread to the distance between.the r.eferen pl ane
(Poy and DS opt PEHRB bRk FASed fehertbP B MGt B B Yo B FRFHE Feduce
centred normal 1flh ShridtioutdfFgdren 3} he ssahs 8lodk 70 habe dvdhdtedqal 3: %m},gm +h)
i nspection nmethod according to claim1l, characterized in tqhat t he nmeasuri ng

pl ane (Pl in & srasgpeentiotalsplprg lngetedat ¢ longithdinalydilensee@dn t he) fremdhe transvstsane
(Po) and the t5 plane.corres jng. o the first perfect. male thread, 3. A
et hod § opurEace RARHTHE ARl P, BE pieCtBic £y O Gt SR bF e
peri pherym‘[epla femal e elenent (2) itself Located at the end of a netal pipe
( 102) and conprising at |east one sealing nmeans (6, 8) located so as to
co-operate w t i 2yani#zd ot shove in7lighsckd, dep sdtirgeblogk (7Aeah alse comprist, athe

le el t, in.ich the.pitch di anet Z). of the t d j.s i ted
"o a g vereriadthitlaird Ao S ed e e Qe oot B A EnliSn e ence
pl ane ( Pohotodholumeindrigien with A0difelthfBBeCWRIFR rEfroIBRS Yhd PRITEYT &R dnd of )
whi ch conprises a bearing surface (54, 54' ), at l|least two contact surfaces

(60, 619 mwaleclemanish én partighlar ghthe staling susfoee Huhdpossidy dte malegnd adifacesi.abl e

axi al di stiance fr.o aid aring syrface.and a neans (b .S )L.fo asur,i ng
Che di ansP B GroRE PRk ek n atkobi] PIRE Riftbdel wBRBRs WPrine b i e

t angent i alo inSpdchthe@ith@er ofsHé Eatiag suged. met hod conprising the fol | ow ng
steps: a) on the plane dianeter neasuring device (51), adjusting the

di stance LB beWiders ttheasbeng i deyiceurvithc dhieb4corBact) sufages, hthempmentdrnghaieane
Pz f i f the dist Lz.sel ected; - .MAY, 2003.33 . b

Sl st | ng SREIRE He s TeHETeaE) ot e HER SHROE e ol b foming e

transves s htelid ek WRem s he bEARPBGLL &g&@w te) Dflinfh 54 WA %uelPgk (80)

the characteristic dinmension of ef1ned wth respect to the
est i mat edthredduexisDgvead dable méasofendntmad eo iake tthe meas waluagoflilease thied) ; 5

i L th | 7)., h i t f the th d
et ey Beh TSRS N b G GBRror! B B el M . o T
measuring devi gg k&l aﬁlﬁwgreatﬁytcaﬁfig?&@wﬁfgutéa% ddeeR ﬁ{eaqu&rétésné ggmm

el enent; d) conparing the neasure anet er between t thread crests (DZS)
wi th the #ennhsechorof thripitsh dianteter Dyafgdemble tapededtbiaag Acindhamieasuringghldine t hat

t he measurin | ane ([P2) .of the pitch dianeter of the fenmnale thread (4) is
| ocat egoi hz Hgﬁgﬁé’%‘fe fft%rc‘{“cafséﬂ& gc‘f‘?ﬁ%]ads and is the closest to the plane
of the draw ngTeEIHMGKEH; hi [ i '
G amoter of tha o A AREtitst O EIgeE IR Richita) o hnat 0F LR S
drawi ng, thkeept Wat neer vaed td spdot thenfeambbsthfd, ngaudinalomms e d3 andpivotedhat
the 15 esti nat e? val ug of the pitch dianmeter (DZe) .in the neasuring plane
(PZ) sati Srpugh {${E sodhptRantagt syiaces BhO! amp directes ghthe qppositerdirestion fo eash
TTrep2 = Tgppm + K2 ~ ~TT2 - K ~~ 2 ~ expG 2 ~ (4T'1'2 f 62) 2 -K2 ~ 4T1'2
~g(~T12 I ~2) ,

25 The inspection method comprises the same steps as that relating to the male thread,

with some differences which will now be explained.
Firstly, the distance Ly between the bearing surface 54, 54’ and the measuring
plane P, is adjusted on the measuring device 51.
The position of the measuring plane P, has been selected on Figure 3 such that it is located
30 in a zone with perfect female threads and is the closest to the plane of the drawing which
coincides with the measuring plane P, of the male thread when, on the drawing, the male

and female thread are connected.



Dnomis the nom nal value of the pitch dianeter in the ref erenc?e&cMA!;zma
TT~ep2 is the plot value of the taper; 20 TT~omis the nom nal value of the
taper of the thread; TT"""z, TTm- and TTa"2 are respectively the m ni mum
maxi nrum and nean val ues of the taper of the threads produced; OITZ is the
al gebraic value of the difference (TTa~23- TT"on); a2 is the standard
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claim4 or c , Characterized e mean value (TTa" i ) of the

taper of the mAloeddibriasl I;3)a rdationghigrwhichris stigilaraoi tkatafor the ueald THread)s- 15
8. A nethod for inspecting a fenale tapered thread (4) according to claim
3, taken ¥%hke or with claim4 or claim5, characterized in that the (mean

val ue (TT:qZL[pf tﬁeﬁaﬁygﬁg}of the female thread (4) is |ower than the

homi nal e ("T"T~om) . An inspection nethod according to any one of
clainms 1 ip,3is thhasaniabvildaedf tha pitblatiatieeryal ues of the limts for the
adm ssi bl e range for tie diameter between the threa cres%s ar.e obtai ned by

r epl aci ng l2iththeklistanse bgiweegiths plgnesi avdihrehiehyiscnsidersd 1@ he PositiehsiBeekret er
in the grezi% “féq?ﬁé@gmgltefﬁdwlmes St"to’P LZ) of the distance between the

ref erence meas Ui Iate (P~, P2) by the values 25

(L~m ~, LIT®, isltBeiplot vaRigeof)thedradle @a[péﬁlm@dﬁwilt be @6finedrbdlaspiecd lowver tRirhod
accordl ng to any one of claims 1 tq~ 9, characterized in that it is carried
out, usi nghangniagkbvalneefdhetapseasuri ng device (5 1 ) which conprises two

contact_surfacqs f Gfhiafh kel AU6e LR L chfiS BRP SRR 10 BhARELP

PZ) by 3o turning the neasuring devi ead

ei ght h of imteiniat Epaﬁbdﬂlﬁmtt&ﬁbﬁl@@p&ﬁll&lﬁﬁttﬂiﬂeeaﬁe (D@lﬁ)apételblweeo eﬁnguEﬁ?HSUz&Errent
add in that the nean val ue MAY. 2003 35 of L@ese f our measurenents
i s usedt dectrsd arpigh jhpg atﬁé“SéIFré?réPérsubfé?‘?/\/@%r?n@h’é‘ whighthe dntefnab spafeedlds i n

t he neasur a f
1 a3 g NP o dwedd MABEE AR ok IBCC LSRR §f AlbolaRiBI 1 Mlflinal
di amet er reratativngsydenetcieal(y- 1ri|clrhed\hﬂ'1ﬂhre$pmrt08th8 etnhrﬁefac@mzm SAHvERLRS,

three tines in the sanme neasuring plaile g@) q;é) turnitreﬁ t he nmeasuri ng
devi ce (510Vags thenkackipfdhgyintesnal spags8lsdieaRnards Fheeb psofthe Uhe The prglel I xX)

bet ween eqgh MeasuramENy ARG BlNBludd' SRARTYLHS ol O EHEeI Pl Sistance

measur enent’s
25 Dbetween the inclined flat faces is equal to (D, - h) at the longltudmal distance Lg from end

surface 82. Measuring device 51 is inserted so as to applyits bearing surface 54, 54°
against the end surface 82 of setting block 80 and its contact surfaces 60, 61 against the
inclined flat faces of block 80. Thus only one setting block 80 is required regardless of the
distance L.

30 In a variation of Figure 16, the angle D between the iriclined flat surfaces is equal
to 2.arctan(TT,py/2) and the transverse distance between thé inclined flat faces at the

longitudinal distance (Lg — L,) from the end surface 82 is equal to (Dyom — h).
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is used to characterize the diameter between the crests of the tgﬁﬂ?m
the 10 measuring plane. 12. A plane diameter neasuring device (5 a
nmeasuring plane (Pi, PZ) for carrying out the inspection nethod according
to any one of clains 1 to 12, conprising a bearing surface (54, 54'), two
contact surfaces (60, 6 i ) at a transveg4se di stance 15 from each ot her and
at an adj ust ablig aaxstiafiortivhich i€ Roff ShoWnS A Fibure 26,| BHingW1SACE) cnchis ohapisse( 55)
for neasuring the dianeter of a circle located in _a transverse neasuring

pl ane (P, pt shrdendanbiihtansred ber;gnhéraé SwHaset ons thef ddeof (l_@o‘;ndes?lr&pe $Rapderiéen z Ied
obt ai ned JtFFNG tresteire Rehene, 0 vl wABchi AR B hhadls IR PRGBS 51 Y

accor di ng ¢h@ dtthéfdaleCidheitErihzReidulart dfothe iskal iRMRUfa88 % Md BRIy OF the
carrying out statistical dal culations on the values acquired for the
di amet ef Hemaledwannpsurface 8d Suelegsefting blotk engblesea sdcand plane iafrip0er nsseding

adjust th re-determ.nird value of the di nce,.bet ween .t he cont act

sur f aces ((%1681“&?%3 Sf’ Haj{lﬁtggf%élﬁ%e&ﬁ’gﬁﬁ%ﬁa%&ge SRlBE HFEC0 claim 1 or claim
2, using a pl arghethed¥aicpieniBambdd RHOthd @¥in€ nMnkNad WOthe RA§ASH a Bikld BEERL b
characterized in that the block (70) is in the formof a truncated wec?,ge

and conpr iPkasingthe bapringesurface Ad, S4irapainst the end syrface il of whesfeansls tirgad 4 to be

| ongi t udi nal | 0 orientated flat faces, . pclined sy trical,ly with
ospect -t rmrdief P bpBRLR BRetuRh shBE o BE AT ReRAT TR 8 "o of

t he anghe dﬁrﬂﬁi%%p@@géﬂfehﬂcthﬁﬁﬁ§. bei ng - 5 MAY 2003 36 equal to
2.arctan (TTa~~/2) and the transverse di stance Between said inclined flat
faces bei ng equdle dayiqeDsepivoted abaut tthee condanyisurfaten@l wiicht pivote whild wpting om t he

end surface (7 bei ng equal to the sum of the height of one tooth ( 13)
of the thrcgﬁgc'tz%fmﬂ)g‘e’!tﬁ%eﬁg(?feg "(3) and a geonetrical correction factor known
iInitself and preyghnmdter %, bBRveen TRAMEADBredR M Gfeab@id Jand drredpon@l kb Mgk

bl ock (70) used to adjust f he pre-determ ned value of the distiance between
t he cont acnaxgumufracdee ¢fithe hransvarsp destanon batichn the cootactsiirfages @, 6lai m 1 or

| ai , i I di t i.ng devi ith th t act
surfacds, "o orks BBEFrS AN Fis T TRHL B SR pEirtsd o7 IO Shot
truncat ed ¢5@efy ARErdeTPthk SBSroprihte ABSHRAP&ArANY dSWFibafshové Ale BBAL he vertex

sid$ of the cone and a tapered peripheral surface with a taper equal to
TTa,,i, the di akeincthe shset dicthe apde thaeasly itfiapessihle tthesedi plans diameteX)mdasanng he
transverse, end syrface being, equal t ie + . h),.h bei egual . to e sum
of "t he herHEeo HEhCarue (18y gniachaUiTpaes AT, Bhise PRue diki ek et Band a
geomet ri calitikfh he&hhdfd JiRdiRE ddi@Mbollode sT8lsfcortaek ff@Mlsi ar to the measuring
device (51 ). 16. A setting block &70) according to claim14 or claimL S
charact?8ri zed iln thisagasehbe setting ijoddd 8@ lof diagrpe i1§6eis  used, comprising ofcylindsical
inclined flat faces or of its tapered 20 peripheral surface on the end
surface (73Y'%i de, a portion with a different slope or taper which
reproduces the mrobirdaion! ttseltR@HloAN80 SEF A | MBA0Sed( BompiisiRf al tefsi@sE
element ( 1 ). 17. A setting block (80) used to adjust the pre-determ ned
val ue of tdnd surfeccaBZ endBnbetemak spach @ 1tdeimited thyot tapened acuphar@Osurfate ithre t he

i ti t di l.ai m.3, . ysi | di amet
vy oo v e At o e erte] o Syl iscicpie TPt oy 205 nakoiR i TheTRRR Y48 s
a transyergg sﬁrfs&dah@%lf %ﬁ;h(tﬁ;@hihaﬁ{wer%ﬂahmﬁw@}a foRPER thadderedndiutgct §y two

flat surfaces of the block, with a substantially I|ongitudinal orientation,
symmet ri cablequilntol (Thed b t WhaspeasuringodevadedS bngl insartédiee as to apply the bearing

surface 54, 54’ against the end surface 82 of the setting block 80 and its contact surfaces
against the tapered peripheral surface of the setting block 80. Thus only one setting block
is required regardless of the length Ly as is the case in Figure 16.

30 In a variation shown in Figure 17, the tapered peripheral surface has a taper of

TT,ep2 and its diameter at a distance (Lg — L) from the transverse end surface 82 is equal

to (Dnom - h)
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)-m 109& () -, {law memd DOoge( an_l_ozta&te( 2 of the taper, the interval between the

2 5 ] B e v - T

s’ _10%&'1({ ) - Y40%&qua) tc( 6 times the standard deviation o, of the dlstnbét
, NG /s10%& (!"f9%10%& ()-710%& ()-L610%& () Am 109%& () - 3m' 109%& () - SF19$10%

& ()- x~_@ s1boboliows ¥igat (i the tdRy®f the 1$S_;§B)d& thread Gs Icover than the nominal value

0 f 0 0
é?sﬁo% /fL mé&g%f%f%@é? ’(nfée%!féa)@g'ﬂfgg in pl %gﬁf @%al@}g/ogauge is located

" 10%& (bt
10% () (éé;%@é% lsﬁ)0"’16/526/%1{'( %&! (O) }%oé () e Cha: 13 ‘R OBE" S .

109&' () - f the point A, corresponding to the minimum value TTp,, of the taper of the thread to be

109& PUJE~ %-S/.n{ 109&' () - $109

(200 15 SEPRRLhodbe progabiiysledeil amPovt it smimeryal a s dolloyags Caneig () -
10 10 10&G1] Odfreldlon; @R@l@“ﬁ@@% Qx@i dfthe bell surve shown in solid lines in Figure
1098 ()-y: 109& () - m 10%& ()-! K#109& ()- 109& ()- RAJE~ @ s10940%& () -

f 100& () - $9081& pojnt N Ur(espdidinDgih¢ meath 1@ T .y Biibe tagies 0O the(the%@ 4( to-bent' 10%
& () - SY%#109%& % #1098 ()-"10%&' ()-f Z"109%& ()-F\el2}"?4@ 10y&610%& () -4
109%& () -! foPePSu ()-! &F - $10%& () -y, gl0%& ()- " *Y"10%& () - 2346DBj K@ 10y&

CY"109%& () - ' 16P4 ﬁ‘le(tapersf "liooﬁgthé lns%é&!&g‘tl{rcad&psqgé thisi the nominal value TTom, the

20 end of the inspected thread in the end plane 27 of the plug gauge is the pivot point O’,.
The probability associated with the position of the point O’; is equal to the area of the
portion of the bell curve of Figure 19 in dotted lines.

The mean resultant value of the position of the thread end in plane 27 is the centre
of gravity G, of the positions for the whole of the taper value; from TTy to TTaxe and

25 enables a plot value TTyy, to be defined for the taper by the?slope of the line Q,G,, the
point Q, corresponding to the nominal value of the pitch diaxnater.

On an axis directed from O’, to A,: ’
TTiep2 = TThom + O’9Go/Lgy = TThom + 072042/Lgy + 0,Gy/Ly

0202  Lf2
Ls2 Ls2
30 The ratio Lgp/Ly, is equal to the ratio K, of the length of the male thread to the

ATT2

distance between the reference plane Py and the last perfect male thread.
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The following formula can readily be deduced:

TTrep = TTrom + K2 - ATT2 — 22292

e
15 V27
-K2-ATT2 - g(ATT2 / 02)

xp[——;— -(ATT2/ 02)2}

Numerical example:

TT,m = 6.25% K, =222
TTom0 = 6.05% TT, e = 6.45% TT,., = 6.25%
20 ATT, = 0% oy = 0.07% |

TTrep2 = 6.19% and is within the desired interval between TTiyn and TTpom.

It is advantageous for the performances of the male or female threads inspected in
the method of the present invention that the mean value of TT,y, of the taper of the female
thread 4 is less than the mean value TT,, of the taper of the male thread 3, each of the

25 male and female elements 1, 2 comprising sealing means such as a sealing surface 5, 6

which radially interferes with that of the mated element on cdnnection 100 and/or bearing
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Sm' 109&' () - @$ 109& ()-m 10 10
o/R' - ! o/R' - ! /R’ -

- le%& ‘Cuxkdl BdEctgse (mm) Contact
7" 109&' () - Sf$109& () - 10%& ()-s10%&' ()-10%& () - Xkkkk$l c| | dBbC
pressure/
Male Female First male thread | Last male thread | SMYS
side éide ratio
¥ case | 6.00% 6.60% -0.48 mm 0.19 mm 0.74
2" case | 6.50% 6.10% 0.30 mm -0.15 mm 0.59

TABLE 1: CONTACT PRESSURE ON SEALING SURFACES AS A FUNCTION
OF THREAD INTERFERENCE

The deleterious effect of a positive diametrical interference on the side of the first

20 male threads on the contact pressure at the sealing surfaces. 5, 6 can be seen. It thus

appears to be judicious to be able to estimate the diametrical interference on the start side

of the male thread and in particular in the plane correspondiﬁg to the last perfect female

thread interacting with the first perfect male thread. Measuremient of the pitch diameter of

the threads in this region would appear to be an advantageous ¢onsequence.
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10 interference close to the sealing surfaces in the case of the inspection method of the
invention is 0.07 mm less than the maximum value of the thread interference at the same
location for the threads inspected using specification API 5B.
Such a result is satisfactory. It that was not the case, in order for there to be a strict
equivalence of the methods, it would be suitable, for example, to reduce the tolerance

15 range for the taper of the threads produced and inspected using the method of the
invention.

A final verification to be carried out concerning the equivalence of inspection with
specification API 5B is the equivalence of the makeup torques.
The makeup torque at the moment when the bearing surfaces 7, 8 come into

20 contact is essentially a function of the global interference on the whole of the threads.

While the value of the thread interference close to the sealing surfaces 5, 6 is well
under control by using the method of the invention, the value of the interference at the
other end of the thread, i.e., at the level of the imperfect male threads, is in contrast more
poorly controlled.

25 Thus the inventors have confirmed that the makeup torfjue has not to be modified
while the value of the thread interference area, calculated for the mean dimensions of the
male/female elements 1, 2 and integrating the value of the interference all along the thread,
is little different for the threads inspected using the method of the invention and the
threads inspected using specification API 5B.

30 In the case of the pipes given in the preceding example, the value of this thread
interference area is 2% lower for the method of the invention with respect to inspection

using specification API 5B; such a difference is entirely acceptable.



- ¥

t
10 113/ 10%& ()-y-$10%&' ()-S, 10%& ()- *109& ()- )Y'109%& ()-
L'1"10%& ()-}rgi= 10 !110% & ()-° 10 10 1039109%& ()-!L96$10%NN&
109& ()-!3F1Y" 109 ()- @4~?g\= 10 !! #10% & () - : N%(Mﬁ 2003
@0% & ()-gl0% & ()-f"10% & ()-!f"109MW& ()-110% & ()- Ar"MIEg\ = 10
11°10% & ()-S&$10% & ()-10% & ()-' 10% &0() -3 10% & () -t 10% & () - MX(yWbg\ =
10! 4S9$10%&' () If 29252 Aiférénde) werSU$ bO ¥oxkd( Yor! eRAHpRUARE thin 30% in one or other
S9$10% Ht & ()-)!{ &L0%& ()->WoP= 10! 4S9$109&S$ 10%& ()- .10tt 10tt
10t t | S9$1hmaetin, iy wowlddwsutighle berejagaigglor gsgmple( to_reduggphe limits of the tolerance
10! 4SY" 109’ () - OR () -.S109%&' ()-Y" 109 ()-Y"'10%& ()-!,S 10%& ()- LSAEP=
10! 4SY" 10@%‘8"-‘%’%&% d%"-‘%w&' ()-, & 109%& () - mLOY&’ ().2 1 1098 () - ((:I)QdEP:
10! 4S$109%&' () - Mhdpré@iinventionlid st linnited dOHE efmbod mfeh@daestiibedYh 1RB ghyes G AbCP=
10! 4S/ 10%& () - @ $10%& () - 4@ G' 10%&’ () -
(Z" 1098 (Fampkes100& () -, 9109& ()- AF[\]dE:/ 10 10s9G' 109& ()- 74" 109%& ()-

S&6$109& () - 4Z3L10%& () - 2G5 L0YR {. J00& ()2 [ Ak A" . OR: ()3
109& () - 2" 109 (‘)@eﬂ"(ﬁbﬁg”( %-%Pﬁ%%ﬁ‘?‘?ﬂeﬁ‘f‘é taphisth t?ﬁega%f' ikl Foiphglctions
Z"10%& ()each being DU#adpibe (ahd befEoroyidéd WHRa fateYelehBMR! &) ondSatEddd 40
&$G' 109%&' ()-"G 10%& ()-FG 109&' ()-S$109& ()-nlO%& ()- @ _
female element 2 at the other end, the male elemeént of a first pipe 101 being connected to
the female element 2 of a second pipe 102.
10 It can also be applied to inspecting the tapered threads of coupled connections
between long pipes provided with a male element 1 at each end, the couplings for
connection being provided at each end with a female element 2.

It can also be applied to inspection of tapered threads with any thread form: round,

triangular, trapezoidal with positively or negatively angled flanks, etc..
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350 (}/g/f‘) ? S?(())g&%.“? S Or]::}éqopgglq_ a ma eO/tqu;I)eg'ed thread (9 /f%cgt)ed on ';til'eog(%rgal_ periphery
109& 3y" % - C 10
T ) o7 i 4 o g S e

10FF1109& () - bt was:o&m ee)alingjrﬁms(()s B) 'latatedioAgloge) toy Wis tOYRIn( Which10e®i(ch- Sxnb@
10! 010% } & () 10Y71Q%& () - 96$10%&' ().- YAG' 10%
2109 () - KCQIQBW@‘%& )sift&%)ga&e is fnspegge ')“aéw%mﬁs“ﬁ% ﬂ?%( Ry located at a

e A AR IS AR i p-
S310%>a>&' () measuisib@eXide) S 1y mbReqmprides @ bbArifg Coifade) (58964°), at least two
contact surfaces (60, 61) at a transverse distance from each other and at an
adjustable axial distance from the bearing surface and a means (55) for measuring
the diameter of a circle located in a transverse measuring plane (P,) tangential to
10 the contact surfaces, said method comprising the following steps:
a) on the plane diameter measuring device (51), adjusting the distance Ly
between the bearing surface (54, 54°) and the measuring plane (Py) as a
function of the distance L, selected;
b) adjusting said measuring means to a pre-determined value for the
15 transverse distance between the contact surfaces using a setting block (70)
the characteristic dimension of which is defihed with respect to the
estimated value (D,.) of the pitch diameter in the ineasuring plane (Py);
c) measuring, in the measuring plane (P,), the diameter of the thread between
the thread crests (Dys), the bearing surface (54, 54') of the measuring device
20 (51) being abutted against the free end of the male element;
d) comparing the measured diameter between the thread crests (D) with the
admissible limits of the range;
and being characterized in that the measuring plane (P) of the pitch diameter of
the male thread (3) is a plane located between the reference plane (Py) of the
25 drawing and the first perfect male thread and in that the estimated value of the

pitch diameter (D) in the measuring plane (P,) satisfies the following equations:
Die = Dnom — L1-TTrep1/ 100
Kl-ol

e
N2

~KLATT\. g(-ATT1/ o1)

TTrept = TTnom+ K1-ATT'1 + Xp[—%'(ATI‘l/O'l)Zjl
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K, is the ratio of the length of the male thread to the distance between the reference
plane (Py) and the first perfect male thread;
10 g(u) is the value of the reduced centred normal distribution for the value u of the

variable.

2. An inspection method according to claim 1, characterized in that the measuring
plane (P,) is located substantially half way between the reference plane (Pg) and the

15 plane corresponding to the first perfect male thread.

3. A method for inspecting a female tapered thread (4) located on the internal
periphery of a female element (2) itself located at the end of a metal pipe (102) and
comprising at least one sealing means (6, 8) located so as to co-operate with

20 that/those (5, 7) located close to the free end of the male element, in which the
pitch diameter (D,) of the thread is inspected in a given measuring plane (P,)
located at a distance L, from the reference plane (Py) of the drawing using a plane
diameter measuring device (51) which comprises a bearing surface (54, 54°), at
least two contact surfaces (60, 61) at a transverse distance from each other and at

25 an adjustable axial distance from said bearing surface and a means (55) for
measuring the diameter of a circle located in a transverse measuring plane (P,)
tangential to the contact surfaces, said method comprising the following steps:

a) on the plane diameter measuring device (51), >adjusting the distance Lg
between the bearing surface (54, 54°) and the measuring plane (P,) as a

30 function of the distance L, selected;
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10! qy d) comparing the measured diameter between the thread crests (Dys) with the

admissible limits of the range;

10 and being characterized in that the measuring plane (P,) of the pitch diameter of
the female thread (4) is located in a zone of perfect female threads and is the
closest to the plane of the drawing coinciding with the measuring plane (P;) of the
pitch diameter of the male thread defined in claim 1 or claim 2 when, on the
drawing, the two male and female threads (3, 4) are connected and in that the

15 estimated value of the pitch diameter (D,,.) in the measuring plane (P,) satisfies the

following equations:
D2e = Dnom— L2 -TTrep2 /100
K202

N27
-K2-ATT2-g(ATT2/ 02)

TTrep2 = TTnom+ K2-ATT2 —

-exp[— % (ATT2/ 02)2 ]

Dpom is the nominal value of the pitch diameter in the reference plane;
TTep, is the plot value of the taper;
20 TTom is the nominal value of the taper of the thread;
TTawrs TTmao and TT,, are respectively the minimum, maximum and mean
values of the taper of the threads produced;
ATT, is the algebraic value of the difference (TTyy; — TThom);
G, is the standard deviation of the distribution of the tapers produced;
25 K, is the ratio of the length of the female thread to:the distance between the
reference plane (Pg) and the last perfect female thread,
g(u) is the value of the reduced centred normal distribution for the value u of the

variable.
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5 at least one sealing means comprises a transverse bearing surface (7, 8).

6. A method for inspecting a female tapered thread (4) according to claim 3, taken
alone or with claim 4 or claim 5, characterized in that the mean value (TT,y) of the
taper of the female thread (4) is less than the mean value (TT,,) of the taper of the

10 male thread (3) associated therewith.

7. A method for inspecting a male tapered thread (3) according to claim 1 or claim 2,
taken alone or with claim 4 or claim 5, characterized in tHat the mean value (TT,y,)
of the taper of the male thread (3) is higher than the nominal value (TTom)-

i5 :

8. A method for inspecting a female tapered thread (4) actording to claim 3, taken

alone or with claim 4 or claim 5, characterized in that the ifmean value (TT,y;) of the

taper of the female thread (4) is lower than the nominal vatue (T Trom)-

20 9. An inspection method according to any one of claims 1 to 8, characterized in that
the values of the limits for the admissible range for the diameter between the
thread crests are obtained by replacing, in the formula giving the estimated value of
the pitch diameter in the measuring plane, the value (L;, L;) of the distance
between the reference plane (Pg) and the measuring plane (P;, P;) by the values

25 (Lteins Limax> L2mus Lomax) Which encompass it.

10.  An inspection method according to any one of claims 1 tq 9, characterized in that it
is carried out, using a plane diameter measuring device éSl) which comprises two
contact surfaces (60, 61), four times in the same meafsuring plane (Py, Py) by

30 turning the measuring device (51) or the thread (3, 4) by an eighth of a turn about

the axis of the thread (XX) between each measurement arid in that the mean value
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v 4l0%@a () _czorp;ctls%%%é@;‘tlgr)eé It:imes in the same measuring plane (Py, P,) by turning the
measuring device (51) or the thread (3, 4) by 40° about tﬁe axis of the thread (XX)
between each measurement and in that the mean value of these three measurements
is used to characterize the diameter between the crests of the threads in the

10 measuring plane.

12. A plane diameter measuring device (51) in a measuring plane (Py, P,) for carrying
out the inspection method according to any one of claims 1 to 12, comprising a
bearing surface (54, 54'), two contact surfaces (60, 6[) at a transverse distance
15 from each other and at an adjustable axial distance from said bearing surface and a
means (55) for measuring the diameter of a circle locatedin a transverse measuring
plane (P;) and tangential to the contact surfaces (60, 61:), characterized in that it
comprises a means for automatic acquisition of the maximum value obtained
during measurement.
20
13. A plane diameter measuring device (51) according to q;laim 12, characterized in
that it comprises a means for carrying out statistical dalculations on the values

acquired for the diameter between the thread crests.

25 14. A setting block (70) used to adjust the pre-determined value of the distance
between the contact surfaces (60, 61) in the inspection r:pethod according to claim
1 or claim 2, using a plane diameter measuring device %Nith two contact surfaces,
characterized in that the block (70) is in the form of a truncated wedge and
comprises a transverse end surface (72) and two substantially longitudinally
30 orientated flat faces, inclined symmetrically with respect to the transverse end

surface and converging towards the latter, the angle C between said flat faces being
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claim 3, using a plane diameter measuring device W1th two contact surfaces,

characterized in that the block (80) has a transverselend surface (82) and an
internal space (81) delimited by two flat surfaces of the i)lock, with a substantially
longitudinal orientation, symmetrically inclined with respect to said end surface
30 (82) and converging towards the back of the internal space (81), the angle D

between said inclined flat faces being equal to 2.arctan('[1Tav2/2) and the transverse
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distance between said inclined flat faces being equal to (ID;. — h) at the longitudinal

distance (Lg) from the end surface (82), h being equal t«f!) the sum of the height of
one tooth of the thread to be inspected (4) and a geolmetrical correction factor

known in itself and peculiar to the measuring device (5 1),

18 A setting block (80) used to adjust the pre-determinfed value of the distance
between the contact surfaces in the inspection method acéording to claim 3, using a
plane diameter measuring device with three contact surfaces, characterized in that
the block (80) has a transverse end surface (82) and an internal space (81)

10 delimited by a tapered peripheral surface with a longitudliinal axis and with a taper
equal to TT,,,, the vertex of which is directed to the sidé opposite to the transverse
end surface and in which the diameter at the distance (sz;) from the transverse end
surface (82) is equal to (D, — h), h being equal to the stim of the height of a tooth
of the thread to be inspected (4) and a geometrical correc%tion factor known in itself

1S and peculiar to the measuring device (51).

19. A setting block (80) according to claim 17 or claim 13:, characterized in that the
block (80) comprises, at the end of its inclined flat faces !{or of its tapered peripheral

surface on the side opposite to the transverse end surfpce (82), a portion with a

20 different slope or taper which reproduces the profile of the at least one sealing

means (6, 8) of the female element (2).
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