WD 2006/ 092649 PCT/ |1 B2005/ 000587 DRI LL STEM CONNECTI ON BACKGROUND OF
THE I NVENTION 1. Field of the Invention 5 This invention concerns drill

stemt hr%ﬁpﬁgﬁl&%@ectl ons in general. In particular gﬁ%@ﬁ’?@:”ﬁn is
i t

for a tool jornt and a resulting drill string where t

connects drill pipe sections and other elenents of the drill stem
together fromthe surface to the drill bit. Still nore particularly,
this invention is for a tool joint having internal and external nake-up
shoul ders for high torque application of rotary drilling. 10 2.
Description of Prior Art DeepDMLLSBEMICONNEOTI)ON and gas are drilled
wth a rotary drill bit rotated by a drill stem which consists of a
bot t onhol e assenbly, a string of drill pipe, a kelly or top drive, and
all asso RSN ing string to the drill bit. The
drill pi :)Héﬁﬁﬁgﬁrlng Ps@ﬁ;rﬁﬂdﬂp{}gyﬁ%w dual nenbers, each about 30 feet

in length, Thﬁeﬁéﬁdleﬂivgiw menbers are secured together by a threaded

connection, ca Joint, typically about 1-1/2 feet long. The

t ool koint eqrﬂosr : r
dril Ilbnlg, Zn(rjnF s}ié)%tﬁl?g{l/?%gc seal | ngt&?tt)hr%e?ﬂ;eggﬁ ﬁ&#ﬁﬁ%ﬁ%ﬂu% agt?%ar

purrpeddwnth dri.l | efro t.the . Leakage out of
the tool “Jont logéfugoé's &’82 On&fm 8 res{j@@@?g%e 85%818%0?1H81%F&H Ftﬁg .
fluid, h.can |.ead to early fail . A conventjon oi nt
(somet | %gﬁd%mq Rgtians ) oAl P%ﬁwog@%ﬁeﬁw %?éh%ﬁ%?hq acﬁhw@) is
made-up of a pin nmenber and a box nenber. The pin nmenber has external

t hr eads &nl ta‘h S1ill amors| pastipwlarkys tin eeniios Holor delool vt lyingninises! ands
internal threads and a rimor face that makes up agai nst the nake-up
shoul der extermabmelorvesitonblesad for hightorjed applitdtenef rdamalrillitger nal shoul der in
the box nenber for contact by the nose or face 25 on the end of the pin.
When iphe 2t ool DicgirintionefPessA®r e nade-up at the surface of the

Deep wells such as for oil and gas are drilled with a rotary drill bit rotated by a
drill stem which consists of a bottomhole assembly, a string of drill pipe, a kelly or top
drive, and all associated equipment in the rotating siring to the drill bit. The drill pipe
string is made-up of individual members, each about 30 feet in length. The drill pipe

15 members are sectred together by a threaded connection, called a tool joint, typically
about 1-1/2 feet long. The tool joints must withstand the normal torque encountered
during drilling, and also provide sealing to prevent drilling fluid being pumped down the
drill pipe from leaking out the joints. Leakage out of the tool joints causes wear due to
the abrasiveness of the drilling fluid, which can lead to early failure.

20 A conventional tool joint (sometimes called an APl [American Petroleum
Institute] tool joint) is made-up of a pin member and a box member. The pin member has
external threads and an external annular make-up shoulder. The box member has internal
threads and a rim or face that makes up against the make-up shoulder. In a conventional
tool joint there is no internal shoulder in the box member for contact by the nose or face

25  on the end of the pin. When the tool joint members are made-up at the surface of the

1



1 WO 2006/ 092649 PCT/1B2005/000587 well, normally they are made-up to a
torque that creates a longitudinal stress in the threaded cross section

that isyapauienage-half the yield strength of the wea the_pin or
box. In drilling horizontal or extended reach wells g’?hkﬁ%“ﬂwﬁ%ﬁdri |

string gets stuck in 5 the borehole, it is possible for drilling torque
to exceed the nake-up torque, applied at the surface of the well. Wen
the drilling torque exceeds the surface nmake-up torque, additional

connection make-up torque occurs. The additional nmake-up torque inparts
hi gher stH essemily rthésherccoadreet iton totyue thatagreas e dongitudingl eireksshrthélgt h of
the pin and box and cause downhole failure. To avoid the possibility of

f ai | ur efhrédded srokd fegormkieis upork Oné-BEIG UR EHA Ylrehgdde ohhg hekkdrvdmd }ig or
drilling torque. Consequently the drill pipe tool joint industry has

devel opggk so cal |l ed "doubl e shoul der tool joints" that have higher
torque strength characteristics than APl tool joints, allow ng higher

surface makepghQf i eon PRk e RUbEREN! A0ndhDbAl @@*ﬁﬁsq% e 20

ext ernal make-up SO an and

condl ¢ | Georgiec B RRPRA SR b %ﬁ%ae@f”rﬁﬂ%ﬂ%eférﬂg%%n@hgé‘a&t bl
heke. 3&‘@#2@, ihe . cIORFe HrAr i or g, 0o e SHENS dofie-SEotoRo. a up

under c?h torque conditions. A double shoulder tool joint can have a
subst aneddiong] comneelietiekorpitereg ogdues. d Toe rddiornl (rakeamnivaqusdintpartan AP
tool joint) 20 without any additional thickness in the pin or box, and
wi t hout higherstasienn fhheonricetich which emytdrcef] thdrpiekt sehgthiiehopinand dox  has
strived to achieve better and better operating characteristics for a
doubl e sitpuhderdotvaidle jfailure. bio adjidishd pessBiliRRTiMiNGe,0fhe eI Inskd-Bat

characterize such a
10 torque should be higher than the drilling torque. Consequently the drill pipe tool joint
industry has developed so called “double shoulder tool joints” that have higher torque
strength characteristics than API tool joints, allowing higher surface make-up torque.
Double shoulder tool joints have not only an external make-up shoulder, but also an
internal make-up shoulder and dimensions that cause both shoulders to make up under
15 high torque conditions.

As shown in U.S. Patent 2,532,632, double shoulder tool joints have not only an
external make-up shoulder, but an internal make-up shoulder and dimensions that cause
both shoulders to make-up under high torque conditions. A double shoulder tool joint can
have a substantially increased torsional yield strength (as compared to an API tool joint)

20  without any additional thickness in the pin or box, and without increasing the yield
strength of the steel.

The prior art has strived to achieve better and better operating characteristics for a

double shoulder tool joint by adjusting dimensions of elements that characterize such a

joint. Such elements include the relative lengths of the box counterbore, pin base, the pin



joint. Such elenments include the relative | engths of the box
count erbore, pin base, the pin 2 WD 2006/ 092649 PCT/ 1B2005/ 000557

nose, a%;olag EI eads; the relative cross sectional i ness of the box
count er bore a?l {ghe pin nose; and the relative di rreh’gilrﬁﬁ%(}%g?%?ﬁ:{e t ool

joint inner and outer dianeters. A double shoul dered connection is also
described in U S. 4,558,431. The box is provided with an internal

shoul der located below its threads. The pin has a face on the 5 end of
its nose that mates with the internal shoulder in the box. The

di nensi aos, afd thbéirpdds; thadelitive carse s@abed tidcknsss dflid bosh@anteaige indoit ened,
the box face contacts the external shoul der of the pin. A clearance

exi sts BR{AMSENNY AR Pialvagisfntissrancobligint HneF Al outet APMeAgs, of the box.
When the tool joint is fully made-up to its normal make-up torque, the

box face eng%%ﬁﬁg%ﬁoﬁl?g%l%ﬂ B RS Lis Wi oS TR i (1 Ps 95?%%{1. i he L gCt

pressure. A t clearance 1s selected sucht e pin face

exerts |ljtt al, NO. Pressure .agai ns the intern shoul der. at nor mal
makce- up Pty M AL REE N BB & B L SRR s F oo e
pi n base and box _ counterbore sectigns have a |ength at |east one-third
t he 19 en@‘ﬂcﬂOfng norie thahgaige & @ﬁli‘ee‘&%n%%}?uh{;ﬁﬁ’tth? e Bﬁi‘f’ HoersiaRaiithf Have a

| ength at | east one-sjxth the length of the engaged threads. 15 For the
doubl e awbbpyareerleddsl sg Siantwheadwad itighignedy thy 8ox Jasi@nipsts, thajsterral 5°  OD
and 2- 11/16" ID, the torque to yield the base section of the pin or the
count er Borddes edftthopiof A rdeardpox ekists eteleanbthe Bhowisel dadarjdothet integna®5, 583
foot pounds as conpared to 18,100 foot pounds for an APl tool joint

Wi t h t heh@kiee oObecsedt. |\Bhenlthe tdad hgncio dintyembds-ep Lied hathal hakens tdrhge,
resistance to deflection thereby all ow ng reasonabl e manufacturing

t ol er an@RshodOfabOEndades NRANG e Miakeup ahane&- to BVBY®al cbitget! (R8Gure. A
counterbore section tends to buckle outward under high torque. O hers

in hhe hRHSiHARIEE s iRl A0th b Ok pfil BRE BRGR 1RHEBr hOBleshllE obthgr Nal
the internal shoulder at normal make-up torque.

The above mentioned U.S. 4,548,431 specifies that the pin base and box
counterbore sections have a length at least one-third the length of the engaged threads and
that the pin nose should have a length at least one-sixth the length of the engaged threads.

15  For the double shouldered tool joint, described in U.S, 4,548,431, with a 5" OD and 2-
11/16" ID, the torque to yicld the base section of the pin or the counterbore section of the
box for a double shouldered joint is 25,583 foot pounds as compared to 18,100 foot
pounds for an API tool joint with the same OD and ID. The long counterbore section
lowers the resistélnce to deflection thereby allowing reasonable manufacturing tolerances

20  for the hand tight clearance. However, the long counterbore section tends to buckle
outward under high torque.

Others in the industry select the hand tight clearance such that the internal
shoulcier is substantially loaded at the designed surface make-up torque. Designed in this

way, the internal shoulder allows a larger surface make-up torque and may therefore be



shoul der is substantially |oaded at the designed surface make-up torque.
Designed in this way,  the internal shoulder allows a | arger surface
make- u d may therefore be 3 WD 2006/ 092649 PCT/I82005/000587
afelygﬁéggﬁﬁﬁ%ﬁglls which require a |arger drllllngpquﬁﬁgl Wien the
tool joint is tightened beyond the initial hand tight condition, the
counterbore of the box and the pin base section deflect. This
deflection allows the pin face to close the hand tight clearance and
engage agai nst the internal shoulder. The |oading of the pin face and
i nt er nadafdy shallimdercllooehicls r@fuirera IRg@ndrineE Negeat Wasw e tdoPRo@EeUr I'i Ng
in the box counterbore and pin base sections. Expanding the concept of

havi ng §A8ereltheydial the RAtAIdRARd Pﬁtd&)ﬁdl%n SHE LARReIRERTUR: bd:0h:Ge pht S-
Patent 6,513,804 describes sti not her doubl e shoul dered t ool 10|nt

(oS! 90 pasD WG eANE bt AEnQliof NOML ORI IPKES llodd S handFERURRANE |

| ength FoOm th € pin extern epln nose g

the length fromthe box cet e b ern shoul der. . The n nose
| o° spectil ggegh sttt e nGER hgtds: (e IBUBEORH T BEr B B gL he
|nternal shoul der cont act before t he external shoul der creates a rlsk

t hat" t hWoBKeRRqTHIS PrioR LA ST TRiomEEtien PquEingin e boaepvateripresikct a
seal. The extra long pin nose attenpts to overcone this risk by
Iomerlm@nbwwsﬁﬁyesre5|stance to deflection. 15 U. S. Patent 5,492,375
descri bes another design of a double shoulder tool joint wth an
enphasi s on Eyphanding ilregeonbept 0 haviontie istmehgiohldef load dbatblidashmaitedgr ed
connection. The optim zation is achieved by assuring that under high

torque wef@] Uinmatent 6,913,80L86k8ribarstllv@btecdabi dhouldetskl to6ltjoRt désgmt
failure in shear prior to yielding of the pin nose and box counterbore

or pin pagkich %eﬁnte?naﬂ%ﬁeﬁ&é RRRE 'ﬁ%§t B&saﬁset @8 Iélfgm%npﬁqe the cRiegaged

threaded 20 section of the pin, determ nes the shear area of the

thr s&ﬁ%&?\%& trﬂ?f{ 1}{&% f&y ﬁlan tflé) 139 thq%Jn}f tl?el l!)cg{hfacy cg{hg %'%Q nt%lt}l?lp

1. 73( AL I"'esser o e Cross- SEC

shoulder. The pin nose is specified to be twice as long as the box counterbore. Having
the internal shoulder contact before the external shoulder creates a risk that the external
shoulder may not be sufficienily loaded to effect a seal. The extra long pin nose attempts
to overcome this risk by lowering the nose resistance to deflection.

15 U.S. Patent 5,492,375 describes another design of a double shoulder tool joint
with an emphasis on optimizing the torsional strength of a double shouldered connection.
The optimization is achieved by assuring that under high torque conditions, the threads
arc very close to, but not quite at failure in shear prior to yielding of the pin nose and box
counterbore or pin base. U.S. 5,492,375 specifies that the length of the engaged threaded

20 section of the pin, which determines the shear area of the threads be such that A, is equal
to or only slightly greater than 1.73(4, + 4,, ) where 4, is the lesser of the cross-sectional
area of the pin base or of the box counterbore and 4y is the cross-sectional area of the pin

nose. Optimization by this technique provides only small increases in connection

torsional strength.



area of the pin base or of the box counterbore and AN is the
cross-sectional area of the pin nose. Optim zation by this technique
provi de |1 increases in connection torsional strength. 4 WO
2006/092‘6(?123JO b Pe2005/ 000587  U. S, Patent 5, 908, 212 GATEIPEBOSHT ot her
doubl e shoul der tool joint design by requiring (1) that the sumof the
cross-sectional area of the box counterbore, plus the cross-sectional
area of the pin nose be at |east 70% of the cross-sectional area of the
box, (2) that the taper of the threads be | ess than one inch per foot,
and (3) that UishePaemy 5081200 eles@ibee ehber dxibdd shandirhobejoit d@nst byl. 5

i nches. A shallow thread taper dramatically increases the strength of

the i nt gEb@heSPWadele sdndf BeESEIBHARAF LRATEINE BEx LORESDR! pREMENOLh Of
t he connection.” However, drill pipe joints with shallow thread tapers

" eqUIT o 3UDSEANN Bleh b [ Rl i Ted (P L,;aglyy%]e{cgf)ﬁiﬁrea%g@e%&i ng

make up, as conpare onventi ona he additiohal rig

time 10 i.red to -up.t hese connections |s ensi ve and
undesi r GO eienct Re R dGHR 1 IRS BB R b 5o oh dd FRn S B o
unstﬂbbin nor.e difchuIt, ggca se the connection nust be carefully

al i ghedsecBongarldength be# 1995 bPf¥8hce and gal ling. Further, the shallow
taper requires a large loss of the limted tool joint |ength when the
connection Ashpliowrteendiener dranmticallyaincrepses) themtyength 5f thedntgmabshoatder j oi nt s
al so provide conventional thread formdesigns which inhibit optinmm

yi el d t erdgtheredtrariacieases shd tssibmal spegmeh jobitind sorgectirnal Howenel, idnllpgipg | cul ar

for double shoulder drill pipe joints. The prior art tool joints are
al so chpi@e wethi sheltbwb Ynréad fap@a eqliize Rubdtdntlalty Gosiotdiane bf tHelhk witahes the
taper of the threads. Figure 5 of the attached drawings illustrates a

PLLOgveE%? i?tﬁ'%nag:)rga?k%_?_\?, %%?ﬁqé%g & céVRnt FREAPPhof BeE MBRtadditiohd ﬂéﬁné ame as
. 10 required to make-up these connections is very expensive and undesirable. The shallow
taper also makes connection stabbing and unsiabbing more difficult, because the
connection Iﬁust be carefully aligned to avoid thread interference and galling, Further,
the shallow taper requires a large loss of the limited tool joint length when the connection
is re-machined after wear or damage.

15 The prior art joints alsq provide conventional thread form designs which inhibit
optimum yield torque characteristics for pipe joints generally and in particular for double
shoulder drill pipe joints.

The prior art tool joints are also characterized by a thread form with a crest taper
that matches the taper of the threads. Figure 5 of the attached drawings illustrates a prior

20 art thread form where the taper of the crest 41 is the same as the overall taper T}, of the
threads. A thread form in general is characterized by a thread root 39, a load flank 35, a
crest 41, a crest-load radius 43, a crest-stab radius 45 and a stab flank 33. When stabbing

elements of the drill pipe joint (i.e., stabbing a pin into a box), it is inevitable that crests of

one element will occasionally come to rest on the thread crests of the other. Figures 6A,



threads. A thread formin general is characterized by a thread root 39,
a load flank 35, a «crest 41, a crest-load radius 43, a crest-stab

radi us tab flank 33. Wien stabbing el enen i1l pipe
j oi nt (?&%ﬁ?gg?g%bing a pininto a box), it is inevi%ggﬁ%ﬂ%ﬂgpg%rests of
one element will occasionally cone to rest on the thread crests of the
other. Figures 6A, 5 W) 2006/ 092649 PCT/|B2005/ 000587 6B and 6C
illustrate a prior art pin 5 and box 5 being stabbed together with
Figures 6B and 6C showi ng cross sections of the threads of the pin 5
and box 6B'and BCpilingrbBa phonart pirche amt est $' béihgotabbbd tqpethebwith Figupes 6h t he
thread crests 41' of the box 5. As Figure 6C shows, a rotation of up

t o aboutnd6€shakingtowsse st@iohe gfiheabiehd oTaNEpiRl Nakl Box &1 IRigw 6B shopespect
to box 5 to get past crest 41-crest 41' contact and cause stab fl ank
33- st abyfl Iﬂﬁpﬁh ; 1 1 C CAN B; WM an

i npact, tl{ehcg@lfsogg%%‘ I 'an s%?g?tlﬂ 6?1?{11?? g"t?w%’ {I%gt?]%s’} gg%%& 5)'or gltgwef:éz}% be
per mane M.t S 41 eciall b se..of the
1 orisa. H3ORAEE PR A RSk (o i g pPERE R bintn o BT PUR T ouna
in onventional tool joipts. FEven if, dapage does t ,0GC on st.abbi ng,
the B nieBist & Bt ¥ gebisbide A e ol R b pRc B e s
Such wedging action is exacerbated by the inpact. As the thread taper
isr eduégoﬁon'iaﬁ% Weust Fycradicrsiactpeeas wathsa mpaet, therlppd flamls 36 464 #ab of
0.08, the thread crests 41, 41' are self-holding for thread tapers |ess
t han 2" flanks 3358031, -ondioth eap repsrsandiily dahvagedoearjtbe ntestsmls #1bespeoially bl y
separated. Forcing the threads past wedging of the thread crests can
event uabkopubecaititht gl dréstgo doad fiinkeund desyagestatl Hadk rdddienybichlisc &tundrin of

bj ects of the Invention A prinmary object of the invention is to provide
a drill cstvemtiGRNAREEIiAR, Hvln iPddnideeWoad ndtocad ¢l sthbbidd, ABe H@Abol jBidit W th
enhanced yield torque characteristics. Another object of the invention

1S 40 PLRYAS cén %&%é inf] 8 bhP Vol ot Bt YhchRv@BRANEASh isWdxBletha @M.
characteristics whilTe sinultaneously having a make-up turns

char act %{JH%EI AsQhe thread taper is reduced, the wedging action gets worse. For a friction
factor of 0.08, the thread crests 41, 41’ are self-holding for thread tapers less than 2"/ft.
Self-holding means that the tool joints must be forcibly separated. Forcing the threads

past wedging of the thread crests can eventually lead to galling and other damage.

15 3. Identification of Objects of the Invention

A primary object of the invention is to provide a drill stem connection, in
particular for a drill pipe tool joint with enhanced yield torque characteristics.

Another object of the invention is to provide a drill pipe tool joint with enhanced
yield torque characteristics while simultaneously having a make-up turns characteristic of

20  aconventional API fool joint.

A specific objective of the invention is to provide a drill pipe tool joint that is
characterized by a torsional strength that is at least about fifty percent or more than that of
a conventional connection of comparable size and with make-up turns about the same as

the conventional connection.



20 a conventional APl tool joint. A specific objective of the invention
is to provide a drill pipe tool joint that is characterized by a

torsi onalysidengts that is at |east about fifty percent or nore than
that of a conventional connection of conparable sizePSHEBA¥HIEKe- up
turns about the same as the conventional connection. 6 WO 2006/ 092649
PCT/ 1B2005/ 000587 Anot her object of the invention is to provide a
doubl e shoul der drill pipe too] joint with an inproved thread formin
conbination with an optinumthread taper such that enhanced torque
charact eri sti ggothesiblidot oPtheidventi@bjs &chrovide @fdotible shawdun drillpipcstoblgoe OVi de
a tool joint wwth a thread design. 5 that provides enhanced stabbi ng

char act e tanCigpphRd thited Borh IS cGARBRRA With A SpRAYmItEdR%ap ke HRt
Anot her object of the invention is to provide a tool joint design with a

box cou r han or equal to the pin nose length in
&hﬁﬁl&g tgrg)'%@ ngafrj%&%gﬂést Rkl

order to avo I'ng. 10 Another object of the inventionis to
provi de a tool j0oint .desi characterized h ri.mary s oukgfr and
secondary shoﬁfl{?fg r %\J?Cglgg ggﬂlr?elfl}ﬁ%l%ﬁp t‘%ﬁ%rpr%wﬁféﬁg%d é‘?m%%ﬂ@ft 28 HESIBR her
for optim zation of |oad rrying ability wthin manufacturing .
tol eranc ?PTRH{S]F%%‘ThaB‘Eﬁ%e“@i’%E‘B hpgcterigies e theit & ¢ dpthg bOR dEHEBE f or m
for tool joints where <crest-to-crest wedgi ng of threads while stabbing
is subst@ak¢wdly prevented. 15 Another object of the invention is to
provide a thread formfor tool joints that allows the pin threads to
more easily chnttber objedti of thhenbonion s dagsowifd heoplr pmtddesignawithor Box.ugged
shape with a nore narrow crest w thout reducing the contact area of the
| oad f | addaterbore length shorter than or equal to the pin nose length in order to avoid box
buckling.
10 Another object of the invention is o provide a tool joint design characterized by
primary shoulder and secondary shoulder stresses being within a range of 70% of each
other for optimization of load carrying abilify within manufacturing tolerances.
Another object of the invention is to provide a thread form for tool joints where
crest-to-crest wedging of threads while stabbing is substantially prevented.
15 Another object of the invention is to provide a thread form for tool joints that
allows the pin thread.s to more easily center within the box threads while providing a
more rugged shape with a more narrow crest without reducing the contact area of the load
flank.
Another object of the invention is to provide a thread form which (1) provides a
20  reduced stress concentration in the thread root while maximizing the contact area of the
load flank and minimizing thread depth, (2) allows for larger critical areas at the primary

and secondary shoulders of a double shoulder tool joint thereby providing increased

torque capacity of the joint, and (3) reduces the probability of jamming the connection.



Anot her object of the invention is to provide a thread formwhich (1)
provides a 20 reduced stress concentration in the thread root while
maxi m zing the contact area of the |load flank and m nim zing thread

dept h, g2§Wﬂ%ﬁﬁ9for larger critical areas at the prPGREBROOSHAES?
secondary shoul ders of a doubl e shoul der tool joint thereby providing

i ncreased torque capacity of the joint, and (3) reduces the probability
of jamm ng the connection. 7 WO 2006/ 092649 PCT/ 1B2005/ 000587 Anot her
specific objective of the invention is to provide a double shoul der

drill h

such that st raaehd %Ecﬁﬁ%ﬁgfﬁ%ff@ga%ﬂ@%r@en FoRps ipHRkahaig SA0o. °,
I th

connet | DR 5t iR sty 2 B B AR e ﬁgtﬁ%%b%ﬁata&esgesfwe, oi nt

with an enhance wal | g eéness 0§P05|te the threads in order to

provi de @?IB%@P SEHIRLEY SEOPIATS LNEFEHF 2 aSURAARHSES @F CqIREcioRergre (Rerqases

obj ects descri bed above along with other features and advantages of the
10 i nvend®P 8ppligddo fheconprstig-ed in a doubl e shoul der connection j oint
having a pin nose cross section area which is at least fifty percent as
| ar g5 as t he Amathéresbjest of He invantion setet providamdaol joint twhith doenhaoeedtvealbor e
or the pin base and having threads which are tapered within a range of

bet ween thiviiéss bpfosita thelthizaddialordee to hrovide grart smmbbtionagendth.l. 125 i nch per
foot. A preferred taper is a conprom se between a lower limt of 1.0
i nch per foot bel ow which 15 the turns from stabbed to snugged generally
exceed that required for APl tool joints. The wupper limt of 1.2 inch

per footgiRmi yield torque for the tool joint

decreases S|gnk%|canpﬁ Eﬂiomngﬂgut a one hundred fifty percent

t or si onal of 1P f
HREoHIEL diesHHEENELR A GAY Out&gﬁg/@nncﬁa@l&gsg 02&“9 Wi

conpar abl e si ze. e pre rre t aper

t he R5n C|f|ed abov.e

Qexﬁmgare ﬁlC(S)l'ep%%E{té)({' ma &oubﬁ: shoﬁ)lger connection Jomt’ havmg a pin nose cross
section area which is at least fifty percent as large as the smaller of the cross section area
of the box counterbore or the pin base and having threads which are tapered within a
range of between about 1.0 and 1.2 inch per foot, preferably about 1.125 inch per foot. A
preferred taper is a compromise between a lower limit of 1.0 inch per foot below which
15  the turns from stabbed to snugged generelly exceed that required for API tool joints. The

upper limit of 1.2 inch per foot is a limit beyond which yield torque for the tool joint
decreases significantly below about a one hundred fifty percent torsional of the yield
strength of a conventional API connection of comparable size. The preferred taper is
about 1-1/8 inch per foot. With the pin nose cross section size as specified above, the
20 length of the pin nose is provided to be about 1.0 to 1.5 times the counterbore length in
order to achieve primary and secondary shoulder stresses increasing at a similar rate as

torque increases are applied to the connection.



20 length of the pin nose is provided to be about 1.0 to 1.5 tines the
counterbore length in order to achieve primary and secondary shoul der

st I’eSSGSWbQSd’d% pg at a simlar rate as tor que | ncre S are pI i ed
to the connect ?f?ﬁ 8 WD 2006/ 092649 PCT/ | B2005/ 000557"&@60‘{’4‘?@&% form

of the internal and external threads of the double shoul dered pipe joint
is characterized by a thread depth h neasured between a mjor radius D~
and a minor radius am that is about one-half of the height (H of a
fundanmental triangle of the threads. 5 The internal and external

threads are athserefbfoaatodtheziatnby sl atabalfieads ofmig @ubhﬁﬂlwla&ea?%t 35
and about 42 degrees and a load flank angle between about 25 an

degrees. The preferred stab flank angle is about 40 degreesp and the
preferrgduﬁnaﬂwﬁmamkmiumgﬂbﬁmkdqﬁDbUmﬁandbbﬂﬂﬁglaﬁhgnsBQMS#aghhnémgle of
40 degrees enabl es the connection to nore easily center itgelf after

st abbi ng (as conpared to a conventional 30 degree stab 10 flank angle),

H
7 aduet ngroREeh et T3b HRRSE oL AERRLAA A TR A SRR st or'

the preferred drill pipe arrangenent is enlarged beyond that of a
conventinak. thread form The threads are al so characterized by the
roots of the threads being formed in a shape of a portion of an

nggppgélfgrghgﬁg%rela & %i%%ﬁgﬁtﬁ?efﬁ %g%gfggngl %%%%%Wgé?g ;per
orobt Yy SR E00 ewapq%aﬁ $5%m el oo o Brectnhs AR
st abbed together. The structure of the thread form produces the

advant agieeresy. 1hrepisiied stabiflaak engle ixpboutif desrasscimdde prefermyl I@adoﬁhnaes a

reduced stress concentration in the thread root while 20 naintaining
maxi mum aglstiaghowh 3@ alegfees. hehe gatel flinkaarigleapfct Ondagress mnatiesahel comptinn i02)

more easily center itself after stabbing (as compared to a conventional 30 degree stab
10 flank angle), as well as providing a more rugged shape and more narrow crest without
reducing the contact area of the load flank. The crest-stab radius of the preferred drill
pipe arrangement is enlarged beyond that of a conventional thread form,
The threads are also characterized by the roots of the threads being formed in a
shape of a portion of an ellipse. Furthermore, the crests have a crest taper which slopes at
15  an opposite angle from that of the thread taper angle. The crest taper sloping at an angle
opposite that of the thread taper angle makes crest-to-crest wedging unlikely when the pin
and box threads are stabbed together.
The structure of the thread form produces the advantages of the objects identified
above, because it (1) provides a reduced stress concentration in the thread root while
20  maintaining maximum contact area of the load flank and minimum thread depth, (2)
allows for larger critical areas at the primary and secondary shoulders of a double
shoulder tool joint thereby providing increased torque capacity of the joint, and (3)
reduces the probability of jamming the connection.
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allows for larger critical areas at the primary and secondary shoul ders
of a double shoulder tool joint thereby providing increased torque

capaci t ywef 2obd)v26@i nt, and (3) reduces the probabili j i t he
connection. 9 WD 2006/ 092649 PCT/1B20051000587 The tk%gg%ﬁﬁgﬁwgﬁs

characterized by a thread pitch of about 0.25 inch or greater. The
preferred thread pitch is about 0.286 inch. The preferred, drill pipe
joint is also characterized by the length of the pin nose section being
about 1.25 inches with the length of the counterbore section being
about 1 inch. THhérexddben seciarmtmizedibea thiead bitclcoflistioat A6 éndh @egeitan of
the box, the cross-sectional area of the pin section at the pin nose,

the crosghe peFir@Ngiesdl BRIOE dbbe PR HRE! I T PRROSHIRIIT PPe oMt is also
counterbore, and the length of the connected threads are sel ected such

that the ghigngkh b?fthetlgl?gtﬁ’ 8PMme plrefbst Eﬁcﬁ%’ﬁei}(ﬁ% B8but § 95 Gitied Witk BRY lglgh Is

substantially greater than the strength in e pin nose or the

counterb r0SS- i f. in .o sit,e. th 0

count or bgt B el RlsBa el B Y ini B o RRRAR G RO¥mmiethore o 1y
havi ng an i.nner. di.aneter which varies.as a functiop of tool _joint

langth oBeiAROT fHediotie STamrReCHRN] Arpd of fie A el g6 echin PP €4 GBS ¢ han
at its ends in order to provide greater strength to the connection at

the thr &estignal mepnd te PRESeRIETIIMSHF theHprevnadese i thealfnglhofahe ached

hereto illustrate a preferred enbodi nent of the invention of which,
Fi gure 1cimeeted tinsadssaet sebmtedfsurhdhatvibe dtredgdth pif gee sewtecsd shjcednadieend t o
end by a tool joint according to the invention; 20 Figure 2 is an
enl ar gedt@qus - sptitd @ sulstausdllvagieaer dfantthe stragfth jroih pishose g the hoand
box members made-up and showi ng tapered threads and a thread form .
accor di Ngoirerbét® or the cross-section of the pin opposite the box counterbore.
10 The tool joint of the invention is also characterized by having an inner diameter
which varies as a function of tool joint length so that the tool joint wall is thicker opposite
the threads than at its ends in order to provide greater strength to the connection at the

threads.

15 BRIEF DESCRIPTION OF THE DRAWIN GS

The drawings attached hereto illustrate a preferred embodiment of the invention of
which,
Figure 1 is a cross-section of the two drill pipe sections joined end to end by a tool
joint according to the invention;
20 Figure 2 is an enlarged cross-section illusiration of the tool joint showing pin and
box members made-up and showing tapered threads and a thread form according to the

invention;
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i nvention; 10 WO 2006/ 092649 PCT/1B2005/ 000587 Figure 3 is an enlarged
cross-section of a thread formof the pin threads and the box threads,
show ng Gﬁgg“Joad flanks, root and crest forns and tage[ accordi ng
to the '1nvention;, Figure 4 is an enlarged cross-sectidAPA¥4087%est
section of the thread formshowing 5 that the crest of the threads is
tapered at an angle opposite the taper of the threads; Figure 5
illustrates a prior art thread formw th a conventional crest
arrangenent which tapers at the sanme angle as that of the threads;

Fi gures 6A, @lgr&Bds GCehlhlges fori-eecfios of hltitread fsin ofatlgpingthahdpaidhear t
st abbed tool joints where conventional crest taper angles match that of

the threadshredR, SHofiiEstab/hd 1643 flafies, irbdtdll CREEOSHhARR BErabcdliing #MhebOX
threads of a tool join with a thread formhaving a thread crest as in

Fi gure QW%Q@ ) sl opes opposite to the thread taper; Figures 8A and 8B
illustrate dt an increased stab flank angle and | arge crest-stab

radius of the.thread formof Fiqure 5 _allao .he pin _threads to center

[ Rto the box FEFEAES™ GRS PHARC Y ABY SH PO AR PG GPREEL 5
Figure 9 is a graph show ng a range of acceptable tapers for a preferred
embodi méit tasoreth ot ths JBFassdhgnraLRt aﬁlﬁazlejoamﬂte%e towra of AgBeRSh showi ng
that too Iar%_e a taper decreases yield torque of the connection, but
too small a tiges Sribepaies s psies a8 dhroed foryrwigh f comvestionsbetest aravgegesd of
the connection. 20 DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTI ON

The desonliglt apers btethe varskesgtd dsdbat bfithephreddsr r ed enbodi ments by reference
to the attached figures which include reference nunbers to parts of the

tool string #ighrésodd, §But 6CaflusiaR gosEIBci@nweang 6f pandenasbieetysen
reference nunbers and parts foll ows:
joints where conventional crest taper angles match that of the threads;
10 Figures 7A, 7B, 7C illustrate stabbing of pin and box threads of a tool join with a
thread form having a thread crest as in Figure 6 which slopes opposite o the thread taper;
Figures 8A and 8B illusirate that an increased stab flank angle and large crest-stab
radius of the thread form of Figure 5 allows the pin threads to center into the box threads
easier than with conventional thread forms;
15 Figure 9 is a graph showing a range of acceptable tapers for a preferred
embodiment of the double shoulder tool joint of the invention showing that too large a

taper decreases yield torque of the connection, but too small a taper requires excessive

turns from stabbed to snugged of the connection.

20 DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

The description below describes the preferred embodiments by reference to the
attached figures which include reference numbers to parts of the tool string and tool joint

of the invention. Correspondence between reference numbers and parts follows:
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11 WO 2006/ 092649 PCT/ 1B2005/ 000557 Reference Nunber Description PCD
Pipe Quter Dianmeter Pm Pipe Inner Dianmeter CIL Center |ine of joined

p| pe an t PUD Pipe Upset Inner D aneter T Joi nt

| nner Dd‘gir?%?'seﬁ{d9§di45|mel d end of joint TIO2 Tool Joint #%%23@3%1 er at a
m ddl e portion ofjoint TJOD Tool Joint Quter Dianeter LTJ Tool Joint
Length 2 Lower Drill Pipe 2' Upper Drill Pipe 3 Upset portion of |ower
drill pipe 3 Upset portion of upper drill pipe 4 Tool Joint 6 Lower
Wweld 6' Upper Wld 10 Pin 12 Box 14 Box counterbore 16 Pin Base 18

Ext ernal Tapered PR&ferEheeiNdmber Description
Pop Pipe Outer Diameter
Pp Pipe Inner Diameter
C/L | Center line of joined pipe and tool joint
PUp Pipe Upset Inner Diameter
Ty Tool Joint Inner Diameter at weld end of
joint
YHILY, Tool Joint Inner Diameter at a middle portion
of joint
TJop Tool Joint Quter Diameter
Lry Tool Joint Length
2 Lower Drill Pipe
2 Upper Drill Pipe
3 Upset portion of lower drill pipe
3 Upset portion of upper drill pipe
4 Tool Joint
6 Loﬁver Weld
| 6 Upper Weld
10 Pin
12 Box
14 Box counterbore
16 Pin Base
18 External Tapered Pin Threads
20 Internal Tapered Box Threads
22 Pin Nose

24 Box Internal Shoulder

12



20 I nternal Tapered Box Threads 22 Pin Nose 24 Box |nternal Shoul der

12 WD 2006/ 092649 PCT/ |1 B20051000587 Reference Nunber Description 26 Pin
Face or ud Ri m 28 Box External Shoul der or Box E [ i.rcul ar
Ri m 30 Bﬁl&%@t@?ﬁal Shoul der 32 Pitch Line of Thr eaé’g%g%?(ag?ﬁg‘bkl ank of
Threads 36 Pressure or Load Flank of Threads OS Stab Angle OP Pressure
or Load Angle LpN Pin Nose Length LBC Box Counterbore Length LTH
Lengt h of Engaged Threads PS Prinmary Shoul der and Seal SS Secondary
Shoul der CSBC Cross Section of Box Counterbore CBPB Cross Section of

Pi n Base CSPN Cr osRefSendteiMumimfr Pi n Nose 40Ddhriptagth Root 42 Thread Crest

26 Pin Face or Circular Rim
28 Box External Shoulder or Box Face or
Circular Rim
30 Pin External Shoulder
32 Pitch Line of Threads
34 Stab Flank of Threads
36 Pressure or Load Flank of Threads
e Stab Angle
p Pressure or Load Angle
Lpy Pin Nose Length
Lae . Box Counterbore Length
Loy Length of Engaged Threads
PSs Primary Shoulder and Seal
S Secondary Shoulder
CSzc Cross Section of Box Counterbore
CBpg Cross Section of Pin Base
CSen Cross Section of Pin Nose
40 Thread Root
42 Thread Crest
44 Transition Shape from Load Flank to Crest
46 Transition Shape from Crest to Stab Flank
48 Fundamental Triangle of Thread Shape
H Height of Fundamental Triangle

h Thread Depth
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44 Transition Shape from Load Flank to Crest 46 Transition Shape from
Crest to Stab Flank 48 Fundanental Triangle of Thread Shape H Hei ght of
Fundanen ' le h Thread Depth 13 WD 2006/ 09264 / 000587
Ref er enc{eﬁil\lztgzr[rdgdeg?mDescri ption DM WMjor Radius (1/2) gcﬁgéﬂs?@ﬁ:%zadl us
(1/2) 2 dM Mnor Radius (1/2) 2 E Ellipse for Root Form EM ElIlipse
M nor Dianeter EM Ellipse Major D aneter Tth Thread Taper TC Crest
Taper Description of Drill Pipe with Tool Joints Figure 1 illustrates

| ower and upper drill pipes 2, 2' connected together by neans of a tool
joint 4 according Referdvge Nuwbgt i on. The dri Desgipgties 2, 2" have upset
portions 3, 3" 5 which have thicker wall thickness for welds 6, 6" at
the ends of the drill pbpe to thélgodtaddfs (14 tool joint 4. The CQuter

Di ameter of the pipes 37,3 is indicated as PoD while the pipe inner
dianeter, for alnost all of its 30" length, is indicated as PID. The

I nner di aneter of D, Pitch Radius (1/2)
2
fii/f!_ Minor Radius (1/2)
2
E Ellipse for Root Form
Eur Ellipse Minor Diameter
By Ellipse Major Diameter
in Thread Taper
Ic Crest Taper

Description of Drill Pipe with Tool Joints
Figure 1 illustrates lower and upper drill pipes 2, 2’ connected together by means
of a tool joint 4 according to the inventiqn. The dsill pipes 2, 2" have upset portions 3, 3’
5 which have thicker wall thickness for welds 6, 6' at the ends of the drill pipe to the ends of
the tool joint 4. The Outer Diameter of the pipes 3, 3'is indicated as Pop while the pipe
inner diameter, for almost all of its 30" length, is indicated as P;;. The inner diameter of
the ends of the pipe 3, 3’ at the upset portion is indicated as PUjp which approximately
matches the inner diameter T.J;n of the weld ends of the Tool Joini, While the outer
10 diameter of the tool joint 7Jgp is substantially constant along the length of the tool joint
L7y, the inner diameter of the tool joint narrows from 7/p;, at the weld ends of the joint to
TJpp; for the section adjacent the threads of the pin 10 and box 12. According to the
invention, T.J;p; may be 1/8 inch (or more) smaller in diameter than 7./;p;, in order to

provide thicker wall thickness for the threaded section of the tool joint 4. It has been
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the ends of the pipe 3, 3" at the upset portion is indicated as PU D
whi ch approximately matches the inner dianeter TJID of the weld ends of

the Tookyd HoRhorsihi | € the outer 10 diameter of the t Loint TJOD is
substantv}]a y constant along the length of the tool %ﬁrﬂb%oﬂ%,ﬁ% he

i nner dianeter of the tool joint narrows fromTJID, at the weld ends of
the joint to TJID2 for the section adjacent the threads of the pin 10
and box 12. According to the invention, TJID2 nay be 1/8 inch (or nore)
smaller in dianeter than TJID, in order to provide thicker wall

t hi cknedeuwidihat while tmoesidlopnsissite dinmpter tfhiethe dedl jpiot may 4lecrieasetrllowiblen 14
WO 2006/ 092649 PCT/ | B2005/ 000587 found that while too small an inside
di anet erfifidflotvhretet Oming dviltihg omeyattbas, raemsd] ddcteasuadt] 168 irfchoir d/4 InchvidsRice s
during drilling operations, a small decrease of 1/8 inch or 1/4 inch

i nside  HiaBt Rler 9\t Rugth ik bl N&hiRdGaflleRRoti@he @%ﬁﬁﬂ:aﬁ%@nh%a@ﬁlﬁ{ﬂ tlg's ng

significant enhancenent to the torque strength of the joint.

preferr . ey r L Les be
ot gr eare oRile shlfh GPAL . It Worki@hta bl i | NI @ el b BRI 155,
illustrates the douhl h aol. jJpintg. fully.made up. According to a
pr ef érreagp%‘r%agd]ioﬁ%rﬁ?m@ﬁ? ﬁo&h?%@gﬁﬁe&g{aﬂogléo&?Lené%x.se cross sectional area
CSPN is at least _fjf rcent.as large as.t smal l er of the cross
sectional ar é38%¥ 2%‘@%@5%&&#’5%@?@” 11’6?‘3&3?]3@@6 E%c?‘ﬁ‘?ﬁ{ ygde da of
the pin base CSPB. Such a relationship in pin nose, pin 10 base, and
count er Hopiared eghodiment; of Abexinyeriione thy i noss caess [secdionaliarea (Smes ekleest
increase in torsional strength of the connection 4 as conpared to a
convent ifdtjapers@t as dngees ithensnadller ob thpasradsl secinak arcEwitthe box asungarbbrai ned
bel ow, the thread taper of the box threads 20 and the pin threads 18
shoul d b@Spaiok Rtass sedtiand erdacifivhe pirabaetCSks.i Sath 4 editicaslilp in pin nede/ piaot ,

and preferably about 1-1/8" per foot. Furthernore, with the pin base

Cros|® sefkd, and CobMeiard €039 seddiout arbdsf leyulREINCANEass THY Bércéliafcieiie BOX
counterbore cross section CSBC, the |length of the pin nose LPN should

be abouty,QPGal dreRRE ATk Miedthl4 b dRSpaAS LW brIentodEl APT conncetion of
comparable size. Further, as explained below, the thread taper of the box threads 20 an(i

the pin threads 18 should be within a range between about 1 inch/foot and 1.2 inch/foot,

and preferably about 1-1/8" per foot. Furthermore, with the pin base cross section CSpy

15  being about fifty percent smaller than the box counterbore cross section CSzc, the length
of the pin nose Lpy should be about one to one and one-half times as long as the
counterbore length Lpc in order that the siresses at the primary PS and secondary SS

shoulders increase at about the same rate as torque is applied to the connection,

It is essential that when excessive torque is applied to the tool joint, that the

20 threads 18 and 20 do not fail in shear before the box counterbore 14 or the pin nose 22
yield or buckle or before yielding of the cross-section of the pin base 16 opposite the box
counterbore. Accordingly, the pin nose cross-sectional area CSpy and the Ieng’gh Lz of
the internal threads 20 connected to the external threads 18 and the cross-section of the |

box counterbore CSpc and the counterbore length Lpy are designed and arranged as



counterbore length LBC in order that the stresses at the primary PS and
secondary SS shoul ders increase at about the sane rate as torque is
appl i ed ‘ pnnection. It is essential that when Lve_torque is
applied‘ﬁgm@jgnﬁgol joint, that the 20 threads 18 aﬁﬁﬁﬁgﬁﬁﬂ&ﬁg% fail in
shear before the box counterbore 14 or the pin nose 22 vyield or buckle
or before yielding of the cross-section of the pin base 16 opposite the
box counterbore. Accordingly, the pin nose cross-sectional area CSPN
and the length LTH of the internal threads 20 connected to the external
t hr eads spRifisddbbive suwhabs -tbesitangth «ffthdé bemediek theaudn isegbaecthaiSBE target he
counterbore I ength LPN are designed and arranged as 15 WD 20061092649

PCT/ | B2QR&IR0OBRE pirSiee 2D ioe theddR\@usieMbrd 1At Sihoethedall €08ESisOforkd han
connected threads is greater than the torque strength of the pin nose

22 or tpgm Qp%ofg&m‘%eﬁ ROEE Edtor Th NEE thBIL ftknb {sUbSviasd oY e}%f%%?red pin or

box yie a safety tactor in the thread strength is provi or the

B S e T
Lok LR IR 558 S5 el 550, AL B, DUReDR 008 S5 O

counterbore CSac. Figure 9 illustrates a paranmetric study for a

pr ef er r 82 BRIFGH prEpsesion R heigleps F0% 4s latge agithancrosmqesomsoidbpbox CSPN 2
.5 CSPB, and LPN = (1.0 to 1.5) LBc ), a thread pitch of 10 0.286 inch
(3.5 t hcewdgboredhSkc. a thread depth of about 0.1 inch and a pitch

di aneter of about 3.8 inch showi ng two paraneters which characterize the
tool joint oFiguhe? ilheeats Oparapétat s@dy &s agpréfarred embodidedtiof dadintantien i n
inch/foot. The left ordinate or y-axis represents the ratio of yield
torque ofe thrn @INNECS (8N, &fs FA8ERs, 2ndiKl, = (0 ms?gwt),% S ficcRR AP
connection (e.g., NC 385). The curve | abel'ed "I nvention Yield Torque/ API

gir ghﬂcl Lo e EA pazllsh}d)nvﬁlﬁ%ﬁ%?a%gfep&ogpﬁ)%&i D 00 FAPY S Gk o

about 3.8 inch showing two parameters which characterize the tool joint of the invention

plotted as a function of thread taper in inch/foot. The left ordinate or y-axis represents the
ratio of yield torque of the connection of Figures 2 and 3 to yield torque of an API
connection (e.g., NC 38). The curve labeled “Invention Yield Torque/API Yield Torque
15 (%)” shows that the connection of Figures 2 and 3 produces increased yield torque, as
compared to API connections, with decreases in thread taper from 2 in/ft to 1/2 in/ft. The
ratio of yield torque is about 150% at a thread taper of 1-1/8 in/ft.
The right ordinate represents a parameter that indicates how many turns it takes
for the connection to reach a snugged condition after initial stabbing. The curve, labeled
20  “stabbed to snugged per turn,” shows that for the connection with ¥ in/ft taper, one turn
produces only about 7% of the axial travel necessary from the threads to reach snugged.
On the other hand, for a 2 in/ft taper, one turn produces close to 35% of the axial travel of
the threads to reach snugged. The stabbed to snugged curve indicates that for a taper of

1-1/8 in/ft, the stabbed to snugged per tumn is about 17%. In other words, it takes about 6
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conpared to APl connections, with decreases in thread taper from2 in/ft
to 1/2 in/ft. The ratio of yield torque is about 150% at a thread taper
of 1-1/ he right ordinate represents a para t i ndi cates
how rransw% 15}{0%/292?{5 takes for the connection to reach@&&ﬁ’égg’gﬁgondi tion
after initial stabbing. The curve, |abeled 20 "stabbed to snugged per
turn,"” shows that for the connection with 1/2 in/ft taper, one turn
produces only about 7% of the axial travel necessary fromthe threads to
reach snugged. On the other hand, for a 2 in/ft taper, one turn

pr oducesumb ¢s ecliieve3nUpgihg fiom mdtiashlstabbiag ébr thé cotrvetitthwithdstaper afelai/B
snugged. The stabbed to snugged curve indicates that for a taper of
1-1/8 inhf,, the stabbed to snugged per turn is about 17% In other
words, it takes about 6 16 WD 2006/ 092649 PCT/|B2005/ 000587 turns to

achi eve snugqy Rk o Mpefdl tids Heerd HRARIRE 1HPThe! fEFREN '5-31?15Bc‘hi;lﬁllﬁ’\bit fhe dod1aPEr
of 1-1/8 in/ft. A range of tapers has been discovered f he preferred

enbodi uﬁ&ht Qé cﬁﬁ'gd El?&zle th!it LD dE &L ebtqglg V\%Q?d\e/ @thlpﬁﬁ £ %’%Sco%ﬁgﬁigﬁab | e

speed |ng up onnectlon an |ncreased

torsional,.stren of about 150% o n 0 A connect 0,

Fi gure 9 1”5 9108t aﬁ“&aﬂ wae&@&grmfsi‘%a{ stBelng& O&Eea?’ tfpsg)rfbﬂ afo?‘f%“?n%n'ﬁj Ian
upper Ilmt of taper of about 1. 20 in/ft fproduces acceptable limts of
turns fromestigbpdg figre SHlptietesos loxss dmikehtaperialaheutn i/ and on pppess

Such a ran_?e is accegt able while not sacrificing significant reductions
froma riif of 2agr pf @beitt beQirfiarrodiseu sccepbledimito of brpafiem stebhed tAPI
connection. A thread taper of about 1-1/8 is preferred to naintain a

hi gh yi ehdggedrafuabotie6d/2 tibOandb-14h i, Sonnectingn)s afcepthldle odileemdti on
while simultaneously maintaining the nunber of turns (about 6 turns) to
achi eve saerifpged siphiditanti fodtiétivins Stablil Agxiadzauikkd Yorase POSBOR E50%\Sas

i ndi cated above, the taper range of 1 in/ft to 1-1/5 in/ft results in a

range Oofcompared to an API connection. A thread taper of about 1-1/8 is preferred to maintain a

high yield torque (e.g., 150% of an API connection) of the connection while
simultaneously maintaining the number of turns (about 6 turns) to achieve snugged from
initial stabbing as quickly as possible.
As indicated above, the taper range of 1 in/ft to 1-1/5 in/ft results in a range of
15 between 6-1/2 turn to 5-1/2 turn for the specified preferred embodiment with a pitch of
0.286 inch (3.5 threads/inch). If the parameter of the thread form is relaxed, for example
if the pitch is 0.25 inch (4 threads/inch), then the taper of 1 in/ft results in about 8 tamns
required from stab to snug, a value about the same as for a conventional API connection.
Within the taper range between 1 and 1-1/5 (1.2) in/ft., the other thread form
20  variables (pitch, pitch diameter, major diameter, and minor diameter) which affect yield
torciue and turns to snug may be adjusted from the embodiment specified above, For
example, if pitch is reduced from 0.286 inch (3-1/2 threads/inch) to 0.25 inch (4
threads/inch} with the other variables constant, the turns required from stab to snug for a

taper of 1 in/ft. would be less than 8 turns.
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15 between 6-1/2 turn to 5-1/2 turn for the specified preferred
enbodi nent with a pitch of 0.286 inch (3.5 threads/inch). If the

par amat‘ﬁ—';ﬂ %, %{% gothread formis rel axed, for exanpl ePC’II/IfB260$fEOO%7tCh is

0. 25 reads/inch), then the taper of 1 in/ft results in about 8
turns required fromstab to snug, a value about the sane as for a
conventional APl connection. Wthin the taper range between | and 1-1/5
(1.2) in/ft., the other thread form 20 variables (pitch, pitch

di aneter, rraj or dianmeter, and m nor dianmeter) which affect yield torque
and turns t oFighieg ittastratng a&m?fm@édnﬁcdmmmwéﬂ@rﬁgublﬁmld@p@ﬂuthn‘emf tebove.

For exanple, if pitch is reduced fromO0.286 inch (3-1/2 threads/inch)

t o 0. 25invaation(filly trhideads/ iAretding fohtht henbotlineamt, il itldehd® sapep B$ tlanbox t he
turns required fromstab to snug for a taper of 1 in/ft. would be |ess

than 8 thagads 20 ddd MO palReda9 26 GbuRHd Jvﬁ%ﬁ%én%%ﬁﬁeen%bgﬁtrﬁnghﬁ’do't ded rates

a preferred enbodi nent of the double shoulder tool joint of the

inventi g@lﬁéﬁ/ %‘%gﬁpﬁﬁfé&mﬂﬁ%p”@ Lorhie embodi ment, the thread taper

of the 0 and the plnt reads 18 should be within a range

bet enn%agg,&,to%ogﬂggn%m@adwg% PEMIBBLoR fhutf of erabl y about 1

-1/ 8" per scription re ormof a Drill Pipe

Tool Joint I te t d hr eads
20 and pin t Ife§§ %grfﬁlfs%tedlécjg%énagc ‘F%EF%%%E’?%&%Q?W&P plns%{)ela‘gﬁ‘ g{red

t hat the hread for ave | r equ 4. thr nch,

common S5PEEORSFIRH 1{] &d?glslﬂﬁ%‘ﬁﬁ%ﬁ'@ ef}dlfgf}gthﬁ‘éff ﬁfiﬁ%P’E F‘Bﬁlaarly
in Figure 3, threads shoul d have a thread depth _h as nmeasured between a
10 mmj of® Hadireasisih, 4ngommennsplup a7 APIDfreadhat Fughemome asndlumted of t he
hei ght of a fundanental triangle 48 that defines the threads. The

ar r angeparticuladly owEigorsr 3, taregds shapld hircad thaeashdeptt At dsempasiredrbetaetn a
secondary shoul ders and uItinater produces a further increase in

torque capacity dp, the joint. rthi%rmre the internal threads 20 and
ext &) nafajor radils —= and’a minor radmus that is about one-half of the height of a

fondamental triangle 48 that defines the threads. The arrangement allows for larger
criﬁcal areas of the primary and secondary shoulders and uitimately produces a further
increase in torque capacity of the joint. Furthermore, the internal threads 20 and external
threads 18 should have a stab flank 34 that makes an angle & with the fundamental
15  iriangle 48 from about 35 to about 42 degrees and a load flank angle @» between about 25
and about 34 degrees. Preferably the stab flank angle & is about 40 degrees and the load

flank angle ié about 30 degrees.
The thread form of Figure 3 is also characterized by crests 42 with a transition
shape 44 between a load flank 36 and a crest 42. The transition shape 44 is characterized
20 as aradius that is less than or equal to 0.012 inch thereby providing a large load flank 36.
A transition shape 46 between the stab flank 34 and the crest 42 is equal to or greater than
gbout .073 inch radius thereby reducing the thread crest width and enabling a gradual

entry of the mating thread during stab-in and make up. The roots 40 of the thread form
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t hreads 18 shoul d have a stab flank 34 that nmakes an angle Os with the
fundanental 15 triangle 48 from about 35 to about 42 degrees and a | oad

fl ank a%ﬁ""%ﬁ%@t ween about 25 and about 34 degreeﬁcT@ﬁ%%gg b:7y t he

stab fl ank ang OS i s about 40 degrees and the | oad eis
about 30 degrees. The thread formof Figure 3 is also characterized by
crests 42 with a transition shape 44 between a |load flank 36 and a
crest 42. The transition shape 44 is characterized 20 as a radius that
is less than or equal to 0.012 inch thereby providing a | arge |oad flank
36. A t paoslitg anths hapetictGarb derwed in theeshagicad! dhl diliyse Fhavirg 4 ejoc adisbf 42 i s
equal to or greater than about .073 inch radius thereby reducing the

thread &hesid Mndhdr BidERNANeidG hagd 20 UddelecRAtts Yrdfidd HembEthithgsitibs ead
during stab-in and nmake up. The roots 40 of the thread form 1S WO

2006/ 0958 It 1BARON Q&Qﬁﬁ:@sur@%ﬂ{ @B.”grﬁeoeﬁiﬁﬁf éﬂagﬁr% g@gu&.@% fpdspred i n

the shape of an ellipse E having a ngjor axis o a mnor axis

EM - Mo b R IRE0r buslefunithi 80 L Bhak PR’ Ol fiffy@ STOOL transition with

the sta and pressure he el'l i pse shape E produces a
stress - concentration fagctor, |ess t hat, of 0..038 inch root radius.
5 As§can be égwaﬁ%seteﬂgl@ﬁf%aﬁgwgﬂttoqgg@ tﬁlﬁeélhtc‘ﬁﬁs%‘g?dm regf 44’%3#?? ‘Ffi[tB?Jre 4,
the top of %2%? cre%'; 42 slolg)@z1 with a crest taper T¢_at an angle

opposi t ESFUralensa i Ige TR APt Lagf anAggle opppsite from thapehibe (hreaddaperiaper i s
about 1 degree. The description above of prior art thread forns by

r ef er enBeeferablpicerst perss aheptd Alegsn. did deriphonabavisax phiot a ghreath fopme st
taper that is angled approximtely the sanme as the thread taper T11l can

pr oducebyecfgience tf Fighees tshansla@s,. 68 @ndConvewni dbhala pasttd abstttiyeer tthatéad
fornms are | abeled: thread root 39, stab flank 33, load flank 35,

transi t efled 4pradiaad]yf thasdnd 4 tes tasdad 4aher AR dart prafiietvedBinklof eGTu@ads. t O
stab flank 45. A thread formwith a crest taper Tc at an angl e opposite

fronpt habn@hiibhe dalis @8ehe BRAA fdidns ardlidpeitd; thRaPidbt 130, BEL MRAIE 382Rhd Y
stabbed into the box. Figures 7A, 7B and 7C illustrates
' flank 35, transition from laod flank to crest 43, and transition from crest to stab flank 45.
A thread form with a crest taper T at an angle opposite from that of the thread taper Ty,
allows the pin to be more easily stabbed into the box. Figures 7A, 7B and 7C illustrates
the advantage, where Figure 7A is a side view of a pin 10 being stabbed into a box 12 of
15  the tool joint and Figures 7B and 7C showing the effect of the reverse angle 7¢ of the
crests of the threads. As seen in the enlarged view of Figure 7C, crest-to-crest wedging of
crests 42, 42' is unlikely during stabbing due to the crest slopes being in an opposite
direction from the thread taper. Figures 7A to 7C illustrate this advantage by reference to
conventional prior art thread forms shown in a stabbing relationship of Figures 6A to 6C.
20 As indicated above, the stab flank angle & is increased from a conventional 30° to
a preferred 40°. Also mentioned above it that according to the invention, the crest-stab
flank transition shape 42 is increased to a .073 inch or greater radius. A larger €% and the

large crest-stab flank transition shape allows the connection to more easily center itself

after stabbing. Figures 8A and 8B illustrate the effect. The pins in Figure 8A illustrate
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t he advantage, where Figure 7Ais a side view of a pin 10 bei ng stabbed
into a box 12 of 15 the tool joint and Figures 7B and 7C show ng the

ef f ect verse angle Tc of the «crests of th . seen in
t he enﬁ§$6%§&3&§m10f Figure 7C, crest-to-crest medg?ﬁzngﬁﬁgiw%gts 42,

42' is unlikely during stabbing due to the crest slopes being in an
opposite direction fromthe thread taper. Figures 7Ato 7Cillustrate
this advantage by reference to conventional prior art thread forns
shown in a stabbing relationship of Figures 6A to 6C. 20 As indicated
above, Hehe stidledfihdntheangl £ @&on st amengased fiiommerclany ehtieobrd 1830 to a
preferred 40. Al so nentioned above it that according to the invention,

the cresdcagodd thefihaBksel k@D ahElE @R atdBRSarded: drsit-kiAE TBAS BhstidndhBfe3 Hench or
greater radius. arger OS and the |large crest-stab flank transition

Al
shape al.l e. connect.i on: [ Sid it f
st abbi “?? i é’&?selg &g%@hthgh@%ﬂ? %eucs?trgral?% ({fﬁ%e%gﬁfnltazﬁrglfnlefﬁgdypil:r@&%ﬁﬁ%?’gur e 8A
illustrate 9. WD 20061092649 PCT/ | B2005/ 000587 bein t abbed into the
box 12 7 BiPARH P ARGREE SR S Cisa B o e DR BoB s e egab B ce of
the increased stab angle es and the larger crest-stab flank transition
shape, %ehi thgay.10 noves into alignment with the center line of the box
12 nore easily. Furthernore, the probability of jamm ng of the
connection is reduced, because there is less material to 5 get in the
way. 20 What is clainmed is: I. A double shoul der connection joint (4)
for use in adrill stem having a pin (10) wth external threads (18)
formed between a pin external shoulder (30) and a pin face (26), a box
(12) with internal threads (20) fornmed between a box external shoul der
(28) and a box internal shoul der (24),

20



the box (12) having a counterbore section (14) between the internal
threads (20) and the box external shoulder (28), the pin having a base
section (16) between the external shoulder (30) and the external threads
(18), and a nose section (22) between the external pin face (26) and the
extevgﬁrl&% s (18), said internal threads (20) and said external
threa f g are arranged and desrgned for connection wth each other
so that said box (12) and said pin (10) are connected with a common

cent ér - | i fidlopide El)ourﬂqﬁcquqmawﬁw%wseear driflptsm, igvinged by said pin
external shoul der (30) forced against said box external shoul der (28)
and a secmpﬁiam/) veithGutteetar thtea®) (18 0bMd Hayives@h finRikRriabtheuliaq}0) shok pad

agai %gld box internal shoul der (24), and wherein said connection
join*m?g haracteri zed by, said internal threads (20) and said externa
threads (18) having a thread taper (T,h) (CL) which is greater than a
t hread t apéex (17) with intoye] thyeads (20) Orieddietvren a bootxtersal dhoatdlec {28) andlad®s t han

an uppe T, h,,ppe,.) of 1.2 inch per foot. 2. The connection of
pgﬁ&ﬂﬂﬁpyﬁrﬁg%hread formcharacteristics of pitch, thread major

draneter and thread pitch dianmeter are arranged and desi gned so that
| ess t hanthg bpxifl3shaying acoguikibers seationd 1% heshear thointsmagthesads Q0) adghe box
conngﬁglﬁgh&ﬁm§{ %n12 wherein said turns required from stabbed to
snugged 1s abou turns with a thread taper of about 1.125 inch per
foot. 4. The connection of claim1, wherein 21 said external and

i nternal thsPEheingadasefsiion (K P?&aﬂw& aﬂ%rm' &3yl dgeiF0handdie extganad tiresds

bet wegp aﬁdaﬁ@sle%ctl[)@fb F&’ﬁe’c{wé@m‘rh@&%rﬁl BinTRk (1Adhdige be@PARaRNERNAl T OF
| ess of the height of a fundamental trrangle of the threads 5. The

connectron f cI ﬁgere sai d t hr eads %éo g)sard

ext o nal Pt QLSRR 2Bt bR D ar i Bl o
connection w1th each other so that said box {12} and said pin (10) are connected with a common
center-line (C/L) and with a primary seal (PS) formed by said pin external shoulder (30) forced
against said box external shoulder (28) and a secondary shoulder (SS) formed by said pin face (26)

forced against said box internal shoulder (24), and
wherein said connection joint is characterized by,

said internal threads (20) and said external threads (18) having a thread taper {T,) (C/L)
which is greater than a thread taper {1 joe) 0f 1.0 inch per foot, and which is less than an upper limit

(T spper) 0F 1.2 inch per foot.
2. The connection of claim 1, wherein
thread form characteristics of pitch, thread major diameter, and thread pitch diameter are
arranged and designed so that less than 8 turns are required from stabbed to snugged.
3. The connection of ¢claim 2, wherein
said turns required from stabbed to snugged is about 6 turns with a thread taper of about 1.125

inch per foot.

4, The connection of claim 1, wherein
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(0) between about 35 and about 42 degrees and a |load flank angle (QOp)
bet ween about 25 and about 34 degrees. 6. The connection of claimb,
wherein said stab flank angle (O,,) is about 40 degrees and said | oad
flank angle (Oy) is about 30 degrees. 7. The connection of claima1,

wher ei n sadtderol agdinteriah thevadapre tchﬁr@@d!gect'ﬁ(ﬁ)h@n@dm @), encagrerblictwden eads

(18) are for d n a shape of ortion of an ellipse (E). 8. The
conngel ra%n (a%% mnmp?e{d ’( les a%t qahal%grrlgsas‘%%hg% )ggcetﬁglo al d

exter are charact erized crests havi g5t taper
(To) which s ope at an opposi |rect|on fromthat of said thread

tapgmdﬁﬁanmn“ﬁgmﬁh&eqqamgct|on of claimb5, wherein said internal threads
(20) and said external threads (18) are characterized by crests, and a

transition shape (44) between said |load flank (36) and said crest (42)

i ncludes a radius of curvature equal to or less than 0.012 inch,

t heseby phowindednign af ¢lamgie wheai fl ank. 10. The connection joint of claim
5, wherein 22 said internal threads (20) and said external threads (18)

are char gﬁé& Elr[%n;aq’ thrO¥s f@p]ﬁﬁl%ﬁﬁr %é&nal tMe%&sQ?S) ad Jﬁ%ﬂ@y 2 h)g alsfa Z]g@g %@,{EWE en

the thre a tota transition sh
sai (Ogbetyedr ahnit 3034 almfut %dagrecs aulta lpaiXlank ﬂnglm((%%awcemdibms 2@ﬁmd aonvat ur e
greaf r than 80% of the said thread crest width, thereby enabling a
gra entry of the mating thread during stab-in and nake up. 11. The
connectlon of claim?7, wherein roots of said internal threads (20) and
said external threads (18) are characterized by an

6. The connection of claim 5, wherein

said stab flank angle (@) is about 40 degrees and said load flank angle (®) is about 30

degrees.

7. The connection of claim 1, wherein

roots of said internal threads (20) and said external threads (18) are formed in a shape of a

portion of an ellipse (E).

8. The connection of ¢laim 1, wherein

said internal threads (20) and said external threads (18) are characterized by crests having a

crest taper (T¢) which slopes at an opposite direction from that of said thread taper (T)).

9. The connection of ¢claim 5, wherein
said internai threads (20) and said external threads (18) are characterized by crests, and

a transition shape (44) between said load flank (36) and said crest (42) includes a radius of
curvature equal to or less than 0.012 inch,

thereby providing a large load flank.

10. The connection joint of claim 5, wherein
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el liptical shape that produces a stress concentration factor |ess than
that of a 0.038" root radius. 12. The connection of claim1, wherein
said internal threads (20) and said external threads (18) are
characterized by a thread form with a pitch of about 0.25 inches or

greater. kil intthal GRAMECD) HD sm eﬁéraamréadsmaﬁlcnaﬁ@é&ealeﬁﬁlre%%;eb@n (22)
of said pin éa %@has | engt ual to or greater than a | ength
Y

(LBCWmﬂﬁﬁxgﬁ GHP%WB%P@P§@8Fﬁ aG@ﬂ}w@iW?DT%@ connection of claim 13,
wherein said |l ength (LPN) of said pin nose section (22) is about 1.25
i nc hes angrgaitidn biepgi4s) bdtatéen)saidlstab Slanii3¢ 0afBhie cRON(82)SAtideO R rdddd b | S about

1 inch. 15. The. co on aim1, hav |ng pin nose cross section
ar ea “r%?tllf%%rﬁ?tﬁrr%%’r &?%b%saé‘g%feﬁ%?fe%’i Padh.4 Ebé( ef‘%ﬂ’@@ A sradyel Gringefi the

i Nt efmmalg thibieRisg (20n mangetgd Wi th said external threads (18) that are
de5|gne§ and arranged such that torque applied to the assenbl ed

connection causes substantial yielding to first occur in the weaker of
the pin base section or the box counterbore section or of the pin nose.
16. TMhe cDrneatdctidh dfclaith &) Whelginwherein 23 when said pin (10) and said
box (12) are connected together, said box external shoulder (28) and

said pin @g%%m?d infRRMARLS ©8PAgdah LAgNA Fgm % ﬁ%gh&lfaagms By and said

pin face d sad erna Ine a econdary
Shoudltigical(sB8), thay pebdsas d Stmsmcmserati@r@tthr 1eds N;a,n\ti;a) of 3@D3B " coumidirsbor e

| ength (LBO a length (LTH) of said internal threads (20) connected
with said external threads (18), pin nose cross-sectional area (CSPN),
box counterbore area (CSHO pin base section area and tool joint outer
and 1%ner Tl capgecdomsoficlagm)l, wherqig11 | )  are sel ect ed whereby secondary
shoul der (SS) stress and primary shoul der (PS) stress at surface

make- up agagd et ﬂﬂrez&o/@@)f an@ 858 exathrhre 10 ersy RGO AcEBBY RS thddal Bghm
tol erances of said | engt ar eas

with a pitch of about 0.25 mchI es or greater.
13 The connection of ¢laim 1, wherein

said nose section (22) of said pin (10) has a length (Lpy) equal to or greater than a length (L)

of said counterbore section (14).

14, The connection of claim 13, wherein

said length (Lpy) of said pin nose section (22) is about 1.25 inches and said length (Ls¢) of

said counterbore section (14) is about 1 inch.

15. The connection of claim 1, having

a pin nose cross section area, a counterbore cross-section area and a length Ly, of said
internal threads (20) connected with said external threads (18) that are designed and arranged such
that torque applied to the assembled connection causes substantial yielding to first occur in the weaker

of the pin base section or the box counterbore section or of the pin nose.

16. The connection of ¢laim 1, wherein
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and diameters. 17. The connection of claim2, wherein said thread taper
(TTH) is about 1.125 inch per foot said external and internal threads
are characterized by a thread depth (h), neasured between a nmajor
radius ~ d"'" j and a mnor radius (d,,), that is about one-half of the

hei ght (Hh&fsad pta @0) Jnﬁ@géﬁ%fﬁj ark Eérﬁ'&@cgéaec hek,REid bBE BaLSal sRAMIEL: (78 er nal
t hr eads éZO ang said external threads are characterized by a stab

f | andedapd P exteay) shyuldo@®) dehpta Prosary fHowdss (RS) ad shihpie Ease oo gl Slaldézé?if | ank
anglﬁte(ﬂgoghoﬁ)l@&rv@%meﬁpeoé’@ec %I‘Q\oﬁfaaltrs% ¢ degrees. 18. The connection of

wherein 'sald threa aper I's about 1.125 inch per foot,
sald stab flank angl e ﬁ out 40 degﬁees and said | oad flank angle
i s about B RIREPsE&ILth ( @éytsé'déf)“‘%%{??ie [cRelB Kval: 2deddls) 0Dy igisenak ai d
eXt ethRads d(Q@rc%ﬁl%teﬁm saili extEQhITRdads 118, HNARE cRfs- ﬁm&ﬁf&b@d@s@ @R ellipse

, said internal threads (20) and sai d external threads 8) have a
t hr ewyBigrbprmeqa (Cach)pin bageisecian aed and Eohigint peread snepdymetprd (Kai.dlext er nal

threﬁ'g%l&@eg)wlﬁfe@y CRBEAR ShIAG IS Dstibds &ﬁrrhﬁyh@gmg? (pgsg ?cgatss 1aRdce (T(:)

whi ch sl opes I n an opposite diréection t read taper

(T)- lhpke~tm91re Titlin ¢@méeach oedependiigmugnuizkioried tolepapcesail spid lengthnateas hr eads

(20)  Anduspld external threads (18) are characterized by a thread form
with a pitch of about 0.25 inch or greater, said length (LEN) of said

pin nose section (22) is about 1.25 inches and said |length (LBO of

said counterbore section (14) is about 1 inch, and said pin nose cross

sectypn afiRaonf@lich FQWLer &, Cross-section area and a length LrH of
sai d

said thread taper (Tyy) is about 1.125 inch per foot

said external and internal threads are characterized by a thread depth (h), measured between a

major radius (—dEMLJ and a minor radius [dm J that is about one-half of the height (H) of a

fundamental triangle of the threads,

said internal threads (20) and said external threads (18) are characterized by a stab flank angle
(®;) between about 35 and about 42 degrees and a load flank angle (®,) between about 25 and about
34 degrees.

18. The connection of claim 2, wherein
said thread taper (Ty) is about 1.125 inch per foot,
said stab flank angle (®y) is about 40 degrees and said load flank angle is about 30 degrees,

roots of said internal threads (20) and said external threads (18) are formed in a shape of a

portion of an ellipse (E),
said internal threads (20) and said external threads (18) have a threaded taper (T,,), and

said internal threads (20) and said external threads (18) are characterized by crests having a

crest taper (T¢) which slopes in an opposite direction than that of said thread taper (T;y).

19. The connection of claim 18, wherein

24



internal threads (20) connected with said external threads (18) are

desi gned and arranged such that strength of the connected threads with
torque applied is greater than the strength of said pin nose (22) or
sai d box counterbore (14) or said pin base. 20. The connection of claim
19, wher esard isenal dgdads @D hand w‘pi eglpmaldbieaisho} afelhyracterized bnadutaddomget her

sai d t and said pin external shoul der (30)
deflﬁggg %%fﬁaryk ,Qﬂ%h éf% ) and said pin face (26) and sai d box

i nt er nal shoulder ﬁg) define a Secondary Shoul der (SS), and said pin
nose | engt¥f lonathgLrosofistid @Bunseientimd 2D dapont k@.SCIPChe&aqdeﬁqgithPg@L(TH)) Oéf sai d

I nt ega@éoumjéﬁﬁfe%g&ioﬁ%% iCABNECGh&Datd th said external threads (18), pin
nose cross-sectional area (CSEN), box counterbore area (CSBC) and t ool

joint outer and inner dianeters, (TJOD, TJ102) are sel ected whereh

secondar ySa&hRi i PORE FTEBEFIPNE f%?%aﬁerbgfer%%% S%ﬁaﬂ pER ﬁmﬂe%hw&éﬁm% PS)

| onginkaehi fhadad§(womn@tedwmfsaﬂ@xtefmkﬁrem ¢ sarams@ﬁ@ Al tahhl{geg Qi @fac each
ot her, de endlng on manufacturing tol erances of said ths, areas and

di arn?feégﬂé t'ihg coniefed hreadssHiguiotur al?ﬂ‘)'ﬁﬁ'\ @cgﬁa@ﬁth@ﬂ)hefsﬁ‘?"gﬁs‘éc SP'H PE 9ES 2R) st em

haV|&ga@kgkanhkgkwggm?mq%M§ﬁp@¢ethreads (18) fornmed between a pin
ext ernal shoul der and pin face (26), a box (12) with internal

threads (20) formed between a box face (28) and a box internal shoul der
(24), the box (12) having a counterbore section (14) between the

i ntermal Thy @ad&ti¢2Mclandof kigerdi®@x external shoul der (28), the pin
havi ng a base section (16) between the external shoul der (30) and the

fe); I':gr ??6) &/E%lgs%gs in Q%?Qen’d r?gia%?% Ir}g%@ (?r%%t!a@ t%gétlczla%)sa ef‘o\%\%%tgmtﬁlhs 013561‘?%) aﬁidn
sai darehshidrpiedxteyimd elaadtde( (B8) definea Brimamy GoduldamdPSesd guiepin flgr (260 amhadtioan

hat .sa nd,said pin (10) are connected

x: E Ein e?‘%;ﬂ%@ ehnigSeconéjary gmu‘der ()SSSEl and

said pin nose length (Lpy), said counterbore length (Lgc), a length (Lyy) of said internal
threads (20) connected with said external threads (18), pin nose cross-sectional area (CSpy), box
counterbore area (CSz) and tool joint outer and inner diameters (TJ,p, TJ;n,) are selected whereby
secondary shoulder (SS) longitudinal stress and primary shoulder (PS) longitudinal stress at surface
make-up torque are within 70% of each other, depending on manufacturing tolerances of said lengths,

areas and diameters.

21. A double shoulder connection {4) for use in a drill stem, having

a pin (10) with external threads (18) formed between a pin external shoulder (30) and a pin
face (26),

a box (12) with internal threads (20) formed between a box face (28} and a box internal

shoulder (24),

the box (12) having a counterbore section (14) between the internal threads (20) and the box

external shoulder (28),

the pin having a base section (16) between the external shoulder (30) and the external threads

(18), and a nose section (22) between the external pin face (26) and the external threads (18),

said internal threads (20) and said external threads (18) are arranged and designed for

connection with each other so that said box (12) and said pin (10) are connected with a primary seal
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(PS) fornmed by said pin external shoul der (30) forced agai nst said box
face (28) and a secondary shoulder (SS) forned by said pin face (26)
forced agai nst said box internal shoulder (24), and wherein said
connection is characterized by said internal threads (20) and said

exte t t 35 and
abou E’%Zkor@gé ?}Z%id %‘rjﬁg))tgla? dﬁ?e??bgférée@&gm?%%%] c&%&?% W?)g'? ecfgg%d about

34 dé@nléers(SS) onedtiysaidpim@et o)forkd egaiismmaRibox whenadisholdni).sad d ext er nal
and internal threads having a thread depth (h), measured between a maj or

radi us aﬂﬂer@m@luﬂQJSnn'éétfblﬁ§cl{ara@ténzedtb?at i s about one-half of the height
(H) of a fundanental triangle of the threads. 23. The connection of

claim 21, sald f.l . ank |sa t40d ees and
Sara| oac ] Gl g B se St Ao AR By Faisd Bk A R G eeBn o
cl ai Adodfl35 ardab®it 12 dQedcs alf a Bad danknRhge (@) béthréaaabsut(%%d atsikt $Bdcdreaxt er nal
threads (18) are forned in a shape of a portion of an ellipse (E). 25.
The connection of claim21l, wherein said internal threads (20) and said
external threads (18) are characterized by crests having a crest taper
(T6) 2ihi cithestoapesion of drim@ppelsiréie di rection than that of said thread
taper (T,h). 26. The connection of claim 21, wherein said internal

t hreads ( ga% e)@é}ﬁ]alﬁ iqllte i @BHEQJ llakfﬂg%méadgdje?ax é?j‘i QF&UT}B%%%%&{ g op% QL ests,

and a transition S bet ween sal Sal crest

(42)%@ }Jdes a rad| US{%{M[J curvature equal to or less than 0.012 inch,
2

t her evd dinimgr adiua g%— othdt if htamkoned@If of the height (H) of a fundamental

triangle of the threads.

23. The connection of ¢laim 21, wherein

said stab flank (Oy) angle is about 40 degrees and said load flank angle (®) is about 30

degrees.

24, The connection of claim 21, wherein

roots of said internal threads (20) and said external threads (18) are formed in a shape of a

portion of an ellipse (E).

25. The connection of claim 21, wherein

said internal threads (20) and said external threads (18) are characterized by crests having a

crest taper (T) which slopes in an opposite direction than that of said thread taper (T.).

26. The connection of claim 21, wherein
said internal threads (20) and said external threads (18) are characterized by crests, and

a transition shape (44) between said load flank (36) and said crest (42) includes a radius of

curvature equal to or less than 0.012 inch,

thereby providing a large load flank.
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27. The connection of claim 21, wherein said internal threads (20) and
said external threads (18) are characterized by thread crest wdths
formed by the truncation of the threads of a total height (H), and
atransition shape (46) between said stab flank (34) of said crest (42)
i ncludes a radius of curvature greater than 80% of the said thread

crest V"'ﬁjie"bonﬁeiaﬁ&%ﬁélasﬂé? \J\zH%Ebuii gradual entry of the mating thread

during stab-1n and e up. : The connection of claim2l, wherein
roots of said internal thre 20) and said external threads (18) are

char act efidagmplhigads (@9) ﬁ“ﬁﬁ% thergﬂé&séadﬁ A arschfedeyed by thread grest

con@ﬁmsmtnea)ray{11e%§1]éah&mgﬂth@ﬂ]re@aso'fa%tg?n%lgh ,4n@0t . 29. The connection of
claim 22, wherein said internal threads (20) and sald external threads

(18) have a 30. A doubl e
shoul deraté%lﬁ‘&hg‘gfq]aB%(%gg’et‘ly%ﬁn Sﬁgétapﬁ ’é‘ (gﬂ qr}lsa'gf’p (‘d’? WAlSS ardivi ot 10) with
ext @rwdlre frosieablim §0¥8)f tﬁ@gamdreae&rmamta tiréby@xitging aloraah ehtebesst 1§:30) and a
pin face %ﬁg@, a box % with internal threads (20) formed between a
boxM&edhf RSBy BB e Whd a box internal shoul der (24), the box
(12) having a counterbore section (14) between the internal threads (20)
and the box external shoulder (28), the pin having a base section (16)
betﬂg Qﬁmgﬁtglp%%am1 améSO) and the external threads (18), and a
noseé section 3 meeﬁ e external pin face (26) and the external
threads (18), said internal threads (20) and said external threads (18)
are arrdﬁ@édf@ﬁwﬂﬁﬁwi@ﬁ@éﬂﬁﬁhmdé@ﬁﬁé@ﬂﬂdhemhﬂﬁﬂéﬁﬁﬁmﬁﬁhéﬁdbbanhat sai d

box I d ¢ Ly seal  (PS)

For el P AR p R bt s LSS b SIS 2% 4 box
external shoul der (28) and a secondary shoul der (SS) fornmed by said pin
face (26) forced agai nst said box internal shoul der (24),

29. The connection of claim 22, wherein

said internal threads (20) and said external threads (18) have a taper (T);) of about 1.125 inch

per foot.

30. A double shoulder connection (4) for use in a drill stem, having

a pin (10) with external threads (18) formed between a pin external shoulder (30) and a pin
face (26),

a box (12) with internal threads (20) formed between a box external shoulder (28) and a box

internal shoulder (24),

the box (12) having a counterbore section (14) between the internal threads (20) and the box

external shouider (28),

the pin having a base section (16) between the external shoulder (30) and the external threads

(18), and a nose section (22) between the external pin face (26) and the external threads (18),

said internal threads {20) and said external threads (18) are arranged and designed for
connection with each other so that said box (12) and said pin (10) are connected with a primary seal
(PS) formed by said pin external shoulder (30) forced against said box external shoulder (28) and a
secondary shoulder (SS) formed by said pin face (26) forced against said box internal shoulder (24),

and

wherein said connection is characterized by
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and wherein said connection is characterized by 27 said internal
threads (20) and said external threads having crests (42), and said
internal threads (20) and said external threads have a crest taper (T(:)
which slopes in a different direction fromthe center line of the dril
pi pe j oi paid inkearel Biredids @01 andrsaidexistnalgbrefdsdnyinpercsteed),end i ne of said thread
taper (T,h). 31. The connection of claim 30, wherein said internal

t hreads éa?@%teﬂ{hqitlﬁ@ﬁﬂ(Z@)(irﬁrsE'l@|ext%ﬂ5ﬁﬁi‘3§ds%ré@e £hav aptari. )Z@qclbéfop%s E.taab flank
angl e of bet ween about 35 and 42 degrees and a |oad flank angle

(07é§ffefﬁé1t%étﬁpﬂafmthezgl%@e gBhgydril} pigejoint §n a fhection ahdensifom Gf ¢l ai m 31,

Meg&kégll@qugalégh%dft?{p@mf angle (Gs) is about 40 degrees and said |oad
flank angle i's about 30 degrees. 33. The connection of claim 32,

wherein Sald |nternal threads (20) and said external threads (18) are
characterized by thread crest wdths fornmed by the truncation of the

t hr epds Ofe @nhatiah oh@4i@0, $ideinand a transition shape (46) between said
stab flank (34) of said crest (42) includes a radius of curvature

o adual i Py et ORFR s SR GRls aPBreH SRR SR Y
dri [ setwémngibcmﬁranmm@greas fridradbadditaink hngbd axm) b2y caniabbutas ahd Emlsgﬁke@ox t ool
joint (12) welded (6) to an upset portion (3) thereof and a second
drill pipe (2') with a threaded pin tool joint (10) wel ded to an upset
portion (3') thereof, with said threaded pin tool joint (10) screwed

i nt 82.conihketanogetivn vicigmidd, Wosxeinool joint (12) wherein said first and
second (2, 2') drill pipes are characterized by a pipe outer diameter

(POD)  anghidstab flank angle (®s) is about 40 degrees and said load flank angle (@) is about 30

degrees.

33, The connection of claim 32, wherein

said internal threads (20) and said external threads (18) are characterized by thread crest

widths formed by the truncation of the threads of a total height (H), and

a transition shape (46) between said stab flank (34) of said crest (42) includes a radius of
curvature greater than 80% of the said thread crest width, thereby enabling a gradual entry of the

mating thread during stab-in and make up.

34. A drill string comprising,

a first drill pipe (2) with a threaded box tool joint (12) welded (6) to an upset portion (3)
thereof and a second drill pipe (2") with a threaded pin tool joint (10) welded to an upset portion (3"
thereof, with said threaded pin tool joint (10} screwed into connection with said box tool joint (12)

wherein

said first and second (2, 2") drill pipes are characterized by a pipe outer diameter (P;p) and a

pipe inner diameter (Py), and by a pipe upset inner diameter (PU,p),

said pin tool joint (10} and said box tool joint (12) are characterized by a tool joint outer
diameter (TJp), by a first tool joint inner diameter (TJ;;,) at each weld end thereof and by a tool joint

inner diameter (TJ;z) in a region adjacent box threads and pin threads wherein

said tool joint outer diameter TJ,), is larger than said pipe outer diameter Pyp,
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pi pe inner dianeter (Pl ), and by a pipe upset inner dianeter (PUID),
said pin tool joint (10) and said box tool joint (12) are characterized
by a tool joint outer diameter (TJO-D), by a first tool joint inner

di aneter (TJJDJ) at each weld end thereof and by a tool joint inner

di amet ersa(dRIFDPyetiippepdippefeiol Usd jresetater thimeaidipinedirer diaareist (F:0hr eads
wherein said tool joint outer dianeter TJOD is |arger than said pipe

out er di amgligs upR@hner &dmétai (FUR)) Reard@3in shid A& jolitasRt GambBUD),)iadsnal | er
than said pipe inner dianmeter (PID), said pipe upset inner dianeter

(PUO igs.lar 1. i Qi nt .inner dianmeter. (TJng)., and said
e ¢ ot FHRE oA HelleeP @b Pl P «fOPSHE Pat (9%l b oot
pi pdampedPUj haersaiddod fettennef PalRyer @hg,) Saard!léromdn spidifingt toah juéut icieanet er

(TIL.D2) is,smaller th said first tool j.0int inner i ter (TJID),
et @R il AR Ss o B el b s BB e EARHRE Snd. box
t hr @hased Sor penldandededsal topjuevtapthgf thecomasead, 4ndr que strength of the

connection, and a length of tool joint characterized by TJIO 2 is not

greater z&%@ll gptgb'lgogl{ c?halcﬁ];teﬁ%g)bg/ qY 1%:' is E&%I,reajteq) 'tl%f) Ialixiu?%g}tf!ﬁle(t I jt@él%oi;fts ' A

doubl e s er connection forusein a stein, having a pin

( 10%engih tth:)ext ernal threads (18) forned between a pin external shoul der
(30) and a pin face (26), a box (12) with internal threads (20) forned
bet ween a box external shoulder (28) and a box internal shoul der (24),
t he box (12) having a counterbore section (14) between the internal

t hr ¥ads éfewm%ﬂ@“@ﬁéDBW%“mH%ﬂ5¥H§H“§Hﬁﬁﬁﬁ@rmw2%), the pin having a base
section (16) between the external shoulder (30) and the external threads
(18), anglpia (1Y $6ths@ink0Nretd) 8)Teinse @arwefita g taemal shpilder{Egend £28h and t he
extgn&gl threads (18), said internal threads (20) and said external

t hr @& 6)618) are arranged and designed for connection with each other
so that said box (12) and said pin (10) are connected with a primary
seal a box (12) with internal threads (20) formed between a box external shoulder (28) and a box

internal shoulder (24),

the box {12) having a counterbore section (14) between the internal threads (20) and the box

external shoulder (28),

the pin having a base section (16) between the external shoulder (30) and the external threads

(18), and a nose section (22) between the external pin face (26) and the external threads (18),

said internal threads (20) and said external threads (18) are arranged and designed for
connection with each other so that said box (12) and said pin (10) are connected with a primary seal
(PS) formed by said pin external shoulder (30) forced against said box external shoulder (28) and a
secondary shoulder (S8S) formed by said pin face (26) forced against said box internal shoulder (24),

and
wherein said drill pipe joint is characterized by

a pin nose cross section area, CSpy which is at least 50% as large as the smaller of the area of

the cross section of box counterbore CSp- or the cross-section of the pin base CS,;, and

the pin nose length Lpy is from about 1 to 1.5 times the counterbore length L.

36. The connection (4) of claim 35 wherein
said counterbore section is characterized by a length L. of about 1",

29



(PS) fornmed by said pin external shoul der (30) forced agai nst said box
external shoulder (28) and a secondary shoulder (SS) fornmed by said pin
face (26) forced against said box internal shoulder (24), and wherein
said drill pipe joint is characterized by a pin nose cross section area,
CSPN which is at |least 50% as large as the smaller of the area of the
Crgss s i CSR or the cross-section of the pin
bagz CS H%°8H§8[]ggﬁﬁﬁgﬁﬁéi“pgﬁgth LPNis fromabout 1 to 1.5 tines the
counterbore length LB( . 36, The connection (4% of claim 35 wherein

sai d coalﬁpféirqbélfa@tegfé@% plomitch.ghreadapaien digm ok cang pitgh igpgerpre geangekandbout 1 7.
29 @ figncBEIGORAERI At Ak (Oirkd AbMLAbWAPLELRL hread characteristics of
pitch, thread major dianeter, and pitch dianeter are arranged and
deS|gned so that less than 8 turns are required from stabbed to snugged.
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