Conposite- Metal lic Forging The present invention relates to 3232635;6;§q
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metallic forging for use in producing a threaded. tubular co for
.attachnment to a variety of oilfield produgdss and to processes for., o
mapuf acturing 5: such connectors.from compound netal.li.c forgings. The

i nvéntion:is applicable to thrg¥$5§§§1¢énm@tgppg@cfgigiﬁgr at t achnent
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al I'oy 35 procedure is to locate a drilling bit at the bottom _

15 of a "drill string" and rotate the bit to disintegrate
and fracture the formation being drilled. The drill -
-string cbmprises a long string of tubular members
formed ¢f a'tough steel alloy with relatively thick
walls -and heavy, tough, threaded end-sections. The

20 tubular members comprising a drill'string are cbmmonly
referred to as "drill-pipe", and the threaded end-sections
on the drill pipe are commonly referred to as "tool
- joints". Each section of drill-pipe normally runs
from 25 to 35 feet in length and has secured thereon

25 a male tool joint member and female tool joint member

. ' having threaded portibns located thereon accordingly.
_ - Most applications of tool joints to drill pipe are
. achieved through somé technique of welding such as
flash welding, friction welding or inertia welding.

o ”_Although generally made of tough low alloy
steel, materials may be selected to provide desirable
characteriétiés in the particular application of the
drill string desired. For éxamplé, when:dfilling
in corrosive environments, a corrosion resistant alloy

35

. e e Ve ¢ e e A on - e r.y - e e W RN . - w eemamien s



-2- may be selected for a toll joint nmenber. Alternatively whei an-
extrenely long string of drill pipe is used, the netallic content of t he

4 oi-nt or other threaded tubul ar connectors may be sel ected.to provide
B 5, strength due to the heavyy weight of the drill string being \o/
ted by the connector. . Such material selec- tion may considerably
dase the cost of the tool joint, which nmay be prohibitive in the case .

of ™ e alayt m?hme&?ﬁ IfoY @ éﬂdlqysjoz.lﬁltséndiﬁf&“l &ﬂﬁ:@ﬁ@sougp; %@4
o overc i s, .an vercone any. S ent, propl ens wou e
encount 8’?‘@6‘ 2R SRS Hﬁ’ t %@‘%H’;"&Lﬁar&ﬂfﬂ Lf I‘bﬁﬁ‘i\heel of the

drill prt;he htptﬂldmg:dnmnt s:aﬁ riHeart el tjcinet afr tdtthémathfexrdedt oget her .to

: achieVe [ [ oLl 0 chrment 15 of
~the toolt ] O oﬁr%c%@%r% n&? B %ﬁ%‘ll ge&so é}(r)arﬁda% s’?‘%‘%g’e‘r fromsimlar
pr &bl errrsté'lmt-lht dmtmm dxaavrxg welighti of mheardleﬂlmo)stﬁiTEEt ly to the

drill pragpg B e Cbrihd RGEY qU%ﬂP'n&&Hﬁﬁﬂ'tsﬂé@ie”ﬁ by

causing a heat fect ed Zone having different gral n _size 20
pr oper t itdO™ éﬁﬂ’hé’oﬁtﬂﬁ@%ﬁb@h’ ingnaasecyhr MashAf tdhe W ht s and ot her

thr eadegotmlwl 1SN GaC mr z@tﬁmq;ri% lih reiie ddsangE e add phdi gh

N orr] RS deatng Sy g s derad o Sl s

_praeent ey Melrlceahealtémm smd ten\Gvearomes a@eﬂubseq)mmalprdb'rbmgen s
SUl Pl Ogn1b Goulle® bel Bodbalaia 46 Yoi it didud dfn Al 1 or ! de-

contai ni ng wat Se COorrosive cons gl ve rise to earl y .

fai | ur ethe sttandarsaeddonsteel3®L the dndlld e jhy weldhng tweer alia to
sul phi dﬁl%%&'ﬁ&ia? %%‘Sﬁl%n‘asv‘?ﬁ' WA U163 %ﬁ{éf‘%@ta&ﬂ\}‘@ss | evel

only in the 344, N [err].  Replace- nment of the conventiona
st eel mfen%ﬂ Prélﬂ%&%tiébleaqﬁ ARGt RF AT &P (ﬁt‘iﬁqmefhtf | oy 35
‘havisng é&sithed ol gdiin®s tof tHe il PiPeS CAHNSiWlution can
suffer from similar prohleﬁs encountered in attaching
the dissimilar alloy directly te the driil'pipe itself.
Moreover such a technique could present preblems by
. causing a heat affected zone having different grain size
20 and properties to the bulk of the JOlnt
. "Conventional tool joints and other threaded
tubular connnectors are normally made from a low alloy
high strength steel known as 4137-H steel which is heat
treated to more than 827 N/mm? yield strength in the
25 threaded connection. = Many wells presently drilled are in
sour enviroments, that is contain hydrogen sulphide, often
also in the'presence-of carbon dioxide and chloride-
containing water. ‘These corrosive constitutuents _
can give rise to early failure in the threaded end of
30  the male tool joint, due, inter alia to sulphide
stress cracking even though they are operating at a
stress level only in the 344.7 to 551.6 N/mm?. Replace—
ment of the conventional steel with a highly ' |
alloyed steel, nickel based alloy or other alloy
35 having desired properties of strength and/or corrosion



3 resistancercould increase.the materials conponent of the costs by a :
fact.or of about 20 to 50 times at .present prices. The present inventig
al l eviates the problens 5 and difficulties characteristic of the p
' (T/deV|ces by .provi di ng threaded tubyl @r _connectors for attachnment AQ_a
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~alloys having been According to the present invention a process

' 15 for the production of a composite metallic forging

- for use in the production of threaded tubular connectors
for attachment to tubular oilfield products comprises
preparing an appropriate length of billet of an alloy
having the desired properties of strength and/or

20  corrosion resistance for the conditions of ultimate
'use, and an appropriate length billet of a low alloy
steel, Joining the two billets to form a composite
billet, piercing the composite billet as necessary,
and forging the composite billet”to form a rough tubular

- 25 forging to use in forming a threaded tubular connector.
The forging process is normally carried out in an
extrusion press, and the composite.forging'is
subsequently heat treated to achieve‘an optimum _

_ combination of properties of the two alloys, and is

30 then machined into a finished threaded tubular
connector.

o - Composite forgings of the present invention
'cu@mimaa.mnxaar:ndynadecﬁaa low alloy high strength steel
metallurgically bonded to a tubular body of an alloy

35 having desired: properties of'strength'and/or corrosion
resistance, the interface of the alloys having been



- 4 - worked and extending in a substantially axial direction al ong” at

| eas portion of the conposite forging. Conposite forgings of the present
i nv n are nornally made frombillets of solid bar, and the. .
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high enough to allow the formation of a weld between
the two members when:pressed rapidly and forcefully
together. Alternative'welding-techniquesuinclude-
electron beam welding, diffusion boﬁding, flash welding,
inertia welding, laser welding or plasma arc welding.
Some of the these techniques are already well known in
the oilfield tubular products art'and may .also be
successfully employed ‘to join the two blllets of the

~alloy.
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We have found that it may not be essential
to have a 100% metallurgical bond between the two
billets of metal prior to forging but that, due to
the nature of the processing, a 100% metallurgical
bond may still be achieved in the final product.

The present invention is particularly
advantageouslyeapplied to tool joinﬁs._ Composite tool
joints of the present invention contain oniy the
minimum amount possible of the expensive corrosion
resistant alloy and are thus not signifieantly more
expensive than conventional tool joints. They offer
advantages over composite joints pfoduced.by welding
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- 5 - together two separately forged constituent ‘parts since the .
def ormation of the. weld caused by forging inproves its integrityy -
Moreover the interface on tool joints &L the present invention wflfl{}Have

nore 5 uniform properties since any Fded heat affected zone d on

' joining the two billets will be heavily worked during forging and its grain
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_Flgure 4

Referring noyg_,f&féﬂuéfa%véﬁger gb?ﬁtb'i?l RhelRiiadd | “St'l‘l?ﬂ 0| nt gf oy

cross-sectional view In 1-of a _standard tO
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corrosion reS|stant alloy 12, and i st and ardfm glsteel 11 i s shown
. 15 o%posi joints o

te too present invention
are preferably male tool joints i.e. the pin end of
a set having tepered'threaded end portion for engagement
~ with the threaded end of a female (or box end) tool
joint, the tapered portion being formed of the de51red
20 corrosion resistant alloy.- ' '
' An example will now be described having
' reference to the accompanying drawings. in which:-
Figure 1 is a cross-sectional side view of a
bimetallic forging billet. ' Figure 2 is a side view
25 of a tool joint forging. Figure 3 is a cross-sectional
side view of a tool joint forging inaicating the

% | non-planar weld line. Figure 4 is a side view of a

completed tool joint pin connection. Figure 5 is a

v _ ~ side view of a tool joint affixed to a section of a

koI drill pipe.

_ Referring now to Figure l a. forging billet
10 is 111ustrated.in side cross-sectional view in
which a billet 11 of a standard tool joint alloy steel
has been welded to a billet of corrosion resistant

35 alloy 12 by means such as a friction welding process.
The weld interface between the corrosion resistant

- alloy 12 and the standard alloy steel 11 is shown



;é'at 13. It should be noted that-whereas the present enbodinent is
Xribed with respect to the male end or "pin" end of the tool joint pair,
present invention is readily gdaptable to either end of the 5 drill
The pin end of the driTI®pTpe normally incurs the greatest stresE'J
.corrosion cracking mhen drilling in extreme conditions. Therefore, the.
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- in th%q%? (ﬁ%ﬂéﬁ§€%¥§ ?%hgﬁ? 8 grgblens arising from wel ded
heat ffectéd s a t a he zone is heavily worked
~during forging soHﬂtﬁrlthegpemposite fergbngsbgmubt-ha@ gﬁfﬁilglglzgggsnt
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. I'n Figurprésst bd sARASI1E 19 %ot0ed  bf OE8HA9ra and backward
' 15 extrusion to produce the desired c¢onfiguration which
is shown in Figures 2 and 3 and has a tapered pin end -
- 12a, and a formed drill pipe end lla for securing to
the standard drill pipe. ' During this process the
N interface is deformed, becoming non-planar due to
20 distortion of the billet material. It will be noted
that the interface between the two alloys extends in
a substantially axial direction along a portion of the
body of the Joint. The- non—planar nature of this
interface greatly strengthens the tool joint since it
25 eliminates the problems arising from a single planar
interface within the tool joint. Moreover there are
no préblems-arising from welded heat-affected zones
adjacent the interface since the zone is-heaVily'worked[
... during forging so that its grain size is not signifi- |
jj cantly different from the bulk of the material-
After forging, the bore and the pin taper
surface are rough-machined " The tool joint may then
by heat-treated and thereafter final machined, which
“includes cutting the thread on the pln.
35 In Figure 4, the composite tool jOint forging -
10a is machined along the pin section 12a to provide the
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1Ca is machined along the pin section 12a to provide the conventi onal
t aper ed -l e-t hreaded connecti on for threaded engagenent with the fenal e
end of an adjoining drill pipe'secLLPQ, Threads nay be machi ned on the

pin,12a in any'conventional threading manner for 5 exanple machining or
rolling of the threads. Likewi se, the weld interface surface 15 at the
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Fhiarh- s Wi ek
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and corr 0950N552AkS13AC Rl pelil Yo 1lad P! diihdd i@ Ghder sl 0SI ON
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speci al corr oBiB8- esEoragxample by fxichian weldingsoFtfhashool |

joint/drill piagdasagbakain@erfade 3¢ .exhithd EPEI{SInEPAELILOPipaSI Stance
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' drill pipe having a pin end of a desirable corrosion-

resistant alloy joined to a section of drill pipe
o by conventional welding means, which tool joint pin

_'end provides extended resistance to stress corrosion
20 cracking, a superior non-planar weld interface and a
much lower cost factor than a similar tool joint made
entirely of a special corrosion—resistaht alloy; .
Through pre—selectéd heat treatments, after welding the
composite tool joint on the drill pipe the overall
. 25 strength and corrosion resistance may equal or exceed
the strength and corrosidn resistance of a similar

.- drill pipe welded to a joint made entirely of the
. special corrosion-resistant alloy. ' Likewise, the
.  resultant tool joint/drill pipe combination will
| 30 exhibit superior corrosion resistance in the pin threaded
. _ area over that of the conventioﬁél tool joint material

such as 4130 or 4137 steel. The cost of the present
invention over a standard alloy steel tool joint is
relatively insignificant when compared to the comparative
35 costs of making the entire tool joint of the corrosion-
resistant material. : _
Suitable high alloy material for use in the



[stant nmaterial. Suitable high alloy raterial for use in t:he” -'8-
'ctlon of conposite.tool joints of the present invention i'ncludes ASTM
‘ 4‘§ Grade 660, ASTM A-638° Grade 660 (Av286) 17- 4PH (UNSS—17400), and
COKEL alloy 718 (UNS No. 7718)8 = INCONEL is a trade mark. 5° .
Alternative alloys having acceptable strength and corrosion resi 'stance
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~prirnary efApkhsee Eﬁe§ﬁ§FQ§ QK§6§§ﬁthQ¥#s%%n3éb%9 Zoeur gas sgress
“corrosion, the method is equalixsr301 applicable to prodUC|ng conposite
forgi ngs i.ch have_inproved sTrength characterlstlcs Li kewi se the -
i nvent i oﬁ‘ﬂgﬂ appl.i cabMe t Fit heP f orgl ng SEnd¥¥ MAi sifing cﬁl t hf ea®ed ¥&ibul ar

~ connect Gg286f orM@i t ashment 40 awy of a 13.5.24 1.0 1.9 =~ .1 .003 Bal
15 - Max .08 2.0 1.0 1025025 16.0 27 1.5 2.35 .035 .5 .0l0 Bal

alsl- R S _
41378 Min .340.6 .15 - - -0.75-= .15 =~ - - - Bal

Max .41 1.0 .30.30 04 1l.20- .25 - - = = Bal

£ 1

_ Such-alldys require heat treatment after forgin§
20 in order to_deﬁelop strength and the composite forging
may be giveﬁ an appropriate heat treatment which may be
a combination of those conventicnally applied.to-the’two
component alloys of the composite. In the case of an
A286/4137H composite we have found that a suitable heat
25  treatment is 2 hours at 900°C, water quench, plus 16
hours at 720°C, air cool, plus 8 hours at 650°C, air cool. -
Althéugh the invention has been described above
with primary emphasis on-providiné increased resistance
to sour gas stress corrosion, the method is equally ' v
30 applicable to producing composite forgings which have
improved strength characteristics. Likewise the
invention is applicable to. thé forging and finishing
of threaded tubular connectors for attachment to any of a
variety of o0il field tubular products including drill
35 collars:and pipes, tubing and casings of all kinds which
are interconnected by threaded cbnnectors.ﬁ

p &)



variety of oil field tubular products i ncl udi ng—e-i-35 mlJarQ' and _

pi pes, tubing and casings ‘of all Kkinds which ar rconnect ed by '
t hreaded conpect ors. Claims - 9 - 1. ﬁm Eﬂl“ﬂ Ht Iroduct'
of _a conpositexpetallic forging for thep i ar

connectors for attachment to oilfield=t®uww ar products. corrprl *si ng preparing
an_appropriate length billet of an aIon havi ng the desired properties of

- St r\gﬁgt h andi corrosi o& ggﬁ:éggn q._rhet raiﬁmité Nse of éggbgﬁigeuse

and an approptiate |engt et o I ow oy st jornin
billets to fmmhlt@néesgﬂegbifpreusepui@r dihey ntedughissie® abrbaras

necessary, %ﬁé’é%fﬂ EB?. EQ‘EB%%Teﬁtb'éd ‘ii:.ltﬂéfﬂ‘{ f’&xﬁ:ﬁ%"bfé@&ééﬁ for gi ng
for use in formn hr eaded  t ubul ar .connector. 2. A process for

the pr oductl‘iﬁfnl%’f'g% ’éﬁrrﬁﬁ?:??é’ipﬁr é&dé@&%’zﬁ‘t%o]rﬁmtbrblﬁ-&t St #hnent to

oi I field tubalbéy ph&dﬂﬁystﬁéﬁaébih:@ﬁ Wz@ﬁﬁ%ﬂ%ﬂ%ﬂiq%%md/or

engt i |1 etgf 20 giL oL gy EaB R EOToROe CAET TS (RE WHEEACEpDr opr | at o

corrosion r ppropriate

l ength bi l Ibems@f andloanabppyopirdete jlenytlyg ITjh.ﬂaetva ba | Loy S&Dl?pr m a )
conposi te - bi L i D ' nec orging the

' coggom te b|++'§%ltgj$%§‘?ﬁ"§ %g‘?rg%%?ﬁﬁg#ﬁ%f g‘ﬁﬁ[{Jl %e%?£$$€%\¥?ng tge ?-orgi ng

t o achi eve dvibhetmupiepatingathen composd m dpicklidetesamfnedessapnyal | oys and

cfmachining t éofgirggng”’i:ﬁe cbibaaded tH-ALki‘iéaé 1?6"%5‘& Oé i gﬁ%cfsﬂﬁ?t to-

.oilfield tubu ocess as cl-ained”In aim1 or
claim2 in vﬁ@minaefgm pees iar Soxming taarttmﬁﬁdeﬂe mvpb%:t e billet formed

therefromi sT&ﬁégegrprl or to the forging process. 4. . A process as
claimed in claim1 or cIa|m2
: : 2. A process for the product:.on of a composite

threaded tubular connector for attachment to oilfield
tubular products comprising pre.pa_rir;g an appropriate
length billet of an alloy having the desired properties
 of strength and/or corrosion resistance for the conditions
of ultimate use and an appropriate length billet-of a

low ailoy steel, joining the two billetsto form a
composité billet, piercing the composite billet

as necessary, forging the composite billet to form

a rough tubular'forging, heat treating the forging to
achieve an optimum combination of the properties of
the two alloys ‘and machining the forging into a threaded
tubular connector for attachment to oilfield tubular
products.

N

3. ' A process as claimed in claim 1 or claim 2
in which the billets are solid bar and the composite
billet formed therefrom is pierced prior to the forging.

process. :

4, . A process as cléimed in claim 1 or claim 2
in which the billets are hollow cylinders. '
5. A process as claimed in any nreceding claim

in which the low alloy steel is a low cost high
strength steel.

6. A process as cla:.med in claim 4 in which
the low alloy steel is AISI 4137H.



in which the billets are hoIIOM/cyllnders 3 A Process as clalned‘

~in preceding claimin which the Iom/alloy st high
str h steel. 6. A process as cI ai rl'mﬂmlll “mrlmimn whi ch the
low\ed | oy steel is AlSI 4137H ~ A process as cl ai nee
in any preceding claimin which the conp05|te threaded t ubul ar connector is

a conposite tool join ess as clained in clalnt7 g R

A pr.o
whi ch thé*all oy haV|ngAdBE??Eﬁspﬁﬁpg}FﬁﬁgdignAg?WIR;$§§ FdE1848 ASTM ™
A- 638 G tmlewB56h (#ha86pmpadi teHEhbaGed7 €GB 1ar ebhapctdd GENSS No. 7718).

9. f&éOHQQ t QEL r forging for use in the production of a
threadedc?ﬂ% 5 ?

connec attachnment to oilfield tubular. products
conprisi®g a tubular bbdproceanGSQQNabmﬁéténlb&aémngtincwhdnhhaving one

t ubul ar t f St ge, ug gi yabhgeded to a second
tubularéﬁgétéggog h§Xi§§/aégﬁgsﬁngfbgg?ﬁgég .8 gg&#eg g?gstrength and/ or

COrr osi ?@%l@?ﬁnc%STFhé'gﬁﬁeGFQ e éﬁpméén §ﬁ ral7o$BBhavi ng been wor ked

and exten@hssklwucoﬁubﬁtanlbglVyaaxungsdubechQa)along at least a portion
of the tubul ar body readed tubular connﬁctor produced by

1
heat treating the forgg §°B$thEPH}§r Eﬁfﬁ?ﬂgn OFoUPLs P AifShed dinensions  §
and cut tproducthde of aeﬁhreaﬂédeadbumareconnector for attachment -

to oilfield tubular products comprising a tubular .' ' -
body of a forged bimetallic construction having one o
5 tubular portion of a low alloy steel metallurgically
bonded to a second tubular portion of an alloy having
desired properties of'strength.and/or corrosion
resistance,'the-interface between the alloys having
been worked and extending in a substantially axial
direction along at least a portion of the tubular'body.
10. A threaded tubular connector produced by
heat treating the forging of claim 9. machining to its
finished dimensions and cuttlng amale or female thread
thereon.
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