METHOD OF FORMING A MACHINABLE SURFACE BACKGROUND Field of Invention [0001] The
invention relates generally to a riser assembly. More specifically, the invention relates to a string of
tubular members and method of making, where a substrate is deposited onto the ends of the members
after grooves have been formed in the ends, the ends are threaded, and the members are threaded
together. Description of Prior Art [0002] Offshore drilling operations are typically performed through a
drilling riser that extends between a subsea wellhead assembly at the seafloor and a drilling vessel.
Drilling risers are usually made up of a number of individual tubulars attached to each other end to end
to form a string. Ends of ihE TR fafeQiiidn Niseadéd Sol the Bida& iR EfUEars can be attached by
engaging their respective threaded ends, where a smaller diameter pin end threadingly inserts into a

larger diameter box end. Typically, the box Endz gigmitﬁr%are increased by a separate upset forging
process to provide material for machining t —~UMMARY OF THE INVENTION

Field of Invention

[0001] The invention relates generally to a riser assembijore specifically, the invention
relates to a string of tubular members and mettiodaking, where a substrate is deposited onto
the ends of the members after grooves have beeretbin the ends, the ends are threaded, and

the members are threaded together.

Description of Prior Art

[0002] Offshore drilling operations are typically perfordnthrough a drilling riser that extends
between a subsea wellhead assembly at the seafhoba drilling vessel. Drilling risers are
usually made up of a number of individual tubulattached to each other end to end to form a
string. Ends of the tubulars are often threadedhab adjacent tubulars can be attached by
engaging their respective threaded ends, whereallesndiameter pin end threadingly inserts
into a larger diameter box end. Typically, the l@mds diameters are increased by a separate

upset forging process to provide material for maicty threads thereon.

SUMMARY OF THE INVENTION

[0003] Provided herein is an example of a riser string amaethod of forming a riser string. In

one example described herein is a riser stringnigaaifirst tubular with a box end and grooves
on an outer surface proximate the box end. A nagalding is on the grooves, and threads are
on an inner surface of the box end. Also incluged second tubular with a pin end that is

inserted into the box end with grooves on an ositeface proximate the pin end and cladding
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[0003] Provided herein is an example of a riser string and a method of forming a riser string. In one
example described herein is a riser string having a first tubular with a box end and grooves on an outer
surface proximate the box end. A metal cladding is on the grooves, and threads are on an inner
surface of the box end. Also included is a second tubular with a pin end that is inserted into the box
end with grooves on an outer surface proximate the pin end and cladding over the grooves. Threads
on the outer surface of the pin end are engaged with the threads on the inner surface of the box end.
The grooves on the first tubylar may optionally each have a height that decreases ith distance from a
torminal OV 0 BB and BIRAS ARG BB AR ABAS SRR LA B RO

end. Grogves on the second. tubular each have a height that decreases with distance from
proas ol LRAS: el

terminal g o tHa (oG AP AR Wit HaPiAQYERsRY! N0 H M A il end St & B end.
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rom the outer surface of the box end, an opening at the outer surface of the box end having a length
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greater than the bottom end, and converging sides that extend from the opening to the bottom end.
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terminal end of the box end. In an alternative, adjacent grooves on the first tubular are separated by a

space thatdlepirse Rt thghanerifiom a teohbml @iakibe thexdsner KPREATQrteseibeddegin is

a method of forming a riser string that includes forming grooves onto end portions of tubulars and

depositingharlaus betieetrlelagddingerip the eod eadtinagiMgnbentypeiass anshovrr BIRIGFOAYRE. and

Threads are provided on an inner surface of an end of a tubular to form a box end along with threads
on an ougensurtieg sitias eiad ek hiddfuban théaspeaindgwemaitoreads optibagiy ans @isoeagapethavith
threads on the box end to define a connection. In one example, the steps of forming the grooves,
threads, sewbrddabuiartheethhepdsl dike re pegterbwitividdeitio radtdsisom tHre exaerpdeafiume sié thef
forming the grooves involves forming a helical groove proximate an end of the tubular, the groove
having afiaagdlarsbapeihgratthaeaentien sOitonafythéepigrioavieg ardefoythegyl égtéortindmythehbiitiaim
groove proximate an end of the tubular, the groove having a castellated shaped cross section.
Forming &hd.crod\essviesgintsrinatvidigt iaxisiod foomiitipingendd obotdosy etk dijpeenyyomyssiei
have a successively decreasing depth with distance from a terminal end of the tubular. The step of
depositinfefiesidtbiinetapy i 88RrgIAIEAHY ehanaseidhrtas eraniln WistarsrifsvaraHe gl enehal

use cuttings taken from one of the tubulars. BRIEF DESCRIPTION OF DRAWINGS
the box end. In an alternative, adjacent groowvethe first tubular are separated by a space that

decreases with distance from a terminal end obtheend.

[0004] Also described herein is a method of forming arrs&tgng that includes forming grooves
onto end portions of tubulars and depositing arl@femetal cladding onto the end portions of
the tubulars and over the grooves. Threads areida® on an inner surface of an end of a
tubular to form a box end along with threads oroater surface of an end of a tubular to form a
pin end. Threads on the pin end are engaged higads on the box end to define a connection.
In one example, the steps of forming the groovea®gats, and engaging the threads are repeated
with additional tubulars. In an example, the stédorming the grooves involves forming a

helical groove proximate an end of the tubular, ¢iheove having a triangular shaped cross



[0005] Some of the features and benefits of the present invention having been stated, others will
become apparent as the description proceeds when taken in conjunction with the accompanying
drawings, in which: [0006] FIG. 1 is a side partial sectional view of an example of applying a metal
spray to a tubular in accordance with the present invention. [0007] FIG. 2 is a side sectional view of an
example of the tubular of FIG. 1 and having a metal spray substrate in accordance with the present
disclosure. [0008] FIG. 3A is a side sectional view of an embodiment of tubulars having a metal spray
substrate and threaded epds in accordance with the present jnvention. 0009}1 FIG. 3B is a sjd
cectionaP b MRIGRTINAE RHOVER AleHid B RENETh RN RFRATIRR e Sl pe

inventio FH[)OuglO] fIG. 4is a s(bde sectional i ulars, havin (me'lﬁg surfac&s with the metal

w. of tul'})é
spray appieibvel th§2fte W8S Releiet a%ﬁﬁ%%%eﬁﬁeé‘em INenfign, ¢ drooves may
alternatively involve forming a series of trapealidhaped grooves that have a successively

decreasing depth with distance from a terminal @rttie tubular. The step of depositing a layer
of metal cladding onto the end portions of the tataiand over the grooves may use cuttings

taken from one of the tubulars.

BRIEF DESCRIPTION OF DRAWINGS

[0005] Some of the features and benefits of the presepehiron having been stated, others will
become apparent as the description proceeds wken ta conjunction with the accompanying

drawings, in which:

[0006] FIG. 1 is a side partial sectional view of an exmpf applying a metal spray to a

tubular in accordance with the present invention.

[0007] FIG. 2 is a side sectional view of an example eftibular of FIG. 1 and having a metal

spray substrate in accordance with the presenbdise.

[0008] FIG. 3A is a side sectional view of an embodimehtubulars having a metal spray

substrate and threaded ends in accordance withréisent invention.

[0009] FIG. 3B is a side sectional view of the tubularsFt®. 3A in threaded engagement in

accordance with the present invention.

[0010] FIG. 4 is a side sectional view of tubulars havingfiled surfaces with the metal spray

applied over the profiled surfaces in accordandé thie present invention.



[0011] FIG. 5 is a side view of an alternate embodiment of a profiled surface on a tubular in
accordance with the present invention. [0012] FIG. 6 is a side view of an example of a riser connected
between a subsea wellhead and a platform in accordance with the present invention. [0013] While the
invention will be described in connection with the preferred embodiments, it will be understood that it is
not intended to limit the invention to that embodiment. On the contrary, it is intended to cover all
alternatives, modifications, and equivalents, as may be included within the spirit and scope of the
invention as defined by the appended claims. DETAILED DESCRIPTION OF INVENTION [0014] The
meino ML) ki 518 SHAEHE N Ll AL BVF HE SR GRS ) A AR AT
reference to th accorq%aﬂi ingedravtvings ig which embodiments are shown. The method and system
of the prgggg{ 1cRdr a;'? 56 Tn rﬁ%neyn ffsrent forms and should not be construed as limited to the
illustrated embodiments set forth herein; rather, these embodiments are provided so that this
disclosureoy] rcthe eddtsiged ramnelels cxaehyidl Billy cosvets seanedn hospsedlirdiindie and kike
numbers refer to like elements throughout. [0015] It is to be further understood that the scope of the
present giscioauria iscrotdiartroitihrepasiartaiaaficonstruction, operation, exact materials, or
embodiments shown and described, as modifications and equivalents will be apparent to one skilled in
the art. In the drawings and specification, there have been disclosed illustrative embodiments and,
althoughl SpEi REETEB Gyl Bfegaserirestih ¢PpBReIMIULHE S RTicE seMRIGARNEhdhot
for the purpose of limitation. Accordingly, the improvements herein described are therefore to be
limited oMY (RPtNELRISHROSF thatdpse Atfdd Rk [BoYBIE HBYATTIPGIdR Jidl SeRiRRets LAe’fnple

f lyi ladd] terial tubular 20 wh 22 is directed f 24 ont
an outer S of e WISTRF S0 RHE e AT BRAGHREMICHiEan a8 2 VEa it S A¥ping

the spray 22 therehy forming a.spray deposit 26 an the tubular 20 and in a designated.location on the
tubuar 2BCTHER SRR o O e B LB S i TS 50 AR G Fmetal apray
process. One example of a metal spray process is found in Carter, U.S. Patent Application Publication

No. US 2011/0193338, havingygnpinatipseseRe11dNBRBA0 wRithonassigned to the assignee of
the present application and incorporated by reference herein in its entirety for all purposes. The spray

22 may be a metal spray, and in an example the metal spray can include cuttings or other debris
removed 6 theaumeogoanstisystemadhiRfhg@resent disclosurenoiv be described more fully

hereinafter with reference to the accompanying drgsvin which embodiments are shown. The

method and system of the present disclosure may bwny different forms and should not be
construed as limited to the illustrated embodimesatisforth herein; rather, these embodiments
are provided so that this disclosure will be thgtownd complete, and will fully convey its

scope to those skilled in the art. Like numbeferr® like elements throughout.

[0015] It is to be further understood that the scope efgtesent disclosure is not limited to the
exact details of construction, operation, exactemals, or embodiments shown and described, as
modifications and equivalents will be apparent te skilled in the art. In the drawings and
specification, there have been disclosed illusteaBmbodiments and, although specific terms
are employed, they are used in a generic and g#éserisense only and not for the purpose of
limitation. Accordingly, the improvements hereiaesdribed are therefore to be limited only by

the scope of the appended claims.



[0017] Figure 2 is a side sectional view of an example of the tubular 20 having a spray deposit 26 on
the outer surface of the tubular 20 and adjacent an end 28 of the tubular 20. Embodiments exist
however, wherein the spray deposit 26 extends substantially the length of the outer surface of the
tubular 20. Referring now to Figure 3A, tubulars 201,2 are shown each with spray deposits 261,2
formed on their respective ends 281,2. Further illustrated in Figure 3A are threads 301 formed on the
outer surface of the spray deposit 261 thereby forming a pin end on the tubular 201. Similarly, threads

302 d.on an inner surface of the tubular 202 thereby forming a box end in tubuylar 202,
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spray depgsits 261.2 in a radial direction.and into the tubulars 201,2 along a portion of the length, of
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deposited over the grooves 32A, 32B, the spray deposits 26A, 26B have increased adhesion

properties QvendIab i  StHianespha ptasbavife iE GideR0 & Oplg MR BRESIIN ABLIIIRANSS 32A
are made up of a repeating series of adjacently positioned upwardly pointed teeth that resemble a saw
tooth-likevepnfiguradioryoaadhensiiay 2hPitgiichlbisidemresiied over heighoayesSdhethedower
portions of the spray deposit 26A reside between adjacent teeth of the grooves 32A. Grooves 32B,
which arg<fignee ast aHeRratpatcastitatesh candigHatigbraRa¥ferenay hetdiavi atsasnsistentior all
lengthwise distance between successive or adjacent teeth within the grooves 32B. In one example
embodinpemposiéer infiallympplzRoreyrde 22 ffegureptayanadipkarnpi seetiotetdl thgrapreyrdeensie26
is semi-elliptically shaped and can be machined to have a general planar upper surface with forward
and aft scuftings extehdimdegen ety et pemdithdaubobdanrexissArahiningar 20A. [0019] Referring
now to Figure 5, a side sectional view of an example of grooves 32C is shown wherein the groove
members 341 have a trapezoidal-like cross-section. In the exam{)JIe of F:%ure 5, the groove members
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order may pe reversed so hat'groove mem r more proximate the
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can be setWith a more obtuse angle to improve density and adhesion o metal spray, and also so
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Referring now to Figure 6, an example of a riser 36 is shown deployed subsea, wherein the riser 36 is

made upef a serifg], ireiads ABhbalRiANG fea B GRtkRsRREY SPtREPRRRMGNAKRG 2

platform 40. In the example of Figure 6, the wellhead assembly 38 is shown mounted on a sea floor 42
wherein {pairffarhokOdaR R B Aar SpOfasahaNEvARY lReJTORIHIBO B Malh Bavia dedfi§ TaRhrMe)

mounted on the sea floor 42.
threads 30, may cut entirely through the spray depositg,46 a radial direction and into the
tubulars 2@,along a portion of the length of the spray depddfis. As shown in the example
of Figure 3B, an advantage of the spray deposihatetiescribed herein is that tubularg 20

having substantially the same inner and outer diarsenay be threaded together by interlocking



[0021] The present invention described herein, therefore, is well adapted to carry out the objects and
attain the ends and advantages mentioned, as well as others inherent therein. While a presently
preferred embodiment of the invention has been given for purposes of disclosure, numerous changes
exist in the details of procedures for accomplishing the desired results. These and other similar
modifications will readily suggest themselves to those skilled in the art, and are intended to be
encompassed within the spirit of the present invention disclosed herein and the scope of the appended

claims. CLAIMS What is claimed is. 1. A riser stri omprisin flrst tubular having a box end,
grooves%w zi’r%/l oy s b S v e Tlear S e
an inner s ce of. We hox end; and

ars it GloRs on’an outer surface and/anset forging process.

[0018] In an optional embodiment as shown in side sedtioeay in Figure 4, outer surfaces of
tubulars 20A, 20B are treated with grooves 32A, 32Bhat when a spray 22 is deposited over
the grooves 32A, 32B, the spray deposits 26A, 28&hncreased adhesion properties over that
with a surface of a tubular having little or no flea More specifically, grooves 32A are made
up of a repeating series of adjacently positionpdiardly pointed teeth that resemble a saw
tooth-like configuration. When the spray 22 (Figur) is deposited over the grooves 32A, the
lower portions of the spray deposit 26A reside leetw adjacent teeth of the grooves 32A.
Grooves 32B, which are shown as a repeating catgélconfiguration, may or may not have a
consistent lengthwise distance between successiadjacent teeth within the grooves 32B. In
one example embodiment, after initially applyingagp22 (Figure 1), an axial cross section of
the spray deposit 26 is semi-elliptically shaped aan be machined to have a general planar
upper surface with forward and aft surfaces extapdjenerally perpendicular from an axig A

of tubular 20A.

[0019] Referring now to Figure 5, a side sectional vievanfexample of grooves 32C is shown
wherein the groove members 34have a trapezoidal-like cross-section. In thengda of
Figure 5, the groove members;34re formed into an outer surface of the tubula® 20d may
each have a height and width that changes witheotgp adjacent groove members. In the
specific example of Figure 5, groove member B4s a height greater than other groove
members 34, making up the grooves 32C. The sequentially reduceights between the
groove members 34 may follow a generally linear function, or may iopially be nonlinear as

well. In the example of Figure 5, the groove meral8% ., having the larger height and width
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a second tubular having a pin end inserted into the box end, grooves on an outer surface proximate
the pin end, a metal cladding on the grooves, and threads on the outer surface of the pin end engaged
with the threads on the inner surface of the box end. 2. The riser string of claim 1, wherein the
grooves on the first tubular each have a height that decreases with distance from a terminal end of the
box end and a width that increases with distance from a terminal end of the box end. 3. The riser
string of claim 1, wherein the grooves on the second tubular each have a height that decreases with
distance from a termlnal end of the é(rj qila width th creases with distance from a terminal
end o (e BIPGFS Er%@ﬁgeeﬁgtﬁﬁJ SR hE R AP Riedtnl Al i fPa
trapezmqhﬂhth a bottom en d dlgﬁ{? rom the outer surface o t box end..an o ning at the o%ter
aHitr

surface of rt%\(/%rmdehné catdrha Hrt(%rg e en g c'gﬁ (BRI S xtend
from the gpening Jpdhs.naamsad, %e BrollggL sidng ggnhén%ﬁaf%pgg L g%oeaﬁ%sgahmﬁcgnd

tubular co prlse rapezm h a botto fr eou In end, an opening
t th
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spray contacts as much surface area as possiptevent shadowing.

[0020] Referring now to Figure 6, an example of a risetis36hown deployed subsea, wherein
the riser 36 is made up of a series of tubulars, 20at extend from a wellhead assembly 38
subsea and up to a platform 40. In the exampkmire 6, the wellhead assembly 38 is shown
mounted on a sea floor 42 wherein the platforms4@lbiove sea surface, and may be floating or

may have legs (not shown) mounted on the sea fldor

[0021] The present invention described herein, therefereell adapted to carry out the objects
and attain the ends and advantages mentioned, lhsasvethers inherent therein. While a
presently preferred embodiment of the invention hasn given for purposes of disclosure,
numerous changes exist in the details of procedoresccomplishing the desired results. These
and other similar modifications will readily sugg#dsemselves to those skilled in the art, and are
intended to be encompassed within the spirit ofgiesent invention disclosed herein and the

scope of the appended claims.



6.The riser string of claim 1, wherein adjacent grooves on the first tubular are separated by a space
that increases with distance from a terminal end of the box end. 7.The riser string of claim 1, wherein
adjacent grooves on the first tubular are separated by a space that decreases with distance from a
terminal end of the box end. 8.A method of forming a riser string comprising: a. forming grooves onto

end portions of tubulars; b. depositing a layer of metal cladding onto the end portions of the tubulars
and over the grooves;

CLAIMS

What is claimed is.
1. A riser string comprising:

a first tubular having a box end, grooves on arerostirface proximate the box end, a

metal cladding on the grooves, and threads onrar surface of the box end; and

a second tubular having a pin end inserted intdotheend, grooves on an outer surface
proximate the pin end, a metal cladding on the gyeepand threads on the outer surface

of the pin end engaged with the threads on therismdace of the box end.

2. The riser string of claim 1, wherein the groovestloa first tubular each have a height
that decreases with distance from a terminal enthebox end and a width that increases with

distance from a terminal end of the box end.

3. The riser string of claim 1, wherein the grooveglmsm second tubular each have a height
that decreases with distance from a terminal enithefpin end and a width that increases with

distance from a terminal end of the pin end.

4. The riser string of claim 1, wherein the groovestloa first tubular comprise a trapezoid
with a bottom end distal from the outer surfacéhef box end, an opening at the outer surface of
the box end having a length greater than the bo#nd) and converging sides that extend from

the opening to the bottom end.

5. The riser string of claim 1, wherein the grooves tbe second tubular comprise a

trapezoid with a bottom end distal from the outarface of the pin end, an opening at the outer



c. providing threads on an inner surface of an end of a tubular to form a box end; d. providing threads
on an outer surface of an end of a tubular to form a pin end; and e. engaging threads on the pin end
with threads on the box end to define a connection. 9.The method of claim 8, further comprising
repeating steps (c) - (e). 10.The method of claim 8, wherein the step of forming the grooves comprises
forming a helical groove proximate an end of the tubular, the groove having a triangular shaped cross
section.

surface of the pin end having a length greater thanbottom end, and converging sides that

extend from the opening to the bottom end.

6. The riser string of claim 1, wherein adjacent gemwn the first tubular are separated by

a space that increases with distance from a tetranthof the box end.

7. The riser string of claim 1, wherein adjacent geswn the first tubular are separated by

a space that decreases with distance from a telremideof the box end.

8. A method of forming a riser string comprising:

a. forming grooves onto end portions of tubulars;

b. depositing a layer of metal cladding onto the eadipns of the tubulars and over

the grooves;

c. providing threads on an inner surface of an enal tobular to form a box end;

d. providing threads on an outer surface of an eraltabular to form a pin end; and

e. engaging threads on the pin end with threads onbibve end to define a

connection.

9. The method of claim 8, further comprising repeasteps (c) — (e).

10. The method of claim 8, wherein the step of formihg grooves comprises forming a
helical groove proximate an end of the tubular, gneove having a triangular shaped cross

section.



11. The method of claim 8, wherein the step of forming the grooves comprises forming a helical groove
proximate an end of the tubular, the groove having a castellated shaped cross section. 12. The
method of claim 8, wherein the step of forming the grooves comprises forming a series of trapezoidal
shaped grooves that have a successively decreasing depth with distance from a terminal end of the
tubular. 13. The method of claim 8, wherein the step of depositing a layer of metal cladding onto the
end portions of the tubulars and over the grooves uses cuttings taken from one of the tubulars. 14.

Th thod of ¢claim 8, wherein th fth t bt letoi )
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surface feicar é)r%%%) l[earté)xprﬁ%\{g nénsg%%o\évfr{ﬂé tubular, gn@eove having a castellated shaped cross

section.

12. The method of claim 8, wherein the step of formihg grooves comprises forming a
series of trapezoidal shaped grooves that haveceessively decreasing depth with distance

from a terminal end of the tubular.

13. The method of claim 8, wherein the step of depogit layer of metal cladding onto the

end portions of the tubulars and over the groowes guttings taken from one of the tubulars.

14. The method of claim 8, wherein the shape of thewgs are set at an obtuse angle to
improve density and adhesion of the metal claddang, also so that the metal cladding contacts

as much surface area as possible to prevent shaglowi
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