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CROSS REFERENCE TO RELATED APPLICATION

t0001] This application claims priority o India Patent Application No.
1299/CHE/2007, enﬁtled “Dissimilar Material Bonding of Drive Shaft with Flow
Control Component of Valve, filed June 22, 2007, which is herein incorporated by
reference in its entirety. '

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of
art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better |
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are 1o be read in this light, and not
as admissions of prior art.

[0003] As will be appreciated, oil and natural gas have a profound effect on
modern economies and societies. indeed, devices and systems that depend on
oil and natural gas are ubiquitous. For instance, oil and natural gas are used for
fuel in a wide variety of vehicles, such as cars, airplanes, boats, and the like.
Further, oif and natural gas are frequéntly used to heat homes during winter, to
* generate electricity, and to manufacture an astonishing array of everyday
products. '

[0004] " In order to meet the demand for such natural resources, companies
often invest significant amounts of time and money in searching for and
extracting oil, natural gas, and other subterranean resources from the earth.
Particularly, once a desired resource is discovered below the surface of the
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system typicgi0sE WO RERA5IBINGINE ¥pdven hautthasrelion sERiBa. SpipeMPReg hetween
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transportation system, may be formed from ditferent m materials, such as a steel valve body, a
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introduce chajgngesincnaaniiaelyring thas manaliecs padernaseesacedr wiesmgiaced into
SEIVICe. double-seated valve, often referred to as a “double block and bleed” valve.
[0006] A double block and bleed valve is capable of sealing both upstream
and downstream from the valve, and the valve body itself acts as the spool piece
between the seals. The double block and bleed valve provides some advantages
. over a traditional two valve block and bleed system, such as ease and speed of
operation, low maintenance requiremenfs, and improved resistance to leaks.
Such double block and bleed valves, or other valves used in the transportation
system, may be formed from different metals or materials, such as a steel valve
“body, a cast iron valve plug, a steel valve stem, and so forth. The use of these
different materials méy introduce challenges in manufacturing thé’c may affect
peﬁorMancé once the valve is placed into service. |

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with



BRIEF DESCRIPTION OF THE DRAWINGS [0007]Various features, aspects, and advantages of the
present invention will become better understood when the following detailed description is read with
WO 2009/0M328POT13R/2008/000381 3 reference to the accompanying figRtdsIN2OBi0Ike
characters represent like parts throughout the figures, wherein; [0008]FIG. 1 is a perspective view of a
double block and bleed valve in accordance with an embodiment of the present invention; [0009]FIG. 2

is a perspectiugVigincOfoA s aLRRHY ARINR PIY9r &Y iR AR Gike characters represent like

parts throughout the figures, wherein:

[0008] FIG. 1 is a perspective view of a double block and bleed valve in
accordance with an embodiment of the present invention;

[0009] FIG. 2 is a perspective view of a dual metal valve plug for a double
block and bleed valve in accordance with an embodiment of the present
invention;

[0010] - FIG. 3 is a cross-section of the dual metal valve plug of FIG. 3 in
accordance with an embodiment of the present invention; - ‘

[0011]  FIGS. 4A and 4B are side and front viéws respectively of a mechanical
locking system and shaft of the dual metal valve plug of FIG, 3 in accordance
with an embodiment of the present invention;

[0012] - FIGS. 5A, 8B, 5C, and 5D are side views of alternative embodiments
of a mechanical locking system and shaft of a dual metal valve plug in
accordance with the present invention; and

[0013] FIG. 6 is a flowchart of a manufacturing process for a dual metal valve
plug in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBdDIMENTS

[0014] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort {o provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as inany engitneering or design
project, numerous implementation-specific decisions must be made to achieve

the developers’ specific goals, such as compliance with system-related and



block and bleed valve in accordance with an embodiment of the present invention; [0010]FIG. 3 is a
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be complex and time consuming, but would nevertheless be a routine
undertaking of design, fabrication, and manufacture for those of ordinary skill
having the benefit of this disclosure.

[0015]  Prior to discussing thé present invention in detail, it should be
appreciated that embodiments of the present invention are typically implemented
in a double block and bleed valve or other valve with a fluid control component. .
For example, other embodiments may include a ball valve, globe valve, butterfly
valve, gaie Avalve, a disc valve, or any other type of valve having a fluid control
component. Although the embodiment discussed herein is a double block and
bleed valve, it should be appreciated that the present invention is not limited to
the double block and bleed valve embodiment.

[0016] Turning now to the figures, FIG. 1 depicts a double block and bleed
valve 10 that includes a valve plug 20 in accordance with an embodiment of the
~ present invention. The double block and bleed valve 10 shown may be a Twin
Seal™ valve manufactured by Cameron, Inc., Houstbn, Texas. The valve 10 may
be used to isolate a section of pipeline or other components from other sections
of pipeline or combonen’cs. For example, the valve 10 may couple o a mineral
exiraction system such as a well, a wellhead, a subsea tree, a mineral deposit, a
tool, a tool connector, a valve, a controller conduit, or a combination thereof.
Thus, it should be appreciated that the valve 10 may be manufactured in various
sizes or configurations depending on the application, but the primary design of
the valve 10 may still provide the block and bleed capability described herein.

[0017]  As shown in FIG. 1, the interior of thel body 22 of the valve 10 depicts
the cémponents inside the valve 10, including the valve plug 20, The valve plug
20 is rotatable and vertically translatable to open and close the valve 10, as
described further below. Additionally the valve 10 includes an inlet 24 and an
outlet 26, although the inlet and outlet sides of the valve are interchangeable.
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from steel, such as 17-4Ph steel. In some embodiments, the fluid control

component 28 may be cast from WCC/WCB, CF8M, CF8, A1B2, or any other

' cast, forged or wrought alloy. In some embodiments, the drive shaft 30 may be

manufactured from SS410, SS316, SS316L, ENT plated 410, EN1 plated 1045,

ENi plated 4140, Inconel, Monel, or any other suitable material. In other

embodiments, the shaft and/or fluid control component may be non-metallic

materials, such as plastics, ceramics, etc.

[0019] The valve 10 also inciudes a set of worm gears 32 and a wheel 34
coupled to the worm gear set 32 to enable operation of the valve 10. At the top of
the valve 10 is an indicator shaft and plug 36. The indicator shaft and plug 36
indicate if the valve 10 is in an bpen or closed paosition. The wheel 34 provides for
manual operation of the valve 10. The valve 10 may also be coupled to electric or
pneumatic actuators to provide for automatic operation.

[0020] The valve 10 may also include a pressure relief device, such as a
safety bleed 38. The safety bleed 38 may include one or more valves designed fo
open at a critical pressure, thereby relieving any pressure inside the valve 10 due
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metal or alloydralndﬁgaddlml@a@tatamwﬂmé onqgmesactarbdifdonp Hdbk vable dwdy-2Rh steel. In some
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10 is “open” and the valve plug 20 is oriented to enable fiuid to flow through the
port 27 and the valve 10. The valve plug 20 may include slip seals 42 which are
completely isolated from fluid flow when the valve 10 is in the open position. To
close the valve and prevent fluid flow through the valve 10, the operator or
“actuator turns the valve wheel 34 to rotate the valve plug 20 and “close” the valve
10. During operation, the valve plug 20 rotates so that the slip seals 42 compress
against the sides of the valve body 22 and form a seal. Additionally, metal-to-
metal seating between the valve plug 20 and the valve body 22 may also provide

additional sealing.

[0022] As explained above the valve plug 20 may comprise two different
metals, such as steel for the drive shaft 30 and cast iron for the fluid control
component 28, and may be referred to as a dual metal valve plug. The different
metals or materials provide for different material and mechanical properties, e.g., .
strength or creep, which may be desirable for the different functions of each
component of the valve plug 20. Although the use of a dual metal valve plug may
be preferred, a dual metal valve plug may introduce various probl‘ems during the
manufacturing or operation of the valve 10. The material chosen for the drive
shaft 30 and for the fluid control component 28 may have different thermal
expansion and contraction characteristics that affect the manufacturing process,
as will be described further below.
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[0024] In one embodiment discussed herein, the drive shaft 62 may be made
of steel and the fluid control component 64 may be made of cast ductile iron.
These two materials illustrate difficulties that may occur through the use of two
materials to form the dual metal valve plug. For example, molten ductile iron is
generally ce;st at a much lower temperature than the higher melting steel drive
shaft 62. The steel drive shaft 82 is relatively large and can act as a heat sink or
chill and negatively affect the casting process. The chilling can adversely affect
formation of a desired metallurgical bond between the ductile iron and the steel.
Further, the steel drive shaft 62 cannot be preheated without possibly damaging
the desired characteristics of the steel. Oxidation may occur on the steel drive |
shaft 62, thereby impairing formation of the metallurgical bond between the steel
and the cast ductile iron. Additionally, any metallurgical bond that forms between
he steel and the cast ductile iron‘ may be impaired or provide inadequate
nechanical properties.

0025]  As a resuli of these challenges in manufacturing a dual metal valve
slug 60, specific problems may arise during manufacturing or operation of the
ralve plug. For example, the joint between the base of the drive shaft 62 and the
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fluid control component 64. In other embodiments, a shaft receptacle in the fluid
control component 64may be coated, plated, or geherally covered with a layer of
the interface material, and then the drive shaft 62 may be subsequently formed
or bonded with the fluid control component 64 in the shaft receptacle. In either of
these scenarios, the interface material may be made of a material different from
both the drive shaft 62 and the body 64. For example, the interface material may
include zihc, tin, lead, aluminum, brass, copper, nickel, gold, silver, cadmium,

cobalt, or satellite, alone, in any combination thereof, or in any alloy thereof.

[0027] In one embodiment, the length of the drive shaft 62 may be about 160
mm to about 200 mm. In this embodiment, the diameter of the drive shaft 62 may
be aboUt.45 mm, and the joint between the drive shaft 62 and the fluid control
component 64 may occupy 40 mm to about 50 mm of the length of the drive shaft



fluid control component 64 may allow leaks to form and cause pressure or fluid to leak outside of the
valve plug or corrode the steel drive shaft 62. A leak path in the port 66 of the valve plug 60 may occur
if the drive SNORBR/MTBHSt up to the surface of the pgrt 66. In addition, a weKIjdN0bORE8hH the drive
shaft 62 and fluid control component 64 may cause the valve drive shaft 62 to shake during operation
of the valve. The desire for a high strength joint between the drive shaft 62 and the fluid control
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anchoring between the drive s 2 and the fluid control component 64 and inadequate anchoring
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designed to englieetapge secure anchoring at the joint with the fluid control component 64. Finally, the
base of the drive shaft 62 or mechanical locking system of the drive shaft 62 may be coated, plated, or
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aluminum, brass, thenpeticicfeh @olst b ricadsstantiatighatiyoe satelitnatere pistentiacombination

h f, ori llgy th f. dj he | h of the drive sh , b ‘
aout 160 mAPES EE0UB00 Mol (10 SR P ot 1 T et ST Ty be abou
45 mm, and tifesjembbdtmeshshevdrire ikt 6 eautithesflaitiGtdisteasiorh rass it Bannigynoccupy 40
mm to about ﬁfggﬁh@&@&gﬂ%ﬁ*\%‘ﬁ‘ﬂ%Péiﬁ%&é\%&%%%%ﬁ/&%%?%%@%@ﬂ%1 9 62.

Further, as w discuss ow, the end of the drive shaft 62 may be inset at a distance of about 3
mm to about 82AKH} fomtie 2ReRIdR BMHEPLHSEOHEHERER Gfher inset distances are within the scope
of the present embodiments. For example, the inset distance may be 1, 2, 3, 4,5, 6, 7, 8, 9, 10, or
more millimetpye29]  Referring now to FIGS. 4A and 4B, a side view and an end view of the

spline 80 of the drive shaft 62 are shown. To further strengthen anchoring at the
joint 70, an interface material 82 may be applied to the drivel shaft 62, or the fluid
conirol component 64 or both. In other words, the drive shaft 62 may be formed,
and then coated with a layer of the interface material 82 completely about a
circumference of an end porﬁon of the drive shaft 62. Subsequently, the fluid
control component 64 may be formed about the drive shaft 62 at the end portion
of the drive shaft 62 having the interface material 82. Alternatively, the fluid
control component 64 may be formed, and then coated with a layer of the
interface material completely along an interior shaft receptacle configured to
receive the drive shaft 62. Subsequéntly, the drive shaft 62 may be provided
(e.g., by casting or other bonding techniques) into the shaft receptacle at the
region of the interface material 82. In either scenario, the interface material 82
may be dispoéed at least substantially or entirely between and separating the
different materials of the drive shaft 62 and the body 64, thereby acting as an
intermediate transition material to improve the bonding of the dissimilar materials.



[0028]FIG. 3 illustrates a cross section of the valve plug 60 of FIG. 2 in accordance with an
embodiment of the present invention. The steel drive shaft 62 is coupled to the fluid control component
64 at the joiUHHS Hustrated embodiment, the, Grive shaft 62 is cast off€8Y/IN3AG&1G80BYIrt surface
72 (e.g., inset into the interior of the body 64) to substantially reduce or eliminate a potential leak path
from the port through the fluid control component 64. For example, in the embodiment shown in FIG.

3, the drive shpft freis 2k dFRIED MEY fHRKag P SrstRemRdntBraiaaRiBbediments the drive

shaft 62 may be cast from about 3 mm to about 6 mm from the port surface 72&%%)?? 91 Referring now

to FIGS. 4A RR@smbalWRRIRA A R ehiGidiversharoa e NG MR BIHRL: re shown. To
further strengibencreshasigat 82 violof Ghasentefaeehataderah8Ryamaydempptieditodhiesdrive shaft
62, or the fluid control.c nent 64 or . In . other.words, the drive sh 2 may be formed, and
then coated &/%'Qﬁ&%;&?g} %88 I ?gﬁﬁggﬁr%?e?f’aﬁhgg‘?gbdmcﬁgi@i/cé]o%?%eafglfhfe'rer{ce of an end
portion of the drive shaft 62. Subsequently, the fluid control component 64 may be formed about the
drive shaft 610438k ené ﬁﬁﬁi@mﬁpgi@@m@ﬁwi@iﬁﬁ‘é%mﬁ?ﬂ?é gﬁéﬁ@é@%ﬁl@ﬁﬁﬁ@z@ﬂﬁemaﬁvely, the
fluid control agEBARSRHER BIRYTREFRIT AN iHIeRAeRifE vtk byssed ek gsipaterial

completely along an interior shaft receptacle configured to receive the drive sh%ft 62 Subﬁquently,
the drive shaPANPBRRARAG GRS By dREdRECT et FRRRRPRE BhiGHER 3R b PiTEh art
receptacle atgbiiregienditibointEhace naaternhBdamileet teeomeootiad oitthtapertimatefial 82 may
be disposed gt least antially or.entirely between and separating the different,materials of the drive
shaft 62 and %ﬁ% ??E%@%hﬁl%ﬁ& %&E[]ir?g @éﬁnﬁﬁerrﬁgg{h & rnaF%Fi |c°?rrTl %qgﬂaﬁ% }rr}]%(r)g\]/% the bonding
of the dissimianipodieréaits, DR8P0 017 BP € RAINIEBH)O00BSINE Ttiecisteathce aateyal 82 may be

chosen (0 cragle, ARyl HRIANSHS4 O AURSPANAER 09 ARSI A SRR figend the

material of th control component d/or c at'an amalgam is formed With either

the material ¢faimé @frfie sRagre2ter thanRid e entrsuopshentiea. proceRmierBash#Sodiment, the
interface matesjgh83-way hstiyPIeieeirniedbpidiNg shaf 62 ihiaraay faEmR AR Bierayasallic phase or

bond with the ductile iron or other material chosen for the fluid contro] component 64 L\(_([:h as through

S
solid state diffBAMPAGLRNAGEF FRRYUEMBRIRIY S AaB\E: LIRY IR HRIN A e SHER 32 that will
be in contact yidh phscBuigiapiriRiaomp ehant64f laliseime tbmbederients, tfectiadaygr may be

electroplated onto the drive shaft 62 or m lied to the shalft, 32.thro hot di ing (usually
done above tRERE ﬁ”?gog(ﬁ}ﬁ %%t?ﬁ %ﬁ'é’?g%%ﬁ%%%?%&ngﬁ %faftk%\réec“%ﬁr{lca apcr%éa s%ﬂ%trtmed as
"electro-less platingityteeptodiegsquidtingizbthadintinperfaicinensisei a2 shgibe2penfbineed at or near

room tempergiyfe, A 54 Ak AR AEACBRRS SUh 3, SOl MRERGR NI e ghance of

altering the m operties of the stee aft 62. The thickness of the tin

interface laye®fghariymanbectenididyuarans szahaw 8maiseopstiabatidl AHGOBRAR 208hd the valve
plug 60 and the ARRIGALIILBIRGESHIERPRNS S5BRPSIMARISHN Stk NSSREEMR 1 apaKspabout 3

microns to about 8 microns, about 6 microns to about 12 microns, about-10 microns to about 20

microns, abotRIEEP SRS RP BB R ISIPRTRHAROBE BB HUEE icrons to about 50 microns.
[0031] In other embodiments, other in‘terface materials such as zinc, lead,
aluminum, brass, cop'per,'nickel,‘ gold, silver, or cadmium may be applied to the
drive shaft 62 or the fluid control component 64. For example, zing, tin, lead,
aluminum, brass or other metal or alloy that can forfn an inter-metallic bond with ,
iron may be applied by hot-dip coating the steel shaft. Altérnatively, zinc, copper,
tin, nickel, gold, silver, cadmium, lead, aluminum or other metals or alloys may be
applied to the shaft by electroplating, or electro-less plating.f Further, metal
spraying, such as plasma spraying, of the steel shaft with nickel, cobal, tin,
copper, satellite, or other metals or alloys may be performed. In another



[0031]in other embodiments, other interface materials such as zinc, lead, aluminum, brass, copper,
nickel, gold, silver, or cadmium may be applied to the drive shaft 62 or the fluid control component 64.
For exampldYQidHIW1883ad, aluminum, brass or othslali metal or alloy that caRGaIN2408i0838Metallic
bond with iron may be applied by hot-dip coating the steel shaft. Alternatively, zinc, copper, tin, nickel,
gold, silver, cadmium, lead, aluminum or other metals or alloys may be applied to-the shaft by

lectroplati | ' , [ [ f the steel
electroplating, g elacihles Lialhg, FUEGF et LRMGoMED B8 HERBRARUHG. Of the stee

shaft with ni tin, copper, sate or alloys may be performed. In another
WO 2009/00 p8E8PG BNdio0cisouolddicrine@ibodiment, the steel surface of the drive shaft 62 may be
activated by shot-peening and/or chemical treatment; [0032]In addition to the improved anchoring
provided by tjgoBegrfade ackriittali8Zhereprvied|anthwitgopreaded hytheristesfaytbened by the

desi f ical locki h li _In.th bodi ' in FIGS, 4A
ana 48, vario B G T PR D e s SR AR B RSB B oot o
may include avmeshanitgiioriisiosyBenwishaingh acsplieBy twéheespnboditnm. dpictedtitsions 84
may be cut 'rﬁiﬁé}%e Eﬂ(él‘?iﬁ 13 WAYB@Q%%QHHQ%MHW%% g vehaRadbO majh before

casting of the fluid control component 64 around the drive shaft 62. After casting the fluid control
component 6&8BRoGiHaAB Eﬂtﬁ/éféd@afﬁh@ﬁ, RRaMPBINRISIRSIER VRS BrAtRERREHOikhg system

between the dug ‘%\ﬁ%é@@%\@é@i@t@@%ﬁé@ﬁ@@f&ﬁ}%& be iyrevesLanebara@Agovided by
the mechanical interlock of the E)rotrusions 84 and the interface r%?t?rjal 82§%%Ple maxjmum

transmission B PRIV & shathBoPrRem A URRIHIR ATNE HHKR AL S4BRA BBIRVE B83HEY alve plug
60 without theisireftishakisarancobipaking problemsidasaiibedshiadve? Foltdverastitignihehitujtotrusions

84 into the drive shaft 62 during manufactyre provides improved anchorin the protrusions 84 to the
drive shaft 62089?5?)?385}%%“\%@%%89Pnésihﬁndg’;rfvoerSo ﬁg:%sﬁ" gtParghriLrjlsd%%%f?&rrggqgésa84 to the drive
shaft 62. [0038kolemicanbidig aysteachaiivbendiwrddiensh @i GRapmd thbdlitid Sonirelwide, and
spaced about t.-gach. of I | : - WMt i of the
protrusions 82%@#&5%@%B@n@%.@ﬁe&h%g@%?%ﬁh% pr &%@rﬂ%@ﬁ“ﬁf@é%gﬁsfmm, :
However, anyhgtiepiirionsiSisandriifyirrsiaes caipEait? GARIPIBRYETHIG BaE@IRMHAMIhe scope

of the presen{ SRROABASIHE operation or actuation mechanism described above to the valve
plug 60 without the shaft shaking and breaking problems described above.
Further, cutting the protrusions 84 into the drive shaft 62 during manufacture
_provides improved anchoring of the protrusions 84 to the drive shaft 62 as
compared to welding, inserting, or otherwise attaching the protrusions 84 to the
drive shaft 62.

[06033] In one embodiment, each of the protruéions 84 may be about 6.5 mm
wide, and spaced about 3.5 mm apart. Each of the protrusions 84 may be 9.2
mm long, with the sides of the protrusions 84 slanted at a 30° angle. The height
- of each the protrusionsﬂ 84 may be about 7 mm. However, any other dimensions,
arrangements, or spacing of the protrusions'84 are within the scope of the

present embodiments.

- [0034] FIGS. 5A, 5B, 5C, and 5D depict alternative embodiments of the
mechanical locking system of the drive shaft 62 in accordance with embodiments
of the present invention. The first alternative embodiment 90 in FIG. 5A depicts



[0034]FIGS. 5A, 5B, 50, and 5D depict alternative embodiments of the mechanical locking system of
the drive shaft 62 in accordance with embodiments of the present invention. The first alternative
embodimenWID2ZWFIE3BA depicts WO 2009/001373PCT/1N2008/000381 ROTANRISS WepIsits 92 that
can provide a mechanical locking system with the fluid control component 64. In the embodiment 90,
three welded deposits 92 are radially spaced 120 degrees around the circumference of the drive shaft

o2 10035IIn Kt dapaacas' e Lp%%m@%dm&%m%r AR apuahlasIHnheRie Includes

left hand and right hand unified coarse ( hreads 102 and he width of the right hand
threads 104 iSAHERICETRMANLLH IRNGiI@MRpBaE I freswieided dBRRFIIRORAM. Again, the left

hand and rightag SP¥edaressiadgeandrblhdnny Brevideronedianisatiosidnarsgsiem with the
fluid control component 64 to better anchor the joint between the drive shaft 62 and fluid control

component 6 6] r lter epi anical locking
system that |rjgé9'ﬁ Hhand %ﬁeﬁ‘rgr%%n ﬁcrﬁﬂggyné éup‘ep?g?%ﬁreaésﬁq’zgaﬁ @rﬁﬁ?ﬁe width of the
right hand Actnekingesystern 'IBCilBiSSﬂﬁﬁt baaic isedvitgipt @mréuaﬁméma@mwﬁé)atm@d% 19.1. In the
embodiment, il AGMeJAT§RESWhdh F1AhbLAJRAYRAvArRRAUI R BIELBLEA s TR HNGHAMNY the Acme

threads 112 and 114 are to provide mechanical interlocking with the fluid control component 64.

[0037]Finally, Wit eﬁ%lﬁﬁta%fbmfﬁaaﬁeﬁrae@éﬂerﬁﬁomPﬂeﬁgim fredefhBand and right

hand UNC threads 162 and 104 may provide a mechanical locking system with
the fluid control component 64 to better anchor the joint between the drive shaft
62 and fluid control component 64.

[0036] - The third alternative embodiment 110 in FIG. 5C depicts a mechanicar'
locking sys‘rem that includes left hand and right hand ‘Acme or square threads
112 and 114. The width of the right hand Acme thread 1121is 15.8 mm, and the
width of the left hand Acme thread 114 is 19.1. in the embodiment, the Acme
threads 112 and 114 may have about a 5 mm pitch. The function of the Acme
| threads 112 and 114 are to provide mechanical interlocking with the fluid control
component 64.

[0037] Finally, FIG. 5D depicts a fourth aliernative embodiment 120 that has a
mechanical locking system having Acme threads 122 and 124 and an interface
material 126. The Ieft hand Acme thread pattern 122 has a width of about 19.1
mm, and the width of the Acme threads 124 is about 15.8 mm. In the
embodiment, the' Acme threads 122 and 124 have a pitch of 10mm. In addition to

~ the mechanical locking provided by the Acme threads 122 and 124, the interface
‘material 126 may provide an inter-metallic phase and/or bond between the drive
shaft 62 and the fluid control component 64. In one embodiment, the interface
material 126 may be tin and plated onto the drive shaft 62 using the technique
described above. In such an embodiment, the thickness of ’rhe.tin may be about 3
microns to about 6 micrens.



mechanical locking system having Acme threads 122 and 124 and an interface material 126. The left
hand Acme thread pattern 122 has a width of about 19.1 mm, and the width of the Acme threads 124
is about 15.9h2a099ehy mbodiment, the Acme threara(rj]s 122 and 124 haveP£ BRGSO, In

addition to the mechanical locking provided by the Az: e threads 122 and 124, the interface material
126 may provide an inter-metallic phase and/or bond between the drive shaft 62 and the fluid control

component 64gkiz8Ne efRONSGAN S | aterial ] 6'?:?% 1 ed onto the drive
shaft 62 usin;tthe tgchnique descridglaqaég%%@ﬁ%gtc g%s boo |mle?]ﬁ{\)%1%I;':%cljfltrc)éaﬁ)t 8% the tin may be

about 3 microRSt¢gBaNE phitboRgIbedinoes] hdmishiericaldesiang dgswihatbatpvefithe drive
shaft 62 may iPICkBIel B Ot eARREMABtHBELAMEAdJdadhg Qf&&?ﬁﬁéﬁgaﬁﬂe%@%“ FIGS. 4

and 5. For example, the mechanical locking system may include a hole in the drive shaft 62 through
which the mollt'én'}’ﬁ?oq{ 'n?a%}ﬁfﬂ%%am ﬁ?%%%ﬂﬁﬂd’%%ﬁ%tﬂd‘bf@@@s@.Q@Rﬁtﬂm&w, steel
pins, flanges, duritanthecastingtbesqaesr Usdentisranpesissepiad, aiged, saawedo fQﬁHePf‘
otherwise att?&?[%gpohh%gri%%:lsﬁgeﬂﬂg . Furlthe , humerou rofile(i may cut into the drive shaft 62 and
are not limited to the pro rugions or threads (ﬂg Uggreedvggo SRR x%ﬁ‘ﬁéﬁ@%’l%etﬁ?z%’ﬁdsﬁbare
threads, AcméhghesvgsshadiGihrestie; stuts)deps pysiilslomaganitiomuthgragvesHatesrigird grooves,
knurles, or anygt [a[¥fa=riToly i I} ft,.62. [003Q]FIG. 6 depicts a
manufacturin gﬁgg@qgggl{of a dl?zﬁﬁ %%%@I%ga%v@%%%%ﬁdgﬁ%%%%c‘?ﬁocv;\)f 'e'% re%ég}ﬁ, elltdf the
present inventiBAaAS §RiGHSEHeats Aenbiuradaiverhihradensivise keywaysyletyarious

techniques toginpotheqrBaliea heoaiueBlyii i thinconiial (BIRAPERHARNLARY aprove

manufacturin%igégs %%minimize production failures and waste. Further, toundry rejections such as
leak paths, p ORIV ERAE Bd run outs may be minimized or eliminated. In the
embodiment discussed in FIG. 6, the dual metal valve plug has a steel shaft and a cast iron fluid
control compdABA®]Howveh demicimatalarasfatitymgasobessstel) af duithe maiestareG Reigin. [0040]A

trunion or driv i Vil I ' - eel shaft as described above.

AlternativeIy,wig%%gﬁiégt@ggéﬁg%ggﬁeﬁ%ﬁ g‘%?l%gég&%g@@& LS, ?WB%%%@% BEN; plated

1045, ENi plafStPReineiis shdhavrspss s inapiandprovidthkaricats tiathaigueshienicaiHockieg system,

such as a spliearesian ABRSERILANEE isie ebid BeANRROLIE g byl be in contact with
0

the fluid control con}nponent k 306), such as the protrusions described above in FIG. 4A and 4B or

(bl C
the alternativ@(ﬁlggi&%u&@g&fﬁ ANSEIRRIZ8HroAuioR ailsairtshrasie Sweth spline (block
308) may be feanigriorefestings Buthesermindiaert depicirddnp i BoBeahinterlars materal is disposed

on the shaft wj ine. (block 310). The interface material. may be tin or any of the other materials,
such as the ;\fﬁeg r¥1$§gi‘|‘vne(i?'sIgl eggﬁigﬁée{%{)g?%%f qﬁ%? B@%@b@?@ﬁ disqHesssHf fRiSubhtisedual
electroplatingneliet iralvessipiatiag aretedis pdtiagd er ey intineflisidiedne seebrigonent.

‘ However, other metals or alloys may be used, as further described herein.

[0040] A trunion or drive shaft is provided (block 302), such as a 17-4Ph steel
shaft as described above. Alternatively, the drive shaft 304 may formed from

+ S5410, 88316, SS3I6L, ENi plated 410, ENi plated 1045, ENi plated 4140,
Inconel, Monel, or any other suitable material. A mechanical locking system,
such as a spline design discussed above, is cut into the portion of the shaft that
will be in contact with the fluid control component (block 306), such as the
profrusions described above in FIG. 4A and 4B or the alternative designs
described in FIG. 5A - 5D. In some embodiments, the shaft'with spline (block
308) may be ready for casting. In the embodiment depicted in FIG. 6, an interlace
material is disposed on the shaft with spline (block 310). The interface material



[0041]In one embodiment, electro-less plating may be performed at room or near room temperature to
advantageously preclude the formation of tin oxides that may affect the material properties of the tin
interface. FOY@R8OMOIH3abplying a tin interface mate{i&ll through plasma sprB¢Figy9esfowasd at a
temperature of over 218C, may be above the melting point of tin and thus affect the material or
mechanical properties of the interface or any inter-metallic bond. As discussed above, the thickness of

the tin layer madspercbeashoFife ofbPrRBAiaRI SRRl A may andediguabout 3 microns

to about 8 microns; about 6 microns to about 12 microns, about microns to about microns, about

15 microns to2R085 39HnAYRe disresed 25 HhirRhaftih gl Be wiecsieplatingtisleaty-tassapplication

process may piicighheothigkpeamef trealay efrriduitkslexammlgudlasma spraying may resultin a
thickness of about 100 to about 200 microns, yet hot-dip plating may result in a thickness of about 50

microns. [00 sh (0 line_and.interface material (312) to aid in both
mechanicallj@gmerﬂﬁg@y s%@ggt e%i#g%le(}%l’nlg g%té\‘/%%%tﬁ%ag a%tpfﬁ{go{ﬂ(éeﬁzﬁﬁr&%?rw
component. THRAIIRPELIRFIPEEHIS e mdkaniegeeiss et thetbhdtirmdton thévalkidgdug (block

314), such thatdhemByidmantiot REIERA 2 | u jon, of the shaft at the
joint, completely contyacting the shaft an /orﬁ%?grfg?z ﬁ%?(ﬁgﬁ?%%%bﬁg%%%%f%ﬁ&%ﬂgmay be a

cast iron, such W3 NS RSRIMARGH dRKHET: BiRsHh BRBIAYNG: D aTay IRAECTIeWTB ATFSN, CF8, Al

B2, or any otheecadis t@gathoberabens sloydningpsmhadimant thesaikcomsakersmappent may be
cast ductile |r%gﬁd the,. castlﬁge(gg}&vs%siﬁ%formed at a temperature about 2,650 F (1454C). During

an § S REATE L IRAEIRP YR PANT cAst diteuRsadn. fluid

the casting process, g;sah?erﬁﬁo :
control compaherenthy ibickrasiné it diallxy phassy, seobnaison phese-ef @Y &megn phase or a <3%

tin-iron thin fi i t erature of the region. Additionally, at the interface, the
tin-ductile irork:/? gf%g?r% rgnﬁzg/%grgggn%ﬁé] %Ltﬁr(;%nﬁ?agr\%éj %Lrjm S Rbr Op%%?h‘ﬁ?éw&{:ﬂ% ﬁpfﬁféﬁace zones
even at less A% ihapestlfid grisvesirebedhdsvicams toeabaumid priopentieatmdithesnterface, this
improving aneiiefing 1 sdsitio [ARASIAIEBall psRaToRC. AR G lggement of the steel

shaft during the casting process (block 314) may also affect integrity of the join .?)uring the casting
process, as aﬁ%%%% ndBSRRREGRHRASORRIE M RifRSIES Shiginesns afdberialeant fower
contraction oftheskastdiendlaisreossiol AeiAneak I HaRIKMRIAMAIING Pl 185, Away from the
ductile iron, C%%%“l’?] F’ilneak %a%h in _therl‘%)lort of the valve plug. The joint may be weakened, resulting in
shaking or detachment of 4 REH'RHRIRE MAY BN MisNESE iR HAOUmisoRs. machining,

assembly, or testing of the valve. Thus, in one embodiment, the shaft is cast at about 5 mm away from
the port surfd@94Rthe Jd19eshaibheryes dravsldotie alaptiteisord tinferiaci fratéraf i 2 of the shaft

o 300t & i e e B S Ao R RN 00 aha

to about 6 mm inset from the port surface of the f one is shaft

from the port¥iRHIR BHEHEPHRI CORIRAESFhpdIeiish a9 ViER| ceeplepidany iSrihe sist, sbapd, and/or

geometry of tive whi foltger e VAR PG, QB%HPQBW@E%M%iM@miGQ%ﬁQ&bé%ﬁy hahis then
ready for testér&glfor assemblg/ Jo the Va\iﬁé 0044]While the invention may be susceptible to various
%‘HEL i

modifications anc AlErRA? e#g " REHS RERE BLEIS dABIcRRIaiRb example in the
drawings and:hatzelgthdedmibandrodetailibessinatsoneves ilisbedehg sndperiead st the
Cover all mog iCAtERL AL AU A e UL MRS R AEELRA B BEH R of e ivention
as defined by¥k&iibwing BBIeIee, A4Ras or any other cast, forged or wrought alloy. In

one embodiment, the fluid control compénent may be cast ductile iron and the .

casjing process performed at a temperature about 2,650° F (1454° C). During the

. casting process, as mentioned above, the tin interface material and the cast
ductile iron fluid control component may form an inter-metallic phase, such as a
phase of 9% tin-iron phase or a <3% tin-iron thin film phase, depending on the

temperature of the region. Additionally, at the interface, the tin-ductile iron



16 CLAIMS 1. A valve, comprising: a metal drive shaft bonded to a metal fluid control
component and having an interface material at the joint between the metal drive shaft and the metal
fluid control\YO2pABTd improve the bonding betyyeen the metal drive sh&EEINRoG/(93& fluid
control component.. 2. The valve of claim 1, wherein the fluid control component comprises a
plug, a cone, a disc, a ball, a gate, or any combination thereof. 3. The valve of claim 1, wherein

the intertace ya(eiet i lmBId e bR e iR god e dunapeliolsemamrent. 4 The

valve of claim uid control component coupling to the drive shaft at the joint, wherein

the interface ZaaesrRveida leethamd YhEmUREEBINGN@RsiEAGHNBHR8 ahsmechagicale valve of

claim 1, Wheb@%ﬁ?ﬁé&%ﬁ%ﬂrﬁf@ﬁd@! fArNmBroong akassrimalgrimoipr.any combination thereof,
a

with the material of the drive shaft and/or the fluid control. component. 6. The valve of claim 1,

wherein the stﬁfg]c © %%}gﬁﬁ%h% 9,5 E’stsdgggﬁﬂggl%gtlgpthe placement of the steel shaft
during the casting process (block 314) may also affect integrity of the joint.
During the casting process, as a consequence of the different material properties
of the two materials and lower contraction of the cast iron fluid control
component, the steel shaft may “shrink” or “tear” away from the ductile iron,
creating a leak path in the port of the valve plug. The joint may be weakened,
resulting in shaking or detachment of the shaft from the fluid control component
during manufacture, machining, assembly, or ieéting’ of the valve. Thus, in one
embodiment, the shaft is cast at about 5 mm away from the port surface of the
valve plug body to enable the ductile iron to form in front of the end of the shaft

~ during thé casting process 310. Aliernatively, in other embodiments, the shaft

may be cast about 3 mm to about 6 mm inset from the port surface of the fluid
control component. The distance of the shaft from {he port surface of the fluid
control component may vary depending on the size, shape, and/or geometry of
the valve plug. The valve plug casting when machined and coated (block 316) is
then ready for testing or assembly into the valve. '

[0044] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by Way of example in
the drawings and have been described in detaii herein. However, it should be
understood that the invention is not intended to be fimited to the particular forms
disclosed. Rather, the invention is to cover all modi_ﬁcaﬁons, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the
following appended claims.



7. The valve of claim 1, wherein the interface material comprises zinc, tin, lead, aluminum, brass,
copper, nickel, gold, silver, cadmium, cobalt, or satellite, or any combination thereof. 17 8. The
valve of claim 1, wherein the interface material has a thickness of about 3 to about 8 microns, about 6
to about 12 microns, about 10 to about 20 microns, about 15 to about 30 microns, or about 25 to about
50 microns. 9. The valve of claim 1, wherein the drive shaft consists essentially of steel. 10.
The valve of claim 1, wherein the fluid control component consists essentially of cast iron. 11. The
valve of clai%m%grein an end of the shatft at the joint is inset into the fluid control component by a
distance fro rior surface of the fluid control component. 12. The valve of claim 1,
comprising a mineral extraction system coupled to the valve, wherein the mineral extraction system
comprises a well, qwellhg\adala subsea tree, a mineral deposit, a tool, a tool connector, a valve, a
controller conduit, or a com%.n‘é‘?rocn"EHBPéb’?g-
a metal drive shaft bonded to a metal fluid control component and having
an interface material at the joint between the metal drive shaft and the metal fluid
control component to improve the bonding between the metal drive shaft and the

metal fluid control component..

2. The valve of claim 1, wherein the fluid control component
comprises a plug, a cone, a disc, a ball, a gate, or any combination thereof.

3. The valve of claim 1, wherein the interface material is different from
both the drive shaft and the fluid control component.

4. The valve of claim 1, comprising the fluid control component
coupling to the drive shaft at the joint, wherein the interface material aids in
coupling the fluid control component to the shaft.

5. The valve of claim 1, wherein the interface material forms a bond,
phase, amalgam, or any combination thereof, with the material of the drive shaft

and/or the fluid control component.

0. The valve of claim 1, wherein the interface material consists

essentially of tin.

7. The valve of claim 1, wherein the interface material comprises zinc,
tin, lead, aluminum, brass, copper, nickel, gold, silver, cadmium, cobalt, or
satellite, or any combination thereof.



13. A valve, comprising: a metal fluid control component configured to receive a metal drive shaft
and having an interface material bonded with the metal fluid control component at the joint between
the fluid control component and the drive shaft. 14. The valve of claim 13, wherein the fluid control
component comprises a plug, a cone, a disc, a ball, a gate, or any combination thereof. 15. The
valve of claim 13, wherein the fluid control compongnt is configured to switch between an open and
closed position, wherein in the open position fluid can flow through the valve and in the close position
fluid cannot flow through the valve. 16. The valve of lelm 13, Whe %géthe interface material is

different from both%he flutd EofRNE Qiﬁlﬁgﬂénﬁ”ﬁ}ﬁf‘?ﬁbﬂa?\fét%r Elin mate_Lr47a FaVEHeSEim 13,
wherein the ohtestates neatdyialt fe misramsetadbup6sd bbodt phasransalgasot d0aoybonit@oation

thereof, with the material %‘n aft 5/or the fluid c m 18. The valve of claim
15, wherein T FHor AR iR CHh A BLCRE: it RRe, 2R e BGeEer. ke, gold
silver, cadmium, or any combination thereof. 19. The valve of clalm 13, wherein the interface
material consists e@.sem'%lhleq;e{we of claim 1, wherein the drive shaft consists essentially of

steel.

10.  The valve of claim 1, wherein the fluid control component consists

essentially of cast iron.

11.  The valve of claim 1, wherein an end of the shaft at the joint is inset
into the fluid control component by a distance from an interior surface of the fluid

control component.

12.  The valve of claim 1, comprising a mineral extraction system
coupled to the valve, wherein the mineral extraction system comprises a well, a
wellhead, a subsea tree, a mineral deposit, a tool, a tool connector, a valve, a

controller conduit, or a combination thereof.

13.  Avalve, comprising:
a metal fluid control component configured to receive a metal drive shaft
and having an interface material bonded with the metal fluid control component

at the joint between the fluid control component and the drive shaft.

14.  The valve of claim 13, wherein the fluid control component

comprises a plug, a cone, a disc, a ball, a gate, or any combination thereof.

15.  The valve of claim 13, wherein the fluid control component is
configured to switch between an open and closed position, wherein in the open
position fluid can flow through the valve and in the close position fluid cannot flow

through the valve.



20. The valve of claim 13, wherein the fluid control component comprises a drive shaft receptacle
extending into the fluid control component to an end position inset from an interior surface of the fluid
control component. 21. The valve of claim 13, wherein the interface material has a thickness of
about 5 to about 15 microns. 22. The valve of claim 13, wherein the fluid control component
consists essentially of iron. 23. The valve of clagn 13, comprising the drive shaft coupled to the
fluid control component at the joint via the interface material. 24. The valve of claim 13, wherein
the drive shaft consists essentially of steel. 19 25. A valve, comprising: a metal drive shaft having
a mechanical locking system; and a metal fluid control component coupled to the metal drive shaft
at a joint, wherein tf& meThanighid@tkilzinsyigewhaidsninheoinpdirigdd entitédisoistufesnponent to the

drive shaft from both the fluid control component and the drive shaft.

17.  The valve of claim 13, wherein the interface material forms a
metallurgical bond, phase, amalgam, or any combination thereof, with the

material of the shaft and/or the fluid control component.

18.  The valve of claim 13, wherein the interface material comprises
zinc, tin, lead, aluminum, brass, copper, nickel, gold, silver, cadmium, or any

combination thereof.

19. The valve of claim 13, wherein the interface material consists
essentially of tin.

20. The valve of claim 13, wherein the fluid control component
comprises a drive shaft receptacle extending into the fluid control component to
an end position inset from an interior surface of the fluid control component.

21.  The valve of claim 13, wherein the interface material has a

thickness of about 5 to about 15 microns.

22.  The valve of claim 13, wherein the fluid control component consists

essentially of iron.

23.  The valve of claim 13, comprising the drive shaft coupled to the

fluid control component at the joint via the interface material.

24.  The valve of claim 13, wherein the drive shaft consists essentially

of steel.



an interface material at the joint and bonded with the metal drive shaft, the metal fluid control
component, or a combination thereof. 26. The valve of claim 25, comprising an interface material
at the joint between the drive shaft and the fluid control component. 27. The valve of claim 25,
wherein the interface material consists essentially of tin. 28. The valve of claim 25, wherein the
mechanical locking system comprises a spline.  1®9. The valve of claim 25, wherein the mechanical
locking system comprises a plurality of protrusions extending radially outward from the drive shatft.

30. A method of mapufactur |ng a valye, comprising: providing an interface material at a joint
between a drive sttt 4n ﬂtﬁ@'@@ﬁ'ﬁ‘&%omponent wherein the interface material is different from

both the drive shafaamletahdrﬂwdshaﬁtmi\m@grmmmﬂﬁanlcalbocidﬁggsti?ﬁen’ﬂedade material Wlth the drive
shaft, the fluid control c ﬁ)H enthﬁ comblnat on th metﬁ ﬁi of clal
e

comprising: dlgpog r?g iR gomﬁgrrll OH‘Pe r|v0 thﬁarﬂeg-[éje 0 m|n P?éﬁ ’ontrol
component erenedhtties aneehstmdal locking system aids in coupling the fluid control

component to the drive shaft;
an interface material at the joint and bonded with the metal drive shaft, the

metal fluid control component, or a combination thereof.

26. The valve of claim 25, comprising an interface material at the joint
between the drive shaft and the fluid control component.

27. The valve of claim 25, wherein the interface material consists
essentially of tin.

28.  The valve of claim 25, wherein the mechanical locking system

comprises a spline.

29. The valve of claim 25, wherein the mechanical locking system
comprises a plurality of protrusions extending radially outward from the drive
shaft.

30. A method of manufacturing a valve, comprising:

providing an interface material at a joint between a drive shaft and a fluid
control component, wherein the interface material is different from both the drive
shaft and the fluid control component;

bonding the interface material with the drive shaft, the fluid control

component, or a combination thereof.

31.  The method of claim 30, comprising:
disposing the interface material on the drive shaft; and

forming the fluid control component around the drive shaft.



20 32. The method of claim 30, comprising: disposing the interface material on a drive shaft
receptacle in the fluid control component; and providing the drive shaft in the drive shaft receptacle.
33. The method of claim 30, comprising providing a mechanical locking system on the drive shaft,
wherein the mechanical locking system is located at the joint between the drive shaft and the fluid
control component. 34. he method of claim 302@6omprising insetting an end of the drive shaft in the
fluid control component at a distance from an interior surface of the fluid control component. 35.
The method of claim 30, comprising electroplating, electro-less plating, or hot dip plating the interface
material on the drive shaft, or a drive shaft receptacle in the fluid control component, or a combination

thereof. 36. Tig2methoe ofstiacd &clﬂhﬁfﬂiﬂdﬂiﬁﬂﬂ&ih@the interface material comprises forming a
bond, phase, amalgam ora ninthatlon ﬁher of w the Eerlal o the driye FJr[1or the fluid
et rac<'£‘I

control component: pdSéD/g g S8R :951 w ”V ﬁg?s 8§en%?ﬁ it aterial

comprises formmgcmnhtmlobmhaeeeamagdm, or any comblnatlon thereof, with the material of the drive
shatt or the fluid C%?H\%Wéqﬂgrber[ve shaft in the drive shaft receptacle.

33.  The method of claim 30, comprising providing a mechanical locking
system on the drive shaft, wherein the mechanical locking system is located at

the joint between the drive shaft and the fluid control component.

34.  he method of claim 30, comprising insetting an end of the drive
shaft in the fluid control component at a distance from an interior surface of the

fluid control component.

35.  The method of claim 30, comprising electroplating, electro-less
plating, or hot dip plating the interface material on the drive shaft, or a drive shaft
receptacle in the fluid control component, or a combination thereof.

36. The method of claim 31, wherein disposing the interface material
comprises forming a bond, phase, amalgam, or any combination thereof, with the

material of the drive shaft or the fluid control component.

37.  The method of claim 32, wherein disposing the interface material
comprises forming a bond, phase, amalgam, or any combination thereof, with the

material of the drive shaft or the fluid control component.



