-2 There is a need for a hrgh strength structure with' corro- sion : Lt
resrstant i nt'ernal netal surfaces as, for exanple, a gate val ve |nstalled qﬂ('
in.aline. contarnrng corr-osive qurds under hi gh pressure. ~Such a valve (Zé
could be. made of AlI'SI 4130 .steel and have an interior’ (valve chanber and
passagés) lined wth ‘a 300 Series starnle§s steel’. Many attenpts have been -
made t®._providée such structures. U. S, _Patént Nos.. 3,349,789 and 2,497, 780

each provi de val ves with Liners uhrch nmust . be- secured and sealed in the _
f-l.Qqw,passages but: no provisions are nmade to. 1'ine the-valve chambers. S
Product s- have - beeﬁh@@ﬁeiQYatﬁEe@OforSﬂshﬁghCs@f@ﬁéﬁﬁesEfﬁE€ﬁ§eb¥iEheébr93-
space which is. filled with powdéred netal “and surfounded wth a flexible

nateri al ansicnxmeststantaimtarsentmaudrrsﬁbfaéesnasg f@ﬁpekahpte,aadgate
pressure.. -The powdered netal when subjected to the heat and pressure ~
 becones. comyﬁlvkuinbtaﬁkedrmndeslrmd e@mt@iniﬁyec@rrOSieetfhﬁidsdandare

‘been deveted to formng solid structures or coating the exterior of a
structure. higherPregsines oFugharvalve neguld beunade nof) AISPaskd0 sbeel

3, 631, 583, 3,992, 202 and, 4, 142, 888, but .such prior art does not disclose

‘any met hod &m4nﬂsﬁft4ﬁa#ﬂﬁeﬁsﬂstumakvswqhemh@rpm@%eassssg¢s)niénednwngh a

W t'hi n cavi of .a structure such as, for exanple, a valve body or a.

bl owout-: preG%“i %ﬁ eﬁﬁe?%ventron relates to ag i nproved hot ..
--stat t.hod- of Jin t he cavities. of bo
: :gst Zt ?cl rC:;r gggf%%%te%gp%m I‘Tﬁlr%‘?’? rf"?‘ﬁ% ta?tpra‘h‘ﬂl‘?% %‘é‘g@r?ﬁ’é’d"tvﬁ?& |
exanpl e, %tOfNJ{] @Mefaévear?d li”«?% E%H each préo]\lrjii e 321322 ;

~Powder I\/Et aI Equl pren
- o Wlth liners which must be secured and sealed in the flow

passages ‘but no proviSions are made to line the valve chambers. ;
Products have been made by the hot isostatic pressure
_iiprocess by creating a. space which is filled with powdered
| metal and surrounded With a flexible material which can main-
5ftain a seal under ‘the forming temperature and pressure. The dl”'
:powdered metal when subjected to’ ‘the heat and pressure becomesi,_
t'=consolidated into the des1red shape. The prior art. methods “
"have ‘been- devoted to forming solid structures or coating the
*lvexterior of a structure. Other examples of prior art may be
';found in U, S. Patent Nbs. 3,631 ,583, 3, 992 202 and 4, 142, 888,
-';but such prior art does not disclose any method of uSing the
-hot isostatic presSing process to form a lining Within cavi-
. ties of a structure such as, for example, a valve body or a:
: :blowout preventer body. | | _ o | _
| The present invention relates to an improved hot iso- _
'ib.static pressing method of lining the cavities of a body._ Hot
_fisostatic press1ng (HIP) is well known in the art and is
":.bdescribed, for example, in Chapter 9 of the "Powder Metallurgy;.-'

'i_”Equipment Manual" of the Powder Metallurgy Equipment Asso-



;.Ciation, 2nd Ed. 1977.. According..to the present invention there-i.s = v
- vided a nethod of lining a body haV|ng a plurality of - intersecting ' :
ities |nclud|ng thesteps of positiaon- Sing a thin metal 'strueture '
W-thi'n each of said cavities of said body in spaced relation to the. wal |'s
- of said cavities, securing.said netai_sgguptures to sai d body to prOV|de '
wi thin sai d cavities an interconnected: sealed space in the formof a (=
 pressure transeiation,1@ndoBdd d97@hi ch 'the thin: netal structures.: fo?ﬁ?
- pressure- yielding walls, filling. sai d space with nétal powder, evacuatln
gas fromsaid space. Beenrdiag. tee theo Presentydnvantsion ¢hﬁ¥ﬁei§p9§9‘wll
- not |nterfere w th_ the formation_ of a consolidated netal. I|n|ng§fron1sa|d

15 powder, arh 3% SoreRyart ﬂ?ﬁ“ﬁ*ﬁ?‘tﬁ“‘i‘éﬁ%ﬁ“ﬁﬁe “r‘;'f;u?z .

transmitted LK rbﬁenssaiﬁngrsggfﬁet  dnplgllng (e stemn ot PoREERT

e a3 4ol 148 BB Bt ﬁ'tFH'o %f oS e SR o Hep £2,6ovikiRg he o
NEPBCRT =/ REE s tn gt %?%5@”#63%&*%&% %ﬁ?&%ﬁ“@%? “$§ PR, he

1j|aSt parag“ﬂﬂhav¥ties, securing said metal structures to said body

Y

to provide within said cavities an interconnected
7sealedpspace in,the form,of.a_pressure transmitting
:ilo,'mouldnof'Which;ftheithin_metal_structures?form-pressuref
| evielding walls; filling;said space.with'metal"powder.
g evacuating gas from said space such that the amount of
‘gas present in the space will not interfere With the :7
formation of a. consolidated metal lining from said '
'}15' powder, and - subjecting said body, said structures and
N ..said powder at the same time to elevated temperature and o
fpressure, whereby the pressure is transmitted through -j =
| Va:‘said pressure-yielding walls to compress the metal powder ili
iagainst the walls of the cavities and : the metal powder ;'
'_120.is consolidated into a dense uniform interconnected
:“metal coating lining the walls of said cavities..
| - The- invention includes also a body having ail

‘eplurality of intersecting cavities lined’ by the o

'method set forth in the 1ast paragraph. R



'-3a- The present |nvent|on will be further descrlbed with reference: to .<Iﬁ>

Vpreferred enbodinents illustrated in the acconpanyi ng draw ngs- mhereln "

"FEIG 1 is a cross-sectional view of’ a val ve body illustrating the structure

~used to provtde the space wi'thin the cavities of the structure, FIG 2 is a

parti-&.sectional viewtaken along line'2-2inFIG 1, FIG -3 is a .

cross»ggctional - vi ew of . the conpl et ed structgbe-shomﬁng t he flntshed _

~Structure with the- consolidat ed metal - l'ining after: mchining: L -4 Valve_”

b dy 10, shown in FIL.G "1, is. an alloy steel struc- tdre having cavrtles' '
cT'udi ng flom1passm585piésaﬁd iaveatibanbenll bewturtiane desdripsdvi ded

_hmﬁth a corrosion resisstant lining. To prepare for the.addition of netal - .

- powder, ‘can 16w1bhvregerénoettbepieferreﬂ embbdin2o ta d i st s tesd el 22 ex-

-tendlng through the internediate portion of. -tube 18 is- in- serted into .

val ve :chanber iMe @ccompanping drawsdgsowheeedmd of tube 18 as: by wel ding .

and sleeve 22 i's also seal ed to. tube 18 as by wel di:ng. . Thin tube 24 is

lnserted through FIG. 1 1s a’ cross—sectlonal view of a valve body
'.111ustrat1ng the structure used to prov1de ‘the space o
-1w1th1n the cav1t1es of ‘the - structure, | |
FIG. 2 is a partlal sectlonal v1ew taken along |
;  11ne 2 -2 in FIG. 1, | | |
B FIG. 3 is a cross-sect10nal v1ew of the completed

:structure show1ng the flnlshed structure w1th the

”consolldated metal 11n1ng after machlnlng.e.



g3ages 12 -and sleeve 22 as shown. Ring 26 is welded to.the exterier of - .
{n/16 and to the exterior of body 10 as shown and rings 28 and 30 are: =~
eVded around the ends of .tube 24 and to the exterior . of body 16. Fill AR
fube-32 extends through rlng 26 and fill tube 34 extehds through ring 30.
The ‘sttucture of can 16, tube 24 and tH#eir sealing rings- 26, 28 and 30
- provides a space 36 within the walls of passages 12 and chanber. -14. ThES? L
- structure funcValve hedy pPessheown: Aan&FCet ilng 1F angalevdtesk ﬁ#ﬁ‘%?‘met al
.- seal ed'structure as. herei nafter expl:ained, It.is. |nportant ‘that alT of the_;
“wel ds i n EREeshavitRg eapitias ipclyddinge féswamsams 22 pdivakvygnt --and .

- d Lid t f t he_ heat ed
AR B ORR h A b Bec B B S o R S e
through_fig?ﬁéubes 32 and 34 with a SU|tabIe net al. powder; “such as 316

stainl ess It is reconnended t hat “body 10 be V|brated durlng f||||ng _
- of. space 36 s h s I I ‘before = -
proceedlng toq?é ﬂteé%rétg% .Q ?%ag%e%?rkgd kﬁﬁ'natemdﬁ) ’ can 16, .1_};

tube 24 a%kgiﬁ géhfﬁ taBe2id, 3g1he BoLoR zboahlde tﬁﬁﬁrsl%ev@%hféif-the

I'i'ni.ng. 1S suggested that “space be - sufficiently large to -

- provide . téﬁ@mg ehr665R0thdatateFhbali athi Porition!ids A 118 ti cint o al I ow
- for- nachlnlng to the final .shape without any depressions:-of holidays in the -

fini- shegettsd ngntoValvehehanbernaueri Botitom!2ed ﬁs)rseaedl&&rrhémm
a portlon of - the fininshed |ining nay be the nmaterial a :
 Of ‘tube 18 as by weldlng and sleeve 22 ls also sealed to
tube 18 as by weldlng. Thln tube 24 is 1nserted through
'passages 12 and sleeve.22 as shown.. Rlng 26 1s welded to. the ) f%j
exterlor of can 16 and to the exterlor of body 10 as shown and -
_ frlngs 28 and 30 are welded around the ends of tube 24 and to -
.__the exterior of body 10._ Flll tube 32 extends through ring 26
and f111 tube 34 extends through rlng 30. The structure of _
lﬁcan 16, tube 24 and thelr seallng r1ngs 26, 28 and 30 prov;des ;
'.a space 36 w1thin the walls of passages 12 and chamber 14.
~ This structure functlons as’ a pressure transmlttlng yleldable _ﬂ
: Pmold or thln metal sealed structure as herelnafter explalned.
'hIt is lmportant that a11 of the welds in the structure of o
~ can 16, sleeve 22 and tube 24 be air tlght and remaln so
"_durlng the consolidatlon step to exclude air from the heated
'metal powder. ff“ - R
o Space 36 Wlthln body cavitles 12 and 14 1s then fllled
'_ through fill tubes 32 and 34 with a su:Ltable metal powder,
-such as 316 staxnless steel.: it is recommended that body 10
be vibrated durlng f1111ng of space 36 so that it is. com=
'd'pletely fllled with the metal powder before proceeding to the_

next step. It_ls preferred that_the mater1a1.of can-lG,-



.of can 16 and tube 24. ' \lhen space 36 S conpletely filled, a vacuumis
'dramn t her eon’ by connecti on .of sui‘t abl e -means - such-as a vacuum punp- ( not
- shown). ‘'to- either or both of fill tubes 32 and 34. Suffi- cient. vacuum'
shoul d be drawn so that the amount of - gases present in space 36 will not = .7
__|nterf€Te wth. the formation of a sui t abse consolidated nmetal: |ining. V%en_
~the degjrted vacuumis reached fill tubes 32 and 34 are ‘cl osed and seal ed. o
| f “desired, tabetablandarings(léb QBoumﬂ Bnybbesamuﬂasdtbh&hsomahenﬂ&ﬂ they-‘
N e cl osed when the vacuum drawi ng step is fini- sited. - Such val ves are
reconnendedusedbﬁore&hepﬂ@nﬁnghenAéappeatedst@uﬁaﬁﬁtng cbadi Spaee be .
‘Thereafter, body 10 .is placed in an auytoclave (not shown) or ot her SU|tabIe
devi ce’ whereuﬁfwlﬁgtwbjleﬁsedtpopremafiﬁgat é ngt ofe cpaisal idgtesk madad) y)

and- pressur 15, OOO .approxi m bod 10 is retained in such . -
form ng: conﬂhéFBanoP QGGRSPtHUUFggE*dtPh fé ing &Golthe puring

d d b -
.§.X2f’3§éf o' CgaT Base i EhatE: Lhy! ?ﬁ%%%%&@%ﬁ&r@?’&%gﬁg Bl
passages 1234 $hAThoDe whdn sHR° GRS pARA-ARISTY 6ohUBSUSR tl%eag;%ta'_
Piedt & P &5

.to be conso o a so I NI Ng whi Ch

~conpl etely: bapdedat thgaet%hl éfothgaiiﬂg.ﬁ%heﬁ a&ﬁlﬁgﬂﬁ?&;’ Itlhbe ,m Ear

tube 24 are sane material -as t I ng,
with the |lafneaﬁnﬂsnaﬁdf9ﬁﬁbaz4. o

" When space 36 is completely filled, a vacuum is drawn
-thereon by connection of suitable means such as a vacuum pump
(not shown) to either or both of fill tubes 32 and 34. Suffi-:f,;;
'-*cient vacuum should be drawn so that the amount of. gases' |
f”fpresent in space 36 will not interfere with the formation of a’
__suitable consolidated metal lining. When the deSired vacuum
..;ffis reached £ill tubes 32 and-34 are closed and sealed; ﬁif.
:i.desired, suitable valves (not shown) may be secured thereon so
i;that they may: be closed when the vacuum draWing step is fini-
';b shed.' Such valves are recommended to be -Jeak proof when
| 2 subJected to forming conditions. ‘
Thereafter, body 10 is placed in an autoclave (not shown)
."'_or other suitable dev1ce wherein it is subJected to forming |
_ ytemperature (2100°F approximately) and pressure (15 000 psi
| approximately). The body 10 is retained in such forming )
- condition for several hours and then it is allowed to' cool. 3
During exposure to forming conditions in the autoclave,.
- can’ 16 ‘and tube 24, being yieldable, are expanded to compress
',7the powdered metal(against the walls of passages 12 ‘and champ B
ber 14.: The heat and pressure thus cause the metal to be

consolidated’ into a.solid lining withinsthe;body which is



"~ to be'l i neompletély nbondedotot khepwa:

~_.invention prOV|

y-of the final product. The cool ed body 10 is. heat treated as feQU|red

“hbtaln t he desired nechanlcal properti'es and then nachi ned.to the shape

A fhn in FIG 3. It then has a uniform snooth corrosion resistant lining.
'40 an.the walls of passages:.12:.and cham ber-14:.- I|f'can 16 and tube 24

- are made of a different mater- |aI f'r @Bt he I|n|ng,_they W | preferably be

--entlrely removed during the’ nachlnlng step: i's suggested: t hat. t he. mQ¢As

ast Oifnpemsmes) riagide|chambex) k.-

) preparatlon for the fornming of a lining by the net hod of the present:inve

Ction. . |tIfscarll@vand; taber R4 arekendpl of ﬁgepsem\tn@%ew ag dthe hel ps

.+ .obt'ai'n bond. continuity and prevents the chrone. ,the netal pomder from -

i grati ngllflﬂhﬁg)r t Heexi v la F-BFﬁgﬁglaW Gﬁdé'%‘ﬁr éd-nﬂﬁﬁgt and may HuRdyr e

It is conte % ghthgt tE of the present inven- tlon may be used. . p
“to’ prOV|cEPF S THpakePr FE @] alloys (Reglstered Trade Mark) :

el a5 e oo BT Boax 207, AR BreRtER, e BEANEY 3o 3%@%‘#’232;5 |
of . alloy. éﬂ36&e§£s 2% eéﬁﬁﬁicgi PrBbBEEISsShAR 'ScheLh% B Qo Uife Present

I nrng -on I ntersectl ng €S or caviti.es”

in a thicly Whesaupecyessel 1By thahNhakhd RNATOHHP SRR eridmadise
metal to accept e hot isostatic-pressed netal powder. The struc- ture .
| --shown andré@fséabednﬁ;a@ ab! 8if %héewa\m'sV%beﬁ‘éshkﬁ.@j 12 . and cham-- |
' ber 14, 1If. can 16 and tube 24 are made of .a different mater—i”'
__ial from the lining, they w1ll preferably be entirely removed'f:f"ﬁ
"during the. machining step. | '_ | . -_ | |
It is suggested that the. walls to be lined by the method.:
' of the present 1nvention be nickel plated as preparation for '
"'the forming of a 11n1ng by the method of the present inven-'-'
{tion.' It is believed that the nickel plating prevents oxida-:'
'*;tion, helps obtain bond continuity and prevents the chrome in‘
: _the metal powder from migrating into the alloy and forming an m“_-:..
undesired martensrtic structure. | ﬂ

It is contemplated that the method of ‘the present 1nven-_'-

1*tion may be used to prow%de linings of nickel, nickel alloys, -
e

h?)ga'f'- .tantalum, Hastelloy alloys, c0pper, ‘copper alloys,'cobalt base .
| e yalloys, stainless steels and titanium alloys and carbides'
bonded to a body of various grades of -alloy steel, carbon
;.steel ‘or stainless steels. ;]_ | y
The method of the present 1nvention prov;des a: lining on
the walls of intersecting bores or caVities 1n a thick-walled
'-pressure vessel by using the pressure vessel as the base metal
to accept the . hot isostatic pressed metal powder. The struc-_'

) ture shown and described is an. alloy steel valve body lined



W th stainl'ess 'steel. The nethod may be used to I|ne t he bore and

_gui deways of a bl ewout preventer ‘body by using.two stain- 1ess.steel ?Ubes A

as .t he. nol d areund the space i n which.the nmetal powder is placed in pl ace

of the tube and can .destcribed.. The fornatlon conditions (tenperature,

‘preessufe,  time and - degr ee of vacuun) are_well known and should be - adjuéted

1ining a body; bRvipgs#1 8k gkekY

steps of positioning a thin metal structure wth

to thehgartlcular materi al's being used. '8 CLAIMS: - A nmet hod of -
of 7h@! GLERBHI gy e h'sea tBCh4eN g Bore.

n-each of said cavittes of

sai @ body i nag@agesaenhgsi 68 hOblERowR! beedbntairdbdayCs 'h's@.%g ol igtAd n~-
said metal strucfuresto said body to -provide within Said cavities an

i'nt er connect béssestedl spabesi ast bref moldohroupdether spatandni whieh rehel d

of . which-the thin netal -structures form pressure-yielding walls, filling
sai d space wméhahepawdenmmsrplaceduahlpgaée g&stheomubeldnapeaa ﬂn@brﬂh@m
t he ampbunt of gas present .in the space will. not interfere with-the

formation of a cofeel foumationt gondinianpsf Ktemperdtpmdepreasureubjtem ngxd
sai'd body, " sai d -structures and sai.d gomder at the sanme tinme to elevated’ -
t enper at ur.e degr ¢R cQE UYRCUUR) WAER NG 1hBHQWEs§Eﬁe5h§uiﬁah§nﬁﬂﬂ§§tﬁﬁrG@gﬁhe o

said pres--sure-yielding walls to, conpress._the netal powder .agai nst-
—— partlcular materials be1ng used. . o



: phe-malIsQBF‘THE‘EHVrtFes-and the metal powder -is consolidated inte -a-dense .-
i i.'fo_rm|m coating lining -the-walls of sai‘d cavities.. 20

- The ﬂ” H!E’ o Claim1, whgrein said thin netal structures. .- .
_ingtude a can ‘posi t WO one of said aV|t|es and spaced fromthe malls

“thereof. 3.  The nethod according to Claiml, wherein said thin nmetal

- .stfuctures includes a can p03|t|oned i n one’ 25 cavity and a tube exten‘ﬂng g';'
' -sllda*ly throG&ﬁlﬁﬁ-d can and in another |ntersect|ng caV|ty 4. The™ .

T ] e BT S

\é\gsrte;/n EEUb Th ﬁ%qaﬁ%nlsﬁbﬂfgﬂg?gl %9 ﬁBSI Wﬁi&r}f% erel n..

zahgrtg;rpﬁgagg‘r ggs };(iﬁgé ,Eﬁ{:;g 8aEﬁEaEQ§ggf§8rfg;§ rslt (ii:lgw;f S ..

'ggg;oxinntely gwg &L -euuﬁgb 4nc#¢? ?? Fga ?eps oﬁdcoollﬁg he ||2$g|n;f t
?y \j\% 5" g BH‘ dﬁ%gﬂ%ﬁaf swﬁcgﬁga@. £8dsaid 'Bi:d R

i.'the i ned caV| e desire | mensi
to provide within said cavities an interconnected sealed

.space in the form of a pressure transmitting mould of
-"which the thin metal structures form pressure—yielding :
walls, filling said space with metal powder, evacuating
' 10 gas from said space such that the amount of gas present | i
in- the space will not interfere with the formation of o
..a consolidated metal lining from said powder, and :
' subjecting said body, said structures and said powder
Jat the same time to elevated temperature and pressure,
l'eslsf whereby the pressure is transmitted through said pres--'.
| sure-yielding walls to compress the metal powder against '
" the walls of the cavities -and. the metal powder is | |
iconsolidated into a dense uniform interconnected metal
| _coating lining the walls of said cavities."'g ._'
-1;201.2;'_; The.method according to Claim 1, wherein said
| 'thin metal structures include a can. positioned in one .
- of said cavities and spaced from the walls thereof
.3.i The method according to Claim 1, wherein said
_ thin metal structures includes a can positioned in one
.25 cavity and a tube extending slidably through said can
and in another intersecting cavity. '_ _
.'l_r4;' | The method according to Claim.l, wherein a can

fis positioned in one cavity and is spaced from the walls .



77, The nmethod according to C aim6, mhereln said 15 nmachini ng step- | (i;f;
‘renmoves the thin metal structure framthe interior of the lined caV|ty 4

‘walls. 8. The nethod according to any of Clains 5 re afé
two sajd intersecting cavities. 9. The net hod accoﬂnlm;"mmuﬁllmmﬁl ai s .
1°t0.9,- 20 wherein the.lining is a corrosi off resistant cbatlind applfed to.

g B gy aocsol 8 high strengtn pre ZsurgyV§Z\s;e![y 1°| 's l?e
iﬁégﬁ;PLganchgdeEP¥§9§s érélﬁﬁgﬁeﬁxﬁﬁ§§§ggbaﬁEPq§?téh? - 11,
hi.gh strength aIIE? QEL éﬁatgﬁng%ggg%ﬁﬁﬁ;§'er6|;rsal %iieéstogoalz.
machint no 0§t noth %393 3d, pp8EeTPe ot %’ﬁ%gﬁ%a%'epthrﬁ%ﬁ

met hod -accor di ng m_ 10 [ | structure is of i ....
-stainkeFS“sEegl h&ﬁe Si ?H% ﬁﬁ?hgg % ggrg'ng téQEﬁghﬁ 1 wherein sald body L
is a val ve body Vi ng a o
i ncl uding the s?e%s of, %%hﬁg%ﬁBd EQCBEa#s of the Chanber ‘#rfé?d
-Passages over- 10cihlﬁ§ ﬂh@%@knpEﬁ&ﬁ”%eh@%fﬂ%ﬂfé“%%\%f'éhéﬁofderGaf”ber

B 2100 F (1150 C) and the pressure is of the order of

: 15 000 psi (1050kg/sg.cm) which is maintained for a’
| 'a period of approximately two hours, and including the‘

'_ 10fsteps of cooling the lined body._~' |
TT.G.: ' The method according to any of the preceding

;claims, wherein the lined cavity walls are machined to

the desired dimensions.'ihf- - : . |
h'_7,' The method according to Claim 6,_wherein said
15-machining step removes the thin metal structure from

il the interior of the lined cavity walls.- o o
N _8. The method according to any of c1aims 5 to 7,

_wherein there are two said intersecting cavities.

-aiﬁ.'y The method according to any of Claims l to 9,

' :20 wherein the lining is a corrosion resistant coating
-'applied to intersecting internal surfaces of a high
___strength pressure vessel. o o _

“:10, The method according to any preceding claﬂm,,
:l':wherein said body cavity walls or said internal ]
’25tsurfaces are nickel plated prior to the securing step. A

- yll;. The method according to Claim 9 or CIaim 10, “

:ywherein said vessel is of a high strength alloy steel

'.gand said coating is a stainless steel. '



.rand the fIOM/passages positioning a stalnless 'steel can in the chanber, :

id can berng—srzed—ro—bevspaced from t he- machi ned, ni ckel “pl ated wal | s of.
e chanber | eeve to extend t hr ough and. be ‘sealed 15 to -l,-f-
Al d can mmnlnm%ﬂmnl ess steel tube in.the body flow passages-and

' eev escam and tube conpr |ng said thin netal structures -

and sald sl eeve bei.ng spaced from the machined, nickel -plated walls o&,}he_;f
rowrpassages securlng end closure rings 20 around the open ends .of- said -~ .

alveosy o Uheur o Pl ABLRA(aRBLRALER A MR P SLCRIFAOT O S

g _¥alve Eody tﬁ unlforn1y
rom the machi
TP iee 3 RS fhel BECBORY maBfitnihoy Bet Y Wiftaf BT N0 2
stainl ess steegls fﬁgéﬁrgo§ggrekééggggoaeiﬁ fill tube into the space in saldf“l-

cavity and passages surrounding said-can gnd sai d. tube, vibrating said.

11 val ve body {9, assufke CA8Ph88Cabibkiiifigotol 1 aiRAA® WHerdiie saial
powder, cl osing ‘and sealing-the fill tubé after evacuating gas fromsaid:

' "-space, heatis\GH{¥ heeN1 SePuctheevesapd Bthdnleewlgtasrier formng 5 R
pressure to formng tenperature in.the .autoclave for: the sufficient time ~

to perform Salﬂ.consorhdaneﬁnodt aacoadmg eouoa.atihe m:mmmo be
consolldated

body is a valve body having a chamber and flow passages
_ connected therewith including the steps of machining _
“the walls of the chamber and the flow passages over- ff'_
B lO_sized, nickel plating the machined walls of the chamber |
..'.fand the flow passages, positioning a stainless steel
‘can in the chamber, said can being sized to be spaced
. from the machined, nickel-plated walls of the chamber,'
'positioning a sleeve to extend through and be sealed
.'lScto said can, positioning a stainless steel tube in the
| 1body flow passages and through the sleeve, the ‘can’ o
3and tube comprising said thin metal structures and said
:_sleeve being spaced from the machined, nickel—plated
walls of the flow passages, securing end closure rings
jpzo around the open ends of said can and said tube, _”
"'rsecuring said end closure rings to the exterior of said
valve body to ensure that said can and said sleeve -
;rﬁiare Spaced uniformly from the machined walls of the
"body, one of said closure rings having aﬁfill tube -
..25 extending therethrough, filling the space by flowing
nna stainless steel metal powder through said fill |
_;tube into the space in said cavity and passages

"surrounding said can and said tube, vibrating said



into a lining, allomnng the i ned body to cool—*and—nachfﬂfﬂg—therl|ned
chanber ~and passages ~to-the desired 10 dlnens L
skruct ure corrpr~| si ng. a body havi ng a pl urali ty "I“JJ lﬂ Hlmilww tires

t herein, and ‘a' consol idated powdered netal 1ining .
cavities, 'said lining being formed by thi# steps of 15 posi tioning a th|n

met al seJucture wi.t hin each of 'said cavities of said body in spaced
relatlon to the walls of 'said caviti‘es, securlng sald petal structures to

sai d bod d :
oy ool 2, LYl By 8agguce) Eom Sl Fo O e ?"ﬁg‘g? ot i
S{rUCtur oS T or b GSSir er RltaopURbbE, L1 ¥iid! SURLEY e TE

powder, -evacuati-ng gas fr.om sai pace duch t at the anount of gas present

in the space will, Eﬁbe'dkté&eé%athhhihae E%f@%dmﬂséﬁdfspdﬁéﬂﬂhéﬁifﬁgneﬁé|
lining from25 said: powder, and. sut Jectlng sai d body, said Structures and.

sai d-powder - at thebéd?? Eaft théb&VahddeQﬁﬂe@bwdéﬁ*hﬁd&kFIéﬁﬁﬂﬁQ

whereby the pressureis-transmitted 12 through said pressure- y|eId|ng
wal | s-to-conpress phessatal tbowdemmgatem erat il lih &fhd uttsviivestond .
t he nmetal powder 'i's consoli.dated into’ ense .uni forminterconnected netal -

coatlng Ilnlng thethelsufﬁlciend ﬁimevtblperform said consolidating _
| | step and to cause the metal powder to be consolidated
into a lining, allowing the 1ined body to cool, and
_ 'machining the lined chamber -and passages to the desired |
E tilotfdimensions. | L | ) ' |
' ~;.;_15.3¢ ‘A lined structure.comprising a body having a
.-plurality of intersecting cavities therein, and a o
consolidated powdered metal-lining the walls of the
-cavities, said lining being formed by the steps of
letpositioning a‘' thin metal structure within each of said
::".cavities of said body- in spaced relation to - the walls
of said cavities, securing said metal structures to
'?”said body to provide within-said cavities-an-inter-
;:;connected sealed space - in the form of a pressure trans- i;}
- 20i_mitting mould of which the thin metal structures form- -
.hdpressure-yielding walls, filling said space with metal
.l-powder, evacuating gas from said space such that the
:Tamount of gas present in the space will not interfere ;;'
:,-with the formation of a consolidated metal lining from
'l25 said powder, and subjecting said body, said structures :
'..and said powder at the same time to elevated tempera- |

"ture and_pressure, whereby.the pressure is transmitted



‘A lined- structure made by the’nethod of any one of Clafhs 210 14.
A |ined val ve body conprising an aIon ‘steel body" ‘havi.ng .a val ve
ber. and flow passages inter- .10 secting with said chanbés, and a-

SOTi dat ed powdered netal |ining the walls of the valve . chanber and ¢
“the. fIOM/passages sald I|n|ng bei ng' rmed by the nmethod of any. of -
‘Jains 1 to 14. 18.. A net hod of-: I|n|A3’a body having a plurality 15~¢Qf
5-|(uersect|ng caV|t|es substantlaily as. her ei nbef-ore ‘described with - .~ :
reference to t i 0 I Q9H¥ L if
_plurality of ers {Tlgggxcége %ggb giﬁst@%ﬁ &1§ Sq:eqci er el %‘Q orﬂﬁra o \J

'gmetsﬁrabg?m vlv‘?trﬁlaéfi%sa&&rt ngﬁseceagpaamgo@ %Wél%%ﬁ@iéé' éﬁ&ordance 20 o
o - -the metal powder is consolidated into a dense uniform '_ |
interconnected metal coating lining the walls of said fﬁp's'
_S'ecavities. | | i _.‘ _ _': | ' o _.
- 16. A lined structure made by the method of any one;t.
.._.ofClaims2tol4.' R - .
“17‘3.3 A lined valve body comprising an alloy steel :"?
" bedy having a valve chamber and flow passages inter-{_.
. 10 .secting with said chamber, ‘and a consolidated powdered_:'
- 'imetal- lining the walls-of-the valve chamber and-the'."
iflow passages, said lining being formed by the method -
..of any of. CIaims 1 to 14.-~:“*'] . )
i¢l8. A method of lining a body having a plurality '
:*_:ISj of intersecting cavities substantially as hereinbeforel'
described with reference-to the accompanying drawings.
"‘19;'p ‘A lined body having a plurality of- intersecting{-
}cavities, substantially as hereinbefore described,'With

'Hreference to. the accompanying drawings and in accordance '

20 with Claim 17¢ :
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