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exhaust valve for an internal conbustion engine c1 BT 00‘%';112 pr esent A
invention relates to an exhaust valve for an internal combustion

engi ne, PaydoNseEY |y a two- stroke crosshead engine, CW@WW%‘%

nopvabl e spindle 5 wth a valve disc which at its upper surface has a -
annul ar seat area of a material different fromthe. base mat eri al of the
val ve disc, which seat area abuts a correspondi ng seat area on a
stationary val ve nenber in the closéd position of the valve. 10
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dines has alx_ned for many years at extending

the life and reliability of the valves. This has been

done so far by manufacturing the valve spindles with a

hot-corrosion-resistant material on the lower disc
15 gurface and a hard material in the seat area.

The seat area is particularly crucial for the
reliability of the exhaust valve, as the valve has to
close tightly to function correctly. It is well-known
that the ability of the seat area to close tightly can

20 be reduced by corrosion in a local area by a so-called
burn through, where across the annular sealing surface
a channel-shaped gutter emerges, through which hot gas
flows when the valve is closed. Under unfortunate
circumstances, this failure condition can arise and
25 develop into a rejectable valve during less than 80
hours’ operation, which means that often it is not
possible to discover the beginning failure at the usual
overhaul. Therefore, a burn through in the valve seat
may cause unplanned shut-downs. If the engine is a
30 propulsion engine in a ship, the condition may be
initiated and develop into a failing valve during a
single voyage between two ports, which may cause
problems during the voyage and unintended expens:.ve

waiting time in port.
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20-24% &, 0. Zlgaigﬁécfﬁaq of hot gas increases, which escalates the
erosion. In addition to the hardness, seat materials
have also developed towards a higher hot corrosion

15 re51stance to delay erosion after the occurrence of a
small leak. The special requirements to the seat
material and the deviant special requirements to
material properties in other areas of the movable valve
member necessitate a seat area of a material different

20 from the base material of the valve disc, which also
provides manufacturing advantages. A number of examples
of known seat materials will be given below.

W092/13179, for example, describes the use of the
nickel-based alloy Alloy 50, the cobalt-based alloy

25 Stellite 6 and a nickel-based alloy the most important
alloy components of which are 20-24% Cr, 0.2-0.55% C and
4-7% Al. One object mentioned is that seat materials
should be hard to reduce the formation of dent marks.

SE-B-422 388 describes a valve for an internal

30 combustion engine hav1ng a base body made of a chromium-
containing nickel alloy on which a chromium-containing
cobalt alloy is deposited at a temperature exceeding
3000°C, whereupon the body is exposed to mechanical
treatment and aging at a temperature higher than the

35 pperating temperature. An object of this is to improve
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alloys.
EP-A-0529208 teaches a nickel and chromium contain-
15 ing hardfacing alloy for welding-on in the valve seat
area in a car engine. The alloy contains 30-48% Ni, 1.5-
15% W and/or 1.0-6.5% Mo and the balance is of at least
40% Cr. W and Mo have a solution-strengthening effect
on the alloy. C can be added in amounts from 0.3 to 2.0%
20 to increase the hardness by carbide formation, and B can
be added in amounts from 0.1 to 1.5% to increase the
hardness by chromium boride formation. Nb can be added
in amounts from 1.0 to 4.0% for formation of hardness-
increasing intermetallic compounds as well as carbides
25 and borides.
EP-A-0 521 821 teaches a valve made of NIMONIC 80A
or NIMONIC 81, which is provided with a layer of INCONEL
625 or of INCONEL 671 in the seat area to impart to the
seat a higher corrosion resistance than the NIMONIC base
30 body. The publication mentions for the alloy INCONEL 671
that it only has to be welded on, while for the alloy
INCONEL 625 it mentions that after the welding it
contains a dendritic carbide structure and that the seat
area therefore has to be hot-worked to homogenise the
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A number of different preferred materials for exhaust

valves are described in Paper 7 of the book ’The

physical and mechanical properties of valve alloys and

15 their use in component evaluation analyses’, including

in its analysis of the mechanical properties of the

materials a comparative table of the yield strength of
the materials, seen to be below about 820 MPa.

It is desirable to prolong the life of the exhaust

20 valve and particularly to reduce or avoid unpredictable

and rapld development of burn throughs in the seat area

of the valve. The Applicant has carried out tests with

dent mark formation in seat materials and contrary to

the established knowledge has established quite unex-

25 pectedly that the hardness of the seat material does not

have any great influence on whether the dent marks

emerge. The object of the present invention is to

provide seat materials that anticipate the mechanism

leading to formation of dent marks, whereby the basic

30 condition for occurrence of burn throughs is weakened
or eliminated. |

In view of this the exhaust valve according to the

invention is characterised in that the seat area at the

upper surface of the valve disc is made of a material
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the circumferential line at which the upper end of the
stationary valve seat is brought into contact with the
movable conical valve seat. In practice, the dents end
15 about 0.5 mm away from the closing rim, which is without
any immediate explanation, as a particle can also be
expected to be caught in this area.

It has now been realised that the absence of dents
immediately up to the closing rim is due to the fact
20 that coke particles and other, even very hard particles
are crushed to powder before the valve is completely
closed. Part of the powder is blown away simultaneously
with the crushing of the particles because the gas from
the combustion chamber flows out through the gap between
25 the closing sealing surfaces at approximately sonic
velocity. The high gas velocity blows the powder near
the closing rim away, and the absence of dents out to
the rim shows that just about all particles getting
caught between the sealing surfaces are pulverised. Even
30 very thick particles are reduced in thickness by the
crushing and blowing away of powder, and in practice the
subsided piles of powder capable of forming the dent
marks therefore have a highest thicknéss of 0.5 mm and

a normal maximum thiékness of 0.3-0.4 mm.
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seat materials are elastically deformed. During this '

elastic deformation the surface pressure between the

15 power pile and the sealing surfaces rises, which usually

makes the power pile deform into a larger area. If the

powder pile is sufficiently thick, the elastic deforma-

tion continues until the pressure in the contact area

of the powder pile reaches the yield strength of the

20 seat material of the lowest yield strength, whereupon

this seat material is plastically'deformed.and formation

of the dent mark commences. The plastic deformation may

result in an increase of the yield strength owing to

deformation hardening. If the two seat materials in the

25 local area around the powder pile thus achieve uniform

yield strengths, the powder pile starts plastically
deforming the other seat material as well.

1f the formation of dent marks is to be countered,

this, as mentioned above, cannot be done by making seat

30 materials harder, instead they have to be made resil-

jent, which is obtained by manufacturing the seat areas

with a high yield strength. The higher yield strength

provides a double effect. Firstly, the seat material

with the higher yield strength may be exposed to a

35 higher elastic strain and thus absorb a thicker powder
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further advantageous enlargement of the diameter-of the
pile.

15 Tests have shown that in an exhaust valve a powder
pile of a thickness of about 0.14 mm can be absorbed
between two seat areas of materials with a lower limit
for the yield strength of 1000 MPa without any plastic
deformation of the sealing surfaces. A large proportion

20 of the particles caught between the seat surfaces will
be crushed to a thickness of about 0.15 mm. The exhaust
valve according to the invention prevents a noticeable
proportion of the particles from forming dent marks
because the seat surface merely spfings back to its

25 original shape when the valve opens, and at the same
time the remains of the crushed particle are blown away
from the seat surfaces.

In consideration of an increase of the elastlc
pfopertles of the seat area, it is preferred that the

30 seat area material has a yield strength of at least 1100
MPa, preferably at least 1200 MPa. Young’s modulus for
the current seat material is substantially unchanged at
increasing yield strengths, which gives an approximately
linear correlation between yieid strength and the

35 highest elastic strain. It appears from the above
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ticles, the suitable limit of 1200 MPa is sufficiently

high to provide a noticeable reduction of the pile

15 thickness and consequently may result in a reduction of
the dent mark depths of up to 30%, but at the same time
the number of possible materials is narrowed down. This
also applies to seat materials with a yield strength of
at least 1300 MPa.

20 In an especially preferred embodiment the seat area
material.has a yield strength of at least 1400 MPa. This
yield strength is almost double the yield strength of
the seat materials used at pr'esent, and based on the
present understanding of the mechanism of dent mark

25 formation the material with this high yield strength is
presumed  to largely eliminate problems with seat area
burn throughs. The depth of the few dent marks that can
be formed in this seat material will be too small for
leakage gas to flow through the dent mark in sufficient-

30 ly large quantities for the seat material to be heated
to a temperature where hot corrosion becomes effective.

Tn one embodiment the seat areas on the stationary
member and the valve disc, respectively, have substan-
tially the same yield strength at the operating tempera-

35 tures of the seat areas. The largely uniform yield



8 comments that a seat material with a yield strength of 2500 MPa or

nore woul d be ideal because it could absorb t he powder piles of the
normal |y nost frequently occurring pile thicknesses pur elastlc
def orma- poloh@fse2 However, at present suitable materials V\nl‘Fﬁ'

hiigh yield strength are not at hand. It will appear fromthe beI ow
description that sone of the seat mat eri al s avail abl e today, can be
manuf actured in a manner that raises the yield strength to at |east 1100
16 MPa. Al other things being equal, thPs 10%increase in yield .
strength will result in at least a 10% reduction of the depth of any
dent marks. Fastwersitiepes tife owo seat mafiesialisnaesilitatite arRFrE%qx’o'f 1200

MPa i s suffici h t [ E'h\ﬁ&i@hedfedjwh (mea)Ilm_ipe oil e
15 thi ckness a{“%g c]é'nseque%l?? flaBhey! 8¢ aete

y may result in_a reduction £ t@h ent
mark depths ofsupfacesowpeput the tﬂ%"dse&hepf-;’-ﬁe is Plrl‘ﬁ?sr?%n‘oéfl B possi bl e
materials i s naiFoyeds d%hcﬂ'fl-év‘duces allge® wailiteing (P]WIJ-M@Q’H“%’ with a
yield stren h of t. .1300 a. 2
preferred e o"ePr‘h‘?ﬁ:n’cnt‘i’l%cge‘?ﬁ$ the Furtaegs, Qﬁ‘%ﬁ %Aﬁ&ﬁﬁg tren ih of at
| east 1400 MPaig 'Ehirder tharektesseangiea s:raltiussspéladﬁﬁe Vhéckll‘ﬁﬂ‘%ln%t rength
of t he seag? gﬁ%g%ﬁlﬂafg g%ageﬁ%%@Eiaﬂn%hBﬂTajHHVérEhe hlﬁheﬁent

under st andi ng anrsmo 25 forr%tl n the matﬁ W th
this high vyi elyllsldeagrhng‘th at pbeytingd °Co inaVgEm, % b ms wi th
seat area EH ’Egié‘fc‘i’“&ﬂ?enﬁl? E@amrd&r@f mhlﬁérfiadedﬁbpﬁaaksmbneasan

be forned in t eat material osmall for

be as to
flow thr ougihoth@gdéﬁmpﬁﬁ?‘ku?ﬂssuﬁ‘%ﬁl %‘H]P 1@%“’1" y-F a?%%eaﬁ%iﬁ??t resfor the

seat material gagheubeaEeghe statdomatrgmmesat @reanisr aiade @braobPbn
becones effect| rrent the seat areas on the

stationary ﬁﬁﬁﬁé?naﬁasf‘ﬁ{éaf}gl ‘\3 g?gg "respecti vel have  subst
tially the same yielf sheemgatismnaxye Sﬁ?é?r:fm% kerplr %ar dengd; §F&€ of t he
seat areas. Thg |a;gely; i forfa Ysehe area on the stationary member

15 preferably has a substantially higher yield strength
than the seat area on the valve disc at the operating
temperatures of the seat areas. With this design any
dent marks will be formed on the valve spindle. This
provides two advantages. Firstly the seat area on the

20 spindle is normally made of a hot-corrosion-resistant
material so that any dent mark will £find it more
difficult to develop into a burn through than if the
dent was located on the stationary member. Secondly the
spindle rotates so that at each valve closure the dent

25 will be located at a new position on the stationary
sealing surface, the heat influence thus being distrib-
uted on the stationary seat area.

The following will describe dlfferent materials
usable according  to the invention as valve seat

30 materials. It should be noted that NIMONIC and INCONEL
are proprietary trademarks of INCO Alloys, and that
Udimet is a proprietary trademark of Special Metals Inc.

The seat area ﬁaterial may be a nickel-based
chromium-containing alloy comprising in terms of per

35 cent by weight at least 10% of solution-strengthening
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9 strengths of the two seat materials result in approxi- mately the
same nmanner of deformation of both sealing surfaces when the powder pile
i S pressedydgimssie surfaces, which reduces the resulti RETHKIZO9246

def or ma- 5 tion in each of the surfaces. The stationary seat area S
col der than the seat area on the spindle, which neans that the spindle
seat material should have the higher yield strength at about 20[err]Cin
view of the fact that the yield streagth for many naterials drops at
increas- 10 ing tenperatures. This enbodi nent is espeC| ally advan-

tageous if thecupanenta,y sselt aa ¥e,i ¥, nide 8f ,aFgognd/or CX”: where

corrosi on- res'%ta’lhl &d ak lded on t | §nd hgastat B9Bar ¥ndedhedr @hd S Of
har dened steel rgg} % e > % s%at ar ezi on the, stgt eﬁﬁerenber
t

preferably haylglshb%ttmgfahl 9fh|té1¢eraly3r%\fd hag, begr, incre 8 &at area

on the val ve t t
this design aﬁl‘;ti‘heahlblﬁ%zoﬁﬁ&ﬁ tHG abové eIWﬁ Lineit oy tdme.ds—@mr]alr@s Wth

th
brovi des {of S dhegareah et 3 nbotesfaby 53°QRWF§e’éﬁ3§e°§p' it ™ ©
normal | y made tife arberysealbibabionsitsmperatureraotr ithle s@l A¥it a'ﬁhﬁ dent

mark will findi.t, nore f t t
The ™! ent el cibi an, Bp At londd £ Katip1R 852%?”593 el el ¢
rotates so thatype: ei¥h 628 vhasg| @sﬂ’eel‘ineséé‘ﬁpgt@?%qq B@ fiEJESté%f-at a

new posi tion QL SIAdAPAY0 Mpa SR NTEUE! 30e, 1édet haas iadldience
t hus bei ng di st uted,on the stati,onary seat _ar The -

fol | owi ng WA IWersing behei YietdneftraRgrRais aPPToRdABte Xcél'o 98 230 the
i nvention as vply @ feeat 40%3@omtmsrlaixsg ddouthapbdozémabedy 1hee MRaAON C and

| NCON
udi me'ltELl s a prﬁrqq;e]t QHﬁEt a%@ﬁ&?ﬁ%n’? %gg{%l %é“dﬂ%‘?el?n&igé%a lThe seat

area materi al atmyehiaedi comdkitidmseand coldtwerking @whtketwerp a1 gnd
conmprising in lﬁ ﬂ pPfhg tre $E01a Py MBAGN ModLariod MbH! After

sol ution-streng
15 the’ wel ing, IN 690 has a yield strength of approximate-

~ly 500 MPa, and after cold-working of approximately 45%
the yield strength of this alloy has been increased to
approximately 1035 MPa. IN 718-like alloys also have a
yield strength of approximately 500 MPa after the

20 welding, and after cold-working of at least 35% the
- yield strength'has been brought to just over 1000 MPa.
However, not all IN 718-like alloys exhibit a strong
increase of the yield strength at cold-working or heat
treatment, which will be described in further detail

25 below.

For the alloys containing Nb and/or Ta a further
increase of the yield strength of the alloy can be
achieved after cold-working by means of a precipitation-
hardening heat treatment. This also applies to the

30 alloys containing Al and Ti, but they normélly require
a fine adjustment of these two components and further
suffer from the minor disadvantage that after welding
it may be necessary to carry out solution annealing with
subsequent heat treatment to enable the cold-working,
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10 conponents, such as Mo, W Co, Hf, Fe and/or Cr, where the all oy
is welded on to the valve disc and then the yield strength of the all oy
has been | WOMI862 to a val ue hi gher than the above | oweRCTPKPT00346
cold-working 5 of the material at a tenperature |ower than or around

the recrystallisation tenperature of the alloy. The foll ow ng can be
mentioned as exanples of alloys of this type: IN 625 has a yield
strength after welding of approxi matdty 450 MPa, but after at least 27%
cold- 10 working the yield strength is approxinately 1000 MPa, and
after 40% col dAhor&nég Bbhodtavaimd oR nﬁFéF?P}IBGlWahardenF-ngG7§fﬁﬁ§ta yi el d
iélrgn\%hkof apfglgé?a?t g{;ggégalf@a in a g/el ded condl tion, and

rking of between rin i.el.d stre tha %
1000 MPa. After ﬁsr%éFaVﬁE;Y |tr@%gﬁeﬁ§s #ﬁ'@r}gt‘ﬂ %fri’% bove

1z:aEpr oXi Ingt e- nlck¢15aaﬁuaa , claruiniafn -eyorod ich vy kaih@;ogf appraoidiing eNp 45%
e yie s [ I a d

Lhe VioLd SIEChdLhool 7 gh% o fse?ﬁgnwwaéaaﬁg £h0tne  vaRpeoNiget el y
appr oxi matel y Evhérmaaoaf t:eqs tyveeldzosmmwg haﬁdb@ﬁﬁ’erlftRﬂQFSﬁﬁ kFRg3of at
| east 35%t he ulé' eﬁﬁgﬁéte'}ﬂ‘fﬁ hgailkeelodPUQhimilt0 bySiméeumes HH0aWPa.

However, not aI I'N 718 e_al | oys exhl bit a stron mcreaie of. t he

yield st r engt hP&?CéBP&%PK*I'H@rQFnF@Ht heat (treatmatt q; B cFEaRPLep et
described in fgpbheandel Bdy catablel @f. achieving fdtlglhglalﬂd);Srengthl ni ng

Nb and/or Ta_a futther I ncr ease .of ;I‘ey d g he al:l .oy can

be achi £0e¥t &E‘Pé‘i EHIEWEFERG By RH® %féa ip?é%? &Fl?inﬁ this?

har deni ng heat aflleyt st a Tows ydedd applengsht,obuheat a suitable heat
treatment the yield strength can easily in terms of

manufacturing be brought substantially above 1000 MPa.
NIMONIC Alloy PK31 and IN 718-like alloys can be given

15 yield strengths of substantially above 1000 MPa by heat
treatment without cold-working.

A further alternative that involves no cold-working
either, is that the seat area material is a nickel-based
chromium-containing alloy containing in terms of per

20 cent by weight at least 10% of solution-strengthening
compoﬁents, such as Mo, W, Co, Hf, Fe and/or Cr, and
precipitation-hardening components, such as Nb, Ta, Al
and/or Ti, and that the alloy is welded on to the valve
disc and then its yield strength is increased to a value

25 higher than said lower limit by means of a precipita-
tion-hardening heat treatment. As these alloys contain
solution-strengthening components they have a tendency
towards increasing the yield strength if in practice
they are exposed to plastic deformation by a powder

30 pile. o

In another embodiment the seat area material is a
nickel-based chromium-containing alloy including at
least one component selected from among Co, Mo, HEf, Fe,

W, Ti, Nb, Ta, Al, and at least the seat area is

35 manufactured by means of a HIP process, possibly with



30 alloys containing Al and Ti, but they normally require a fine

adj ust ment of these two conmponents and further suffer fromthe m nor
di sadvantage that after welding it may be necessary to carry out

sol uti on awgesw47862 Wit h subsequent heat treatnment to

col d- wor ki ng, WD 97/ 47862

PCT/ DK97/ 00246 11 Al and Ti having a
preci pi tation-hardening effect al ready at wel di ng. Al ternatively
the seat area material may be a ni ckel2 based chromnm um contai ni ng al | oy

containing Nb 5 and/or Ta, the alloy being welded on,to the valve disc
wher eupon i ts i eﬁ@sﬁw h heas bé@ﬁar—ﬁépgas%ﬁ tRrevide  ARFFR t han

sai d | over |imiebyp 2ol na i n
An exarl e of B esuch o O rdenﬂﬁ?? R abhqny Foleitiien henied Hadnent .

20 wiihout ool fekipera by aurptbii g ptacightatigh fafadnites nghgondL”

Icgw yi e! fJ st reé@t é\clé)myaapplsuabhél alhegs can beeatammnehie INel@0strength
neasily i e t t

T000 a3 WERER Bheya o Ak FRERHGeR)oltC aBpRUR i BUDY 280p Wby BO0VT,

yi el d strengt happtozsl,mstaliyl%mﬁy ﬁj‘@le ti'@O@IIQPEI‘Q?eﬁéa?-nd istFwathent

wi thout col d- V‘Qéﬁéeﬂﬁlly advarﬁtégéHﬁEth ghber R ‘ﬂﬂ.él@tsﬁféﬁéﬁ&esléo

col d- wor ki ng the seat area materia ni_ckel - based
chrom um cont amﬁ%ﬂﬁahl‘13@y Fonaj KEFY | RLERr eVl p&t EB ce‘?ﬁ’ejﬁ wPght at
| east 10% of seémpeﬁatﬁféewt hid Ngpindle€pnphaentields streasgtib, bw.ng:o Hf |

e oY il SPSeamimbbatPhiek il WL GIN0 ST ERL ppletoselly To,

then its yiel dMerlengtims sa ivicrlehssdengtd vfl gpproximately 1200 MPa,

and Udimet 700 has a correspondingly high yield

strength. Rene 95 is also suitable and after the HIP

process has a yield strength of approximately 1230 MPa

15 dropping to approximately 1160 MPa at 500°C. The alloy

NIMONIC Alloy 105 can also be used, possibly with a

minor modification of the components forming carbo-

nitride compounds and oxide compounds which, after the

HIP process, can form coherent chains of brittle com-

20 pounds, so-called PPBs (Prior Particle Boundaries). To

the extent that these alloys contain solution-streng-

thening components the yield strength can be further

increased by cold-working. The HIP process can also be

supplemented with forging and extrusion processes. As

25 an alternative to the HIP process, other powder metal-

lurgical compacting processes can also be used with the
above seat materials. '

In yet another embodiment the seat area material

is a nickel-based chromium-containing alloy including

30 at least one component selected from among Co, Mo, W,

Hf, Fe, Ti, Nb, Ta, Al, the seat area being manufactured

by means of either .casting or powder metallurgical

application' followed by thermo-mechanical £forging,

rolling or beating at a temperature lower than or around

35 the recrystallisation temperature of the alloy and with



25 higher than said lower Iimt by means of a precipita- t i on- har deni ng—

heat treatnment. As these alloys contain sol uti on-strengt heni ng -
conponents they have a tendency towards increasing the yield stre gth
if in practwo®747862t hey are exposed to plastic deformation ﬁ’ M
pi.le. I n anot her enbodi nent the seat area material is a
ni ckel - based chrom um contai ning all oy including at | east one conponent
sel ected fromanong Co, M, Hf, Fe, W Ti, Nb, Ta, Al, and at least the
seat area is 35 manufactured by means ofl3a H P process, possibly with
- WD 97/ 47862 PCT/ DK97/ 00246,

12 a subseguéfgrreact: AefoFBALirD B oheE*n A3 dRCTeAR AT it i on
har deni ng, typiysalld/ AddidtH Shnped ltﬁﬂterlim tomadvhyuqumgmeng tdrech

preci pitation harde non spec kil al J

menti oned | N 1¢®id g’%%‘% Thee| (5’ a1’ a éa%ﬁ

at appr oxi matsat,y £20{ exapglaf, ? be thermkP %%ﬁrqomﬁ?@ late VPa
eopect A 1Y) %L BGASy BelbiabRalLeld Sid o Bpinitte badBipdy ) Hha!

very high | evel erature the spind]e, the yield
strengt h bei ng tiee &herme mc&aplpzésfwslag Bﬁﬁ[‘é?ml}‘@-s%ﬂ‘@rdTWﬂ

process, Merde thhapray )éaebﬁ iﬁh&éﬂﬁlhm 0t> SPerap1yatied \ed12DGvdel d
Udi met 700 has corre?pondl ng AT M:Rene 95ésngl Sgn

sui tabl e and af"t%‘?eﬁ Hel3fe at 5r ﬁh‘ég§b¥¥sr3"§ﬁgl Eieenggﬁ& Cof St oxc?rrat ely
1230 MPa 15 dr oppdid erampﬁ.eatﬁrahelbaﬁdHiﬁ.ﬂ\gDalnt aﬁOO@:eter}tC thh@ anayy

of the compotrRREier ity Aer et tof fockdls otk Bear BEEIndR L0£7 nds
whi ch, after thexample, be made of an IN 718- llke alloy that may have
been exposed to a degree of deformation of at least 35%.
The seat area may also be made of INCONEL Alloy X-750
which has been hot-worked and precipitation-hardened to

15 a yield strength of approximately 1110 MPa. If the alloy
contains precipitation-hardening components of the above
type, it is further possible to increase the yield
strength further throﬁgh a precipitation-hardening heat

. treatment.

20 Especially advantageous alloys for the seat area
material comprise 10-25% Cr, at the most 25% Co, at the
most 10% Mo+W, at the most 11% Nb, at the most 20% Ta,
at the most 3% Ti, at the most 0.55% Al, at the most
0.3% C, at the most 1% Si, at the most 0.015% P, at the

25 most 0.015% S, at the most 3% Mn, at the most 25% Fe and
a balance of Ni, and preferably the components Al, Ti
and Ni are limited to up to 0.5% Al, 0.7-3% Ti and 52-

57% Ni, the content of Nb + Ta/2 suitably being at least

3%. '

30 The choice of alloy and the consequent manufactur-
ing process may be influenced by the size of the exhaust
valve, as a cold-working of many per cent may require
strong tools when the valve disc is large, for example
with the external diameter being in the interval from

35 130 mm to 500 mm. '



H P process, can form coherent chains of brittle com 20 pounds, so-called

PPBs (Prior Particle Boundaries). To the extent that these alloys
contain sol ution-streng- t heni ng conponents the yield strentr1m£n be
further - wobwsmensed by col d-working. The H P process canP

suppl emented wth forging and extrusion processes. As 25 an alternatlve to

the H P process, other powder netal - | urgi cal conpacting processes can
al so be used with the above seat materials. In yet anot her
enbodi nent the seat area materi al i $4a ni ckel - based chroni um cont ai ni ng

alloy including 30 at |east one conponent, selected f
H, Fe, Ti, Nb, TaTba Prﬁﬁ@%eéﬁvﬁng%l q"rffréfe rlgm gﬂongﬁewsgns of
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a egr?%n%f% q.ef tén?é' %uehﬂ,lée@ép@%eguk@gega%@gat hevabld el d

strength of eri 0 a va
powder netalIuﬁ@N@aﬁl§§pBMCaﬂiGﬁhausﬁayalVGer%aﬁﬁligkgénﬁﬁeF EEE The
Eg; 2yhggyonaﬁ§1w Ehﬁ!ﬂhtét :%aﬁinﬁeulhﬁl\'WWtﬁéaétrﬁﬁe redcdtpdadengingi,ndl e

: chani'ca r
of the sprayedfénSRaCePrER. ggFﬁge?ﬁ % (éﬂi?&&gﬁgﬁ%fgﬁﬂfﬁi-%9%%.“222'2?
Znsgl Eab![y r aigare tn?gag:rﬁ#uroﬁ &measraﬂ.cre disayoiaghdp mdeitiiiingt isoea¥seteni ng in
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for an | that may have been
exposed to a d&ajw@ id cldsrdmat Tlo@ %peq;aleaévaeswes of’ using such

a dent mark limiting material appear from the above
description. '

Examples of embodiments of the invention will now

15 be described below in further detail with reference to
the highly schematic drawing, in which

Fig. 1 is a longitudinal sectional view through an
exhaust valve according to the invention,

Fig. 2 is a segmental view of the two seat areas

20 with a typical dent mark sketched in,

Figs. 3-6 are segmental views of the two seat areas
illustrating the particle crushing and the introductory
steps in the dent mark formation,

Figs. 7 and 8 are enlarged segmental views of the

25 dent mark formation, and
'~ Fig. 9 is a corresponding view of the surfaces
immediately after reopening of the valve.

'Fig. 1 shows an exhaust valve generally designated
1 for a large two-stroke internal combustion engine,

30 which may have cylinder diameters ranging from 250 to
1000 mm. The stationary valve member 2 of the exhaust
valve, also called the bottom piece, is mounted in a
cylinder cover, not shown; The exhaust valve has a
movable spindle 3 supporting at its lower end a valve

35 disc 4 and, in a well-known manner, being connected at



The seat area may al so be nmade of iNCO\IEL Al'lo [
| s _ y X-750 whi ch has been
hot - wor ked and precipitation-hardened to 15 a yield strength of

approximately 1110 MPa. |If the alloy contains precipitation [
conponent s wi 9%418622b0Ve type, it is further p023| blg t oP¢ T@Fgar |hgg
yi.el d strength further through a precipitation-hardeni ng heat
treatment. 20 Especi al | y advantageous alloys for the seat area

mat erial conprise 10-25% Cr, at the nost 25% Co, at the nost 10% Mo+W
at the nost 11% No, at the nost 20% Ta, 15 at the nost 3% Ti, at the nost
0.55% Al, at the nost 0.3%C, af the npst 1% S ’ 5% P

at the 25 npsite.opBeFsengdtWikh ?rDEYd’S%MC %‘Ft’tlﬁﬁbﬁng?rzgg/aﬁéngnagl
bal ance of N:; tﬁgdvgqqgera@,la yat mweﬁ&ﬁ spring retdrhingr shei mi ted
to up to 0.5% Al 873% L 1% Ni he,capbeit «AE MiFeTa/ 2
sui tably bei ngSRinfdgsfo 1 839 6 positign. cﬁoéce o? ?F yoandothe
consequent manghaat partiallyi npeprpoess:l.cmy be infl uenced by the size of

t he exhaust c k
strong t ool s2when tlhrégva:ll'l%\iveeardl SC IS aérjflgtﬂ% %ﬁxreoedl&enis "Brotaqed ¢

external di anewdthbai Agyes pﬁehpﬁrépvapswenre%stggé WﬁFFElm%OEnngn

\{\E 97/ 47862 Thgngruelfsaécntselar‘fv anx:[ea 6 oln the upper SGHLHO76002468 valve
ion a o ates. _to
ni ckel - based cHiGS df 8Bk FIFTRPGE | QUOPE| %Eﬁ cyéte(.'rlviegn(f]itlh‘zalal at | east

ﬁg?gr :\/Zﬁ ?; ag}p{a@(lgnrr&biﬁh.)caZOBeaﬂ.}i.ﬁgasurfaaedéntTMr\t@lvendlaSﬁg for sh&ventive
val ve di sc F"ﬁ Q:J' O%te r%%s%te t%] :#919@ %&Lgﬁ% %{nl %ﬁ@le
particularly adnmesliamlael cﬂhﬁsimﬁé%ﬂg f@?m 120 to 500 mm depen
on the cylinder bore.
The stationary valve member is also provided with
a slightly projecting seat area 8 forming an annular
15 conical sealing surface 9 which abuts the sealing
surface 7 in the closed position of the valve. As the
valve disc changes shape during heating to the operating
temperature, the seat area is designed so that the two
sealing surfaces are parallel at the operating tempera-
20 ture of the valve, which means that on a cold valve disc
the sealing surface 7 only abuts the sealing surface 9
at the latter’s upper rim 10 located farthest away from
the combustion chamber.
Fig. 2 shows a typ:.cal dent mark 11 ending approxi-
25 mately 0.5 mm away from the closing rim on the sealing
surface 7, viz., the circular arc where the upper rim
10 hits the sealing surface 7 as indicated by the
vertical dotted line.
Fig. 3 shows a hard particle 12 which is caught
30 between the two sealing surfaces 7, 9 immediately before
the valve closes completely. At the continued closing
motion, the particle is crushed into powder, of which
a considerable part is entrained by the gas flowing up
between the seats at sonic velocity as shown by the
35 arrow A in Fig. 4. Part of the powder from the crushed



the seat area being made of an alloy different fromthe base material of
the valve disc, and abutting a corre- 10 sponding seat area on a stationary
val ve nenber when the val ve is closed. The special advant aﬂgs of using

such a W0w7/41862k | initing material appear fromthe aboveC H%EQPH‘ption.
Exanpl es of enbodi nents of the invention will now 15 be described below in .

further detail with reference to the highly schematic drawi ng, in which
Fig. 1 is a longitudinal sectional view through an exhaust val ve
according to the invention, Fig62 is a segnental view of the two

seat areas 20 with a typical dent mark sketched in,., Fi 3-6 are
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mm The stati obbPytoalti® mefRr 28SBIPEheNe PFEYSE 11N \BQ v E3% 45 B®led the
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PCT/ DK97/ 00246amount of material caught betwé&&n the tseapperoeedrsith a

hydraul i c 3](;% ég%“fggrpgggnépgtgé powagf }gﬂl)‘yg g‘pgyfa pneumatic return

spring ret

At the continued closing motion, the conical powder
accumulations collapse and are spread in the plane of
the surfaces to a lens-shaped powder body or a powder
pile, as shown in Fig. 5. This lens-shaped powder body

15 has proved to have a maximum thickness of 0.5 mm and a
normal thickness for the largest accumulations of
between 0.3 and 0.4 wm.

Fig. 6 shows the situaﬁion. when the valve is
lesed, but before the pressure in thé combustion

20 chamber rises as a consequence of the combustion of the
fuel. The pneumatic return spring is not in itself
strong enough to pull the sealing surface 7 completely
tight against the sealing surface 9 in the area around
the powder body.

25 When the pressure in the combustion chamber rises
after ignition of the fuel, the upward force on the
lower disc surface rises strongly, and the sealing
surfaces are pressed closer against each other, and at
the same time the powder body starts deforming the

30 sealing surfaces elastically. If the powder body is
sufficiently thick and the yield strength of the
material is not sufficiently high, the elastic deforma-
tion will turn into plastic deformation making the dent
permanent. Fig. 7 shows a situation where the stationary

35 seat area 8 has the highest yield strength, and where



spindle to its closed position. Fig. 1 shows the valve in a partially

open position. 5 The | ower surface of the valve disc is provided
with a layer of hot-corrosion-resistant material 5. An annul ar t
area 6 on W@IU4BE surface of the valve disc is at a dPSTRKY mt he
outer rimof the disc and has a conical sealing surface 7. The val ve
disc for the 10 large two-stroke crosshead engi ne can have an external
dianeter in the interval from 120 to 500 mm dependi ng on the cylinder
bore. The stationary val ve nenb&¥ is also provided with a

slightly projecting seat area 8 formng an,annulLar 5 cal i ng

surface’ 9 whi EheaBget aKea 6eani hge dgsguii'?a %£9rﬁ“ﬂ tﬁig§#b§8&1§§ Ption of
the valve. As j{igt beldnlMss giisddchamges Abane dontiguedatompressibe

operating t t t.h ' s \

seal i ng sgrfac&g’ raé‘?@%%ﬁ%%ﬁ@%%%?é@ gég:?'grnlr%gr 3& t%ét,%rggltbl “the

val ve, which mearfatkst shown im|Rig.alyetliespowder thedy sdinksy 1aka 488 7 only
B e aocd! pRA1HE Hifrhoe, Bhe! BEakAdllerda1PRSELAg Tpilstaeanay

farthest away rrom combustion cha shows a
typi cal dent ndeformedndi ng approxi- 25 mately 0.5 nm away fromthe

ﬁ' O:ir n?i :nl m on ELgeh'w?%hi Eﬁhe val‘*Sé”f:ééPeﬁs,Vithe, padrtindleni| areablowner e t he
VR ol Mo ey O SRHERRVIE S ol G5 B,
;:«ra]tughtI 30 bett\neersatnlfee tine Sted | eptsUndbersals Sprimedback| gobsheda

e val ve clgses.co t AL the C i oSy : | 3
particle i SE'@r wgga:ér?teg%bé%ﬁé%fl'o?omﬁ%h&%f(?o?&%%t&gr gg etrglgﬁilo?{;e
entrained by thasgasdumeidhgfupne or bothe&sathsusréacesat asPFFIPEGcity as
shown by the 25apoW f4iwif] be drfaie ¢h the g fsurmdde witished

Vo 97/ 47862 a smaller depth than the largest i§§g£E§§ZéQQ%§§E by the
powder body. The higher the yield strength of the seat
15 material, the smaller the dent mark.

Now examples of analyses for suitable seat
materials will be described. All amounts are stated in
per cent by weight, and inevitable impurities are
disregarded. It should also be mentioned that indica-

20 tions of yield strengths in the present description mean
yield strengths at a temperature of approximately 20°C,
unless another temperature is indicated. The alloys are
chromium-containing nickel base alloys (or nickel-
containing chromium base alloys), and they have the

25 property that there is no proper correlation between the
hardness of the alloy and its yield strength, but on the

contrary probably a correlation between hardness and
tensile strength. In connection with these alloys, the
yield strength means the strength generated by a strain

30 of 0.2 (de.z)' o .

The alloy IN 625 comprises 20-23% Cr, 8-10% Mo,
3.15-4.15% Ta+Nb, up to 5% Fe, up to 0.1% C, up to 0.5%
Mn, up to 0.5% Si, up to 0.4% Al, up to 0.4% Ti, up to
1.0% Co, up to 0.015% S, up to 0.015% P and a balance

35 of at least 58% Ni. The yield strength of the alloy can



16 particle will be | ocked between the sealing surfaces 7, 9 because

the particles nearest the surfaces are retained by frictional forces

and the particles in the i nterspace are | ocked by shear forces in t he
powder.  5wHyImzseapposi te conical powder piles are formed REYREPT00246 5 o
ti.p. The assunption prevailing so far to the effect that a solid
particle is caught between the seat surfaces is thus not correct.

I nstead a reduction of the anount of naterial caught between the seats
occurs 10 because part of the powder bl @8 away. At the continued
closing notion, the conical powder accunul ations coll apse and are spread

in the plane d&fe incrieesed: buceeans of pdastikafeforpanirny R S2%owder
pile, as Sho"‘”b:h%rﬁ:’ R1sd Wﬁéﬁfﬁﬁﬁﬁﬁﬂ m&iﬁﬁr@)dy 15 has proved to
nm a

have a naxi mum t hi ckness _of

| argest accumul at i G 1oy B@t%ﬁqy‘l};lﬁﬁf go qan% tngkcéne‘félfw%g é]ll;‘ shows
the situation oMrBem 1% Malamd i balamdeosefl NibutTHee fydred & m:rpar@;lurcef in the

conbustion 20 cha ri ses,as UgDC t OLdUst | iy
el The pouTHR FToH S LB A REBEE By fefie |4 SRIRR dUEmd |
pull the seal |trngprsuari®dw mmqﬂﬂett@wn haﬁdwnﬁgal nst the sealing surface

9 in the area arounghe a11die RPWHY cBAGEisedd27-30¥eR, the1px ey in Lhe
conmbusti on chanber rises after_ignitjon of the f war d. force
on the | ovie® @i Q%% s@lrf%&"el?IP%Je%Ysﬁ'ﬁ‘%frﬂg gmount t‘?fﬁqjg’ (P?f E A 34, f aces
gggypgsﬁfg g?sﬁn%%%rtﬁﬁ ag,:g(lléa@'mws% amg The yleldiestsnengthrmfttﬁee powder
body i s G AFIGY S Pa ST eRRed AY Jrefd Of ehgthigidsattetin PO
i faggf ngl‘a; |O(r:| en;[ | yThe giN vhe-2iket aélcwf conmprises t1400‘|¥5\76 19T 4 B ¥Rt o
\R/nere t he st aylg%ng$yn@§5€(ge}é§@a@§gw8 %a%ﬁ)?ﬁgﬁﬂlﬁag%es?@?eizsggmﬁti& ;aftll o
wher e 2% Al, up to 0.3% C, up to 1% Si, up to X £ 8 :
0.015% S, up to 3% Mn, 5-25% Fe and a balance of Ni. The
15 alloy is special in that the possibilities of increasing
the yield strength depend very much on the amounts of
the individual components, particularly Al, Ti, Ni and
Nb, the Al content being of particular influencé. If the
content of Al is higher than 0.55%, the yield strength
20 is negatively affected. The Al content should be kept
below 0.5%. If it is desired to increase the yield
gtrength by means of precipitation hardening, the
content of Nb+Ta should be higher than 4%, preferably
higher than 7%, and the content of Ti should be higher
25 than 0.7%, preferably in the interval from 0.95% to 2%.
At the same time, the content of Ni cah advantageously
be in the interval between 47% and 60%, preferably
between 52% and 57%. If it is desired to increase the
yield strength by plastic deformation, the content of
30 Co and Mo+W should be chosen in the upper half of the
above intervals. If the components are chosen within the
above preferred intervals, and the alloy is both
deformed plastically by, for example, more than 50% and
' is precipitation-hardened, the yield strength can be
35 brought to more than 1600 MPa.
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17 the seat area 6 on the disc is deforned elastically to j ust bel ow

its yield limt. At the continued conpression to the conpl etel
conpr essedvpo3i4186dNn of the sealing surfaces shown in Fi Q’CTG),KWMO\Ader

bedy sinks into the 5 sealing surface, the seat material being plastically

def or ned. : When the val ve reopens, the particles are bl own away
by the outflow ng gas as shown in Fig. 9, and at the sane tinme the seat
materials spring back to thel r 10 unl oaél-@d condition. To the extent a

pl astic deformation occurred_of one or, both seat surfaces
per manent dent The l@lﬂ-PWFMOHéCpP‘&@Ktl?ﬁ hag & dign Sjs@r’ﬁié’

a snal ['er deptdE tiwan dxhje 2loar 96$t5%nﬂent&tvemnﬁd6phyot:t?e Fe, mm/&jm body.
The hi gher thea/del %@‘ﬁr&rgg%g@the seat 15 material, the smaller the
dent nmark. ‘of anal yses for suitable seat

materials will be discrdliery Rére mmampa:rifs&ﬁt atle@5% Cr, Fp@ST &, by
welgnt, andgl neyYidal g wgﬂw'hheﬁoam reaaffef& lip 9 2 so be

nment i oned tha | cCa- engt

s in th resent
descri ption na#nh to 0.3% |G ?rﬁér’fgffﬁs Hp §°t éﬁpﬁ%at‘éﬁ’ 0 a%ﬁ%ﬁmw y

20[err]C, tenl ﬁSFénO&?eEot Qﬁpllalﬁataﬁae al baldgiceaicF NiThavchiryEly) e
ase a

chrom um cont ai ni n ck nicke chrom um
base al | oys), tg%?é%/ PRFR NG O - ?@quOpéPFyCFha{’ ¥ MRy egéf)g‘hﬁ ryp%]glb’m

ct:)o;rel at lhon bed VBEnAILhe 3% 'Il;ahaaﬂdeas i ldrue abf oniake 1i. tsDeyﬁcamhtsIcumngt h,

ut on the nira el at fveen.. hat

tensile st r]'eOn T O‘Hgégtg \M%l%%%ﬁ& H%h&ﬁﬁ@ Ga a@?ﬁ%]% strength
means the strmgiltetg@lnerhl-gh We&dstatmemgt@o o GhQS(RﬁéﬁF‘]'-Fl At a The

al loy IN 625 g 0% 10 39kGe 6
Fe. ﬁp o 0 1()}9%@%&3%? d%%é?rﬁétl%n JEM50%  at 39EBo¢, 15¢hdapheldp to S%

strength becomes approximately 1320 MPa; at a degree of
deformation of 50% at 970°C, the yield strength becomes
15 approximately 1400 MPa; at a degree of deformation of
50% at 990°C, the yield strength becomes approximately
1465 MPa, and at a degree of deformation of 25% at
970°C, the yield strength becomes approximately 1430
MPa. Precipitation hardening has been applied for 8
20 hours at 760°C followed by 24 hours at 730°C and 24
hours at 690°C.
The alloy NIMONIC PK31 nominally comprises 0.04%
C, 20% Cr, 2.3% Ti, 0.45% Al, 14% Co, 4.5% Mo, 5% Nb,
up to 1% Fe and possibly small amounts of Si, Cu and M,
25 and a balance of Ni.
The alloy Merl 76 has the nominal analysis of
0.015% C, 11.9% Cr, 18% Co, 2.8% Mo, 1.2% Nb, 0.3% HE,
4.9% Ti, 4.2% Al, 0.016% B, 0.04% Zr and a balance of
Ni. |
30 The alloy Udimet 700 has the nominal analysis of
0.15% C, 15% Cr, 18.5% Co, 5.3% Mo, 4.2% Ti, 3.5% Al,
up to 1% Fe and a balance of Ni.
The alloy Rene 95 comprises up to 0.08% C, 11.8-
14.6% Cr, 7.5-8.5% Co,.3.1—3.9% Mo, 3.1-3.9% W, 3.1-3.9%



M, up to 0.5% Si, up to 0.4%Al, up to 0.4%Ti, uptd 1.0% Co, up to
0.015% S, up to 0.015% P and a balance 35 of at |east 58% N . The ;/i elod

strength of the alloy can WO 97/ 47862

PCT/ DK97/ O@iysi47862 18 be i RGTREYHS neans
of. plastic deformation and to sone extent also by precipitation

har deni ng. The alloy IN 671 conprises 0.04-0.08%C, 46-49% Cr,

0.3-0.5%Ti and a balance of Ni. The yield strength of 5 the alloy can be
i ncreased by neans of plastic deforma- 20 tion and by precipitation

har deni ng. The alloy IN 690 conpri ses 27-30%Cr 7-11% Fe, u to
0.05% C, opti ®al | §.-3ndl % afdunts- bf3 Bb, P oF@ 0-03% baB'an(l)-}B 3° a p

| east 58% Ni . gThpyesl 644d Sid qlq;a{léq{cé m%f M. aI I oy can be increased by rreans

of plastic deforrratlon he I N.718-
up to 5% Co, uFQRESHIvHIh Fie @%2%%@?3 ﬁﬁs %{%ggagfo Hse%t e 2%03

gng 00/ I(2-e3°a/onC dlﬁ«riltdhé%h@t, mppfmﬁ@éﬁ%di;enqmgmn the. AUESY sctumlko 3% M,
- 25% Fe al al an 0 Yd ot
possi biliti g-’ ?ﬁ% ﬁgéh eVlQ‘Eﬁ'gﬁgl 2‘1""&’0 T en ﬁf%g&e:érzl vlé%r%bﬁ rﬁh on the
al\tlgou[\}] s z}‘ ncbdrtmah@lnaldnsa-ls.coupbrmtmevpairahlﬁjP-&PPVlAFleS'I"PaYI‘Q’r ghd

e coné QE 1y gaﬁ é‘éga i nfl uence If t he content of Al
i s higher than CS h/E ][nhe ylé)‘?gdi%t rength _ 20 i atl cted. The Al

f
content shoul d be k"é?ffhnlca%e dhevatyre| desexi I}e eY‘% i‘ E’ﬂ"@'as‘é t he
XbiTa shoul d b h*‘ edt nan b am"“"w@émm o o aneihe
er than refera |
content of H B¥% IEF"‘B%' Eﬂ }8 ﬁ%ﬁ?mt 6?59%?% {:bgﬁngr{%% I nt ?Sal

f (rj om 0.95% to 244 the rét:zylseaialieatllm tehperatuees aff the ajhoys are
advantageousl Y 14, yell-known. Therefore, only a few examples will be
described below.

Rene 220:

15 Four layers of a welding powder of the following analy-
gis: 0.03% C, 20.2% Cr, 2.95% Mo, 11.7% Co, 1.2% Ti,
5.05% Nb, 3.1% Ta, and a balance of Ni, were welded by
means of PTAW on to a base body of austenitic stainless
steel AISI 316. The body with the alloy according to the

20 invention thus deposited was subsequently heat treated
for 4 hours at 775°C and for 4 hours at 700°C. From the
base body, two usual tensile test blanks were made, and
the tensile test showed a yield strength Rp0.2 of 1138
MPa and 1163 MPa, respectively. Then a base body

25 manufactured in the same manner was heat treated for 4
hours at 750°C followed by 8 hours at 700°C. At the
tensile test, the yield strengths of two blanks were
measured at 1074 MPa and 1105 MPa, respectively. Then
a base body manufactured in the same manner was heat

30 treated for 8 hours at 750°C followed by 4 hours at
700°C. At the tensile test the yield strengths of two
blanks were measured at 1206 MPa and 1167 MPa, respect-
ively. Finally, a base body manufactured in the same
manner was heat treated for 4 hours at 800°C followed



be in the interval between 47% and 60% preferably bet ween 52% and 57%
If it is desired to increase the yield strength by plastic deformation,
the content of 30 Co and Mb+Wshoul d be chosen in the upper half of the
above int eWQOM47862f t he conponents are chosen within the PCHBEY700246

preferred intervals, and the alloy is both deforned pl astically by,
for exanple, nore than 50% and I s precipitation-hardened, the yield
strength can be 35 brought to nore than 1600 MPa. WO 97/ 47862

PCT/ DK97/ 00246 21 19 The al | oy

NI MONI C Al l oy 105 has a noninal anal ysis of 15% Cr, 20% Co, 5% M, 4.7%
A, up to 1% P 8 hgugs at,; 907G, AhcEhgr hgnst iTe” test 'F%’?@ a¥18y%Rene

220 conprises 30r&@hdtki, ob- £4d0 Blankds wereo mba¥udedWatupdal MBa Nandup to

4% Ti, up to 39 : up 10 0.3%C, 2-23%Ta, up to 1% Si, up to 0.015%
S, up to SQ%ME% tH %B/e%l\é?\ a bal ance of N . Nom nall y, - Rene
220 cont ai ns 0.02%C 18% Cr, 3% Mo, 5% Nb, 1% Ti, 0.5% A, 3% Ta and a

bal ance of nickel. Fﬁgﬁ&hﬁes ng.gblllgeq_ Q{}ﬁ:l&gtﬂé%é‘@féﬁgl ng can

achi eve an extrene strength IS nateri a
degree of de¥ oYhﬁlﬁicﬁF@nw/J"éﬁ mQQBFe‘Pf]C@ 41’@ inig of theipakgrkabecones

approxi mately aﬁzg WER bat cardegacsuefin a ﬁleiprmw@nn@ﬁnéﬁ%ﬂ sl err] C,

the yield strength becones,.15 a I mat el 4 MPa;_.at _a degr.ee, of
def or mati on of © eXamp Boo I° r‘?fc OFF i g‘?% gg?er‘?g%aﬂ: bB3tS ﬁ’eg’r in

approxi mat el y anothéﬁSmhﬁaeranéua:h addpaadny aleflvameer ong othébéohit
?’Zggzﬂ)lr]tgtlf)ﬂe ?éﬁr %been ﬁ%gﬁm%%ogﬁoﬁfgsa?rcigg?errIC
f ol I owed by1Q4Iﬁomh§ aalM[gpn]:@laﬁd peecipitation-hardening compo-
nents, the cold-working can suitably be effected at a
suitably raised temperature as mentioned above.
Below, an example will be given of the manufacture
of an exhaust valve where the seat area is formed by
15 means of a HIP process. A base body of a suitable
material, such as steel, alloyed steel or a nickel
alloy, is manufactured in the usual manner to the
desired shape without the seat area. Then the desired
seat material is applied on the base body by a well-
20 known HIP process (HIP is an abbreviation of Hot
Isostatic Pressure). This prdcess uses particulate
startihg material, for example manufactured by
atomization of a liquid jet of a molten nickel and
chromium containing alloy into a chamber with an
25 inactive atmosphere, whereby the drop-shaped material
is quenched and solidifies as partlcles with a very
dense dendritic structure.
The particulate starting material is arra.nged on
top of the base body on the upper surface of the valve
30 disc in an amount adjusted to the desired thickness of
the seat area. Then the body is arranged in a mould and
placed in a HIP chamber which is closed, and a vacuum
~ is applied to extract undesired gases. Then the HIP
process is started, in which the particulate material
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in a salt bath to an intermediate temperature (typically
535°C) followed by air cooling to room temperature, oOr
by quenching in gases to room temperature. Then
hot/cold-working can be carried out after these steps,
and if the composition of the alloy renders it possible,
precipitation hardening may also be performed, for
example, for Rene 95 for 1 hour at 870°C followed by 24
hours at 650°C, whereupon the body is brought to room
temperature by air cooling. Finally the body can be
ground in to the desired dlmenSLOns

As base body it is possible to use a valve disc
without a shaft, the shaft then being mounted on the
valve disc after conclusion of the HIP process. This
mounting may, for example, take place by means of
friction welding. The advantage of so doing is that the
HIP chamber is better exploited because the chamber may
hold several base bodies at the same time when the shaft
is post-mounted. It is also possible to manufacture the
whole valve disc or, if desired, the whole valve spindle
from particulate material by means of the HIP process
using different particle compositions in different areas
of the body, adapted to the desired properties of the
materials in the areas in question and based on con-
siderations of economy.

Cold-working in the present context means either
regular cold-working at a temperature substantially
below the recrystallisation temperature of the alloy or



Rene 220: 15 Four layers of a welding powder of the follow ng analy-

sis: 0.03% C, 20.2%Cr, 2.95% Mo, 11.7% Co, 1.2%Ti, 5.05% Nb, 3.1% Ta,
and a bal ance of N, were wel ded by nmeans of PTAWon to a base body of
aust eni ti c WA $V47B&Es s steel AI'SI 316. The body with t he BET/BKIHRH di ng
to the 20 invention thus deposited was subsequently heat treated for 4
hours at 775[err]C and for 4 hours at 700[err]C. Fromthe base body,
two usual tensile test blanks were made, and the tensile test showed a
yield strength Rl err] of 1138 MPa an®® 1163 MPa, respectively. Then a

base body 25 manufactured in,thf %afe manper was heat treated for 4
hours at 750[ etr FeeFBPrBGehanical derormat o ak (3 Cemperpture bela¥| e
test, the yieldrstjustgt hzroahdt wohé| daerwetemperateasurarkaat £ba74cha and

1105 MPa, i . : : .
Tmnner was ot CCEH¥LLIRE  on. o BRBC18PRY: TR R HERSay It Q0o SR ¢ o
700[err] C. At tPecosidsitket bodyt Heo yEbed wankimg htewperabure f£igmn&s were
measured at 2061 MoANEnAdRTiMfowitRSRECEirst hat ¥y Yeobld@! 1Y, adwhase

body manufactured in the sane manner was heat tTeated for 4 hours at
800[ err] C fol | bRefoom tempoFRYRrayge2

PCT/ DK97/ 00246 : 21 by 8 hours at
700[err]C. At the tensile test the yield strengths of two bl anks were
nmeasured-at 1091 MPa and 1112 MPa, respectively. In the cases
where it is desired to increase the 5 yield strength by neans of

col d-working of the material, this may be carried out in a well-known

manner by, for



exanple, rolling or forging of the seat area or in anot her manner, such
as beating or hammering thereof, wher eupon the sealing surface of the
seat is ground in. 10 If the al I oy contains precipitation-hardeni ng conpo-
nents, the WOI#4WE?ki ng can suitably be effected at a s uPCAAKIT ed

tenperature as nentioned above. Bel ow, an exanple will be given of
t he manuf acture of an exhaust valve where the seat area is forned by 15
nmeans of a H P process. A base body of a suitable material, such as
steel, alloyed steel or a nickel all 8¢, is manufactured in the usual
manner to the desired shape without -the seat area. Then the desired

seat material is applied ont & pade Ii)ﬁy tﬁ/ Ly Bt M S20 known HI P process
(H P is an abbrevi atli.oramwf ekhtiust vsdast afoe ahy ebstéral Thmbuptdesss uses -

articul ate rt f f.act d _.b
gt omI z;t I on of eg%%l-% I a‘é&éﬁ%ﬁ%l tf iﬁ: Eﬁ%ﬁgﬁ@sﬁ r%ﬁ\g& 'ai ni ng
alloy into a ch@nvmlmmghaamova enspein oW [Eh veniddmeh whiiled at
dr op- shaped 5‘5“1 r's' er shefdE L LPAdNe9 50l Eé@sa?éa t mhesiggh a
PtIC structure

very dense ate starting

material is ar @éﬁ&@&'%’ﬁ from obhéf bage U&%‘@%’y Qﬁ ttﬂ'@ upptye sdissoe of
the valve 30 @hieh rsedt mmtandtysae@otx&ets@@n@aﬂgr @bé&l&ﬁé@sgnofa

t he seat area. Then the bod arranged i e a HP
Chamber wni on FERELolaEy SR ve” pi o ' the TB80eq Posiri o PEL TS ot
gases. Then thealivie, CFhCEeISSHIG tstarteid,zie dhi dh t heha@ar theulsaat

mat eri al 6
PCT/ DK97/ 00}26ar\ég %y 411% %pper surface of the érglve dJ.sc 1s g.dteooaf

t enper at ur e rafginRFertadecvndeh has a yield strength (Rpo.z) of at
least 1000 MPa at a temperature of approximately 20°C.
2. An exhaust valve according to claim 1, ¢ h a r-
acterized in that the seat area material has
15 a yield strength of at least 1100 MPa, preferably at
least 1200 MPa.
3. An exhaust valve according to claim 2, ¢ h a r-
acterized in that the seat material has a
yield strength of at least 1300 MPa, preferably at least
20 1400 MPa. |
4. An exhaust valve according to any'one of claims
1-3, characterized in that the seat areas
on the stationary member and the valve disc, respective-
ly, have substantially the same yield strength at the
25 operating témperatures of the seat areas.
5. An exhaust valve according to any one of claims
1-3, characterized in that the seat area
on the stationary member has a substantially higher
yield strength than the seat area on the valve disc at
30 the operating temperatures of the seat areas.
6. An exhaust valve according to any one of claims
1-5, characterized in that the seat area
material is a nickel-based chromium-containing alloy.
comprising in terms of per cent by weight at least 10%
35 of solution-strengthening components, such as Mo, W, Co,
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1200[err] C, and a high pressure of, for exanple, 900-1200 bar is
applied. At these conditions the starting powder becones plastic and is
unified to a coherent dense 5 material substantially wi thout nelti % Then
the body WO9%74782noved, and if desired it can then be expd@$dPKY
- solution annealing, for exanple, for Rene 95 for 1 hour at a
tenperature of 1150[err] C foll owed by quenchi ng either in a salt bath
to an intermedi ate tenperature (typically 10 535[err]C) followed by air
cooling to roomtenperature, or by @&Pfenching in gases to room
tenperature. Then hot / col d- vvork| ng can be _carried out after these

st eps, andifif Fena@nddmEoSFy i 3Rd dihathdhe Bdyoveigerelded or sk the
preci pitationvnaeding: @nd Qh&ﬁ bhep?iéQdWEﬂreﬁch éb tﬂ%éif’@il-b fmats Rene 95

for 1 hour at .870 err C fol q:we hour g at 635 VJ e.reupon
the body is b Hdyeasid S fthed H e th
body ca% Ibga by graldrdvorking tdfe dﬁmnﬁa:e@m ms:emperﬁag:ure Alsmtné:se gody
it is possiky gl U3e a3oliRldY end §8cré$%£ﬁ§8&£ %?réﬁ&ié_'@ process

bei ng nmounted on the val ve di sc er conc usi on
Thi s mountd3eP¥my, for exanple, take place by neans of friction
wel di ng. The advant'ﬂ.g@\rpfexﬁaugﬁl ﬁ‘ﬂliré é&l%rdﬂ@ to clhPmchankem i 'é wetter

expl oi ted because the ch q}sreaéir al base, bOdltg t he sane
time when the ghdfftt © Tik ﬁ)& mﬁBn"t]%%lt the ad lo¥sgophaing Mo facture
t he whol e Bep) endlitdtatorafidr dese resldiwerkimy) ehealpdeRpisttength from

part] e 21 Gaierial, DY paRs Ohoble i PoBE SRR ppaed B U] Y,

particle conpositions 1n rent areas
desired properR¥esipitaticon-hardaning hedth ttratments i n question and based

on con- si der atd ong, Q&hﬁﬁ%‘ﬂ%lva accordlnﬂdjt‘l@.ﬁh‘ B9 id H he Present
context nmeans either regul ar cold é. a tenperature
substantially 35 bt'el%)vﬁft%ez ret ystal FP§5t FB% peARYr SORERITE He 39 oy or

WO 97/ 47862 Ti, and that after welding, but befoPE€T¢dX@wOLRAg, the
15 alloy has been solution annealed and then quenched.
9. An exhaust valve according to any one of claims
1-8, characterize d in that the seat area
material is a nickel-based chromium-containing alloy
containing Nb and/or Ta, that the alloy has been welded
20 on to the valve disc, and that after the welding the
yvield strength of the alloy has been increased to a
value greater than said lower limit by means of a
precipitation-hardening heat treatment.
10. An exhaust valve according to any one of claims
25 1-5, characterized in that the seat area
material is a nickel-based chromium-containing alloy
containing in terms of per cent by weight at least 10%
of solution-strengthening components, such as Mo, W, Co,
Hf, Fe and/or Cr, and precipitation-hardening compo-
30 nents, such as Nb, Ta, Al and/or Ti, and that the alloy
is welded on to the valve disc and then its yield
strength has been increased to a value higher than said
lower limit by means of a precipitation-hardening heat
treatment.
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23 a therno-nmechani cal deformation at a tenperature bel ow or just

around the | ower tenperature area for the recrystallisation. In the

| atter case it is advantageous to cool the body to the working
tenperaturwo9mm8& 5 sol ution annealing wthout first havi PCI/DEST/R0346 t
down to roomtenperature. WO 97/ 47862

PCT/ DK97/ 00246 24 PAT
ENTCLAI MS 1. An exhaust valve for an internal comnbustion
erigi ne, particularly a two-stroke crossh2éd engine, conprising a novabl e

spindle with a valve disc which at 5 its upper surface has an annul ar seat
area of a material 11.dR%fefhaustt vedvehaceasdingter any one pé ghpri@Sdi sc,

which seat arep-ghutg B §0frgsgondeng seateageaifnNtRat théakégpaayeyal ve
menber in the closed position of the alve, char act e i zed
in that the sB3F®¥d24rdf at Pﬁgkﬁgf@?s?ér f‘é’f:"{é’“ﬁfw‘ﬁﬁ?%’\fb"lfﬁ sﬁi{"gymade of
a material whi thchadingyatellkastr engt bofipbrent )selfectied fromamohg0ColMPa at a
ncording Lot arniE, FYCW, HMBE e, Ay, afa Bheft W e VEne |
mat eri al has 18eatyprpd &srwagufactuned| bysmeangoofra, HPepPterapss - at
| east 1200. MPa. 12, Bn Aém@a(@g@stvé@é/emd;j@ e chggmnz,lg,h ar-
acterti z ce: g Ianrt gaE: %hg ]S:e?:t zmgt grl %.ln r;:(’i"lsata the yield strength
of the alloy has been further increased by cold-working
10 of the material after the HIP process.
13. An exhaust valve according to any one of claims
1-5, characterized in that the seat area
material is a nickel-based chromium-containing alloy
including at least one component selected from among Co,
15 Mo, W, Hf, Fe, Ti, Nb, Ta, Al, and that at least the
seat area has been manufactured by means of either
casting or powder metallurgical application followed by
thermo-mechanical deformation at a temperature lower
than or around the recrystallisation temperature of the
20 alloy and with a degree of deformation of the seat area
increasing the yield strength of its material to a value
higher than said lower limit.
14. An exhaust valve according to claim 13,
characterized inthat the thermo-mechanical
25 deformation includes cold-working of the material.
15. An exhaust valve according to any one of claims
11-14, characterized in that the yield
strength of the alloy has been increased through a
precipitation-hardening heat treatment.
30 16. An exhaust valve according to any one of claims
8, 10, 11 or 13, characterized in that the
seat area material comprises 10-25% Cr, at the most 25%
Co, at the most 10% Mo+W, at the most 11% Nb, at the
most 20% Ta, at the most 3% Ti, at the most 0.55% Al,
35 at the most 0.3% C, at the most 1% Si, at the most
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yield strength of at |east 1300 MPa, preferably at |east 20 1400 Mra.

4. An exhaust val ve according to any one of clains 1-3, char act e
ri zedinthat the seat areas on the stationary nenber and the val ve
di sc, respd¥@PI47862 |y, have substantially the same yiel d BETDKIT/M024¢ ¢ he
25 operating tenperatures of the seat areas. 5. An exhaust val ve

according to any one of clains 1-3, char acter i zedin that

the seat area on the stationary nmenber has a substantially higher

yirel d strength than the seat area on the2¥alve disc at 30 the operating

tenperatures of the seat areas. . An exhaust_ val v, cording to
any one of claf 15% S1- gt ggﬁ E‘orstaocotlsg rﬁi 3313: i arhaf%t 'sﬁiit ar ea
material is a thekebsbaz®d Bdiramd wmbadnaienofgNal, | ayd prefempbilygi thei n
terns of per cen ' o 109 . lut i _Qn+sLr hgnigg
omonont b o ERhpBRAELORE O \GRe i 10Ye Shupl e 28l el ' LB RBAE"ET5Y

PCT/ DK97/ 00246A1, 0.7-3% Ti and 52-57% Ni, the content |¢f Ne anBréR O,

and that thegakl,@¥absyWBkdagd 80 18akPe3y, valve disc and then the yield
strength of the all 0)4 has been i ncreased to, ,a val ue higher than said
"dl-

lower limit = by céld- #8r RFHGUSE VRdVeadGGonding £ ameronereti ther s

t han or aroundptBeefefigyellalimssat icoh teper a W e of i e e dalinythat

7. An exhaust val ve accor 'nﬁ.to Elaim ’tglﬁ‘-h aﬁfa- .ac,t er 5: zedin
that the al | oy“B8ntSHf aftdPABF-=r L EB8H YRRYE ofPEF (hR & aBSr ki ng
the yield strengthr¥@lofronelaldl mp bhasSD@emmiurt her increased by neans of a
preci pitatipg- har degbr.lguézg%tf LA based chromifm-ontalautly ¥2hue

according to claim ar-

with a yield strength of at least 1000 MPa at approxi-
mately 20°C as a dent mark 1limiting or preventive
material in an annular seat area on the upper surface
of a movable valve disc in an exhaust valve for an

15 internal combustion engine, particularly a two-stroke
crosshead engine, the seat area being made of an alloy
different from the base material of the valve disc, and
abutting a corresponding seat area on a stationary valve
member when the valve is closed.
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acterizedinthat the alloy 6onféins Al and Ti, and that after
wel di ng, but before col d-working, the 15 alloy has been sol ution anneal ed

and t hen quenched. 9. An exhaust val ve according to any one of
cl ai ns wodasez h ar act er i zed in that the seaRCEPES/00246
material is a nickel-based chrom um containing alloy cont ai ni.ng Nb
and/or Ta, that the alloy has been wel?ﬁp 20 on to the valve disc, and that
after the welding the yield strenJ of the alloy has been increased to
a val ue greater than said lower limt by nmeans of a
preci pi tation-hardeni ng heat treatnent. 10. An exhaust val ve
according to any one of clains 25 1-5, char acteri zedinthat
the seat area material is a nickel-Qased chrom um containing alloy
containing in ternms of per cent by |w g a\| | east 10% of
sol uti on-strengt heni ng conponents, pfsuch ax\ M, W Co, Hf , Fe and/or Cr,
and preci pitation-haggdgmTgTOomnpo- Q nept™] such as Nb, 2, Al and/or Ti,
and that the alloy i’y s wel ded o\t oN he\val ve disc an¢g f™en its yield
strength has beer>i ghsed to a vdl ug hiNghey than said I‘Aa? limt by
means of a prei%ﬁi" oM- har deni ng hegt {r eat nent . :f!7/47862
PCT/ DK97/ 00246 éG Ah exhaust

2 ane of cl ai ni STchar ac

val ve accordi ng
that the seat 3
including at |4
Ti, No, Ta, Al,
of a HP prafe

zedin
PyNg al | oy
j, Fe, W

A

At erial is a nixgkeh-bdsed chromu
gZionponent sglgct &g qm anong Co,
at | east {he seaf\ area i s nm

12. An/exjaudy val Wwe according’tdg ef gy m 11,
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characterizedinthat the yield strength of the alloy has
been further increased by cold-working 10 of the naterial after the HP
process. 13. An exhaust valve according to any one of clains

1-5, ¢ h awo®498€2 e r i z e d in that the seat area ek /DK 7140246,

ni ckel - based chronlun}contalnlng aIon i ncluding at | east one conponent
sel ected from anong Co, 15 M, Fa 2T Nb, Ta, A, and that at | east
t he seat area has been nanufact ed by, nmeans of either casting or
powder netal lurgical application foll ng t her no- mechani cal
deformation at a tenperature | ower h or around the recr j sation
tenperature of the 20 al i e of deformation %7%5 seat
area  increasing the yi s material to a val ue

hi gher than said | ower |ingt/. 6 exhaust val ve according to
claim 13, c har a.é d in that t he therno-nmechanical 25
def ormati on i ncl udes col ¢ ’ 15. An exhaust
val ve according to a characteri zed
in that the yield r]';ist been increased through a

preci pitation-hardeni ng heat treg 16. An exhaus e
i i 13, c har 7‘75'3

10-25% Cr , at the m)st
1% Nb, at the nost 20%
at the nost 0.3% C, at the

0.015% PF?E tjne nost

e din that the seat ape
25% Co, at the nost 10%
Ta, at the npbst 3% Ti, Hﬁt
nost 1% Si, at the nos
PCT/ DK97/ 00246 ~
0.015% S, at the nobst 3% MVnh, at
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th ' i .

a eaxs}\l_ 25_% Fe and a balance of N, and preferably the cﬁ 1
A | are limted to at the nost 0.5% A, 0.7-3%Ti X
the content of Nb + Ta/2 5 suitably bein east

exhaust : at Least 3% i : 4
ust val V?@rdl ng tmmwmm%ﬁ%?@é@&ﬁg claims, ®c har a

t e

rize th o i ,
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An exhaust valve for an internal combustion engine comprises a movable spindie with a valve disc which on its upper surface has
an annular seat are of a material different from the base material of the valve disc. In the closed position of the valve the seat arca abuts
a corresponding seat area on a stationary valve member. The seat area on the upper surface of the valve disc is made of a material which
has a yield strength (Rpo2) of at least 1000 Mpa at a temperature of approximately 20 °C.
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