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exhaust valve for an internal conbustion engine The present
i nvention relates to an exhaust val ve for an internal combustion engi ne,

partitcularly Wisey Stroke crosshead engine, conprising a npygpk870024s
spindle 5 wth a valve disc of a nickel-based all oy which al so
constitutes an annul ar seat area at the upper surface of the val ve disc,
whi ch seat area abuts a correspondi ng seat area on a stationary val ve
menber in the closed position of the valye, the seat area of the valve
di sc 10 havi ng been subjected at its manufacture to a therno- mechani cal
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di sc
stroke crosshead engine, comprising a movable spindle

5 with a valve disc of a nickel-based alloy which also
constitutes an annular seat area at the upper surface
of the valve disc, which seat area abuts a corresponding
seat area on a stationary valve member in the closed
position of the valve, the seat area of the valve disc

10 having been subjected at its manufacture to a thermo-
mechanical deformation process at which the material is
at least partially cold-worked. .
The development of exhaust valves for internal com-
bustion engines has aimed for many years at extending
15 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 1lower disc
surface and a hard material in the seat area.
The seat area is particularly crucial for the
20 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
be reduced by corrosion in a local area by a so-called
burn through, where across the annular sealing surface

25 a channel-shaped gutter emerges, through which hot gas
flows when the valve is closed. Under unfortunate
circumstances, this failure condition can arise and
develop into a rejectable valve during less than 80
hours’ operation, which means that often it is not

30 possible to discover the begiﬁning failure at the usual
overhaul. Therefore, a burn through in the valve seat
may cause unplanned shut-downs. If the engine is a
propulsion engine in a ship, the failure may arise
during a single voyage between two ports, which may
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2 5 increasing hardnesses have been developed over the years

to make the seat wear-resistant by means of the hardness

and reduce the formation of dent marks. The dent marks

are a condition for development of a burn through as the

dents may create a .small leak through which hot gas

10 flows. The hot gas can heat the material around the leakl
to a level of temperature where the gas with the
aggressive components has a corrosive effect on the seat
material so that the leak rapidly grows larger and the
leakage flow of hot gas increases, which escalates the

15 erosion. In addition to the hardness, seat materials
have also developed towards a higher hot corrosion
resistance to delay erosion after the occurrence of a
small leak. ' |

An exhaust valve of the above type and manufactured

20 from the material NIMONIC 80A 1is described in the
article 'Hersteliung von Ventilspindeln aus einer
Nickelbasislegierung fir Schiffsdieselmotoren’, Berg-
und Hiittenminnische Monatshefte, volume 130, September
1985, No. 9. The thermb-mechanical forging is controlled

25 so that a high hardness is achieved in the seat area.
In consideration of the mechanical properties of the
exhaust valve, such as fatigue resistance, etc., the
article prescribes that the NIMONIC 80A valve has a
yield strength of at least 800 MPa.

30 EP-A-0 280 467 describes an exhaust valve made of
NIMONIC 80A manufactured from a base body forged into
the desired shape after solution annealing. The seat
area is thus cold-worked for provision of high hardness.
Subsequently the valve can be precipitation-hardened.
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10 A number of,differeﬁt preferred materials for exhaust
valves are described in Paper 7 of the book - ’The
physical and mechanicallproperties of valve alloys and
their use in cbmponent evaluation analyses’, including
in its analysis of the mechanical properties of the

15 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
valve and particularly to reduce or avoid unpredictable
and rapid development of burn throughs in the seat area

20 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-
pectedly that the hardness of the seat material does not
have any great influence on whether the dent marks

25 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

condition for occurrence of burn throughs is weakened
or eliminated. _

30 In view of this the exhaust valve according to the
invention is characterized in that the seat area at the
upper surface of the valve disc has been given dent mark
preventing properties in the form of a yield strength
(Rpo_z) of at least 1000 MPa at a temperature of

35 approximately 20°C by means of the thermo-mechanical
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yield strength of at |east 800 MPa. 30 EP- A-0 280 467 describes an
exhaust val ve made of NI MONI C 80A nmanufactured from a base body forged
into the desired shape after solution annealing. The seat area i s

t hus col d- or provision of high hardness. Subsequeiiy Hoaya! ve
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The book 'Diesel

engi ne conbustion chanber materials for heavy fuel

operation' published in 1990 by The Institute of Marine Engineers,

London, collects

t he experience gained for exhaust valve materials in a 5

nunber of articles and provides recommendations as to how t o design
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i'st ance agai nst hot corrosion.
Dent marks are formed by particulate combustion

fesidues, such as coke particles, which flow from the

5 combustion chamber up through the valve and into the
exhaust system while the exhaust valve is open. When the
valve closes, the particles may get caught between the
closing sealing surfaces on the valve seats.

From studies..of numerous dent marks on valve

10 spindles in operation it has been observed that new dent
marks very rarely reach the upper closing rim, viz., 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 thickness of 0.5 mm and

a normal maximum thickness of 0.3-0.4 mm.

+
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When the combustion of the fuel commences and the

10 pressure in the cylinder and thus the load on the valve

disc increase, the enclosed powder pile starts wandering

into the two. sealing surfaces and at the same time the

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.

" If 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-

ient, which is obtained by manufacturing the seat areas

with a high yield étrength. 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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prile before plastic deformation occurs. The second
essential effect is associated with the surface nature
of the sealing surfaces in the areas facing the powder
pile. The dent profile formed.by.thé elastic deformation
is even and smooth and promotes the distribution of the
powder pile to a larger diameter, which partly reduces
the thickness of the powder pile, partly reduces
stresses in the contact area following from the greater
contact area. At the transition from elastic deformation
to plastic deformation a deeper and more irregular dent
profile is rapidly created which will unsuitably anchor
the powder pile and thus have a préventive effect on a
further advantageous enlargement. of the diameter of the
pile.

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

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 wmerely springs back to its
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 elastic
properties of the seat area, it is pfeferred that the
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 yield strength and the
highest elastic strxain. It appears from the above

i ncreasi ng heat treatnment. permprornd2ad!



resi dues, such as coke particles, which flow fromthe 5 conbustion chanber

up through the valve and into the exhaust system whil e the exhaust val ve
i s open. \Wen the val ve cl oses, the particles may get caught between the
cl osi hg seal,gy,amcgaces on the valve seats. From st ugdicq$p1ed7/00245
nuner ous dent marks on valve 10 spindles in operation it has been observed
t hat new dent mar ks very rarely reach the upper closing rim viz., the
circunferential line at which the upper end of the stationary val ve seat
i's brought into contact with the novabl ¢ coni cal valve seat. In

practice, the dents end 15 about 0.5 mmaway fromthe closing rim which is

wi t hout any comtntise thetl addaAN, mAseriHBWi€heaCpiediS8tPEngthewFeCt ed
to be-caught in een real,i seduﬁgat t he

t his_area. I.t. has .no
absence of dent?sgo M%?e&?af“@?‘”ﬁ BuLE PRelfF8 iﬁﬁcﬁ“ﬁei &tqge Rkt 20
t hat coke parti ches podderhepilesenofer zhear dopmaillyl emost afeequesitdy t o

powder before tPa cﬁ@r‘i&%/%a@ﬂﬁﬁl?kﬁessegl %ﬁ%@.’lf '?Lﬁé %?%‘nggg eﬁrlt{as—

bl own away si nultaneou e crushing o [ S because the
gas from thetdomudiawayathaftePHeRRt MitaPIRJRRERE1gAS Watheshchs t he

cl osing seal i NgaSWilAfr a5 etd APPFOXGERT Bh¥ R Gt hattd OCi€ Ywille appdargas
vel ocity bl ows the powder ng‘ir he ¢losing ri mavva(%/, and_t he abSence of
dents out to IERE r FREsHBGLOVhAe$GEtPERSHT HRRE pAthRl &F g ngeat
caught between matesdallisngasaifiabae atedaul e ske. mveuf6tueeyl timcla

! e BRAREL, e AR S ot PSR Ol O

t he dent 10 MPa. All other things being equal, this 10% increase in
yield strength will result in at least a 10% reduction

of the depth of any dent marks. For most types of par-
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
yvield strength is almost double the yield strength of
the seat materials used at present, 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.

In one embodiment the seat areas on the statiomary

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



mar ks therefore have a highest thickness of 0.5 mm and a normal maxi num

t hi ckness of 0.3-0.4 nm WO 97/ 47861

PCT/ DK97/ 00245 5 Especial |y _
wi t hi n t hewpsisrggcent engi ne devel op- ment where the npEHBKETRIS! ©
may be 195 bar, the | oad on the I ower surface of the disc may correspond
to up to 400 tons. Wen the exhaust valve is closed and the 5 pressure
in the conbustion chanber rises to the maxi num pressure, the sealing
surfaces are pressed conpletely t oget hgr around an encl osed powder pile.
Thi s cannot be prevented, no matter how hard the seats are. nade.

Wien t he conbusiremgiistdE thel twonweate matetitais eguldssit eapprdde-
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5 tion in each of the surfaces. The stationary seat area

is colder than the seat area on the spindle, which means

that the spindle seat material should have the higher

yield strength at about 20°C in view of the fact that

the yield strength for many materials drops at increas-

10 ing temperatures. This embodiment is especially advan-

tageous if the stationary seat area is made of a hot-
corrosion-resistant material.

If the stationary seat area is of hardened steel
or cast iron, the seat 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 f£ind 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.

Now follows a mentioning of various materials which
are applicable according to the invention as valve disc

30 and seat materials. It should be noted that NIMONIC is
a proprietary trademark of INCO Alloys.

Preferably the whole body or at least the whole
valve disc is made of a NIMONIC alloy. Of these it is
well~-known to use NIMONIC 80, NIMONIC 80A or NIMONIC 81,

35 which have provided good operational experiences as



15 power pile and the sealing surfaces rises, which usually makes t he
power pile deforminto a |arger area. |If the powder pile is sufficiently
thick, the elastic deforna- tion continues until the pressure in the
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seat material of the |owest yield strength, whereupon this seat materi al

Is plastically defornmed and formation of the dent mark commences. The
pl astic deformation may result in an increase of the yield strength
owng to deformati on hardening. If the teow seat materials in the 25

| ocal area around the powder pile thus achieve uniform yi el d strengths,
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PCT/ DK97/ 00245 after approximately 15% cold-working. Also NIMONIC PK50
is applicable and can be cold-worked and precipitation-
hardened to a yield strength of approximately 1100 MPa.

10 With the conventional NIMONIC alloys and a degree of .
deformation of 70% in the seat area it is possible to
achieve a yield strength of approximately 1400 MPa. It
is also possible to increase the yield strength further
through a precipitation-hardening heat treatment.

15 The choice of manufacturing process can be influ-
enced by the size of the exhaust wvalve, as a cold-
working of many per cent may require strong tools when
the valve disc is large, for example, with an external
diameter ranging from 130 mm to 500 mm.

20 The present invention also relates to the use of
a nickel-based chromium-containing alloy with a yield
strength of at least 1000 MPa at approximately 20°C as
a dent mark limiting or preventive material in an
annular seat area at the upper surface of a movable

25 valve disc in an exhaust valve for an internal combus-
tion engine, particularly a two-stroke crosshead engine,
the seat area abutting a corresponding seat area on a
stationary valve member when the valve is closed. The
special advantages of using such a dent mark limiting

30 material appear from the above description.

Examples of embodiments of the invention will now
be described below in further detail with reference to
the highly schematic drawing, in which

Fig. 1 is a longitudinal sectional view through an

35 exhaust valve according to the invention,
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Fig. 9 is a corresponding view of the surfaces
immediately after reopening of the valve.

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

15 cylinder cover, not shown. The exhaust valve has a
movable spindle 3 supporting at its lower end a valve
disc 4 and, in a well-known manner, being connected at
its upper end with a hydraulic actuator for opening of
the valve and a pneumatic retui'n spring returning the

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

If a higher corrosion resistance than achievable
with the base material is desired, the lower surface of
the valve disc may be provided with a layer of hot-

25 corrosion-resistant material 5. An annular seat area 6
on the upper surface of the valve disc is at a distance
from the outer rim of the disc and has a conical sealing
surface 7. Although the seat area in the Figure has a
different designation than the disc, it should be

30 understood that both parts are made of the same alloy.
The valve disc for the large two-stroke crosshead engine
can have an external diameter in the interval from 120
to 500 mm depending on the cylinder bore.

The stationary valve member is also provided with

35 a slightly projecting seat area 8 forming an annular



25 original shape when the val ve opens, and at the sane time the remains
of the crushed particle are bl owmn away fromthe seat surfaces.

In consideration of an increase of the elastic properties of the seat
area, it is wodmermsed that the 30 seat area material has a yi epdTAK900148
of at least 1100 MPa, preferably at |east 1200 MPa. Young's nodul us for
the current seat material is substantially unchanged at I ncreasing yield
strengths, whi.ch gives an approxi mately | i near correlation between yield
strength and the 35 highest elastic strainl It appears fromthe above
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temperature, the seat area is designed so that the two

5 sealing surfaces are parallel at the operating tempera-
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.

10 Fig. 2 shows a typical dent mark 11 ending approxi-
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.

15 Fig. 3 shows a hard particle 12 which is caught
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

20 between the seats at sonic velocity as shown by the
arrow A in Fig. 4. Part of the powder from the crushed
particle will be locked between the sealing surfaces 7,
9 because the particles nearest the surfaces are
retained by frictional forces, and the particles in the

25 interspace are locked by shear forces in the powder.
Thus, opposite conical powder piles are formed facing
tip to tip. The assumption prevailing so far to the
effect that a solid particle is caught between the seat
surfaces is thus not correct. Instead a reduction of the

30 amount of material caught between the seats occurs
because part of the powder blows away.

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

35 pile, as shown in Fig. 5. This lens-shaped powder body



a high yield strength are not at hand. It wll appear fromthe bel ow
description that sone of the seat materi al s avail abl e today can be
manuf actured in a manner that raises the yield strength to at |east 1100

10 MPa. Algog4dmes t hi ngs being equal, this 10%increase in perix@iods
strength WI? result in at |east a 10% reduction of the depth of any

dent marks. For nost types of par- ticles, the suitable limt of 1200
MPa is sufficiently high to provide a noticeable reduction of the pile
15 thickness and consequently may resultyd n a reduction of the dent mark
depths of up to 30% but at the sane tine t he nunber of possible
material s i s hasrpwededown. hikies a madiwmneHiciendéss seAtoMBiMmmni ahd W th a

yield strengtgog&a} @ﬁlbﬁﬁggslsggr ﬁgs alaF%?aLn ggcsﬁﬁ?CkQé%%Ieg erred

enbodi ment th y streng 1400
MPa. This lyetweegt ﬂeﬁgand 9 &I mms-t doubl e the yield strength of t he

seat materials usegiat pge algql:ebaggguggﬁbp‘e wheﬂreﬁ?@t I"]}glhl Ssrl%ndl ng

of the nechani sm of ent mark 25 formation mat er1 al high
yiel d strendytfirged, petuhrfere| Hhpl prasswaet dr bBPengOWPUFtdON area

burn throughSchihBedeﬁibeef akhg temsdgibnbar &ss that cé@Bustiba bE ¥R i n
this seat mat V@?ﬁ pe t0o,SMa ge gas éo J1ow tht ugh t he
I"ci

dent mark in qumtllé"rg’éeéﬂﬁﬂt ﬁl?’%’an ed™ nat&f*d to be
heat ed tosarbagpenamghetwhmdlhd:theccsraaismm Ebecﬁams 'éfa‘:empile&ely

In one enbodi EEghe! Bgaifet %@aése%riﬁlge ﬂ@fa’t%;aés Yin tﬂ@"%?é?.aggoL%?l valve

di sc, respectiv ave substan- ane y| el rength at the
operating l%n’ébﬁapo‘”der body .

When the pressure in the combustlon 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

15 the same time the powder body starts deforming the
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

20 permanent. Fig. 7 shows a situation where the stationary
seat area 8 has the highest yield strength, and where
the seat area 6 on the disc is deformed elastically to
just below its yield-limit. At the continued compression
to the completely compressed position of the sealing

25 surfaces shown in Fig. 8, the powdexr body sinks into the
sealing surface, the seat wmaterial being plastically
deformed. '

When the valve reopens, the particles are blown
away by the outflowing gas as shown in Fig. 9, and at

30 the same time the seat materials spring back to their
unloaded condition. To the extent a plastic deformation
has occurred of one or both seat surfaces, a permanent
dent mark 11 will be present in the sealing surface with
a smallexr depth than the largest indentation made by the



35 tures of the seat areas. The largely uniformyield WD 97/ 47861
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strengths of the two seat materials result in

appr oxi - mately the sane manner of deformation of both sealing

surfaces whewddwrgaawder pile is pressed into the

reduces the resulting plastic deforma- 5 tion in each of the surfaces.
stationary seat area I's colder than the seat area on the spindle, which
nmeans that -t he spindle seat material should have the higher yield

strength at about 20[err]C in view of the fiact that

sur f aces,pcniibRY7/0024S

The

the yield strength

for many materials drops at increas- 10 ing tenperatures. This enbodi nent

i s especially advewder bodgeoUbei highersthei eriarlyi s¢atergytdn ofs thelesedt a

hot - corr05|qma£§§i§1an£hgagﬁéiigr tﬁe dentl ape stationary seat area

is of hardened ste

or cast 1ron seat area on the st atlonary

menber 15 preferabl y HaW sxempdesn?tl Ppadvaee 5% guitpbigt paterials

5

10

15

20

25

30

35

will be described. All amounts are stated in per cent
by weight, and inevitable impurities are disregarded.
It should also be mentioned that indications of yield
strengths in the present description mean vyield
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
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
of 0.2 (Rp0.2)

The alloy NIMONIC Alloy 105 has a nominal composi-
tion of 15% Cr, 20% Co, 5% Mo, 4.7% Al, up to 1% Fe,
1.2% Ti and a balance of Ni. _

The alloy NIMONIC 80A comprises up to 0.1% C, up
to 1% Si, up to 0.2% Cu, up to 3% Fe, up to 1% Mn, 18-
21% Cr, 1.8-2.7% Ti, 1.0-1.8% Al, up to 2% Co, up to
0.3% Mo, up to 0.1% 2Zr, up to 0.008% B, up to 0.015% S
and a balance of Ni.

The alloy NIMONIC 80 nominally comprises 0.04% C,
0.47% Si, 21% Cr, 0.56% Mn, 2.45% Ti, 0.63% Al and a
balance of Ni.

The alloy NIMONIC 81 comprises up to 0.1% C, 29-31%
Cr, up to 0.5% S8i, up to 0.2% Cu, up to 1% Fe, up to
0.5% Mn, 1.5-2% Ti, up to 2% Co, up to 0.3% Mo, 0.7-1.5%
Al and a balance of Ni.

The alloy NIMONIC PK50 nominally comprises 0.03%
C, 19.5% Cr, 3% Ti, 1.4% Al, up to 2% Fe, 13-15.5% Co,
4.2% Mo and a balance of Ni.



than the seat area on the valve disc at the operating t enper at ures of
the seat areas. Wth this design any . dent marks will be formed on the
val ve spindle. This provi des two advantages. Firstly the seat area on,
the 20 spi Sbﬁmhﬁ normal |y made of a hot-corrosion-resistantpermpidi@bisd! SO
t hat any dent nar wll find it nore difficult to develop into a burn

t hrough than if the dent was |l ocated on the stationary nenber. Secondly
t he spindle rotates so that at each valve closure the dent 25 will be

| ocated at a new position on the stationgagy seal ing surface, the heat

I nfl uence thus being distrib- uted on the stationary seat area.

Now fgl | ows a ment T mmymém?uzzmempﬁhsesmohzv c&resam@% cc&blhe '
according to e |n Rt Lpn.as valve 0 an t teri It shou

be noted that “Ri FEN é W) W, \i’pro rﬂe’i% turpag_'eorrgr 'fm ‘ﬁt%

Preferably thumm @ Bdﬂ;ﬁ.oﬁ-aaw est upheoidl Si, up/a:lo/eO d11s5% |$, rupie of a

NI MONI C al | oy e Ml I | C 80A
or NI MONIC 81t03§ whi c'h v%ap?SV| (ﬁndir)%w%apie?n féoﬁgl Ng:pegroﬁgr?c%sllfs\l

VO 97/ 478615 Rene 220 contains 029— 18% Cr, BETMyoF0oMs 1% Ti,
0.5% Al, 3% Ta and a balance of nickel. Deformation

combined with precipitation hardening can achieve an
extremely high yield strength in this material. At a
degree of deformation of 50% at 955°C, the yield
10 strength becomes approximately 1320 MPa; at a degree of
deformation of 50% at 970°C, the yield strehgth becomes
approximately 1400 MPa; at a degree of deformation of
50% at 990°C, the yield strength becomes approximétely
1465 MPa, and at a degree of deformation of 25% at
15 970°C, the yield strength becomes approximately 1430
MPa. Precipitation hardening has been applied for 8
hours at 760°C folldwed by 24 hours at 730°C and 24
hours at 69%0°C.
Concerning the nominal analyses stated above it is
20 obvious that in practice, depending on the alloy actual-
ly produced, deviations may naturally occur from the
nominal analysis, just as inevitable 1mpur1t1es may also
occur for all analyses
Technical literature describes in detail how to
25 heat treat the various alloys to generate precipitation
hardening, and the heat treatment for solution annealing
and the recrystallisation temperatures of the alloys are
also well-known.
The thermo-mechanical deformation process for
30 increasing the yield strength involves a hot/cold-
working of the material by well-known methods, for
example, by means of rolling or forging of the seat area
or otherwise, such as beating or hammering thereof.
After deformation the sealing surface of the seat can
35 be ground in.



9 regards wearing qualities and corrosion resistance in t he
corrosive environnent present in the conbustion chanber of a |arge
di esel engine Also applicable is NI MONI C Al l oy 105 which after casting

and cbnventl i%fcwging of the base body has a yield strengéfRpiio7aéast
800 MPa whic has een brought to nore than 1000 MPa after approxi mtely

15% col d-wor ki ng. Al so NI MONI C PK50 Is applicable and can be

col d-wor ked and precipitation- hardened to a yield strength of
approximately 1100 MPa. 10 Wth the conventjigpnal NI MONI C al | oys and a
degree of deformation of 70%in the seat area it is possible to

achieve a yield st ren'ggbh ﬁd@cﬁ@r@ﬂémtﬁimésw&—d\aﬁﬁwéd at i thel sehpesri-bl e
to_increase the d strength fur her : g r [ har d nlng
heat treatnent. @Eﬁh 1C?§ d ES &P3n§ﬁﬁ%é %rpﬁé %Fb e&?t 8@3 %
enced by the sizred tden ckkfoze vaéfermatigncobed- expagedi g osomntycpler
cent may requir 00 t v €04 s.bkagg | e,
with an externalearﬁrlé%fgrr%f e#§¥;€%ﬁ rgﬁqr g()x z héﬁr% at% gﬁmfag'}:aﬁi?]
present inventS cwxmablyerapgingobefwegse 15100 and nlr%%i’cba@eﬁendmg on

chrom um cont ai niWE anaQw Ald hoﬁ ¥Rl dmatestibanot foliortdl east qheRAGHYRY at
approxi mately 20 err C as ﬂ % nghk limti,ng or e%ent ve nat§{|al I n
an annul ar seattBPEa1D: & R thpeRAt TR of 13?5 TRPTEREEE i n

an exhaust val ve{typiaalipt S0@?Cronfnklowed by air cooling to zroom
temperature or quenching in gases to room temperature.
10 A hot/cold-working can then be carried out after these
steps. To keep the forces suitably low the deformation
preferably takes place at a raised temperature of about
900-1000°C, viz., below or around the lower limit for
the recrystallisation temperature, which is typically
15 approximately 950-1050°C. In this case with hot-working,
a cooling from the solution annealing to approximately
the recrystallisation temperature can advantageously be
carried out without first cooling to room temperature.
Possibly the deformation can be carried out in several
20 steps with intermediate reheating. At a cold-working of
approximately 20% it is typically possible to achieve
a yield strength.of 1200 MPa. If an especially high
yield strength is desired, after completed deformation
and working the seat area can be exposed to precipita-
25 tion hardening which may, for example, take place for
24 hours at a temperature of 850°C followed by 16 hours

at a temperature of 700°C.
The base body treated as described above can be
manufactured by means of casting and conventional
30 forging or alternatively by means of a powder metallur-
gical compacting process, such as a HIP process or a CIP
process in combination with hot extrusion or a similar

deformation process.



tion engine, particularly a two-stroke crosshead engi ne, t he seat area
abutting a corresponding seat area on a stationary val ve nenber when the
val ve is closed. The speci al advant ages -of using such a dent mark
limting 3Gvoeyarsspl appear fromthe above description. Eé? es of
enbodi nents of the invention will now be described bel ow FHTP

detail with reference to - the highly schematic drawi ng, in which

Fig. 1 is a loengitudinal sectional view through an 35 exhaust val ve
according to the invention, WO 97/4¢861 _

PCT/ DK97/ 00245 10 Fig. 2is a
segmental vi ew of t et wehafat af eahe vailviék amhypikal gfeng L keskgyched

in, Fi r g al of the.tw seat areas
i 11ustrating ;Ei:égf?Pg gréﬁugﬁgkgo nh%Fh 1Fﬁt?Béu&P0F93t5°§98p§apnb?he

dent mark for hion- WeldedFF@5t07Qhﬁidisae enl arged segnental views of
t he



dent mark formation, and Fig. 9 is a corresponding view of the
surfaces I mredi ately after reopeni ng of the val ve. 10 Fig. 1 shows
an exhaust val ve general |y desi gyated a4tk ge t Wo- st roke internal
combusti on e f7861  Whi ch may aVé‘Sc%'H&ETdeAsmE&NB ers rangi Nngct/oKe700t4st 0
1000 mm The stationary valve ne EPLAGEDexhauft val ve, also called
the bottom piece, 1S nounted in a I5 Cyrrmnder > nhot shown. The exhaust

vaIv spindle 3 supporting at its lower end a val ve

d| sc E ilﬂ"“l"m Irknown manner, being gennected at its upper end
raul kc actwator for opening of the val ve and a pneumatic

return spring returning the 20 sl ® WOTi tschOAeCt WDEB' tion. Fi g 1 shows

t he val ve in a parti al Si er si on

resi stance than achi e!\i'/abIAery QQBQP%Qt P?Iéé:g‘gesefr?gt e‘-’rmall llg'leag‘llhr 88 tuﬁ; 1 Bher

surface of t hengihee Paxtieylarvlyr i dwo-wteke | syr@rssmead)t engine,

coLrosion-resi st ehhaly SpotrRANW An SRt wikRa £ va1old p

surface of the v%%gglgscbl S atoa ?starfiﬁn vrwom fie outer ﬁlen?éjo 8?he

di sc and has a5 cehFkal- Qeaﬁdng*lllossuwbaeb ?‘1%tﬁ8¥}§ﬁ’-i¢ﬁ§e§eaﬂnaﬁ@§1ﬁlﬁ1{ he

Figure has a Seatespas gestpe dppertgaﬁfaae deEheI{raib@Ulid.sQe hich
under st ood t hat bot val vg .di sc
|

It
for the large twes 3? %a (S:?%%Eﬁe%ac%’ﬁﬁ?ﬁgonalegnsﬁggyaﬁﬁ ?Pe?‘nﬁf'_' LETEt er
in the interval arpnval@e membex0Cimmtbepchdsed posiftdaylofidehebyadve,

The stationary vehyesUENDEL .S G She' P¥17Elatst 1R the! HOB! ¥uBSURYd N9

seat area 8 formng an annul
10 at its manufacture to a thermo-mechanical deformation

process at which the material is at least partially
cold-worked, c haracterized in that the seat
area at the upper surface of the valve disc has been
given dent mark preventing properties in the form of a
1S yield strength (RpO.Z) qf at least 1000 MPa at a
temperature of approximately 20°C by means of the
thermo-mechanical deformation process and possibly a
vield strength increasing heat treatment.
2. An exhaust valve according to claiml, ¢ h a r-
20 acterized in that the seat area material has
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
25 yield strength of at least 1300 MPa, preferably at least
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-
30 ly, havé substantially the same yield strength at the
operating temperatures of the seat areas.
5. An exhaust valve according to any one of claims
1-3, characterdized in that the seat area
on the stationary member has a substantially higher

This Sheet Has Been Replaced
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V\D o7 43mi“m||“slmullugulmrface 9 which abuts thepgﬁi::)iKg;/ Oozgﬁrface 7 1in

the cl osed position of the v; ;val ve disc changes shape durjng

heating t owblersseser ati ng Htsegﬁﬁwams@sEENhk seat area i s degTogmesigegyst hat
the two 5 sealing surfa ‘ar grandiEDel at it he operating tenpera- ture

of the val ve, which nean alve disc the sealing surface
7 only abuts .the sealing surface 9 at the latter's upper rim10 | ocated
farthest away from t he conbustion chapBer. 10 Fig. 2 shows a

typi cal dent mark 11 endi ng approxi - mately 0.5 nm away fromthe cl osing

rimon the s eatiierigt stmngmetﬂanvthe séat areaubar thec valleree dilse waper rim
1 e e Sl g, e iaghof e M, 2100, 111
seal ing surfaces 7,69 Aang ét-‘é[ty Wkes eaccording to any one Of the
preceding claims, c haracterized in that
5 the external diameter of the wvalve disc is .in the
interval from 130 mm to 500 mm.
7. Use of a nickel-based chromium-containing alloy
with a yield strength of at least 1000 MPa at approxi-
mately 20°C as a..dent mark 1limiting or preventive
10 material in an annular seat area at the upper surface
of a movable wvalve disc in an exhaust valve for an
internal combustion engine, particularly a two-stroke
crosshead engine, the seat area abutting a corresponding
seat area on a stationary valve member when the valve
15 is closed.

—_—

i



the val ve closes conpletely. At the continued closing notion, the
particle is crushed into powder, of which a considerable part is
entrajned by the gas flow ng up 20 between the seats at sonic velocity as
shown by thewoorangeaw A in Fig. 4. Part of the powder from thecamgiabes
particle will be |ocked between the sealing surfaces 7, 9 because the
particles nearest the surfaces are. rqygined by frictional forces, and
the particles-in the 25 interspace are | ed by shear forces in the

powder . Thus, opposite conical powder piles are forned facing tipto
tip. The assunption prevailing so far to the effect that a solid
particle is caught between the seat surfaces is'thus not correct.

| nstead a reduction of the 30 anobunt .Qf umaterial caught between the seats
occurs because part of the powder §bNQ away . At the continued
closing notion, the conical powder acs ations coll apse and are spread
i n~the plane of t hgZsSr race 0 a}l eQs-shapgd powder boqy & a powder 35
pile, as shown in FigedA) This | ens- $hapad pewiler body WO 97/ 47861

PCT/ DK97/ 00245 7
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12 has proved to have a maxi mumthi ckness of 0.5 mm and a nor mal

t hi ckness for the | argest accumnul ati ons of between 0.3 and 0.4 mm

Fig. 6 shows the situation when the valve is 5 closed, but before the
pressure in WO976e861USt | ONn chanber rises as a consequence GicfBRor
conbustion of the fuel. The pneumatic return spring is not in itse
strong enough to pull the sealing surface 2 2:orrpl etely ti ght against the
sealing surface 9 in the area around ) the powder body. When t he
pressure in the conbustion chanber ri ~ after ignition of the fuel, the
upward force on the | ower disc surf- '|ﬁ&s strongly, and the seallng

surfaces are pressed cl ose e\ and at 15 the sa t he
powder body starts defornlﬁg v f aces- elastlcallngpksyﬁg
eld strength of the

powder body is suff|C|3p

material is not sufficientlA ™ astic deforma- tion will turn
into plastic defornatlon rmanent. Fig. 7 shows a
situation where the st ,jy;the hi ghest yield
strength, and where c is defornmed elastically

to just belowits yield limt. d conpression o_t he
conpl etely conpressed position g 5 surfaces shown i '94 8,
t he powder body sinks into yh surfa 99 the seat material beéing
pl astically - //9

Fl6.5

F1G.6

FIG. 7

FI1G.8

FiG.9



{
defotmed. = ™~ When the val’ve redpens, the pdrti“tl'es ‘are bl 6Wh - daiy-# -
by the. outhOMAng gas as shown in Fig. 9, and at 30 the sanme tine the seat

materials spring-back-to their unl oaded c ent a

pl astic deformation has occurred of one o thﬂ%ﬁﬁﬁE&H@%??é %, a

per manent dent mark 11 will be present inllthe sBEPFﬁﬁEgurfE% with a
-smal |l er depth than the Iargest I ndent ati on nade Dy The WO 97/ 47861
PCT/ DK97/ 00245 13 powder body. The

hi gher the yield strength of the seat magerial, the smaller the dent

mar k. Now exanpl es of anal yses for suitable materials will be

described. Al anpunt e e boaked’'Dhepel casigire bycumbgbtiocand dhambidwmbl e

impurities are dignegarded.e . Aéaiilépg&a$%§ QE*antbgggﬁﬂhthjf%gﬁéﬁhlons

of yield streng 'hs I'n the preSe escriptron nean s at
a tenperature of Wpﬁﬂ@(lmtélﬂjdtm[ﬁr MaginenEsgineers, London, collects

the experience gained for exhaust valve materials in a

5 number of articles and provides recommendaticns as to

how to design valves to achieve long life. Concerning

valve geats the articles unanimously direct that the

seat material has to have a high hardness and be of a

material with a high resistance against hot corrosion.

10 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

their use in component evaluation analyses’, including

in its analysis of the mechanical properties of the

15 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
valve and particularly to reduce or avoid unpredictable
and rapid development of burn throughs in the seat area

20 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-
pectedly that the hardness of the geat material does not

s have any great influence on whether the dent marks
25 emexrge. The object of the pregsent invention is to
provide seat materials that anticipate the mechanism
leaaing to formation of dent marks, whereby the basic
. condition for occcurrence of burn throughs is weakened

or. eliminated. |

30 In view of this the exhaust valve according to the
invention 1is characterized in that the valve disk is
made of a nickel-based alloy which. can achieve a yield
strength of at least 1000 MPa, and that the seat area
at the upper surface of the valve disc has been given

35 dent mark preventing procperties in the form of a yield'

\\
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anot her terrper ature is i nd| cat ed The aI I oys are 10 chr om um cont ai ni ng
ni ckel . base allqys (or nickel- cont ai ni se—al| oys), and

t hey have the property that there is no p&g@egp{g@ﬂq,gégggnn bet ween t he
hardness of the alloy and its yield strength, buhgpﬂAchg contrary

probably a correl ation between hardness anc h. In
connection with these alloys, the  yield st rengt h nmeans the strength
generated by a strain of 0.2 (Rlerr]). The all oy NIMONIC Al | oy
105 has a nom nal conposi - tion of 15%%, 20%Co 5% M, 4.7%A, up
to 1% Fe, 20 1. 2% Ti ar}ij bal gnce, of Ni . e alloy NI MONI C 80A

. conprises up toSF 0.2 RS legst &Q@OZ%PGJ atyp tempRRatung, to
1% Mn, 18- 2198 %prbﬁﬂ&té%yﬁmaﬁyhe&%e%f. tie tthe¥hd-omedcaical 0. 3%
Mo, up to 0.1%Zr, up to 0.008%B, up to 0.015% S 25 and a bal ance of N .
The al |l oy NI MONI C 80 nom nally corrprl ses 0.04% C, 0.47% Si, 21% Cr,
0.56% Nn, 2.45% Ti, 0.63% A and a  bal ance of N. The al | oy

NI MONI C 81 corrprises up to 0.1% C, 29-31% 30 Cr, upto 0.5% Si, up to 0.2%
Cu, up to 1% Fe, up to 0.5% Wnh, 1.5-2%Ti, up to 2% Co, up to 0.3% M,
0.7-1.5% Al and a bal ance of N. The all oy NI MONI C PK50

nom nal'ly conprises 0.03% C, 19.5%Cr, 3%Ti, 1.4% A, up to 2% Fe,
13-15.5% Co, 35 4.2% M and a bal ance of N . :
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14 . The all oy Rene 220 conprises 10-25% Cr, 5-25% Co, up to 10%
u\_ C 2-23%Ta, up

Mo+ to 11%Nb upto 4%T| up to 3%
to 1% S| S, to 5% Fe, S
cont a| ns 0.02% C, 1{
S%Wﬂmlwm,w ﬂi"ﬂi al ance of nickel. DeforTal
n

preC| pitatioe ng can achi eve an ext remel y high d strength in
this material. At a degree of deformati®wn of 50% at 955[err]C, the
yield 10 strength becones approxinmately 1320 MPa; at a degree of '
def ormati on of 50% at 970[err] @ A B/idelld st dndt T Medones

approxi mately 1400 MPa, 2n aeARG:SE %st gt hAn iqftern{ao%a«tb&setsw] C,
the yield strength becone 1465 MPa, and_ at a degtee of
def ormati on of 289§4f®15 %’%[p‘g?‘tofaé % hé fr"éq &%F?’Eﬁtgﬂ?%@@@ﬁgs eng.ne,
approxi matel y 1486mpribPag B emdvabild i opihdleenind Rasvates diplk &k far 8
hours at 760] e r£ck@h | BUEHa 138y Wi a 789! SbREE 130T R an LRS!
seat area at the upper gsurface of the valve disc, which
seat area abuts a corresponding seat area on a station-
ary valve member in che closed position of the wvalve,
the seat area of the valve disc having been subjected
10 at its manufacture to a thermo-mechanical deformation
process at which the material is at least partially
cold-worked, characterized in that the
valve disk is made of a nickel-based alloy which can
.achieve a yield strength of at least 1000 MPa, and that
15 the seat area at the upper surface of the valve disc has
been given dent mark preventing properties in the form
of a yield strength (Rog,g) of at least 1000 MPa at a
temperature of approximately 20°C by means of the
thermo~mechanical deformation procesas and possgibly a
20 vyield strength increasing heat treatment. .
2. An exhaust valve accordirtg toclaiml, ¢ h a r-
acterized in that the seat area material has
a yield strength of at least 1100 MPa, preferably at
o  least 1200 MFPa. | |
' 25 3. An exhaust valve according to c¢laim 2, c h a z-
" acterized in that the seat material has a
yield strength of at least 130C MPa, preferably at least
1400 MPa.
4. An exhaust valve according to any one of c1 aims
30 1-3, characterized in that the seat areas
on the staticnary member and the valve disc, respective-
ly, have substantially the same yield strength at the
operating temperatures of the seat areas.
5. An exhaust valve according to any one of claims

35 1-3, characterized in that the seat area
—_— .
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Concerni'ng ‘the nominal anal'ysés st at ed 'above'it 'I's"20 obvious t'Hat = te= - -

pract.bc, depending on the alloy actual - |y produced, deviations may

ur.al | ccur _from the nom nal anal ysi s, ittst—as inevitable inpurities
e R (g et
in det treat the various al [joys tREmomstmte prieci pitation
har deni ng, and the heat treatnent for solutio g analt he
recrystallisation tenperatures of the alloys are al so Wl | - known.
The therno-nmechani cal deformati on process {gr 30 increasing the yield
strength invol ves a hot/col d- wor ki ng of the material by well-known

met hods, for eRafiiee, sbpt honasy omemblelr fgaeor af endiettarfidlle, srogharea
or othermnse suybega gegghaghoghgﬁngﬁélggaéhgfﬁgfon théfggivg)éﬁ%ga%%on

t he sealing surfaﬁe of the, Seat can roun
PCT/ DK97/ 00245 Gthe operating temperatures Yot thesseat areas.

_ 6. An exhaust valve acccerding to any one of the

S5 preceding claims, characterized in that

the external diameter of the valve disc ig in the
interval from 130 mm to 50C mm.

7. Use of a nickel-based chromium-containing alloy

with a yileld strength of at least 1000 MPa at approxi-

10 mately 20°C as a dent mark limiting or preventive

wmaterial in an annular seat area at the upper surface

of a movable vaive disc in an exhaust valve for an

internal combustion engine, particularly a two-stroke

crosshead engine, the seat area abutting a corresponding

15 seat area on a stationary valve member when the valve

is closed.

is Sheet Has Been Re[ilaced '
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To retuce the forces required at thé therno- mechani cal deformation

process the bod - area can before deformati on be exposed to
sol ution anﬂ§&ﬁ&ﬁ@lmhﬁwfgiﬁﬁgie for 0.1-2 hours at a tenperature 5
‘normal |y rangi ng jpbetween 1000 4nqd 1200kgbklifatedteRdi NBic¥@mber 19@9 anal ysi s

of the material} [f old pNOY W@99ayerjchi ng either in a salt bath to an

I nternmedi ate tepperature (ttypically 500[err]C) followed by air cooling
to room tenpe icling in gases to roomtenperature. 10 A
hot / col d-wor ki ng can then be carrjied out after these steps. To keep the
forces suitably Iow the deformation referably takes place at a raised
tenperature of about 900- 1000[ err] C, viz., below or around the | ower
limt for the megd yshabki saipiazelicMeigink €, chhbaBtisnt ypdiamber 15

approxi mately 950-1050[err] G In this. case with hot-warkin ool i ng
fromthe sol uﬂ%?éﬁﬁél#‘#)%%a%p?\ﬁﬂ nﬁ?&lr\é%lon tﬁ’é&ﬁ'&fpfé i Js%?fgon

t enper at ure cay @harmrageiitte dif MarimarBrigichenrs wilidmodanf icsllegosing to:
room t enper at yne. 0ssi bl v the r [.Or | i

Coveral 20 ot SIE PSRN AR S T PRI, LE BRG S, 8

appr oxi mat eBy mokex ¢£ aypliciesyapdsprbvddes sascamendatipng A8 &frength
of 1200 MPa. Iforve&saeeigh! ¥ahivEl to armlledeStIcaRpilyf&. desShéSeningt er

conpl eted deforrmation ~ “and workjng the seat area n_b xpqsed, to
precipita- 253Ye RaPHENtRG RGP ,@%‘F”@‘R‘éﬁ%’e%ifgﬁg 31% EB? 24
hours at a tenpeatmtnmeeniaBSnger tpChhokl antdghy hbfrdness and ke of a
temperature of JO0LLLT]{ien a high JE1AASELUa 1860 RS Aotlessibhed above

can be
% 10 A number of differxent preferred materials for exhaust

valves are described in Paper 7 of the book 'The
physical and mechanical properties of valve alloys and
their use in component evaluation analyses’, including
in its analysis of the mechanical properties of the

15 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
valve and particularly to reduce or avoid unpredictable
and rapid development of burn throughs in the seat area

20 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-
pectedly that the hardness of the seat material does not
have any great influence on whether the dent wmarks

25 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
condition for occurrence of burn throughs is weakened.
or eliminated,

30 In view of this the exhaust valve according to the
invention is characterized in that the valve disk is
made of a nickel-based alloy which can achieve a yield
strength of at least 1000 MPa, and that the seat area
at the upper surface of the valve disc has been given

35 dent mark preventing properties in the form of a yield



manufactured by neans of casting and conventional 30 forging or
alternatively by peads..Q powder netal | ur- gi cal conpacting process,
such as a H P prclﬂﬂﬂyuﬂﬂwﬁ process in conbination with hot
extrusion or a sifmjfta : i on Sukstirate sheet - 1 NV hibér $6d9

PCT/ DK97/ 00245 16 The shaft of
the valve may bejo different fromthat of the disc and in

that case can be d on to the disc.

3a

strength (Rpo 2) of at least 1000 MPa at a temperature
of approximately 20°C by means of the thermo-mechanical



17 - PATENTCLAI MS 1. An exhaust
valve for an internal combustion  engine, particularly a two-stroke
crosshead engi 3 ICH) a novabl e spindle with a valve disc of a

‘5 ni ckel - based |a ch—al=g'"¢onst i igyRsinae sHyed!-aT Novensisat 199ga at the
upper surface t he val ve di sq, |which seat area abuts a corresponding

seat area on a stlat O@NOV 1993ry Jal ve nenber in the cl osed—positionof the

val ve, t he |selat area of thg jal ve di sc having been subiected 10 at its

manuf acture to p thernmo-mechani cgl deformation . pr ocesE HIJW“'"H'QHUI
[ *

material is at Least partially cold-wprked, ¢ h ar
I n that the val ve di sk i s nade of alhickel-based all oy which can

achieve a yield strength of gt I@agtngoo MPa, nadyt Bat 15 the seat area
at the upper surface of the valve [

i Sc has been glVﬁn dent mark :
preventing propertiles A erhav@tm valvef Igryiah dietrERgtn ‘{‘Fﬂrl%‘ﬁ}o%f at
| east 1000 MPangfind, pabeiRAnALILe Hf rIRREVroKR ebyodBhead] ehyineans of
t he t her no- mechani cal def or i on pngfess.gﬂd pas 'blyda ZQJ ield
strengt h i ncr SRERTG & ?rEEWﬁgﬁF.SPln ) Aﬁ'eﬁigﬁgt v8Fv&*acor di ng
to claiml, scrickel-based aatldyewhiiclz lab i copbtituhessem amwalamteri al
has a Y gl SLLRNILR Qhefliph83SEultd8eMbR tRECFE1FR! Xidd, which
seat area abuts a corresponding seat area on a station-
ary valve member in the closed position oﬁ_the valve,
_ the seat area of the valve disc having been subjected
- 10 at its manufacture to a thermo-mechanical deformation
process at which the material is at least partially
cold-worked, charactexrized in that the
valve disk is made of a nickel-based alloy which can
achieve a yield strength of at least 1000 MPa, and that
15 the seat area at the upper surface of the valve disc has

~—

been given dent mark preventing properties in the form
of a yield strength (RpD.z) of at least 1000 MPa at a
temperature of approximately 20°C by means of the
thermo~-mechanical deformation process and pogsibly a
20 yield strength increasing heat treatment. o
2. An exhaust valve according to claiml, ¢ h a r-
acterized in that the seat area material has
a yield strength of at least 1100 MPa, preferably at
least 1200 MPa.
25 3. An exhaust valve according to ¢laim 2, ¢ h a r-
acterized in that the seat material has a
. yield strength of at least 1300 MPa, prefexably at least
1400 MPa,
4. An exhaust valve according to any one of claims
30 1-3, characterxrized in that the seat areas
on the stationary member and the valve disc, respective-
ly, have substantially the same yield strength at the
operating temperatures of the seat areas.
5. An exhaust valve accoxrding to any one of claims
35 1-3, characterized in that the seat area



| east” 1200 I\/I5a. 25 3. An exhaust valve according to claim2, ¢ h a r-
acteri zedinthat the seat material has a yield strength of at
least 1300 MPa, preferably at |east 1400 MPa. 4. An exhaust

val ve according 1 HubbtiduteCsiea -1 Noveimifer 1699 € d in
t hat the seat ar<,§EmXCEMEN§L Btionary menber and the val ve di sc,
respective- have substantijplly the sane yield strengtihrat—the

operating tenper 1t ir 3 20N0V @99sept | ar eas. 5. An

according to any{ope of clains 1-3, char act e ”mmn umﬁmf"‘m'
the seat area 1

statiorary nmemnbel 1y hi g%er yi el d st rength than the

seat area on idif ¥AbVetditibrlry méMSePPHAA! | 0sLBRRENHRLYWIAS Ofi fhESeat
areas. yield strength than the seat area on the valve disc at
the operating temperatures of the seat areas.
6. ‘An exhaust valve according to any one of the
5 preceding c¢laims, characterized in that
the external diameter of the valve disc is in the
interval from 130 mm to 500 mm.
7. Use of a nickel-based chromium-con’t;aining alloy
__ with a yield strength of at least 1000 MPa at approxi-
\\/' 10 mately 20°C as a .dent mark limiting or preventive
material in an annular seat area at the upper surface
of a movable valve disc in an exhaust valve for an
internal combustion engine, particularly a two-stroke
crosshead engine, the seat area abutting a corresponding

15 seat area on a stationary valve member when the valve
is closed.
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6. An exhaust val ve according to any one of the

5 preceding cl &%LOQM

racteri zed inthat the external dianmeter of the val vgsehsc_i s

in the interval from 130 mmto 500 mm 7. Use of a ni (P

chrom’um cont ai r‘?@}al | oy vwéﬂlomuﬁl:ﬂmsbm@ﬁgtrbmimﬁnoheast 10R at ¢

approxi- 10 mate O[err]C as a dent Mepadonp!; ing or preventive
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An exhaust valve for an intemal combustion engine comprises a movable spindle with a valve disc of a nickel-based alloy whick:
also constitutes an annular seat area at the upper surface of the valve disc. The seat area abuts a comesponding seat area on a stationary
valve member in the closed position of the valve. At manufacturing, the scat area of the valve disc is subjected to a thermo-mechanical
deformation process at a temperature lower than or around the mctystalhzauon temperature of the alloy. The seat area on the upper surface
of the valve disc has been given dent mark preventing properties in the form of a yicld strength (Rpo2) of at least 1000 MPa at a temperature
of approximately 20 °C by means of the thermo-mechanical deformation process and possibly a yield strength increasing heat treatment.




