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Summary of Facts and Subm ssions

Eur opean patent EP-B1-1 131 176 relates to a nmultiple-
airfoil vane segnent produced as a single crystal
casting, a gas turbine engi ne conponent conprising such
a vane segnent and a nethod for nmaking the vane segnent.
Grant of the patent was opposed on the grounds set out
in Articles 100(a) to (c) EPC.

The opposition division decided that the patent could

be mai ntai ned on the basis of the clains of the 16th
auxiliary request filed during the oral proceedings.

The deci sion, which was posted on 18 Decenber 2008, was
appeal ed by both the patent proprietor and the opponent.

Appel lant | (hereinafter referred to as the "opponent")
filed both notice of appeal and a statenent containing
t he grounds of appeal and paid the appeal fee on

28 January 2009.

Appellant 1l (hereinafter referred to as the "patent
proprietor”) filed notice of appeal on 27 February 2009,
payi ng the appeal fee on the sane day. A statenent
cont ai ni ng the grounds of appeal was filed on 28 Apri
2009.

Oral proceedings were held on 1 April 2011.

Request s

The patent proprietor requested that the decision under
appeal be set aside and the patent be nmintained on the

basis of the main alternatively the first auxiliary
request filed with the letter dated 28 April 2009,
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alternatively on the basis of the second auxiliary
request filed during the oral proceedings before the
Boar d.

The opponent requested that the decision under appeal
be set aside and the patent be revoked.

Cl ai ns

(a) Main Request

| ndependent clainms 1, 3 and 13 of the main request read
as follows:

"1l. A vane segnent conponent conprising a cast single
crystal structure forned of a directional solidified
alloy type material, said single crystal structure has
at least one airfoil integrally connected between a

first endwall nenber and a second endwal |l nenber."

"3. A gas turbine engine conmponent, conprising an
integrally cast single crystal vane segnent including a
plurality of vanes, each of said plurality of vanes
including a |l eading edge and a trailing edge and a
first end and a second end, said vane segnent has a
first endwal |l menber integrally connected with each of
said first ends and a second endwal | nenber integrally
connected wth each of said second ends, said vane
segnent formed of a directionally solidified alloy type

material ."

"13. A nethod for producing a single crystal vane
segnment, conpri sing:
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- providing a directionally solidified type all oy
mat eri al ;

- melting the directionally solidified type all oy
mat eri al ;

- pouring the nolten directionally solidified type
alloy material into a casting nold, the casting nold
i ncluding an endwall formng cavity and a vane form ng
cavity that are in fluid comuni cati on;

- filling the endwall form ng cavity with the nolten
directionally solidified type alloy material;

- solidifying the directionally solidified type
material to produce an integrally cast vane segnent
havi ng a structure consistent with a single crystal
casting."

Dependant clains 2, 4 to 12 and 14 to 19 relate to
preferred enbodi nents of the vane segnment conponent of
claim1, the gas turbine engine conponent of claim3

and the nethod of claim 13 respectively.

(b) First Auxiliary Request

The three independent clainms of the first auxiliary
request (clains 1, 3 and 12) correspond to those of the
mai n request. Dependent claim 10 of the main request
has been del et ed.

(c) Second Auxiliary Request

| ndependent clains 1, 2 and 9 of the second auxiliary
request read as foll ows:

"1l. A vane segnent conponent conprising a single cast
single crystal structure fornmed of a directional
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solidified alloy type material, said single crystal
structure has a plurality of airfoils integrally
connected between a first endwal|l nenber and a second
endwal | nmenber, said single crystal structure has its
<001> crystal direction substantially parallel with a
tangent to one of said endwall nenbers and its <010>
crystal direction substantially parallel with an

average airfoil stacking axis."

"2. A gas turbine engine conponent, conprising an
integrally cast single crystal vane segnent including a
plurality of vanes, each of said plurality of vanes

i ncluding a | eading edge and a trailing edge and a
first end and a second end, said vane segnent has a
first endwall nmenber integrally connected wth each of
said first ends and a second endwal | nenber integrally
connected wth each of said second ends, said vane
segnent formed of a directionally solidified alloy type
material and having its <001> crystal direction
substantially parallel with a tangent to one of said
endwal | nmenbers and its <010> crystal direction
substantially parallel with an average airfoil stacking

axis."

"9. A nethod for producing a single crystal vane
segnent, conpri sing:

- providing a directionally solidified type all oy
mat eri al ;

- melting the directionally solidified type all oy
mat eri al ;

- pouring the nolten directionally solidified type
alloy material into a casting nold, the casting nold

i ncluding an endwall formng cavity and a vane form ng
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cavity defining a plurality of vanes that are in fluid
conmuni cati on

- aligning a starter seed such that its <001> crystal
direction is substantially parallel with a tangent to
the vane segnent and the starter seeds <010> crystal
direction is substantially parallel wth an average
airfoil stacking axis;

- filling the endwall form ng cavity and the vane
formng cavity with the nolten directionally solidified
type alloy material;

- nelting a portion of the starter seed extending into
the casting nold with the nolten directionally
solidified type alloy material; and

- solidifying the directionally solidified type
material to produce an integrally cast vane segnent
havi ng a structure consistent with a single crystal
casting with its <001> crystal direction substantially
parallel with a tangent to one of said endwal |l nenbers
and its <010> crystal direction substantially parall el

with an average airfoil stacking axis."

Dependant clainms 3 to 8 relate to preferred enbodi nents
of the vane segment conponent of claim1 and the gas
turbi ne engi ne conponent of claim2; dependent

clains 10 to 14 concern the nethod of claim9.

Prior Art

The foll ow ng docunents, anongst others, were cited in
the contested decision and referred to by the opponent
in the statenent of the grounds of appeal:

D10: US-A-3 494 709
D25: EP-A-0 789 087.
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VI, Subm ssions of the Parties

Mai n Request and First Auxiliary Request

(a) Article 100(c) EPC

The opponent submtted that the amendnent of the
expression "integrally cast”, as used in the patent
application, to "integrally connected" in clains 1
and 3 of the granted patent anobunts to an extension of
subj ect-matter beyond that originally filed, as it

I ncl udes net hods other than casting for joining the
airfoil to the end walls.

The patentee referred to the original application

(WO A- 00/ 25959) as stating that the vanes are "coupl ed
to" the end wall nenbers (page 6, lines 18 to 20), and
that the leading and trailing edges of the vane
"extend" between the ends (page 7, lines 4 to 5). Seen
in the context of the patent, which does not concern
the joining of conponents that are not integrally cast,
t he anendnent does not anobunt to an extension of

cl ai med subject-nmatter

(b) Novelty (Article 54 EPC)

The opponent submtted that the subject-matter of the
i ndependent clains |acks novelty in light of D10. The
I ndependent clains do not give a clear definition of an
all oy that can be distinguished fromthat of D10. The
expression "directionally solidified material" includes
bot h col umar grained and single crystal (SX) materials
(see for exanple D25, page 2, lines 16 to 18), and the



- 7 - T 0293/ 09

all oy of D10 can be used for producing columar growth
typical of directionally solidified (DS) alloys.
Consequently, D10 discloses a single crystal vane cast

froma directional solidified alloy type naterial.

The patent proprietor argued that the expression
"directional solidified alloy type material" relates to
the conposition of the nmaterial, and that the skilled
person is fully aware of the types of materials that
are classed as DS all oys. D10 di scl oses bl ades and
vanes made from a generic superalloy material, which
woul d not have been considered by a skilled person as a
DS al |l oy because of the absence of Hf and the | ow
amounts of B and Zr. The statenent in D10 that the
presence of B and Zr is disadvantageous (columm 3,
lines 64 to 69) is a further indication that the all oy
of D10 is not intended for directional solidification

appl i cati ons.

Second Auxiliary Request - Inventive Step

The patent proprietor argued that D10 only discl oses a
vane segnent having a single airfoil. Starting from
this docunent, the problemto be solved is how to nake
a vane segnent having a plurality of airfoils, and
there is no indication in D10 of how this can be

achi eved.

Conmpared with the vane segnment of D10, the airfoils of
the invention are turned through 90°, and the crystal
orientation is aligned along two axes. Al though D10
teaches orientation of the <001> direction, there is no
hint to align the other axes. According to the

I nvention, a single crystal vane segnent having
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multiple airfoils can be made by using a seed crystal,
whose alignnent is known, to give controlled growth in
both directions. Since there is no hint of this
solution in D10, the clained subject-matter is

i nventi ve.

The opponent submtted that D10 di scl oses a vane
segnment conponent nmade froma cast DS all oy materi al
that has a single crystal structure, and teaches that
the <001> crystal direction nust be oriented parall el
to the length of the cast object.

The skilled person is aware that crystall ographic

di rections nust be aligned to provide the optinmum
nmechani cal properties in a given direction, and that
orientation of the <001> and <010> directions inproves
fatigue properties in these directions. Therefore,
faced with the problem of casting a vane segnment having
a plurality of airfoils, it is clear that orientation
of the crystal axes in two directions is necessary. In
addition, D10 explicitly teaches that a single crystal
structure can be obtained by using a seed crystal
aligned to give the required orientation. The cl ai ned

subject-matter therefore |acks an inventive step

Reasons for the Deci sion

1

The appeal s are adm ssi bl e.

Mai n Request
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Article 100(c) EPC

The opponent submtted (see section VIII(a) above) that
anmendnent of the expression "integrally cast" to
"integrally connected" |eads to an extension of
subject-matter, as the latter includes nethods other
than casting for connecting the airfoils to the end
wal | s.

Claiml defines a cast single crystal structure nmade up
of at |east one airfoil and two end walls - there is no
i ndication that structure could be nmade from separate
conponents joined together, and the Board agrees with
the view of the patent proprietor that such an
interpretation would be contrary to the teaching of the
patent. In addition, the application as originally
filed uses the expressions "coupled to" and "extend

bet ween", which are seen as being equivalent to
"connected to". Consequently, there is no extension of

subj ect-matter beyond the original application.

Novelty (Article 54 EPC)

Docunent D10 di scl oses a cast single crystal vane
segnent having an airfoil connected between first and
second end walls (see Figure 9); the vane segnent is
made from a nickel -based superalloy (colum 2, lines 25
to 28). The question is whether the alloy disclosed in
D10 can be considered to be a directional solidified
alloy type material, as is defined in the independent
clains of the main request.

Directional solidification in the strict sense of the
expression nerely relates to the progressive
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solidification of nolten netal fromone end of the
casting. This technique is used to produce both single
crystal (SX) material and material having el ongated

columar grains (see for exanple D25, lines 16 to 17).

Al t hough the SX structure of D10 is produced by

di rectional solidification (see Figure 6, and colum 5,
line 72 to colum 6, |ine 3), the patent proprietor
argues that, to a person skilled in the art,
directionally solidified (DS) alloys only refer to

t hose producing el ongated col umar grains and not to
those resulting in SX material. The patent proprietor
al so argues that the skilled person assessing the
invention at the priority date of the contested patent
woul d be able to recognise i nmedi ately whether an all oy
Is intended for DS or SX applications. In particular,
the | ow anounts of B and Zr and the absence of Hf in
the alloy of D10 indicates that it is not a DS all oy;
the teaching of D10 that B and Zr are undesirable in a
single crystalline structure is a clear indication that

D10 only relates to SX materi al .

It should be noted that for the purpose of assessing
novelty, the content of a prior art docunent is
interpreted in the manner in which it would have been
understood by the skilled person at the tine it was
made avail able, ie in 1970. Know edge that has becone
avai | abl e between the publication date and the priority
date is an issue relating to inventive step (see Case
Law of the Boards of Appeal of the EPO 6th edition
2010, 1.C 1.1 page 64).

In 1970 the skilled person woul d have been aware that
the elenments B, Zr and Hf can, in appropriate anounts,
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be present in both DS and SX all oys; indeed the SX
all oy of D10 itself contains sonme B and Zr. There is no
evi dence to support the assertion that absence of Hf

i nevitably neans that an alloy is not DS. The

i ndependent cl ains do not define an all oy conposition,
whi ch neans that it is not possible to distinguish the
claimed material on the basis of the anmounts of the

el ements present in the alloy.

3.6 The Board is of the view that the expression
"directional solidified alloy type material" defines an
alloy fromwhich DS material can be produced. Figure 6
of D10 shows that at the onset of directional
solidification, controlled columar growth (61) is
produced. It is clear from D10 that, although the all oy
I's described in the context of making an SX material,
It can al so be used to nmake DS materi al .

3.7 Since the alloy used to make the single crystal vane
segnent of D10 can al so be used to make DS material, it
can be seen as being a directional solidified alloy
type material, and hence the subject-nmatter of the

i ndependent clainms of the main request |acks novelty.
First Auxiliary Request
4. Since the independent clains of the first auxiliary
request correspond to those of the nmain request, the
subject-matter of these clains also | acks novelty.

Second Auxiliary Request

5. Inventive Step (Article 56 EPC)
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Since D10 discl oses a vane segnment component conpri sing
a cast single crystal structure formed of a directional
solidified alloy type material, it provides a suitable

starting point for the assessnment of inventive step.

The vane segnent conponent of claim1l differs fromthat
of D10 in that it has a plurality of airfoils with the
single crystal structure having a defined orientation.

A vane segnent having several airfoils is a nore
conpl ex structure than one having just one airfoil that
basically lies in one plane (conpare Figure 5 of the

di sputed patent with Figure 9 of D10). Starting from
D10, the objective problemto be solved is therefore
how to i nprove the manufacture of vane segnents.

According to the disputed patent, this problemcan be
sol ved by producing a multi-airfoil vane segnment as a
single crystal casting. This is achieved by aligning a
starter seed such that the <001> crystal direction is
parallel with a tangent to the vane segnent and the
<010> direction is parallel with an average airf oi

st acki ng axi s.

D10 teaches that the [001] direction should be parall el
to the length of the cast object (colum 2, lines 32

to 45). However, as D10 is just concerned with nmaking a
vane segnent having a single airfoil, there is no
mention of orientating the [010] direction, which lies
in a plane at 90° to the [001] direction. According to
D10 a single crystal structure is produced by grow ng
colummar grains into a restricted passageway (see
colum 6, lines 57 to 68), and although the alternative
use of an oriented seeding crystal is nentioned as a
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possi bl e way of making a single crystal object
(colum 4, lines 57 to 64), there is no indication that
this mght be a useful way for making a vane segnent

having nmultiple airfoils.

In summary, D10 is concerned w th maki ng single vanes,
and there is no indication in the docunent that a vane
segnment havi ng several airfoils can be produced with a
cast single crystal structure. In addition, none of the
ot her docunents referred to by the opponent suggest
such a vane segnent. Consequently, the clai ned subject
matter has an inventive step
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O der

For these reasons it is decided that:

1. The deci si on under appeal is set aside.

2. The case is remtted to the opposition division with

the order to maintain the patent on the basis of:

(a) Cains 1 to 14 according to the second auxiliary

request filed during the oral proceedings;
(b) Pages nunbered 2, 2A, 2B, 3, 4 and 5 of the
anended description filed during the oral

pr oceedi ngs;

(c) Figures 1 to 5 as granted.

The Regi strar: The Chai r man:

A. Counillon U. Krause



