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Description

[0001] The present invention relates to the measure-
ment of crystallographic orientation in cast components,
and more particularly relates to a method of measuring
the crystallographic orientation of a component cast by
a directional solidification process.
[0002] Directional solidification can be used to produce
cast components, such as turbine blades, nozzle guide
vanes (NGVs), seal-segments or the like, for use in gas
turbine engines. An advantage of a directionally solidified
structure is that grain boundaries can be aligned appro-
priately with regard to the shape of the component (eg
along the length of a turbine blade), providing increased
creep strength at the high operating temperatures and
stresses to which such components are typically exposed
during operation of a gas turbine engine. Directional so-
lidification can also be used to advantage in improving
low cycle fatigue properties and blade vibration resonant
frequencies. Crystal orientation can be controlled so as
to avoid the cross-over of certain resonances.
[0003] In order to maximise these advantageous prop-
erties arising from direction solidification, it is therefore
important to monitor closely the crystallographic orienta-
tion of such components so that any components falling
below standard can be rejected before they are installed
in the engine.
[0004] It has been proposed previously to measure pri-
mary crystallographic orientation by using x-ray diffrac-
tion, which involves firing x-rays into a component held
in a fixture and measuring the diffraction pattern arising
from the crystal lattice. However, this method suffers from
a number of disadvantages, including the need for it to
be performed by a highly trained and skilled operator,
and the fact that only one component can be measured
at a time which makes automation of the method imprac-
tical. Also, although the x-ray diffraction method is gen-
erally applicable to components having relatively simple
shapes such as turbine blades, it can be difficult to im-
plement on more complex shapes such as NGV compo-
nents. Of course, using x-rays also involves working with
radioactive material, with all of the consequent health
and safety issues that go with that.
[0005] Creep strength in cast components can be in-
creased still further by casting blades as single crystals
in which there are no grain boundaries. In practice, how-
ever, it has been found that acceptable results can be
achieved from components having secondary grains up
to an acceptable limit, and so it is desirable to be able to
conveniently detect the presence of high angle grain
boundaries on single crystal components. This is pres-
ently done visually by trained technicians and so it would
be advantageous to be able to do this by conveniently
measuring the crystallographic mis-orientation between
two crystal grains on a single crystal component. Sec-
ondary grains are currently thought to be acceptable in
such components, up to a limit of approximately 8-10°,
depending upon the actual component in question. It has

been found that components can have larger mis-align-
ment between crystal grains in certain non-critical areas.
[0006] US 4747684 discloses a method for determin-
ing a crystallographic axis orientation. An incident laser
beam is steered into a spiral pattern about an axis through
the crystal sample and focussed onto a small spot in an-
other substantially spiral pattern. Deflected beam radia-
tion in any given direction is detected and crystallograph-
ic orientation of the sample is determined from the pattern
of the reflected radiation.
[0007] Technical paper "From Research to Cost Effec-
tive Directional Solidification and Single Crystal Produc-
tion - An Integrated Approach - Part C*"; Materials & De-
sign, Vol 8, No. 1 January/February 1987 describes a
development of the Laue back reflection X-ray technique
in which a collimated beam of white x-rays is impinged
on the surface of the crystal whose structure diffracts the
incident beam. The diffracted beam pattern is recorded
and from this pattern, the crystallographic structure can
be seen.
EP 1494275 discloses a method which makes use of the
fact that the interference effect of a consistent grain pat-
tern is repeatable and detects defects in a component
surface. A light source with very specific properties as-
sociated with the diffractive properties of the desired
grain structure is selected. This light source reflects very
differently where there is an irregularity in the grain struc-
ture which has different refractive properties. A resulting
reflection from the irregularity is used not only to detect
its presence but also to locate its position.
It is an object of the invention to provide an improved
method for measuring the crystallographic orientation of
a component cast by a directional solidification process.
Accordingly, a first aspect of the invention provides a
method for measuring the crystallographic orientation of
a component cast by a directional solidification process,
characterised in that the method comprises the steps of:
generating coherent light with a laser; passing coherent
light emitted from the laser through a diverging lens and
collimator; illuminating at least a region of the component
surface with the substantially collimated and coherent
light, measuring the mean angle and intensity of the light
reflected from the component surface, and determining
the crystallographic orientation of the component based
on said mean angle and intensity and a calibration relat-
ing known values of crystallographic orientation of a
range of calibration samples to corresponding mean an-
gles and intensities. The step of measuring preferably
comprises the use of an optoelectronic device arranged
such that said light reflected from the component surface
falls incident upon the optoelectronic device. The opto-
electronic device may comprise a photodetector such as
a photocell or other semi-conductor device, and may be
electrically connected to a processor configured to per-
form the correlating step of the method.
[0008] The method preferably comprises the additional
step of etching at least said region of the component sur-
face prior to the step of illuminating the region, so as to
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expose the dendrite structure of the component in said
region. It has been found that when the light reflected
from the etched surface of the component, has an inter-
ference pattern which depends on, and hence is charac-
teristic of, the orientation of the dendrites exposed by the
step of etching. Because the dendrites are aligned with
the crystal orientation of the component (ie the <001 >
crystallographic directions), then angle and intensity of
the reflected light has been found to be dependant upon
the crystallographic orientation of the component.
[0009] Preferably said step of etching involves electro-
chemical etching.
[0010] According to another aspect of the invention,
there is provided a method of measuring the crystallo-
graphic orientation of a plurality of components cast by
a directional solidification process, the method being sub-
stantially automated and comprising the step of succes-
sively presenting each said component for measurement
in accordance with the method defined above.
[0011] The step of successively presenting preferably
comprises successively moving the components to a pre-
determined measuring location using a conveyor or car-
ousel arrangement.
[0012] Such a method can further comprise the step
of comparing the measured crystallographic orientation
to a predetermined range of acceptable values, and re-
jecting any component having a crystallographic orien-
tation outside said range.
[0013] So that the invention may be more readily un-
derstood, and so that further features thereof may be
appreciated, embodiments of the invention will now be
described, by way of example, with reference to the ac-
companying drawings in which:

Figure 1 shows schematically a cross-section
through a directional solidification single crystal fur-
nace;

Figure 2 shows the general arrangement of a system
for implementation of the present invention; and

Figure 3 shows an arrangement which may be used
to at least partially automate the method of the
present invention.

[0014] Before turning specifically to consider the meth-
od of the present invention, it is relevant first to consider
the method by which components such as turbine blades,
NGVs, seal segments and the like are cast. Accordingly,
Figure 1 (a) shows schematically a cross-section through
a directional solidification single crystal furnace.
[0015] A ceramic mould 1 is positioned on a copper
chill plate 2, itself installed on a hydraulic or motor-driven
ram 3. The furnace is then sealed and evacuated. When
a predetermined level of vacuum is reached, the ram is
actuated to raise the mould into a resistance heated
chamber 4, and the mould is allowed to soak. A charge
of molten metal is then poured into the mould using a

pour cup 5.
[0016] Figure 1 (b) shows schematically a close up of
the chill plate 2, and a base portion of the mould cavity.
[0017] The metal solidifies to form chill crystals 11 on
the surface of the chill plate 2. The chill plate sets up a
thermal gradient causing heat to flow in the direction from
the heated chamber to the chill plate, and after a short
period the chill crystals with the most favourable crystal-
lographic orientations begin to grow epitaxially as colum-
nar grains 12 in the direction opposite to the heat flow
direction to form a starter block 6 of solidified metal at
the base portion of the mould cavity.
[0018] Above the base portion of the mould cavity, the
mould has a grain selector spiral 7, which is a helical
passage connecting the base portion of the mould cavity
to the component portion 8 of the mould cavity. The crys-
tals which grow fastest (generally those with the [001]
direction aligned with the heat flow direction) are most
likely to reach the entrance to the grain selector spiral
first.
[0019] The spiral 7 acts as choke, reducing the number
of crystals growing towards the exit of the spiral and the
component portion 8 of the mould cavity above the spiral.
When the process progresses correctly, a single crystal
13 of the desired crystallographic orientation (i.e with the
correct [001] growth direction) emerges from the spiral 6
into the component portion 8 of the mould cavity.
[0020] As the solidification front advances up the cav-
ity, the mould is withdrawn via baffle plates 9 into a cooled
lower chamber 10, thus maintaining the thermal gradient
and the epitaxial growth. The mould continues to be with-
drawn until the single crystal has grown the entire length
and width of the component portion 8 of the mould cavity.
[0021] Dendrites grow into the liquid metal at the so-
lidification front between the liquid metal and solid metal.
These dendrites are generally aligned with the direction
of heat flow and so in the finished component will be
aligned with the crystal planes (ie the <001 > indices.
However, in some cases, when secondary grains grow,
the dendrites can have a different orientation (generally
less than 20° from the component stacking axis).
[0022] As will become clear from the disclosure below,
the method of the present invention makes use of this
direct relationship between dendrite orientation and crys-
tallographic orientation, by using interferometry to as-
sess the orientation of the dendrite structure of a casting,
and from that, calculating the crystallographic orienta-
tion.
[0023] In order to prepare a cast component for anal-
ysis by the method of the invention, the surface of the
component is initially electrochemically etched so as to
reveal the dendrite structure below. The resulting spec-
imen 14 is then inserted into a retaining fixture 15, as
illustrated schematically in figure 2, the fixture being con-
figured to securely, but releasably, hold the specimen in
place during analysis.
[0024] The apparatus illustrated in Figure 2 further
comprises a LASER device 16 which serves as a source
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of coherent light which is used by the method of the
present invention to provide observable interference ef-
fects. A narrow beam of light 17 is emitted from the laser
device and is directed, by reflection in an external mirror
18, through a diverging lens 19. The diverging lens 19
serves as an expander to refract the narrow beam 17
into a diverging beam indicated generally at 20 in Figure
2. A collimator 21 is positioned in the path of the diverging
beam 20, the collimator 21 serving to produce a generally
parallel beam of light 22, the parallel beam falling incident
on the etched surface 23 with an acute angle of incidence
a.
[0025] As illustrated schematically in Figure 2, the light
is reflected from the etched surface 23 of the specimen
component 14 and a sensor 24 is arranged in the path
of the reflected light. The light reflected from the compo-
nent 14 has an interference pattern which depends on
the orientation of the dendrites exposed by the etching
on the surface 23 of the component.
The sensor 24 takes the form of an optoelectronic device
such as a photodetector. The photodetector can take any
convenient form such as a photoelectric cell or similar
semiconductor device reactive to light falling incident on
the device. The sensor 24 is configured to measure the
mean angle and intensity of the scattered light reflected
from the etched surface 23 of the component 14, and is
electrically connected to a data processor device 25
which is configured to interpret the signals output by the
sensor 24. The data processor comprises a memory con-
taining information (for example in the form of a look-up
table) from which the measured mean angle and intensity
of the scattered light reflected from the etched surface
23 can be correlated to the crystal orientation of the sam-
ple in the [001] direction, wherein the correlating step is
performed by the data processor 25. It is envisaged that
the data stored in the memory could be compiled from
experimental analysis using the above-described inter-
ferometry method on a range of samples having known
values of crystal orientation, in order to calibrate the ap-
paratus.
[0026] At this juncture, it should be appreciated that
the interferometry method of the present invention, which
is used to measure the crystallographic orientation of a
component cast by a directional solidification process,
differs from known laser-interferometry methods for
measuring surface roughness of manufactured compo-
nents. Such surface roughness measurement tech-
niques make use of the fact that highly coherent light
shone at a rough surface will be reflected from the surface
in a scattered pattern by the peaks and troughs repre-
senting the surface roughness. The scattered light waves
interfere and form an interference pattern consisting of
a series of light and dark spots or speckles. The pattern
of the resulting scattered light is then recorded using a
CCD camera and a computer with a frame-grabber. The
CCD camera and computer record an image of the scat-
tered light pattern which is then analysed using applica-
tion-specific software in order to correlate the image with

a value representative of the surface roughness of the
component. In contrast to this method, it is to be noted
that the method of the present invention includes the step
of measuring the mean angle and intensity of light re-
flected from a component surface rather than actually
recording an image of an interference pattern using a
CCD camera or the like. This means that the method of
the present invention allows the use of a much simpler
sensor device with the result that the equipment becomes
less susceptible to vibrations when compared to the use
of a CCD camera. This means that the method of the
present invention can be used more readily in a normal
production environment where vibrations can be com-
mon.
[0027] Furthermore, it is to be noted that the method
of the present invention lends itself particularly well to
automation, largely as a result of the elimination of com-
plex and delicate image recording equipment.
[0028] Figure 3 illustrates in schematic form one pos-
sible configuration of apparatus for automated analysis
of component parts using the method of the present in-
vention. A carousel 26 is provided which is mounted for
rotation about a central axis 27 between a series of dis-
crete positions. At positions around the periphery of the
carousel 27, the carousel is provided with a number of
retaining fixtures 15, each of which is configured to se-
curely, yet releasably, retain a respective specimen com-
ponent 14 for analysis. In the arrangement illustrated in
Figure 3, the component 14 illustrated at the top of the
drawing is located in a measuring position in which it is
illuminated by a substantially parallel beam 22 of colli-
mated light from a collimator 21, for reflection in the man-
ner described above towards a sensor arrangement 24.
When the component 14 has been analysed according
to the method of the present invention, the carousel 26
is rotated about its axis 27, for example under the action
of a stepping motor, so as to move the analysed compo-
nent out of the measuring position and to move the next
successive component around the periphery of the car-
ousel into the measuring position ready for analysis.
[0029] Of course, whilst Figure 3 illustrates an exem-
plary arrangement incorporating a rotatable carousel, it
should be appreciated that the method of the present
invention could be automated in other ways such as, for
example, by use of a conveyor arrangement or the like.
[0030] The method can be further automated by the
provision of an identifying barcode or other appropriate
indicia on each component. The expansion apparatus
can be provided with a barcode reader or the like to au-
tomatically read and hence identify individual compo-
nents as they are analysed. It is envisaged that the testing
apparatus could be arranged automatically to update a
material requirement planning (MRP) database in the
event that any individual component is deemed to have
an unacceptable crystal orientation. In the event that a
non-conforming component is detected by the system, it
is envisaged that the MRP database would be automat-
ically updated and the component rejected. By updating
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the MRP database in this way, accidental release of de-
fective parts into the manufacturing process can be
avoided.
[0031] When used in this specification and claims, the
terms "comprises" and "comprising" and variations there-
of mean that the specified features, steps or integers are
included. The terms are not to be interpreted to exclude
the presence of other features, steps or components.

Claims

1. A method for measuring the crystallographic orien-
tation of a component (14) cast by a directional so-
lidification process, characterised in that the meth-
od comprises the steps of:

generating coherent light with a laser (16);
passing the coherent light emitted from the laser
through a diverging lens (19) and a collimator
(20); illuminating at least a region (23) of the
component surface with the substantially colli-
mated and coherent light (22), measuring the
mean angle and intensity of the light reflected
from the component surface (23), and determin-
ing the crystallographic orientation of the com-
ponent based on said mean angle and intensity
and a calibration relating known values of crys-
tallographic orientation of a range of calibration
samples to corresponding mean angles and in-
tensities.

2. A method according to claim 1, characterised in
that the step of measuring comprises the use of an
optoelectronic device (24) arranged such that said
light reflected from the component (14) surface falls
incident upon the optoelectronic device (24) and in
that a data processor device (25) in data communi-
cation with the optoelectronic device (24) is used to
interpret signals output by the device.

3. A method according to claim 2, characterised in
that the optoelectronic device (24) comprises a pho-
todetector.

4. A method according to any preceding claim, char-
acterised in that said method further comprises the
step of etching at least said region of the component
surface (23) prior to the step of illuminating the re-
gion, so as to expose the dendrite structure of the
component (14) in said region.

5. A method according to claim 4, characterised in
that said step of etching involves electrochemical
etching.

6. A method of measuring the crystallographic orienta-
tion of a plurality of components cast by a directional

solidification process, wherein the method is sub-
stantially automated and comprises the step of suc-
cessively presenting each said component (14) for
measurement in accordance with the method of any
preceding claim.

7. A method according to claim 6, characterised in
that the step of successively presenting comprises
successively moving the components (14) to a pre-
determined measuring location using a conveyor or
carousel arrangement.

8. A method according to claim 6 or claim 7, charac-
terised in that said method further comprises the
step of comparing the measured crystallographic ori-
entation to a predetermined range of acceptable val-
ues, and rejecting any component (14) having a crys-
tallographic orientation outside said range.

Patentansprüche

1. Verfahren zum Messen der kristallographischen Ori-
entierung eines Bauteils (14), das durch einen ge-
richteten Erstarrungsprozess gegossen wurde, da-
durch gekennzeichnet dass, das Verfahren die fol-
genden Schritte umfasst:

Erzeugen von kohärentem Licht mit einem La-
ser (16);
Leiten des kohärenten Lichts, das von einem
Laser emittiert wurde, durch eine Zerstreuungs-
linse (19) und einen Kollimator (20);
Beleuchten zumindest eines Bereichs (23) der
Bauteiloberfläche mit dem im Wesentlichen kol-
limierten und kohärenten Licht (22), Messen des
mittleren Winkels und der Intensität des Lichts,
das von der Bauteiloberfläche (23) reflektiert
wird, und Bestimmen der kristallographischen
Orientierung des Bauteils, basierend auf dem
mittleren Winkel und der Intensität und einer Ka-
librierung, die sich auf bekannte Werte von kris-
tallographischen Orientierungen einer Reihe
von Kalibrierungsproben auf entsprechende
mittlere Winkel und Intensitäten bezieht.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Schritt des Messens die Verwen-
dung einer optoelektronischen Vorrichtung (24) um-
fasst, die so angeordnet ist, dass das von der Bau-
teiloberfläche (14) reflektierte Licht auf die optoelek-
tronische Vorrichtung (24) einfällt und dass eine Da-
tenprozessor-Vorrichtung (25), die in Datenverbin-
dung mit der optoelektronischen Vorrichtung (24)
steht, verwendet wird, um von der Vorrichtung aus-
gegebene Signale auszuwerten.

3. Verfahren nach Anspruch 2, dadurch gekenn-
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zeichnet, dass die optoelektronische Vorrichtung
(24) einen Photodetektor umfasst.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, dass das Verfah-
ren ferner vor dem Schritt des Beleuchtens des Be-
reichs, den Schritt des Ätzens von zumindest dem
Bereich der Bauteiloberfläche (23) umfasst, um die
Dendritstruktur des Bauteils (14) in dem Bereich zu
exponieren.

5. Verfahren nach Anspruch 4, dadurch gekenn-
zeichnet, dass der Schritt des Ätzens elektroche-
misches Ätzen umfasst.

6. Verfahren zum Messen der kristallographischen Ori-
entierung einer Vielzahl von Bauteilen, die durch ei-
nen gerichteten Erstarrungsprozess gegossen wur-
den, wobei das Verfahren im Wesentlichen automa-
tisiert ist und den Schritt des sukzessiven Vorlegens
jedes Bauteils (14) zum Messen nach dem Verfah-
ren eines der vorhergehenden Ansprüche umfasst.

7. Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet, dass der Schritt des sukzessiven Vorle-
gens das sukzessive Bewegen der Bauteile (14) in
eine vorbestimmte Messstelle unter Verwendung ei-
nes Förderers oder einer Karussellanordnung um-
fasst.

8. Verfahren nach Anspruch 6 oder Anspruch 7, da-
durch gekennzeichnet, dass das Verfahren ferner
den Schritt des Vergleichens der gemessenen kris-
tallographischen Orientierung mit einer vorbestimm-
ten Reihe von annehmbaren Werten und das Ver-
werfen von jedem Bauteil (14) umfasst, das eine kris-
tallographische Orientierung außerhalb der Reihe
aufweist.

Revendications

1. Procédé permettant de mesurer l’orientation cristal-
lographique d’un composant (14) moulé par un pro-
cédé de solidification directionnelle, caractérisé en
ce que ledit procédé comprend les étapes de :

génération d’une lumière cohérente à l’aide d’un
laser (16) ;
passage de la lumière cohérente émise à partir
du laser à travers une lentille divergente (19) et
un collimateur (20) ;
illumination d’au moins une zone (23) de la sur-
face du composant avec la lumière sensible-
ment cohérente et collimatée (22), mesure de
l’angle moyen et de l’intensité de la lumière ré-
fléchie à partir de la surface du composant (23)
et détermination de l’orientation cristallographi-

que du composant sur la base dudit angle
moyen et de ladite intensité et d’un étalonnage
mettant en relation des valeurs connues d’orien-
tation cristallographique d’un éventail d’échan-
tillons d’étalonnage avec les intensités et les an-
gles moyens correspondants.

2. Procédé selon la revendication 1, caractérisé en ce
que l’étape de mesure comprend l’utilisation d’un
dispositif optoélectronique (24) disposé de sorte que
ladite lumière réfléchie depuis la surface du compo-
sant (14) frappe de manière incidente le dispositif
optoélectronique (24) et en ce que un dispositif de
traitement de données (25) en communication de
données avec le dispositif optoélectronique (24) est
utilisé pour interpréter les signaux délivrés en sortie
par le dispositif.

3. Procédé selon la revendication 2, caractérisé en ce
que le dispositif optoélectronique (24) comprend un
photodétecteur.

4. Procédé selon l’une quelconque des revendications
précédentes, caractérisé en ce que ledit procédé
comprend en outre l’étape de gravure chimique d’au
moins ladite zone de la surface du composant (23)
avant l’étape d’illumination de la zone, de façon à
exposer la structure dendritique du composant (14)
dans ladite zone.

5. Procédé selon la revendication 4, caractérisé en ce
que ladite étape de gravure chimique implique une
gravure électrochimique.

6. Procédé de mesure de l’orientation cristallographi-
que d’une pluralité de composants moulés par un
procédé de solidification directionnelle, ledit procédé
étant largement automatisé et comprenant l’étape
de présentation de façon successive de chaque
composant (14) pour la prise de mesure selon le
procédé de l’une quelconque des revendications
précédentes.

7. Procédé selon la revendication 6, caractérisé en ce
que l’étape de présentation de façon successive
comprend le déplacement de façon successive des
composants (14) à un emplacement de prise de me-
sure préétabli en utilisant un système de convoyeur
ou de carrousel.

8. Procédé selon la revendication 6 ou 7, caractérisée
en ce que ledit procédé comprend en outre l’étape
de comparaison de l’orientation cristallographique
mesurée à une plage prédéfinie de valeurs accep-
tables et la réjection de tout composant (14) présen-
tant une orientation cristallographique en dehors de
ladite plage.
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