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FIG.1

(57) Abstract: An additive layer manufacturing method comprising applying a material, for example a strong Raman scatterer ma-
terial, treating the applied material using a laser 18, monitoring a characteristic of the applied material using a vibrational spec-
troscopy technique, for example a Raman technique, and using the output of the monitoring operation in controlling the treatment
of the material. An apparatus for use in the method is also described.
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MANUFACTURING TECHNIQUE

This invention relates to a manufacturing technique, and in particular to an additive

layer manufacturing technique.

Additive layer production techniques are well known and are in frequent use in the
rapid manufacture of prototype components. They are also becoming used in rapid
manufacturing techniques for use in the production of final components. A typical
rapid prototyping additive layer manufacturing technique involves providing a layer of a
material from which a product is to be manufactured upon a support, heating the
material to a temperature close to, but below, its melting point, and using a computer
controlled laser to scan the layer to irradiate and heat only the parts of the layer of
material which are desired to form part of the product, thereby melting or sintering the
parts of the layer which are desired to form part of the product, leaving those parts of
the layer not intended to form part of the product in powder form. Once the layer of
material has been treated in this manner, another layer of material is applied over the
initial layer, and the laser treatment process repeated. It will be appreciated that by
repeating the process outlined hereinbefore the product can be built up in layers until
the product is completed. Once completed, the non-sintered powder can be removed

from the product.

Although the technique outlined hereinbefore makes use of a powdered material,
heating being used to form the final product, it will be appreciated that this need not

always be the case. For example, a liquid resin material may be used instead of a
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powder. Where the material is photo-curable, then rather than heating the material,

curing may be achieved by appropriate illumination thereof.

Similar techniques can be used in the rapid manufacture of final components as well as

in the rapid production of prototypes.

The process permits component parts to be manufactured efficiently, and a wide range
of component parts can be manufactured using the same apparatus, simply by
appropriate control over the laser or other heat and/or light source to determine which
parts of the layer are heated or cured and which parts are not. A number of different
materials can be used, for example the process can be used with many polymers,

ceramic materials and metals.

Although one form of additive layer manufacturing technique is outlined hereinbefore, a
number of variants to the technique are known. For example, techniques are known in
which rather than applying an entire layer of material, material is only applied in the
areas in which it is required. In such techniques, the material may be applied using

spray techniques or using processes very similar to printing processes.

One problem with the use of conventional additive layer manufacturing techniques,
particularly when the techniques are being used in the rapid manufacture of final
component parts rather than the manufacture of prototypes, is that defects may be
present in the finished product which, although possibly acceptable in a prototype, are

unacceptable in a final product. The defects may be caused by, for example, over or
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under irradiation and/or heating of parts of the material, during the manufacturing
process, by the laser. Under irradiation may result in, for example, parts of the material
still being in powder form, or not fully sintered, rather than having melted or sintered to
form a solid, thereby giving rise to weakness and disuniformity in the final product. In
order to avoid under irradiation and the associated problems, there may be a tendency to
err on the side of caution and irradiate the material to a level greater than is actually
necessary to achieve melting or sintering. However, such over irradiation may cause
other problems. Depending upon the material being used, over irradiation may cause
weaknesses or result in undesirable characteristics in the final product. Determination
of how heavily to irradiate the various parts of the product is typically achieved on a
trial and error basis until an adequate quality result is produced. Once this has been
achieved, further products are manufactured using the same levels of irradiation.
Similar problems arise as a result of non-uniform scan speed and laser path length. It
will be appreciated that this is wasteful and inefficient. Further, despite adequate
quality results being produced, it will be appreciated that quality may not be being

optimised.

It is an object of the invention to provide an additive layer manufacturing technique in

which these disadvantages are of reduced effect.

According to the present invention there is provided an additive layer manufacturing
method comprising applying a material, locally treating the applied material by
irradiation of parts thereof using a laser, monitoring a characteristic of the treated

applied material using a vibrational spectroscopy technique, using the output of the
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monitoring operation in controlling the further treatment of the applied material,
applying and locally treating at least further material, and removing untreated material

from the treated material.

The output of the monitoring operation may be used in controlling, for example, the
output power of the laser. Alternatively, it may be used in controlling the dwell time
during which a part of the applied material is irradiated. However, it will be appreciated
that other parameters used in controlling the irradiation of the applied material may be

varied depending upon the output of the monitoring operation.

The vibrational spectroscopy technique is preferably a Raman spectroscopy technique,

in which case the applied material is a strong Raman scatterer material.

Such a method is advantageous in that, by using the Raman spectroscopy technique to
monitor, for example, the structure of the applied material, the laser can be controlled to
heat and/or cure the applied material only until a desired temperature or level of curing
has been attained or a desired change in structure has occurred. The closed loop control
system so achieved is beneficial in that the quality of the products produced can be
optimised without the inefficiencies outlined hereinbefore, under or over irradiation
being avoided. Such closed loop control has not previously been possible as real-time
information representative of the structure of the product being manufactured has not

been available.
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Another benefit of the closed loop control is that different levels of treatment can be
achieved, in a controlled manner, is different parts of the product. As a result, regions
of the final product may be formed with different structural characteristics to one

another.

The treatment step is preferably undertaken using the same laser as that used in the
Raman spectroscopy technique. However, this need not always be the case and
arrangements are possible in which a separate laser is provided for use in the Raman
spectroscopy technique to that used in the treatment operation. Where a single laser is
used to perform the treatment operation and for use in the Raman spectroscopy
technique, it will be appreciated that the laser will be more highly powered than is
normal in Raman spectroscopy techniques as, normally, the laser used in the
spectroscopy technique will be of sufficiently low power that it will not alter the
structure of the material, whereas in accordance with this aspect of the invention, it is

the intention that the laser device will cause alteration of the structure of the material.

The strong Raman scatterer material may be of a range of forms. For example it may be
of polymeric or ceramic form, or of a biological material. It may be of powdered form,

and arranged to melt or partially melt during the treatment operation to form a solid.

Alternatively, it may be of liquid form. For example it could comprise a liquid resin.

Rather than melting during the treatment operation, the material may be of photo-
curable form, the illumination resulting from the irradiation occurring during the
treatment operation causing curing of the treated parts of the material. However, a

range of other materials are possible without departing from the scope of the invention.
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If desired, the material may comprise a component which is a weak Raman scatterer,
such as a metallic material, which has been doped with a suitable strong Raman
scatterer material in order to allow measurement of properties of the applied material.
Further, the material need not be uniform throughout the product, for example it may be
graded or of mixed form, thus producing a product in which different parts thereof may
have different characteristics, or the treatment of some parts of the material may be
undertaken in such a manner as to cause non-uniformities in the structure of the finished

product. If desired, the material may incorporate fibres, beads or other components.

After treatment of the applied material, for example after heating of the desired parts of
a layer thereof, and/or after manufacture of an entire product, other characteristics of the -
applied material may be sensed by Raman spectroscopy, but with the laser operating at
a power chosen so as to avoid significant undesired structural modification of the
material. The characteristics which may be sensed in this manner include the
orientation and crystallinity of the material, and dimensional information about the

product.

Although, as mentioned hereinbefore, the vibrational spectroscopy technique is
preferably a Raman spectroscopy technique, this need not always be the case and at
least some of the benefits of the invention may be achievable using, for example, a near

infrared spectroscopy technique.

The invention further relates to an apparatus for use in the method defined hereinbefore,

the apparatus including a treatment laser operable to treat an applied material, a
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vibrational spectrometer arrangement operable to monitor the applied material,
operation of the apparatus being controlled, at least in part, by the spectrometer

arrangement.

The treatment laser may form part of the spectrometer arrangement. The spectrometer
arrangement preferably comprises a Raman spectroscopy arrangement, Raman
scattering of light from the treatment laser being used in controlling the operation of the
apparatus. Alternatively the Raman spectrometer arrangement may incorporate a

separate laser to the treatment laser.

The invention will further be described, by way of example, with reference to the
accompanying drawing (Figure 1) which is a diagrammatic representation of an

apparatus used in the manufacturing technique of the invention.

Referring to Figure 1 there is illustrated an apparatus for use in an additive layer
manufacturing technique, the apparatus beiﬁg illustrated part way through the
manufacture of a product. The apparatus comprises a support table 10 which is
movable in the vertical direction by a support mechanism 12. The apparatus further
comprises a device 14 operable to apply layers of a strong Raman scatterer product
material from a hopper 16 to the table 10, or to material already supported thereby, the

layers being of uniform thickness.

A laser device 18 is provided, the laser device 18 being arranged to treat parts of the

applied material layer by irradiation thereof to cause heating and melting/sintering
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thereof. The laser device 18 is arranged to emit a laser beam of monochromatic form,
and is able to scan the surface of the layer of material so as to permit irradiation of just
selected parts thereof. A computer 20 is provided to control the operation of the laser
device 18, the computer being programmed with details of the shape of the product to
be manufactured and controlling the operation of the laser device 18 to irradiate just the

desired parts of the layer of applied material.

The apparatus further comprises a Raman spectrometer device 22 operable to monitor
the frequencies, and in particular frequency shifts, of the laser light scattered from the
material so as to permit monitoring of properties thereof. It is well understood that, in
such an arrangement, the frequency shifts of the scattered light are representative of
physical or structural characteristics or parameters of the material from which the light
is scattered. The Raman spectrometer device 22 outputs data representative of one or
more parameters of the irradiated material to the computer 20 for use by the computer
20 in controlling the operation of the laser device 18. In this example, the Raman
spectrometer device is arranged to output data representative of whether or not the part
of the layer being irradiated has sintered or is still in powder form, but data or signals

representative of other characteristics or parameters could be sensed if desired.

In use, initially the device 14 is operated to apply a first layer 24 of powdered material
from the hopper 16 to the table 10. The layer 24 is of uniform thickness, for example it
may have a thickness typically falling in the range of 75 to 100 microns, but it will be
appreciated that other layer thicknesses are possible within the scope of the invention.

The layer is heated by heater means (not shown) to a temperature close to but below its
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melting point. The computer 20 controls the operation of the laser device 18 such that
thé laser device 18 irradiates desired parts 26 of the layer 24, further heating those parts
to cause them to melt/sinter, whilst the other parts 28 of the layer 24 are not irradiated
and heated, so remain in.powder form. Whilst the laser device 18 is irradiating each
area of the aforementioned desired parts 26, the Raman spectrometer device 22
monitors the frequency of the laser light scattered from the material in that area and
outputs signals to the computer 20. The frequency shifts of the scattered light are
indicative of the structure of the material, thus the signals output to the computer are
also indicative of the structure of the material and are used by the computer 20 in
determining whether the irradiated part of the material has been irradiated and heated to
a sufficient degree to achieve a desired material structure, or whether further irradiation
and heating is required to achieve the desired material structure, and the computer 20
controls the laser device 18 accordingly. For example, the computer 20 may be used to
control the output power of the laser device 18, or the duration or dwell time during
which a particular part of the layer 24 is irradiated. However, there may be other
parameters which could be controlled by the computer 20 to control the treatment of the
material. The frequencies of the scattered light are also representative of the material

temperature, and so temperature reading may also be made.

It will be appreciated that such a closed loop control arrangement permits irradiation of
all desired parts of the layer to a desired, optimum level. In contrast, in prior
arrangements such closed loop control has not been possible as real-time or
substantially real-time data representative of the material structure has not been

available. In the absence of such information, as outlined hereinbefore, optimisation of
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the treatment process is not possible and instead the machine operator has had to

estimate for how long or at what power treatment should be effected.

The closed loop control may also be used to allow different parts of the product to be

treated differently, for example to achieve a product of non-uniform structure.

Once it is determined that sufficient irradiation and heating of all of the desired parts 26
of the layer 24 has been achieved, the table 10 is lowered by a small amount equivalent
to the thickness of the layer 24, and a fresh, second layer of powder material is applied
over the first layer by the device 14. The laser heating operation as described
hereinbefore is repeated to cause melting/sintering of the desired parts of that layer,
where appropriate the desired parts becoming melted or sintered to the adjacent parts of
the underlying layer. The process is repeated, building up a series of layers, until the
entire product has been formed, whereupon the remaining powder material can be

removed from around the product.

If desired, before each fresh layer of powder material is applied, but after the heating
operation has been completed, a further Raman spectroscopy technique may be
undertaken, using the Raman spectrometer device 22, but with the laser device 18
operating at a reduced power output, to allow additional information to be obtained, for
example information relating to the orientation and crystallinity of the sintered material
may be obtained and information relating to the dimensions of the sintered material may
be obtained. In this mode of operation, the reduced power output of the laser device 18

ensures that insufficient additional heating takes place to cause defects in the finished
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product. A similar operation may be undertaken after melting or sintering of the
completed product has been finished to allow stress measurements and/or dimensional
measurements to be taken. For example, the dimensions of the final product may be

measured.

As mentioned hereinbefore, the strong Raman scatterer material used in the
manufacturing technique may be of a range of forms. For example, it may comprise a
polymeric, ceramic or biological material. In the arrangement hereinbefore the material
is of powdered form, but it will be appreciated that fibres, beads or other components
could be incorporated therein, if desired. It may be a blend of two or more materials,
and if desired different materials may be used in different parts of the product. If
desired, the material may comprise a mixture of a material which is a weak Raman
scatterer, for example a metallic material, but mixed or doped with a strong Raman
scatterer material. The quantity of strong Raman scatterer material used to dope such a

material may be very small.

Rather than use a powdered material, the material may be of liquid form. For example,
the support table may be located within a tank containing the liquid material, the
support table being lowerable in increments so that layers of liquid of a predetermined
depth are presented at the surface for irradiation using the laser. The liquid may
comprise, for example, a photo-curable resin material. Where such a material is used, it
will be appreciated that illumination of the material, rather than heating thereof, as a
result of the operation of the treatment laser causes curing and solidification thereof. In

other respects, the process is similar to that set out hereinbefore.
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Although a specific additive layer manufacturing technique is described and illustrated
herein, it will be appreciated that the invention is not restricted to such a technique and
is applicable to a wide range of additive layer manufacturing techniques, including but
not restricted to those mentioned hereinbefore. Further, the technique may be used in

both rapid manufacturing techniques and rapid prototyping techniques.

A technique is described hereinbefore in which a single laser device is used to achieve
both the melting/sintering or other treatment of the material and to permit the Raman
spectroscopy technique to be used. It will be appreciated, however, that separate laser
devices may be provided to perform these functions, if desired. Where separate lasers
are used, it will be appreciated that only the laser used in the Raman spectroscopy

technique need be of monochromatic output.

The term ‘additive layer manufacturing’ as used herein is intended to cover a range of
manufacturing or production techniques in which a product is built up in layers. It will
be understood that a number of other terms are used to describe or refer to such
techniques, and the use of the term ‘additive layer manufacturing’ herein is not intended

to restrict the scope of the application in this regard.

Although in the illustrated arrangement the radiation from the laser is incident directly
upon the workpiece, and the scattered light is incident directly upon the spectrometer
device, it will be appreciated that various forms of waveguide could be located

therebetween, if desired. For example it may be desirable to direct the laser light to the
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workpiece via an optical fibre. However, it will be appreciated that other arrangements

are also possible.

A range of Raman spectroscopy techniques are known and it will be appreciated that
any of these techniques may be used in accordance with the invention. Some of the
Raman techniques involving two or more lasers, and it will be appreciated that the fact
that more than one laser is used does not result in such arrangements falling outside of
the scope of the invention. Further, although Raman techniques are described
hereinbefore it will be appreciated that the use of other vibrational spectroscopy
techniques also fall within the scope of the invention. For example, near infrared
techniques may be used. Where near infrared techniques are used, a plurality of
different frequencies of light are directed onto the workpiece rather than the
monochromatic arrangement used in the Raman technique outlined in the arrangement

described with reference to the drawing.

A number of other modifications and alterations may be made to the techniques

described hereinbefore without departing from the scope of the invention.
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CLAIMS

1. An additive layer manufacturing method comprising applying a material, locally
treating the applied material by irradiation of parts thereof using a laser, monitoring a
characteristic of the treated applied material using a vibrational spectroscopy technique,
using the output of the monitoring operation in controlling the further treatment of the
applied material, applying and locally treating at least further material, and removing

untreated material from the treated material.

2. A method according to Claim 1, wherein the treatment step involve heating the

material to cause localised melting/sintering thereof.

3. A method according to Claim 1, wherein the treatment step involves

illuminating the material to cause localised curing thereof.

4. A method according to any of Claims 1 to 3, wherein the treatment step is

undertaken using the same laser as that used in the vibrational spectroscopy technique.

5. A method according to any of Claims 1 to 3, wherein a separate laser is used in

the treatment step to that used in the vibrational spectroscopy technique.

6. A method according to any of the preceding claims, wherein the vibrational
spectroscopy technique comprises a Raman spectroscopy technique, and the applied

material comprises a strong Raman scatterer material.
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7. A method according to Claim 6, wherein the strong Raman scatterer material

comprises at least one of a polymeric or ceramic material, or a biological material.

8. A method according to Claim 6, wherein the strong Raman scatterer material
comprises a weak Raman scatterer material which has been doped with a strong Raman

scatterer material.

9. A method according to Claim 8, wherein the weak Raman scatterer material

comprises a metallic material.

10. A method according to any of the preceding claims further comprising a step of,
after treatment of the applied material, using a further vibrational spectroscopy
technique to sense characteristics of the applied material with the laser operating at a

reduced power.

11. A method substantially as hereinbefore described with reference to the

accompanying drawing.

12.  An apparatus for use in the method of any of the preceding claims, the apparatus
including a treatment laser operable to treat an applied material, a vibrational
spectrometer arrangement operable to monitor the applied material, treatment being

controlled, at least in part, by the spectrometer arrangement.
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13.  An apparatus according to Claim 12, wherein the treatment laser forms part of
the spectrometer arrangement.
14.  An apparatus according to Claim 12, wherein the spectrometer arrangement

incorporate a second laser independent of the treatment laser.

15. An apparatus according to any of Claims 12 to 14, wherein the material
comprises a strong Raman scatterer material, and the vibration spectrometer

arrangement comprises a Raman spectrometer arrangement.

16.  An apparatus substantially as hereinbefore described with reference to the

accompanying drawing.
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