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DETERMINING RESIN CURING AREAS IN AN OPTICAL STEREOLITHOGRAPHY PROCESS
FIELD OF THE INVENTION This invention relates to optical stereolithography
processes for rapid prototyping. More particularly, it relates to a method
for determining the areas of resin to be cured in an optical
stereolithography process for rapid prototyping. This invention also
provides a method for controlling an optical stereolithography system to
reduce the inaccuracy or oversizing of parts in the part built (z-)
direction due to overpenetration of the laser beam and overcuring of the
resin. BACKGROUND OF THE INVENTION Optical stereolithography is a
manufactur ing technology that uses a sequential additive layer method to
build complex three dimensional objects from computer data. The technique
uses a combination of computer graphics, laser polymerization and
photochemistry technologies. Its many benefits include significant
productivity gains and cost saving in product design, and the ability to
introduce concept models in a short period of time. The process relies on a
scanning ultraviolet laser beam to harden successive thin layers of
photopolymer, building each layer on top of the previous layer until a
three-dimensional part has been formed. The technology is popular in
industry for rapid prototyping. Considerable effort has been directed to
improving the accuracy of the fabricated model, especially the accuracy in
the vertical or Z-direction by reducing oversizing. The Z-directional
inaccuracy or oversizing can be as high as 200pm compared to SOp.m in the X
and Y directions. The X- and Y- errors, however, can be corrected easily in
most optical stereolithography machines. In spite of its great potential,
the dimensional errors, if not corrected properly, will limit the
application of rapid prototyping parts to design verification only. There
are two causes of the oversizing. The first is that the laser power is
normally selected to cure the photomonomer to a depth, d greater than the
layer thickness, Lp to ensure bonding between the Layers. Thus. when curing
the bottommost layer of an over-hanging part, below cooooa~   30`" October
2002 -2 which is liquid resin rather than the stage or the previously cured
layer, a layer is formed thicker than the desired layer pitch. The second
cause is that when the second layer is scanned or cured by the laser beam,
the liquid resin below the previously cured Layer is also cured. This is
due to the over-penetration effect of the Laser, suggesting that the solid
resin is more transparent to the UV laser than the liquid resin. This over
penetration effect may give rise to further overcuring of the liquid resin
below the cured layers when a third layer is scanned by the laser. Fig. 1
shows the oversizing effect caused by over-penetration of the laser. The
following is shown in Figure 1: Lr : desired layer pitch (also the amount
the stage will be lowered after each step). d, : cure depth of the first
layer. dz : total cure depth of the first and second Layers. d, : total
cure depth of the first, second and third layers. 8d : oversizing due to
over-penetration effect of the laser beam. Figure 1 compares the actual
depth, d, and the desired layer pitch, Lp, of the cured layer 1 for both a
part overhanging a forming stage 2 and a non-overhanging and an overhanging
part. It also shows the overcur ing 3 from a single scan of layer l and the
oversizing effect 4, 5 caused by over-penetration of the laser from
scanning a second layer 6 and a third layer 7. 



More recent US patents on optical stereolithography, such as US S,2S6,340,
and US 5,S71,471, offer no solution to overcome the inaccuracy due to the
oversizing effect. US S,398,193 teaches a subtractive or removal procedure
to remove surplus material formed in various forming processes. Japanese
patent applications No. 125078:1995 and No. 125079:1995 teach off setting
the 3-D model data with the value of the oversize to improve the accuracy
of the model. DISCLOSURE OF THE INVENTION An object of this invention is to
provide a method for determining the areas of resin to be cured in an
optical stereolithography process for rapid prototyping. It is a further
object of the invention to provide an improved optical stereolithography
process to produce more accurate   30'" October 2002 -3 models far rapid
prototyping. In one aspect this invention provides a method for determining
the areas of resin to be cured in an optical stereolithography process for
rapid prototyping using sequential laser curing of layers of a resin having
a selected thickness to produce a desired shape of cured resin, said method
comprising the steps of: (a) generating a computer model of said desired
shape; (b) dividing the model into layers of thickness equal to the
thickness of said layers each defining an area of resin to be cured by
corresponding layer data; (c) selecting a set of said layers including and
sequentially adjacent an intermediate Layer and determining the areas in
said intermediate layer of resin which would be oversized by said laser
curing of one or more layers later in the curing sequence; (d) modifying
said layer data to compensate for said oversizing; and (e) repeating steps
(c) and (d) by sequentially selecting said sets of layers to include
substantially all of said layers respectively as said intermediate layers.
Preferably the sets are sequentially selected with each subsequent set
having the intermediate layer being the layer adj acent the intermediate
layer of the previously selected set. It is also preferred that the first
selected set includes the first layer to be cured and the sequential
subsequent sets respectively include as the intermediate layer the
subsequently cured adjacent layer. Preferably each set includes N layers
where N is selected from the series 3, 5, 7 or higher odd numbers
determined by the size of possible oversizing from laser curing of the
resin in terms of numbers of layer thickness to be compensated.   



30t" October 2002 -4 In one specific form the invention provides a method
to compensate for oversizing of two layer thickness including: (a) naming
polygons defined by said layers in the computer model as P l, P2
.......PK...... starting at the first layer to be cured; (b) selecting the
first five layers P 1 to PS as said selected set and determining said
intermediate layer to be middle layer P3; (c) determining the areas in
layer P3 that are potentially oversized by one layer thickness due to laser
curing of layer P4, denoted by Poly 1 = P3nP4; (d) determining the areas in
Poly 1 in which oversizing would actually occur as a result of no cured
resin in corresponding areas of the adjacent earlier cured layer, by
finding the difference between Poly 1 and P2, denoted by Poly 2 = Poly 1 n
P2 ; (e) determining the areas in P3 that are potentially oversized due to
laser curing of layer PS, denoted by Poly 3 = Polyl n PS ----- P3 n P4 n
P5; (fJ determining the areas in Poly 3 in which a second layer oversizing
will actually occur as a result of no cured resin in corresponding areas
two layers earlier by finding the difference between Poly 3 and P 1,
denoting the area as Poly 4 = Poly 3 n P 1 ; and (g) sequentially repeating
the steps (b) to (f) for each set of 5 layers starting from the second
layer of the previous set and continuing until all sets of Layers in the
model have been processed. Preferably, the computer model is modified by
removing from layer P3 all the areas that would produce oversizing one and
two layers below it and denoting the resultant polygon, represented by P3 n
Poly 2 n Poly 4 , as the modified layer.   30t" October 2002 -5 



In another specification the invention provides a method to compensate for
oversizing of two layer thickness including (a) naming polygons defined by
said layers in the computer model as P1, P2 .......PK...... starting at the
first layer to be cured; (b) selecting the first five layers P 1 to PS as
said selected set and determining said intermediate layer to be middle
layer P3; (c) determining the areas in layer P3 that are potentially
oversized by one layer thickness due to laser curing of layer P4, and
representing the areas (P3 n P4) n P2 ---- P3 n P4 n P2 ; (d) determining
in layer P3 where oversize would occur two layers earlier as a result of
laser curing in layer P5, and representing the areas by P3 n P4 n PS n P 1
; and (e) modifying the computer model by removing from layer P3 all the
areas where oversize would occur below it as a result of laser curing in
layers P4 and P5, the resultant polygon being represented by P3 n [(P3 n
P4) n 2 n [P3 n P4 n PS] n P 1 ---- P3 n ( P3 n P4 n P2) n( P3 n P4 n PS )
n P 1. Preferably, sequential layers are cured in a z direction of an
orthogonal x, y, z co-ordinate system. The z direction, preferably,
corresponds to the vertical direction or built direction in the
stereolithography process so that the first cured layer is the lower layer.
The modified layer data can be stored for example in a computer memory,
magnetic media or optical media. The invention also includes within its
scope a method for controlling an optical   30t" October 2002 -6
stereolithography system for rapid prototyping to reduce oversizing
including the above method of determining the areas of resin to be cured.
One embodiment of the invention will now be described by way of example
only. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 schematically shows the
oversizing resulting from curing of successive layers in a prior art
optical stereolithography process. 



Figure 2(a) is a side view of a wedge-shaped model built using an optical
stereolithography process without any compensation. Figure 2(b) is a side
view of the wedge-shaped model built using an optical stereolithography
process with constant offset of two layers. Figure 2(c) is a side view of
the wedge-shaped model built using an optical stereolithography process
incorporating the method of this invention with intelligent offsetting.
Figure 3 shows two different views of a wedge-shaped model which are used
to illustrate the method according to this invention. Figure 3(a) depicts
the model in orthogonal views and Figure 3(b) is an isometric view. Figures
4(a) to 4(f j show the plan views of the steps in a 5-layer offsetting
algorithm in a 2 layer oversizing problem according to the method of this
invention. Figure 5 shows the implementation of the method of this
invention in a commercial optical lithography machine, SONY SCS system.
Figure 6 shows the side view of a model built with and without offset
according to this invention for a one Layer oversizing example.   30`"
October 2002 Figure 7 shows the procedures of a three layer offsetting
method according to this invention in a one layer oversizing example. BEST
MODES FOR CARRYING OUT THE INVENTION As described above parts produced
using optical stereolithography techniques have oversizing inaccuracies.
Different parameters used during the processing of the part will produce
different oversize effects. Any technique compensating for these
inaccuracies has to cater for these variations. For example, in Figure
2(a), if a wedge-shaped model 10 is to be built using a layer 11 pitch of
200p.m and the maximum oversize is 400p.m , then the oversize 12 is
equivalent to 2 layers. As shown in Figure 2(a), if there is no offset or
compensation, the model will have a maximum oversize 12 of 2 layers along
the slope of the model. The method of this invention is illustrated in
overcoming the oversizing effect for the cases when the maximum oversize is
two layers (example 1) and when the maximum oversize is one layer (example
2). It is possible, from various combinations of laser bean and photoresin
characteristics and layer pitch selection that the oversize effect may be
three or even more layers. However, for practical purposes, a three or more
layer oversizing can usually be avoided by appropriate selection of the
laser beam and resin characteristics. However, it should be noted that
similar solutions for the three layer or more layer oversizing can be
obtained using the same approach. Example 1 - Two layer oversizing problem
Prior art techniques of offsetting for the effect of the two layer oversize
may result in some missing features. As shown in Figure 2(b) in a
wedge-shaped model 10, when a current techiuque of offsetting is applied,
that is, every layer is offset by 2 layers so that the oversize 12 conforms
to the desired shape, some features 13 are lost at the top of the model 10.
This invention provides a more selective compensating technique which
reduces missing features and increases dimensional accuracy. Figure 2(c) is
an example of the result of using the compensation technique of this
invention to form a wedge-shaped model 10. Instead of 



30`" October 2002 _g_ fixing the number of layers 11 to offset, the areas
causing the oversize are identified and removed to achieve a better
accuracy. The technique consequently improves the accuracy of the model
built by the optical stereolithography process. Figures 3(a) and 3(b) show
the same illustrative model depicted in orthogonal and isometric views
respectively. For a two layer oversizing problem the oversize effects, as
determined from actual observation and rounded off to the nearest half
layer, are shown in Table 1. According to the data in Table l and referring
to Figure 1 as illustration, it will be observed that: (i) laser curing by
scanning over one layer alone will produce and oversize with a thickness of
half a Layer if there is no cured resin or stage under the scanned layer.
This half layer thick oversize is due to the overcuring of the scaruzed
resin. (ii) laser curing scanning another layer over the first scanned
layer also cure the resin under the previously cured layer and produce an
oversize with a total thickness of one layer . (iii) further scanning one
or more layers over the previously scanned layers will produce and
additional layer under the previously formed oversized layer. The maximum
oversize beneath three or more scanned layers is thus two layers. TABLE 1
Layers scanned1234 or moreOversize (cummulative) ~ (in terms of layers)0.5~
1 ~2 ~2 The process of identifying the areas where oversize will occur is
illustrated in Figure 4 which correspond to the plan view of Fig. 3(a). The
computer model is divided into layers P 1, P2, PK.... of thickness equal to
the layer thickness of the optical stereolithography process .   30t"
October 2002 



-9 There are five cross-sectional layers, P 1 to P5, under consideration at
each time. The basic steps involve (a) Detennilung the possible areas in P3
under which oversizing may occur due to laser scanning in P4. This is done
by finding the intersection between P3 and P4. Let Poly 1 = P3 n P4. This
is illustrated in Figure 4a. The polygon, Poly 1, is the area in P3 where a
next Layer P4 will be scanned on top of it. If a cured layer P2 does not
exist underneath Poly l, oversizing will occur since part of the laser beam
used for curing P4 will penetrate through P3 and further cure the liquid
resin beneath P3. Otherwise, if there is a cured layer P2 underneath Poly
1, oversize will not occur. (b) Determining the areas in Poly 1 under which
oversize will actually occur. This is done by finding the difference
between Poly l and P2 : Poly 2 = Poly 1 n P2 . ThlS LS ShOWtl t11 Figure
4b. The resulting polygon, Poly 2, is the area in P3 where a next layer
(P4) will be scanned on top of it and there is no cured layer underneath.
In other words, liquid resin will be found under P3 in the area marked by
Poly 2. Hence, when scanning P4, part of the Laser energy will penetrate
through P3 and produce oversizing in the liquid resin under Poly 2. (c)
Determining the possible areas in P3 under which oversizing may occur due
to scanning in P5. From Table 1, there is an increase in the oversize by
one additional layer when the third layer is scanned. In this case, the
third layer of Table 1 corresponds to PS and this means that scanning in PS
may also cause oversizing under P3. Therefore, it has to be considered in
the algorithm. To determine the areas in P3 under which possible oversize
will occur due to scanning in P5, the intersection between Poly 1 and PS is
found. As shown in Figure 4c Poly 3 = Poly 1 n P5. Poly 1 is used instead
of P3 (i.e. P3 n PS is not used) for tlus computation because the areas of
intersection between P3 and PS may not overlap any part of P4. If that
happens, the laser beam passing through PS will not pass through any cured
resin to produce overgrowth under P3 but will cure the liquid resin
underneath P5.   30`" October 2002 - 10 Alternatively, Poly 3 is also
equivalent to P3 n P4 n P5. The resulting polygon, Poly 3, is the area in
P3 where two consecutive layers will be scanned on top of it. If there are
two layers of cured resin P2 and P 1 underneath Poly 3, oversize will not
occur since the overgrowth (if any) will be created in P2 and P 1 itself.
Otherwise, oversizing will occur when PS is scanned. (d) Similarly,
determining the areas in Poly 3 under which oversizing will occur in the P
1 layer by finding the difference between Poly 3 and P I . Referring to
Figure 4d the resulting polygon, Poly 4, will be the area in P3 where two
consecutive layers P4 and PS will be scanned on top of it but there is no
cured resin underneath it. In other words, liquid resin will be found in
the area marked by Poly 4 under P3 or P2. Elence, oversize will be produced
in these areas. (e) Subtracting from P3 the areas Poly 2 and Poly 4 under
which oversizing will occur, produces the desired polygon as shown in
Figure 4e. The resultant polygon is P3 n Poly 2 n Poly 4 . The resulting
Modified Polygon shown in Figure 4f is stored as the modified layer to
replace P3 as the layer to be scanned in a modified layers file. (f j
Repeating the process for the next set of layers and so on starting with
the second layer of the previous set as the first layer of the next set of
layers, until the last set of 5 layers has been considered. (g) Sending the
modified layers file to the optical stereolithography system for the actual
fabrication of the rapid prototyping part after all the layers have been
offset or modified. Figure 5 is a flow chart showing the implementation of
the above method to create a more accurate model using a Sony Solid Creator
System (SCS). As seen in the Figure the following   30t" October 2002 -11
basic steps are performed: 1) CAD data of STL, IGES or HPGL format are
created and passed to the Sony SCS workstation. 



2) NEWS (UNIX workstation developed by Sony) receives the CAD data and
computes the cross-section slice data at equal intervals of O.lmm to 0.3mm
using a data processing software called ProSCS. 3) These data are
subsequently converted into binary files under the names model.ctr,
model.l, model.2 and so on. 4) The SCS software offsets the laser scan
along layers by a half size of the laser spot. This is to compensate for
the oversizing caused by the laser spot of half a diameter. The proposed
compensation algorithm written in C language then modifies the sliced layer
data based on the overlapping layer geometry which might cause oversize of
a model. 5 ) The user can then manually edit the slice data in graphic
model using the graphical editor (EditSC). 6) User can also choose to
automatically or manually create the support data as usual if necessary. 7)
When the slice data are transferred to the system controller, it converts
them into DE commands (digital electronic commands which contains
information on the co ordinates and laser control that the scanner CPU
understands), pulse sequences and control signals which are then sent to
the machine controller. 8) Upon receiving the messages from the system
controller, the machine controller starts building the solid model Layer
upon Layer by repetitive scanning and hardening of the UV resin surface
using the X-Y laser scanner.   30t" October 2002 -12 It will be apparent
that the invention can be implemented using other optical stereolithography
systems. Example 2 - One layer oversizing problem In the one layer
oversizing problem the oversize characteristics are given in Table 2. TABLE
2 Layers scanned123 or moreOversize (cummulative) 



(in terms of layers)0.51I Figure 6 shows the side view of a wedge-shaped
model, built with and without offset. Based on the oversize characteristics
the oversizing effect for a set of three layers is as follows: (i) Scanning
of one layer alone will produce an oversize of half a layer thick, which is
solely the overcure. (ii) Scanning another layer over the cured layer will
further cure the liquid resin beneath the latter, resulting in the
overgrowth, and thereby increasing the oversize to one layer thick
(overcure + overgrowth). (iii) Further scanning over two existing layers
will not further increase the oversize. The process of identifying the
areas where oversizing will occur and removing them is illustrated in
Figure 7 (based on plan views of the model). In this case a set of three
layers P l, P2, P3 is to be considered in order to modify each the second
or middle layer of the set. The basic steps in determining the modified
scan area for P2 and subsequent layers involve:   30t" October 2002 -13 (a)
Determining the areas in P2 where oversizing may occur under PZ due to
scanning of P3. This is done by finding the intersection between P2 and P3.
Poly 1 = P2 n P3. As shown in Figure 7a the resulting polygon, Polyl, is
the area in P2 where a next layer P3 will be scanned on top of it. If there
is no cured layer Pl underneath Poly l, oversizing will occur since part of
the Laser beam used for curing P3 will penetrate through P2 and further
cure the liquid resin beneath P2. Otherwise, if there is a cured layer P I
underneath Poly l, oversizing will not occur. (b) Determining the areas in
Poly 1 where oversizing will occur. This is done by finding the difference
between Poly 1 and Pl: Poly 2 = Poly 1 n P1 . As shown in Figure 7b the
resulting polygon, Poly 2, is the area in P2 where a next layer P3 will be
scanned on top of it acid there is no cured layer underneath. In other
words, liquid resin will be found in the area marked by Poly 2 and under
P2. Hence, when scanning P3, part of the laser energy will penetrate
through P2 and produce overgrowth in the liquid resin under Poly 2. (c)
Subtracting from P2 the areas under which oversizing would occur, to give
the Modified Polygon = P2 n Poly 2 as shown in Figure 7c. The modified
polygon in Figure 7d is stored for use in place of P2 in a modified layers
file. (d) Repeating the process for the next set of 3 layers and so on
starting from the second layer of the previous set of layers until the
Modified Polygons for all the layers are determined. (e) After all the
layers have been offset, sending the modified layers file to the optical
stereolithography system for actual fabrication. The foregoing describes
only SOllle elllbOd1111entS Ot the invention and modifications can be made
without departing from the scope of the invention.   30`" October 2002 - 14
CLAIMS: 



1. A method for determining the areas of resin to be cured in an optical
stereolithography process for rapid prototyping using sequential laser
curing of layers of a resin having a selected thickness to produce a
desired shape of cured resin, said method comprising the steps of: (a)
generating a computer model of said desired shape; (b) dividing the model
into layers of thickness equal to the thickness of said layers each
defining an area of resin to be cured by corresponding Layer data; (c)
selecting a set of said layers including and sequentially adjacent an
intermediate layer and determining the areas in said intermediate layer of
resin which would be oversized by said laser curing of one or more layers
later in the curing sequence; (d) modifying said layer data to compensate
for said oversizing; and (e) repeating steps (c) and (d) by sequentially
selecting said sets of layers to include substantially a11 of said layers
respectively as said intermediate layers. 2. A method as claimed in claim 1
wherein said sets are sequentially selected with each subsequent set having
said intermediate layer being the layer adjacent the intermediate layer of
the previously selected set. 3. A method as claimed in claim 2 wherein the
first selected set includes the first Layer to be cured and the sequential
subsequent sets respectively include as the intermediate layer the
subsequently cured adjacent layer. 4. A method as claimed in any one of
claims 1 to 3 wherein each said set includes N layers where N is selected
from the series 3, 5, 7 or higher odd numbers determined by the size   30`"
October 2002 -15 of possible oversizing from laser curing of the resin in
terms of numbers of layer thickness to be compensated. 5. A method as
claimed in any one of claims 1 to 4 to compensate for oversizing of one
layer thickness including: (a) naming polygons defined by said layers in
the computer model as P 1, P2 .......PK...... starting at the first Layer
to be cured; (b) selecting the first three layers P 1 to P3 as said
selected set and determining said intermediate layer to be middle layer P2;
(c) determining the areas in layer P2 that are potentially oversized due to
laser curing of layer P3, denoted by Poly 1 = P2nP3; 



(d) determining the areas in Poly 1 in which oversizing would actually
occur as a result of no cured resin in corresponding areas of the adjacent
earlier cured layer, by finding the difference between Poly 1 and P 1,
denoted by Poly 2 = Poly 1 n P 1 ; (f) sequentially repeating the steps (b)
to (e) for each set of 3 layers starting from the second layer of the
previous set and continuing until a11 sets of layers in the model have been
processed. 6. A method as claimed in any one of claims 1 to 4 to compensate
for oversizing of two layer thickness including: (a) naming polygons
defined by said layers in the computer model as P l, P2 .......PK......
starting at the first layer to be cured; (b) selecting the first five
layers P 1 to PS as said selected set and determining said   30`" October
2002 - 16 intermediate layer to be middle layer P3; (c) determining the
areas in layer P3 that are potentially oversized due to laser curing of
layer P4, denoted by Poly 1 = P3nP4; {d) determining the areas in Poly 1 in
which oversizing would actually occur as a result of no cured resin in
corresponding areas of the adjacent earlier cured layer, by finding the
difference between Poly I and P2, denoted by Poly 2 = Poly I n P2 ; (e)
determining the areas in P3 that are potentially oversized due to laser
curing of layer P5, denoted by Poly 3 = Polyl n PS ---- P3 n P4 n P5; (f)
determining the areas in Poly 3 in which a second layer oversizing will
actually occiu~ as a result of no cured resin in corresponding areas two
layers earlier by finding the difference between Poly 3 and P 1, denoting
the area as Poly 4 = Poly 3 n P 1 ; and (g) sequentially repeating the
steps (b) to (f) for each set of S layers starting from the second layer of
the previous set and continuing until all sets of layers in the model have
been processed. 7. A method as claimed in claim 6 wherein the computer
model is modified by removing from layer P3 a11 the areas that would
produce oversizing one and two layers below it and denoting the resultant
polygon, represented by P3 n Poly 2 n Poly 4 , as the modified layer. 8. A
method as claimed in any one of claims 1 to 4 to compensate for oversizing
of two layer thickness including 



(a) naming polygons defined by said layers in the computer model as P l, P2
.......PK...... starting at the first layer to be cured;   30`" October
2002 -17 (b) selecting the first five layers P 1 to PS as said selected set
and determining said intermediate layer to be middle layer P3; (c)
determining the areas in layer P3 that are potentially oversized by one
layer thickness due to laser curing of Layer P4, and representing the areas
(P3 n P4) n P2 --- P3 n P4 n P2 ; (d) determining in layer P3 where
oversize would occur two layers earlier as a result of laser curing in
layer P5, and representing the areas by P3 n P4 n PS n P 1 ; and (e)
modifying the computer model by removing from layer P3 all the areas where
oversize would occur below it as a result of laser curing in layers P4 and
P5, the resultant polygon being represented by P3 n ((P3 n P4) n ~] n [P3 n
P4 n PS] n P 1 --__ P3 n ( P3 n P4 n P2) n( P3 n P4 n PS ) n P 1. 9. A
method as claimed in any one of claims 1 to 8 wherein said sequential
layers are cured in a z direction or built direction. 10. A method as
claimed in claim 9 wherein the z direction corresponds to the vertical
direction in the stereolithography process so that the first cured layer is
the lowest layer. 11. A method as claimed in any one of claims 1 to 10
wherein said data for said modified layer is stored in a computer memory,
magnetic media or optical media. 12. A method for controlling an optical
stereolithography system for rapid prototyping to reduce oversizing
including the method of determining the areas of resin to be cured as
claimed in any one of claims 1 to 1 1
.Af?.AUl.Ahy.Ah.AU.ALA2.A9.y.A&,.A{Y.AUr.A&Ay.A98r.ALA9.A9A.AA.AL..A9AY2+,d
~sn
+*8sHE{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]caU]c:a]ca]c&aV]ca]ca!.Bq/6'$[ a '
}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
!*!.!!!)"""#\#f##$$$7%%F&&&'''q'''(s((()|))}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!)*V**+.+++,,R,,,,J-m- 022D444T5f5j55
6Z666)777#8z8}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!z889*:l:t::4;
;;<<d<r<<>?d?w?@8AoDDDDFG/IJJuKKKK|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!KKLSLL
LM7MMNNNVOaOOPZPPPHQyQQQQQ"RyRRR0SSSSYT}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Y
TTT*UUUBVVVVX[[\0]M]g]]]]]D^^_8___3```aqaarb}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca!rbbJcqcc(d:d?ddd!ee)ff\gglhhciiiiiij\jjj3k{kk
lill|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!lmommmnnnWoooooxpp(q2qqqrrsss:tttuu}
xs|wrmhc^Y]]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca+,dcEl10%&'()- l10%&'()-:!10%&'()- 



10%&'()- 0fs10%&'()- 10%&'()-Md~sn
fG9*"10%&'()-&"10%&'()-&"10%&'()-"10%&'()- "10%&'()- s 10%&'()-n
+xmbC!l10%Z&'()- 10 10 10`$?10%&'()-s@;m"10%&'()-94"10%&'()-s7m"10%&'()-*]
dEmbC "10%Z&'()- "10%Zb&'()- "10%Z&'()- Y 10%Z&'()-"10%Z&'()-10%Z&'()-
JdE:/ 10Z 10Z6"10%Z&'()-6"10%Z&'()-``*"10%Z&'()-LL!"10%Z&'()- "10%Z&'()-
"10%ZM&'()-8sxY:/ 10Z9m"10%:&'()-
10%:&'()-"10%:&'()-&-10%:&'()-S10%:&'()-!m10%:&'()- 10ZHEdE:/
10ZL'm"10%:&'()-#10%:&'()- @10%:&'()-10%:&'()-@l"10%:&'()-`10%:&'()-.BdE:/
10Z9410%:&'()-93m"10%:&'()-&F1m"10%:&'()-&-10%:&'()-S,"10%:&'()-(@10%:&'()-
qbC 10Zy10%5&'()-!m10%5&'()- 10: 10: 



10:9S;10%:&'()-99"10%:&'()-97"10%:&'()-/6dEbC 10Z910%5&'()-& F"10%5&'()-
10%5&'()-&3"10%5&'()- 10%5&'()-F"10%5&'()-6'$dEbC 10ZLs$G"10%5&'()-
10%5&'()- 10%5&'()-9,Z"10%5&'()-Y10%5&'()-9&G"10%5&'()-$[ a dEbC
10ZL2m10%5&'()-s0F"10%5&'()-9-310%5&'()-
9F+m10%5&'()-`)F"10%5&'()-&@&-10%5&'()- '   !!!!*!xmbC 10Z!l10%\&'()- 105
105 105@;10%5&'()-L9F"10%5&'()-7F"10%5&'()-LF410%5&'()-*!.!!!)"""aBmbC
10Z:10%\&'()-YY"10%\&'()-!+SZ"10%\\&'()- `10%\&'()-LZ"10%\&'()-S
10%\&'()-"#\#f##$$dBmbC 10Z!'&%Z"10%\\&'()- "M10%\&'()- S "10%\&'()-
10%\&'()-,10%\&'()- `l"10%\&'()-$$7%%F&&&dEmbC
10Z!L8T10%\&'()-L6m"10%\&'()-91m"10%\&'()-990Z"10%\&'()-09+-10%\&'()-mf)310
%\&'()-&''''''q''bC 10Z!L 10%&'()-L&Z"10%&'()-10%&'()-!10%&'()- 10\ 10\
10\`;Y"10%\&'()-''(s((()dEbC 10Z!s
10%&'()-s9Y"10%&'()-`10%&'()-`3l"10%&'()-`10%&'()-`,10%&'()-)|))*V**+dEbC
10Z!(Z"10%&'()-9'Z"10%&'()-s#10%&'()-s3"Y"10%&'()-s10%&'()-s@Y"10%&'()-+.++
+,,R,,dEbC
10Z!7Z"10%&'()-410%&'()-2Z"10%&'()-/310%&'()--Z"10%&'()-*:10%&'()-,,,,,,J-m
--bC 10Z!96"10%&'()-> 10%&'()-9&m"10%&'()-!m10%&'()- 



10 10 10910%&'()-- 022D444dEbC
10Z!9"10%&'()-8q"10%&'()-/"10%&'()-X,%10%&'()-`@"10%&'()-96"10%&'()-4Q5R5S5
T5f5j55 6bC 10Z!& "10%"&'()-&&"10%"&'()-10%"&'()-!m10%"&'()- 10 10 10S;
"10%&'()- 6Z666)777dEbC
10Z!`&`10%"&'()-9"10%"&'()-9"10%"&'()-9y310%"&'()-9m"10%"&'()-&s10%"&'()-7#
8z8899*:aBbC
10Z9(10%"&'()-p`3"l"10%"&'()-!'`3"l"10%""&'()-&10%"&'()-&,F10%"&'()-Lm"10%"
&'()-*:l:t:::::dEbC
10Zs$1#10%"&'()-s$1#10%"&'()-s$1#10%"&'()-s$1#10%"&'()-s-10%"&'()-9*:10%"&'
()-:::::::~_@bC
10Zs$1#10%"&'()-(s$1#10%"&'()-(s$1#10%"&'()-(s$1#10%"&'()-)?f
#s$1#10%"&'()-:::::4;;^=bC 10Z &:m"10%#&'()- &S8"10%#&'()-s$1#10%"&'()-)?f
#fs$1#10%"&'()-s$1#10%"&'()-;;;;;<<d<r<vU4 10 & g10%M]#M&'()-
&&"10%M]#M&'()- &S10%M]#M&'()- &!Ym10%M]#M&'()-10#10#10#- &;
&!10%#&'()-r<<>?d?@8A|[:vU4 10 & &&y)"10%M]#M&'()-& &10%M]#M&'()-&
&yM10%M]#M&'()-& &"10%M]#M&'()- &10%M]#M&'()-L-
&&F"10%M]#M&'()-8AlDmDnDoDDDDFvU4 10 &10%##&'()- &  9`10%##&'()-
&,10%##&'()- &!10%##&'()-10M]#M10M]#M10M]#M- &
+10%M]#M&'()-FG/IJJrKsKtKuK|[NA4 1010##10##10##& &s8"10%##&'()-&
L1"10%##&'()- & $ 9F+"10%##&'()-F  & "10%##&'()---
"10%##&'()-MuKKKKKLSL|[:NA4 



1010 &9m"10%#&'()-& &10%#&'()-& &9 Z"10%#&'()-& &&10%#&'()- &f10%#&'()--
&!m10%#&'()-SLLLM7MMN|[:NA4 1010 &9S10%#&'()-& &Lm"10%#&'()-& &&L
10%#&'()-& &Lm"10%#&'()- &Fm 10%#&'()-- &10%#&'()-NNNVOaOOP|[:NA4 1010
&`Y110%#&'()-& &/"10%#&'()-& &L,10%#&'()-& &s*"10%#&'()- &9`'10%#&'()--
&`%"10%#&'()-PZPPPHQvQwQxQyQ|[NA4 1010#10#10#& &y;-10%#&'()-& &910%#&'()-&
&8"10%#&'()- &`410%#&'()-- &`310%#&'()-yQQQQQ"RyR|[:NA4 1010 &L10%"&'()-&
&9 10%"&'()-& &9`:10%"&'()-& &9 Z"10%"&'()- &f10%"&'()--
&!m10%"&'()-yRRRRRRR_;NA4 1010 #3
0#Hv#10%"&'()-Hv#10%"&'()-Hv#10%"&'()-Hv#10%"&'()- &LF10%"&'()-RRRRRRRd@NA4
1010 ##3
0#Hv#10%"&'()-Hv#10%"&'()-Hv#10%"&'()-Hv#10%"&'()-Hv#10%"&'()-RR0SSSSYTa@NA
4 1010 # 9sF+m"10%"&'()- 9L'Z10%"&'()- 9`S&l"10%"&'()- 9`"!10%"&'()-
9`L!Y"10%"&'()-Hv#10%"&'()-YTTT*UUUBV|[:NA4 1010 98m"10%"&'()-
97Z"10%"&'()- 9S5Z"10%"&'()- 92z 10%"&'()- 9L.10%"&'()-
9L-10%"&'()-BVVVVVVVX[vU4 10 0`"10%"&'()- 'L "10%"&'()-  9y10%"&'()-
9!m10%"&'()-10"10"10" 9l: 10%"&'()-[[\0]]]]]]|obU4 10 9!10%"&'()-10"10"10"9
98m"10%"&'()-9 !&3m"10%"&'()- !!9-m"10%"&'()-  '%Z"10%"&'()-]]]D^^_8_|[:bU4
10 9 9L 10%"&'()- 99Z"10%"&'()-f9 99 Z"10%"&'()-9 9L9G"10%"&'()-
9910%"&'()- 9f10%"&'()-8___3```a|[:bU4 10 9 9`#10%"&'()- 99@ -10%"&'()-9
9910%"&'()-9 9`Y"10%"&'()- 9&M10%"&'()- 9LZ"10%"&'()-aqaarbbJcqc|[:bU4 10 9
96@10%"&'()- 92Z"10%"&'()-9 9S/10%"&'()-9 9s+m"10%"&'()- 9L(-10%"&'()-
9s&Y"10%"&'()-qcc%d&d'd(d:d?ddvU4 10 99Z"10%m5'm&'()- 9y10%m5'm&'()-
9!m10%m5'm&'()-10"10"10" 9;Z"10%"&'()- 9`9G"10%"&'()-dd!ee)ff\g|[:vU4 10 9
s"Y"10%P5'P&'()-9 *`"10%^5'^&'()-9  &10%5'&'()- %LZ"10%Y5'Y&'()- 9L 



Z"10%m5'm&'()- 9L :10%m5'm&'()-\gglhhciiiii|[NA4 1010m5'm10m5'm10m5'm9 9
:m"10%m5'm&'()-9 /5Z"10%c5'c&'()- 90m"10%m5'm&'()- _"9S)%10% 5' &'()-Y
9L%10%m5'm&'()-iiij\jjj|[:NA4 1010 9L,G"10%"&'()-9 9& @10%"&'()-9
9L&Z"10%"&'()- 9910%"&'()- 9f10%"&'()- 9!10%"&'()-j3k{kk lill|[:NA4 1010
99Ym10%"&'()-9 9`F"10%"&'()-9 99@-10%"&'()- 9`F"10%"&'()- 9&10%"&'()-
9&m10%"&'()-lmommmnn|[:NA4 1010 9S/Z"10%"&'()-9 9+F"10%"&'()-9
9LF(10%"&'()- 9L&m10%"&'()- 9s$F"10%"&'()- 99&!310%"&'()- nnWooooooo|obU4
10 9!Y10%"&'()-10"10"10"9 9S; 10%"&'()- 994"10%"&'()- 94G"10%"&'()-
9F110%"&'()-ooxpp(q2qq|[:bU4 10 9 9`f"10%"&'()- 99 10%"&'()- 9 9&,10%"&'()-
9LsZ"10%"&'()- %"9Y m"10%"&'()- 9f10%"&'()-qqrrsss|[:bU4 10 9
9@,G"10%"&'()- 99'Z"10%"&'()-z9 90"-10%"&'()-Z 9Ly 410%"&'()- "sY"10%"&'()-
9L3:10%"&'()- s:tttuu|[:bU4 10 9 9@,G"10%"&'()- 99 10%"&'()-9
9L6Y"10%"&'()- 9310%"&'()- 9F1F"10%"&'()- 9-!10%"&'()- Normal" "Heading
13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading
63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font$)S28nAtHxNSZ'aflrvxz|~ )z8KYTrbluLMNOPQRSTdn  6$ *!"$&')+,-4 67*:::;
r<8AFuKSLNPyQyRRRYTBV[]8_aqcd\gijlnoqsuUVWXYZ[\]^_`abcdefghijklmnopqrstuvwx
yz{|}~6Times New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


