wo 2009/138859 A2 I T 0FO OO 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
t ) e
(19) World Intellectual Property Organization /g5 I MIEVAN 0001001 R 0O O 0
International Bureau S,/ )
(43) Int tional Publication Dat \,'/_ 3 (10) International Publication Number
nternational Publication Date TN
ey
19 November 2009 (19.11.2009) PCT WO 2009/138859 A2
(51) International Patent Classification: CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
B29C 67/00 (2006.01) EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
. L HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(21) International Application Number: KZ. LA. LC. LK. LR. LS. LT. LU. LY. MA. MD. ME
PCT/IB2009/005583 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(22) International Filing Date: NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
13 May 2009 (13.05.2009) SK, SL, SM, ST, SV, S8Y, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: Italian
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
VI2008A000109 14 May 2008 (14.05.2008) IT ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(71) Applicant and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Imventor: COSTABEBER, Ettore, Maurizio [IT/IT]; MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
Via Kennedy, 26, I-36010 Zane' (VI) (IT). OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, ML,
(74) Agent: BONINI, Ercole; ¢/o Studio Bonini S.R.L., Corso MR, NE, SN, TD, TG).
Fogazzaro, 8, [-36100 Vicenza (IT). Published:
(81) Designated States (unless otherwise indicated, for every —  without international search report and to be republished
kind of national protection available): AE, AG, AL, AM, upon receipt of that report (Rule 48.2(g))

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: METHOD FOR MANUFACTURING THREE-DIMENSIONAL OBJECTS AND MACHINE EMPLOYING SAID
METHOD

1
6 4
9
-3 K Lj/ " M
W 1
/ /‘/LLO

2

s U

(57) Abstract: Method for manufacturing three-dimensional objects (W) consisting of superimposed layers (L) of a base material
(M), liquid at ambient temperature and capable of solidifying permanently following a stimulating action, comprising the follow-
ing operations: spreading a layer (L1) of the liquid base material (M) on the preceding layer (L), selectively exposing the layer
(L1) to stimulation in one or more predefined areas (K), repeating the spreading operation and the exposure for each successive
layer of the three-dimensional object (W), cooling the layers (L) to a predefined operating temperature below ambient temperature
before the stimulation, in order to make the base material (M) solidity.
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“METHOD FOR MANUFACTURING THREE-DIMENSIONAL OBJECTS AND
MACHINE EMPLOYING SAID METHOD”.

DESCRIPTION

The present invention concerns a method for manufacturing three-dimensional
objects in layers, which in technical jargon is known as "stereolithography".
The present invention also concerns a stereolithography machine employing
said method.

As is known, stereolithography is extensively used for rapidly prototyping
three-dimensional, even complex objects, as it allows said objects to be
manufactured in a very short time and practically with no need to use any
special equipment.

In general, the stereolithography technique includes a first virtual division of the
geometry of the object to be reproduced in layers having a predefined
thickness, which are then actually produced by a stereolithography machine
that places them one on top of the other in order to create the object.

The layers are made of a liquid resin that can solidify permanently under the
effect of suitable stimulation. .
More precisely, the resin is spread on a supporting surface in the thickness
corresponding to one layer of the object to be reproduced and then is
selectively exposed to stimulation in the areas corresponding to the volume of
the object.

A plastic-based resin is generally used and its solidification is obtained by
polymerization through exposure to a laser beam.

According to a first known construction form, a stereolithography machine
comprises a vat containing the liquid resin, in which a vertically moving
platform that supports the object being produced is immersed.

The platform is lowered until covering each layer of the object with a layer of
liquid whose thickness corresponds to that required for the successive layer.
The liquid layer is then subjected to stimulation in the areas corresponding to
the volume of the object to be manufactured, so that it solidifies and adheres to

'the underlying layer.

The process for manufacturing the three-dimensional object proceeds
analogously for the successive layers, with the platform being progressively
lowered.

The known technique described above poses the drawback that it is rather
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difficult to control the thickness of the layers.

In fact, the reduced thickness of each layer, which is generally just a few
fractions of a millimetre, and the viscosity of the base material in the liquid
state hinder the distribution of the liquid resin on the object being produced.
Consequently, the thickness of the layers often lacks uniformity and this leads
to the production of a finished object whose dimensions are imprecise.

Various devices are known, which tend to limit the above mentioned drawback,
substantially based on the use of spatulas that level the surface of the liquid
resin, but none of them solves the problem in a satisfactory way.

A further drawback posed by the known technique described above is
represented by the need to prepare a certain number of supports for the object
being produced and arrange them on the platform.

The supports are necessary both to bear the dead load of the object,
especially in the case where it has parts that projects towards the outside, and
to support the parts that, in particular configurations of the object, are initially
separated from the body of the object itself.

By way of example, the dark area of Figure 1 schematically illustrates a
generic three-dimensional object produced according to the known art, which
is indicated by W’, while the hatched areas show the above mentioned
supports S related to it.

The supports also make it possible to oppose the stress which is generated
during the polymerizatibn of the layers and which, due to the reduced
thickness of the layers themselves, would deform them in an unacceptable
manner.

The supports, however, pose the drawback that they require an additional
design stage, which increases the object’s overall production time and costs.
The supports also pose another drawback, lying in that they cannot be reused
for the production of other objects and therefore are wasted, thus further
increasing the cost of the object.

Furthermore, when the object to be manufactured is particularly complex, it is
not possible to produce the supports, which actually limits the applicability of
the stereolithography technique.

According to a known technique, the supports are produced by the
stereolithography machine at the same time as the three-dimensional object,
thus making up an integral part of the latter.
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Obviously, in addition to the drawbacks already described, the above
mentioned technique poses a further drawback, represented by the fact that it
is necessary to remove the supports mec'hanically, with a consequent further
increase in the cost of the object.

Furthermore, the removal of the supports involves the risk of 'breaking the
object, which is another drawback.

In addition to the above, there is a further drawback represented by the
slowing down in the manufacture of the object, as the stimulation of the base
material must be carried out also in the areas corresponding to the supports.

In the attempt to overcome the above mentioned drawbacks, another
technique has been developed, which uses a resin that at room temperature is
in the form of jelly and therefore is substantially stable from a dimensional point
of view.

According to this construction technique, the jelly resin is heated in order to
liquefy it, so that it can be spread on the object being produced.

Therefore, differently from the previous case, the object is not immersed in a
liquid resin. ,

Once spread on the object, the resin cools down and forms a jelly layer that is
relatively stable at room temperature and is then polymerized by means of a
selective stimulation procedure analogous to that already described.

The process is repeated for the successive layers, until completing the object,
which is finally heated in order to obtain the liquefaction of the non-polymerized
resin and thus extract the finished object.

Advantageously, the technique described above makes it possible to avoid the
use of supports for the object being produced, which in fact is supported by the
surrounding jelly resin.

However, the above mentioned technique poses a series of drawbacks, among
which is the fact that it is rather slow, due to the time necessary for each
deposited layer to cool down.

A further drawback lies in that the resin undergoes partial deterioration due to
the double heating cycle to which it is subjected, during the spreading of each
layer and at the end of the production process, to the detriment of the
mechanical characteristics of the object.

The above mentioned drawback, which means that the excess resin cannot be
used again to produce other objects, together with the already mentioned
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slowness of this technique, further increase the cost of the finished object.
Furthermore, analogously to the first known technique previously described,
this second known technique does not resolve the problem regarding the
control of the thickness of the layers, either, but can even worsen it.

In fact, during the spreading of each layer, the viscosity of the resin is very
high, which can generate irregularities on the surface of the layer itself.

The present invention intends to overcome all the drawbacks of the known art
outlined above.

~ In particular, it is a first object of the invention to implement a method and to

develop a machine for manufacturing three-dimensional objects formed by a
plurality of superimposed layers, which do not require the use of supports for
the three-dimensional object being produced.

It is a further object of the invention to propose a method and a machine that
make it possible to produce three-dimensional objects more rapidly compared
to the known technique, the objects having the same geometry.

It is another object of the invention to obtain three-dimensional objects that are
more accurate than those obtainable with the known technique from a
dimensional point of view.

It is another, yet not the least object of the invention, to ensure that the base
material used for making the object does not deteriorate excessively during the
production process.

The objects described above are achieved by a method for manufacturing
three-dimensional objects according to claim 1, as well as by a machine
employing said method and carried out according to claim 13.

Further details of the method and machine that are the subjects of the
invention are described in the corresponding dependent claims.
Advantageously, the absence of supports makes it possible to reduce the cost
of the finished three-dimensional object compared to the cost of the same
object obtained by means of the first known technique described above.

Still advantageously, the absence of supports makes it possible to
manufacture objects that are geometrically more complex than those which
can be obtained through the known methods.

Still advantageously, the fact that the base material does not deteriorate allows
the excess material to be used again for manufacturing other objects.
Furthermore, advantageously, the reduced production time and the possibility
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to reuse the excess base material make it possible to reduce the cost of the

object compared to the second known technique described above.

Furthermore, the higher degree of precision reached by the method that is the

subject of the invention compared to the known technique advantageously

makes it possible to satisfy the needs of more market sectors.

The said objects and advantages, and others which are better highlighted

below, will be illustrated in detail in the -description of a preferred embodiment

of the method and the machine of the invention, which is provided by way of

non-limiting example with reference to the attached drawings, wherein:

- Figure 1 shows a schematic view of a three-dimensional object belonging
to the known art;

- Figure 2 shows a schematic view of the machine that is the subject of the
invention;

- Figures from 3 to 9 show different operating phases of the method that is
the subject of the invention.

The method of the invention, known as "stereolithography" in technical jargon,

is particularly suitable for rapidly prototyping three-dimensional objects W.

As already explained, the method consists in making the three-dimensional

object W by superimposing a plurality of layers L of a base material M.

The above mentioned base material M is liquid at ambient temperature but,

following suitable stimulation, can alter its molecular structure in such a way as

to solidify’permanently.

The above mentioned base material M is preferably but not necessarily a

photopolymer that solidifies through polymerization when it is exposed to a

source of predefined radiations, like for example laser light.

Materials of the type described above are well known and largely used in the

field of stereolithography, and therefore will not be described in greater detail -

herein.

It is also evident that, in construction variants of the invention, it is possible to

choose a base material M that is sensitive to a kind of stimulation different from

laser light, provided that it is capable of causing the permanent solidification of

the base material M in the stimulated areas.

The method that is the subject of the invention is described with particular

reference to the machine schematically shown in Figure 2 and indicated as a

whole by 1 therein.
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It can be observed that the machine 1 comprises means 2 for supporting the
three-dimensional object W being produced, which preferably comprise a
platform 2a.

The machine 1 is also provided with means 3 for dispensing the base
material M, suited to deposit each layer L on the previous layer of the three-
dimensional object W and preferably but not necessarily comprising a
dispensing nozzle 6.

Furthermore, there are means 4 suited to emit the above mentioned
stimulation, capable of selectively solidifying prefixed areas K of the layer L
corresponding to the volume of the three-dimensional object W to be obtained
and indicated by darker areas for the sake of simplicity.

Preferably, the emitting means 4 comprise a laser generator 9 that
advantageously makes it possible to solidify a very limited area K of the base
material M, thus contributing to the achievement of a dimensionally accurate
object W. -

According to the invention, the machine 1 comprises means 5 for cooling the
deposited layers L, in order to maintain them at a prefixed operating
temperature lower than ambient temperature.

Preferably, said cooling means 5 are associated with said supporting means 2
in order to be advantageously arranged in direct contact with the layers L and
thus guarantee effective cooling.

Furthermore, said cooling means 5 preferably comprise Peltier cells 10
that advantageously have limited overall dimensions and high cooling
effectiveness.

It is evident, however, that in other construction variants of the invention, not
represented herein, both the position and the type of cooling means 5 may be
different from those described and illustrated herein.

Preferably but not necessarily there are also means 7 for levelling the layers L,
which preferably comprise a tool 8 for the mechanical removal of material, like
for example a cutter 8a.

The supporting means 2, the dispensing means 3, the emitting means 4 and
the levelling means 7 can move in relation to one another thanks to the
presence of power means that are not illustrated herein but are known per se
to those skilled in the art.

The method of the invention for manufacturing three-dimensional objects W
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comprises a first operation for spreading a layer L1 of liquid base material M
on the previous layer L, as shown in Figure 4.

During the above mentioned operation, the base material M is preferably at
ambient temperature, so that, advantageously, it spontaneously assumes a
liquid form with no need to be heated.

The method that is the subject of the invention further comprises the selective
exposure of said layer L1 to pre-established stimulation in predefined areas K
that correspond to the volume of the three-dimensional object W to be
obtained and are represented by darker areas in the figures. -

The above mentioned spreading and selective exposure are repeated for each
successive layer L of the three-dimensional object W.

According to the invention, the method comprises a further operation for
cooling the layers L to a prefixed operating temperature lower than ambient
temperature, so that the base material M of the layers L solidifies and they can
assume a stable form.

The layers L, solidified as described above, are capable of supporting the
successive layers and thus eliminate the need to use supports for the three-
dimensional object W being produced, thus achieving the first object of the
invention.

~ The layers L maintain said stable form for so long as the base material M is

maintained at the operating temperature.

The operating temperature is preferably but not necessarily low enough to
induce the temporary solidification of the base material M.

Obviously, in construction variants of the invention it will be possible to adopt
an operating temperature that, even if without solidifying completely the base
material M, considerably increases its viscosity, for example to give it the
consistency of jelly.

Said operating temperature is preferably maintained constant on the layers L
for the entire duration of the spreading operation and of the exposure of the
layers L, until the three-dimensional object W has been completéd.
Furthermore, the cooling of each successive layer L1 preferably takes place
spontaneously by contact with the previous layer L, thus achieving the almost
instantaneous solidification of the base material M.

According to a construction variant of the invention, not represented herein, the
base material M is spread selectively and only in the areas corresponding to
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the volume of the object W, advantageously making it possible to reduce the
production time of the object W and consequently the related costs. |

Said selective spreading operation can be adopted in particular if the base
material M cools down very rapidly, for example when the new layer L1 is very
thin and cools down by contact with the preceding layer L. ,

The cooling effect is preferably obtained by means of Peltier cells 10 that
advantageously ensure high effectiveness and at the same time very limited
overall dimensions.

It is evident, however, that in construction variants of the invention the cooling
of the layers L can be obtained by means of cooling.ﬂuids, low temperature
gas jets or in any other known manner. |

Preferably, and as illustrated in Figure 5, the method of the invention

comprises an operation for levelling the last deposited layer L1, before the

spreading of the successive layer and, preferably but not necessarily, before
stimulation. '

Said levelling operation allows the excess material to be removed from the
layer L1, in such a way as to achieve the desired thickness and obtain a
uniform surface.

In fact, since the layer L1 is cool and therefore stable, it is possible to remove
the base material M with great precision, for example by means of a
mechanical process. :

Furthermore, the layer L1 maintains the thickness obtained after the levelling
operation.

Therefore, said levelling operation achieves the object to increase the overall
dimensional precision of the three-dimensional object W compared to the
degree of precision that can be obtained with the known methods.

Obviously, the greater the stability of the base material M, the higher the
degree of precision achieved, in particular when the base material M is cooled
until it becomes solid.

As regards the spreading of the layers L, it is preferably carried out by means
of a dispensing device 6 that advantageously makes it possible to accurately
control the quantity of base material M used.

The method that is the subject of the invention also includes an operation for
eliminating the base material M1 that has not been stimulated, preferably by
exposing the layers L to ambient temperature.
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At such a temperature, the non-stimulated base material M1 returns to the
liquid state, while the stimulated material K remains solid, thanks to its
polymerized condition.

The above clearly shows that for the whole duration of the process
implementing the method of the invention the base material M is not heated
above ambient temperature.

Therefore, differently from the second known method described above, the
base material M is not subjected to deterioration, and therefore one of the
objects of the invention is thus achieved.

Obviously, the elimination of the non-stimulated material M1 can take place
even above ambient temperature, thus allowing the quuefaction' of the

‘material M1 to be accelerated.

Differently from the second known method described above, the method of the
invention does not require time for the stabilization of the base material M.

In fact, said stabilization takes place due to the practically instantaneous
cooling of the base material M when this comes into contact with the preceding
layer L, instead of through exposure to ambient temperature as in the case of
said known method.

Therefore, the method of the invention achieves the object to ensure more
rapid production of the object W compared to the known method mentioned
above. _ '

Preferably but not necessarily, and as shown in Figure 7, the method of the
invention includes the spreading of a base layer L0 in direct contact with the
platform 2a, and said base layer is not subjected to stimulation.

The non-stimulated base layer LO advantageously prevents the object W from
adhering to the platform 2a, thus facilitating its collection once production has
been completed.

In fact, during the above mentioned elimination of the non-stimulated
material M1, the base layer LO becomes liquid and causes the object W to
become detached from the platform 2a.

From an operational point of view and as illustrated in Figure 4, one layer L1 of
the base material M at the liquid state is deposited on the previous layer L by
means of the dispensing nozzle 6.

The base material M solidifies almost instantaneously when it comes into
contact with the layers L previously spread and maintained cool by the Peltier
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cells 10.

As shown in Figure 5, the cooled layer L1 is levelled by means of the cutter 8a.
Then, by means of the laser generator 9, the layer L1 is subjected to selective
stimulation in predefined areas K corresponding to the volume of the three-
dimensional object W to be obtained, as shown in Figure 6.

The method proceeds with the processing of the successive layers L, whereby
the platform 2a is lowered, in relation to the dispensing means 3, the emitting
means 4 and the leveling means 7, of a distance corresponding to the
thickness of the layer L1 to be obtained, as shown in Figure 3.

The situation after the superimposition of a certain number of said layers L is
illustrated in Figure 7, showing the base material M stimulated at the level of
the predefined areas K that make up the three-dimensional object W being
produced, indicated by darker areas.

The collection of the finished three-dimensional object W, represented in
Figure 9, is carried out by cooling the base material M to ambient temperature
in such a way as to cause the non-stimulated material M1 to return to the liquid
state, as shown in Figure 8.

Said collection is facilitated by the presence of the non-stimulated layer LO,
visible in Figure 3, interposed between the platform 2a and the object W.

The arrows visible in the figures illustrate the movements of the platform 2a, of
the laser generator 9, of the dispensing nozzle 6 and of the cutter 8a during
the various operations described.

In particular, the platform 2a is preferably powered in the vertical direction,
while the nozzle 6, the cutter 8a and the laser generator 9 move horizontally,
on one axis or on two axes orthogonal to each other.

It is evident, however, that in construction variants of the invention the relative
movements of the above mentioned devices 2a, 6, 8a and 9 can be different
from those illustrated herein and may include, for example, the movement on
three axes of the platform 2a only in relation to the other devices.

In any case, as already mentioned, the power means of said devices are
known per se to those skilled in the art.

The above shows that the method and the machine of the invention achieve
the set objects.

In particular, the cooling of the base material allows it to solidify and to support
the three-dimensional object being produced, thus eliminating the need for
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special supports.

Furthermore, the cooling of the base material takes place almost
instantaneously, which eliminates any waiting time and makes the method of
the invention particularly rapid.

Furthermore, as the base material is not heated above ambient temperature, it
does not deteriorate and therefore any excess material can be reused for
successive production cycles.

In addition to the above, the hardening of the base material obtained by
cooling makes it suited to be processed mechanically in order to obtain layers
with more precise thickness compared to those obtainable with the known
methods.

In the construction stage, the method and the machine that are the subjects of
the invention may undergo further changes or modifications concerning, for
example, the type of base material used and, consequently, the type of
stimulation used to achieve the permanent solidification of said material.

Other construction variants may concern the mechanisms used for the relative
movements of the various parts of the machine.

In any case, the above mentioned modifications or variants, even if they are
neither described herein nor illustrated in the drawings, must all be considered
protected by the present patent, provided that they fall within the scope of the
following claims.

Where technical features mentioned in any claim are followed by reference
signs, those reference sings have been included for the sole purpose of
increasing the intelligibility of the claims and accordingly such reference signs
do not have any limiting effect on the interpretation of each element identified
by way of example by such reference signs.
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CLAIMS

1) Method for manufacturing three-dimensional objects (W) consisting of
a plurality of superimposed layers (L) of a base material (M), liquid at ambient
temperature and capable of solidifying permanently following a stimulating
action, comprising the operations described below:

- spreading a layer (L1) of said liquid base material (M) on the preceding
layer (L);

- selectively exposing said layer (L1) to said stimulation in one or more
predefined areas (K); ‘

- repeating said spreading operation and said exposure for each successive
layer of said three-dimensional object (W),

characterized in that it comprises an operation for cooling said layers (L) to a

predefined operating temperature below said ambient temperature before said

stimulation, in order to make said base material (M) solidify.

2) Method according to claim 1), characterized in that said cooling
operation lasts for the whole duration of said spreading operation and
exposure of said layers (L).

3) Method according to claim 2), characterized in that said cooling of
each one of said layers (L) takes place spontaneously by contact with the
preceding layer (L).

4) Method according to any one of the preceding claims, characterized
in that said cooling operation is carried out by means of Peltier cells (10).

5) Method according to any one of the preceding claims, characterized
in that it comprises an operation for levelling each one of said layers (L) before
spreading the successive layer.

6) Method accordin'g to claim 4), characterized in that said levelling
operation takes place before said stimulation.

7) Method according to any one of the preceding claims, characterized
in that said spreading of said base material (M) takes place selectively in
predefined areas.

8) Method according to any one of the preceding claims, characterized
in that said spreading of each one of said layers (L) takes place by means of a
dispensing nozzle (6).

9) Method according to any one of the preceding claims, characterized
in that said base material (M) is a photopolymer and said stimulation is
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achieved by means of predefined radiations.

10) Method according to any one of the preceding claims,
characterized in that it comprises an operation for eliminating the non-
stimulated base material (M1).

11) Method according to claim 10), characterized in that said
elimination is achieved by exposing said layers (L) to said ambient
temperature.

12) Method according to any one of the preceding claims,
characterized in that it comprises an operation for spreading a base
layer (LO) before spreading the first layer of said three-dimensional object (W).

13) Machine (1) for manufacturing three-dimensional objects (W)
comprising superimposed layers (L) of a base material (M), liquid at ambient
temperature and capable of solidifying permanently due to a stimulating action,
comprising:

- means (2) for supporting the three-dimensional object (W) being produced;

- dispensing means (3) suited to spread each layer (L) of said base material
(M) on the preceding layer (L) of said three-dimensional object (W);

- means (4) suited to emit said stimulation,

characterized in that it comprises means (5) for cooling said layers (L) and

maintain them at a prefixed operating temperature below said ambient

temperature.

14) Machine (1) according to claim 13), characterized in that said
cooling means (5) are associated with said supporting means (2).

15) Machine (1) according to any one of claims 13) or 14),
characterized in that said cooling means (5) comprise one or more Peltier
cells (10). ‘

16) Machine (1) according to any one of the claims from 13) to 15),
characterized in that said dispensing means (3) comprise a dispensing
nozzle (6).

17) Machine (1) according to any one of the claims from 13) to 16),
characterized in that it comprises means (7) for levelling said layers (L).

18) Machine according to claim 17), characterized in that said levelling
means (7) comprise a tool (8) for the mechanical removal of material.

19) Machine according to claim 18), characterized in that said tool (8)
is a cutter (8a).
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20) Machine according to any one of the claims from 13) to 19),
characterized in that said emitting means (4) comprise a laser generator (9).

35 .
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