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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a photo-curing 3D printing device, and especially to an
imaging system of a photo-curing 3D printing device.

BACKGROUND ART

[0002] 3D printing technology is blue-printed by a computer three-dimensional design model to
stack and bond special materials, such as metal powder, ceramic powder, plastic and cell
tissue in a layer-wise manner, by means of a laser beam, a hot-melt nozzle etc. via software
layered discretization and a numerical control molding system so as to finally mold same by
superimposition to manufacture an entity product. Different from the traditional manufacturing
industry of shaping and cutting raw materials by means of machining, such as mould and turn
milling, so as to finally product a product, 3D printing turns a three-dimensional entity into
several two-dimensional planes for production by processing and superimposing the materials
layer by layer, thereby greatly reducing the complexity of manufacturing. This digital
manufacturing mode can directly produce any shape of parts from computer graphic data
without needing a complicated process, a large machine tool and massive manpower, so that
production-manufacturing can extend to a broader range of production crowds.

[0003] At present, molding manners of 3D printing technology are still evolving, and materials
used are also varied. In various molding manners, a photo-curing method is a relatively mature
manner. The photo-curing method uses the principle that photosensitive resin is cured after
being irradiated by an ultraviolet laser to perform material molding by accumulation, and has
the characteristics, such as high molding precision, good surface finish and high material
utilization.

[0004] Fig. 1 shows a basic structure of a photo-curing 3D printing device. The 3D printing
device 100 comprises a material tank 110 for accommodating photosensitive resin, an imaging
system 120 for curing the photosensitive resin and a lifting platform 130 for connecting a
molding tool. The imaging system 120 is located above the material tank 110, and can irradiate
a light beam image to enable a layer of photosensitive resin at the liquid level of the material
tank 110 to be cured. After the imaging system 120 irradiates the light beam image to enable a
layer of photosensitive resin to be cured each time, the lifting platform 130 will drive the layer of
molded photosensitive resin to slightly drop, and enable the photosensitive resin to be
uniformly spread on a top surface of the cured tool via a blade 131 to wait for the next
irradiation. The cycle repeats, and a three-dimensional tool molded by accumulation layer by
layer will be obtained.
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[0005] The imaging system 120 often commonly uses a laser molding technique or a digital
light procession (DLP) projection technique.

[0006] The laser molding technique means using a laser scanning device to scan spot by spot.
However, due to the property of the photosensitive resin, the laser power cannot be too great,
otherwise, the resin will be damaged. Therefore, the moving speed of the laser is limited to a
few meters to ten meters per second, causing a too slow molding speed.

[0007] The DLP projection imaging technique is realized by using a digital micromirror device
(DMD) to control the reflection of light. The digital micromirror device can be considered as a
mirror surface. This mirror is composed of hundreds of thousands even to billions of
micromirrors. Each micromirror represents a pixel, and an image is constituted by these pixels.
Each micromirror can be independently controlled to decide whether light rays are reflected to
a projection lens. Finally, the whole mirror reflects the required light beam image. Due to the
limitation of the resolution of a DMD chip, a defect of a relatively small molding dimension of
the DLP projection imaging technique is caused, and there is a bottleneck.

[0008] A liquid crystal projection technique, as an area array image source, can theoretically
project a light beam image similar to that of the DLP projection imaging technique, so as to be
used for constructing the imaging system of the photo-curing 3D printing device. A liquid crystal
panel contains many pixels, and each pixel can separately control a polarization direction of
polarized light, and can control whether light rays of a certain pixel pass in cooperation with
polarized light filters at two sides of the liquid crystal panel, and therefore, a light beam passing
through a liquid crystal panel system is imaged. However, there is an obvious disadvantage for
the liquid crystal panel to be used in the photo-curing 3D printing device. The reason is that the
wavelength of a light source required for curing the photosensitive resin is generally below 430
nm; and light rays within the range of this wavelength may cause damage to liquid crystals in
the liquid crystal panel, and the service life of the liquid crystals will be shortened. Furthermore,
low transmittance of the liquid crystal panel will cause the panel endurance to be further
shortened.

[0009] It is well known that a liquid crystal panel has a black mask region with a certain non-
light transmitting area around each pixel for covering a control circuit of the pixel (comprising a
thin film transistor, wiring, etc.). This part of mask region will reduce the light transmitting
capability of an LCD panel, so as to influence the brightness and contrast of the imaging
system. The ratio that the area of light transmitting regions (i.e. regions that are not covered by
a mask) accounts for the total pixel area is called aperture ratio. It is assumed that the aperture
ratio of the liquid crystal panel is 60%, which means that up to 40% of the area cannot transmit
light and this is a great loss of the brightness of light. Meanwhile, after theses light rays are
absorbed by the liquid crystal panel, excessive temperature rise in liquid crystals will be
caused, thereby resulting in the ageing of and damage to the liquid crystal panel.

[0010] One way of improving the above-mentioned problems is to improve the aperture ratio
as far as possible. This is admittedly helpful for reducing light loss; however, the improvement
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of the aperture ratio has an ultimate limit in technology, depending on a more advanced
manufacturing process of a liquid crystal panel. Therefore, in the photo-curing 3D printing
device, one way of making up for the shortage of transmittance is using a light source with
higher brightness. However, in the case where the photo-curing 3D printing device needs
relatively strong projection brightness, blindly improving the brightness of light rays that pass
the liquid crystal panel exacerbates the shortening of the service life of the liquid crystals.

[0011] Table 1 below shows the comparison of service life after liquid crystals receive strong
enough irradiation of light with various wavelengths in the liquid crystal projection technique.
Table 1

Light wavelength (nm) Endurance
410 0.4
433 1.0
470 4.2

[0012] It can be seen from Table 1 that by taking the service life of the light wavelength at 433
nm as reference 1, when the wavelength is reduced to 410 nm, the service life is significantly
reduced to 0.4. In striking contrast thereto, when the wavelength is at 470 nm, the service life
is significantly increased to 4.2.

[0013] Due to the above-mentioned defects in service life, no photo-curing 3D printing device
applying a liquid crystal system has occurred at present.

[0014] EP1894705 discloses a method and device for creating a three-dimensional object with
resolution enhancement by means of pixel shift. A material is produced by layer-by-layer
hardening by the action of electromagnetic radiation by means of mask exposure. In order to
enhance the resolution, on the scale of sub-pixels, along the outer and inner contours of the
cross-sectional area of the object to produce in a layer-by-layer manner, a multiple exposure is
carried out for each layer. This consists of a sequence of a number of images in the
image/formation plane, these images being offset from one another on the scale of sub-pixels.

[0015] FR2859543 discloses a system for making an object from a photopolymerisable
material in a liquid or semi-liquid state which system uses multi-source modular lighting and
focussing points control. The system consists of a multi-source lighting unit allowing a series of
light beams to be focussed at different points inside the photopolymerisable material, and a
unit to control the relative displacement of the focussing points within the material, at least no
direction parallel to that of the light beams. A second control unit can be used to move a
platform supporting a container of the material.

[0016] US2012/298886 discloses improvements relating to a rapid prototyping apparatus for
the manufacturing of three-dimensional objects by additive treatment of cross-sections. The
improvements relate to distances, a protective window, and a collision-preventing detection
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system.

SUMMARY OF THE INVENTION

[0017] The object of the present invention is to provide a photo-curing 3D printing device and
an imaging system thereof, which is based on a liquid crystal system and can project a light
beam image required for photo-curing under an acceptably relatively-low light power.

[0018] The present invention provides an imaging system of a photo-curing 3D printing device,
comprising a light source, a liquid crystal panel, a first polarized light filter, a second polarized
light filter, a focusing lens array, a projection lens, a deflecting lens and a controller. The light
source emits a light beam. The liquid crystal panel is located on a light-emitting light path of the
light source, and the liquid crystal panel contains a plurality of pixels. The first polarized light
filter is provided on an incident light side of the liquid crystal panel, and the second polarized
light filter is provided on an emergent light side of the liquid crystal panel, wherein the first
polarized light filter and the second polarized light filter cooperate with the liquid crystal panel
to shield a part of the light beam so as to form a light beam image. The focusing lens array is
provided on the incident light side of the liquid crystal panel, wherein each focusing lens of the
focusing lens array corresponds to each pixel of the liquid crystal panel, and each focusing
lens can converge a light beam irradiated to a corresponding pixel, so that the light beam
penetrates a light-transmitting region of the pixel as much as possible and an image of the light
source is generated on the emergent light side of the liquid crystal panel, and the dimension of
the image is smaller than the dimension of the light-transmitting region of the corresponding
pixel. The projection lens is disposed between the liquid crystal panel and a photosensitive
material surface, which is located between the image and the photosensitive material surface,
wherein the projection lens projects the light beam image onto the photosensitive material
surface, so that the images of the light source generated by the focussing lens array form a
plurality of light spots on the photosensitive material surface. The deflecting lens is disposed on
the emergent light side of the liquid crystal panel, wherein the deflecting lens can deflect
around at least one rotation axis perpendicular to an optical axis of the imaging system, so as
to finely tune the position of the light beam image projected onto the photosensitive material
surface. The controller commands the light source to perform multiple exposures, and
commands the deflecting lens to deflect during each exposure, so that light beam images
during various exposures are projected to different positions of the photosensitive material
surface.

[0019] In an embodiment of the present invention, the focusing lens array covers the liquid
crystal panel.

[0020] In an embodiment of the present invention, various light spots, of the light beam images
during various exposures, formed on the photosensitive material surface are substantially not
overlapped with one another.

In an embodiment of the present invention, the light spots formed by the light beam images
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during various exposures cover the photosensitive material surface.

[0021] In an embodiment of the present invention, the dimension of the image is less than,
equal to or slightly greater than half of a pixel dimension of the liquid crystal panel.

[0022] In an embodiment of the present invention, the light beam images during various
exposures contain the same image information.

[0023] In an embodiment of the present invention, the light beam images during various
exposures contain different image information.

[0024] In an embodiment of the present invention, the ratio of the dimension of the image to
the pixel dimension of the liquid crystal panel is approximately 1 : 2, 1 : 3 or 1 : 4, and
meanwhile, the number of exposures of the light source is four, nine or sixteen.

[0025] In an embodiment of the present invention, by setting the distance between the light
source and the focusing lens to be L1, the distance of the focusing lens to an imaging plane to
be L2, a front focal length and a back focal length of the focusing lens respectively to be f and
f, the dimension of the light source to be A, and the dimension of the image to be d, the
following conditions are satisfied:

£ /L2+H/L1=1;

and

L1/L2=A/d.

[0026] In an embodiment of the present invention, the wavelength of the light beam is below
430 nm.

[0027] The present invention further proposes an imaging system of a photo-curing 3D printing
device, comprising a light source, a liquid crystal panel, a first polarized light filter, a second
polarized light filter, a focusing lens array, a projection lens, a micro-displacement drive
mechanism and a controller. The light source emits a light beam. The liquid crystal panel is
located on a light-emitting light path of the light source, and the liquid crystal panel contains a
plurality of pixels. The first polarized light filter is provided on an incident light side of the liquid
crystal panel. The second polarized light filter is provided on an emergent light side of the liquid
crystal panel, wherein the first polarized light fiter and the second polarized light filter
cooperate with the liquid crystal panel to shield a part of the light beam so as to form a light
beam image. The focusing lens array is provided on the incident light side of the liquid crystal
panel, wherein each focusing lens of the focusing lens array corresponds to each pixel of the
liquid crystal panel, and each focusing lens can converge a light beam irradiated to a
corresponding pixel, so that the light beam penetrates a light-transmitting region of the pixel as
much as possible and an image of the light source is generated on the emergent light side of
the liquid crystal panel, and the dimension of the image is smaller than the dimension of the
light-transmitting region of the corresponding pixel. The projection lens is disposed between
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the liquid crystal panel and a photosensitive material surface, and is located between the
image and the photosensitive material surface, wherein the projection lens projects the light
beam image onto the photosensitive material surface, so that the images of the light source
generated by focussing lens array form a plurality of light spots on the photosensitive material
surface. The micro-displacement drive mechanism is connected to the liquid crystal panel, and
can drive the liquid crystal panel to move in a first direction and a second direction which are
perpendicular to each other, so as to finely tune the position of the light beam image projected
onto the photosensitive material surface. The controller commands the light source to perform
multiple exposures, and commands the micro-displacement drive mechanism to act during
each exposure, so that light beam images during various exposures are projected to different
positions of the photosensitive material surface.

[0028] The present invention further proposes a photo-curing 3D printing device, comprising
the imaging system mentioned above.

[0029] In the above-mentioned technical solution of the present invention, by providing a
focusing lens array, light beams irritated onto a liquid crystal panel are converged to penetrate
the light-transmitting regions of various pixels of the liquid crystal panel as much as possible,
so that the shielding of a non-light transmitting portion of the liquid crystal panel is reduced until
it is avoided. In addition, by means of the convergence of light beams, the brightness of light
spots irritated onto a photosensitive material surface can be significantly improved. In the case
where the total luminous flux of the liquid crystal panel is relatively small, a resin
photosensitiveity threshold value can still be reached, a photosensitive relative linear section
thereof is entered, and a curing speed is drastically improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The features and performance of the present invention are further described by the
following embodiments and the drawings thereof.

Fig. 1 shows a basic structure of a photo-curing 3D printing device.

Fig. 2 shows an imaging system of a 3D printing device of an embodiment of the present
invention.

Fig. 3 shows a cooperative relationship between a focusing lens array and a liquid crystal
display panel of an embodiment of the present invention.

Fig. 4 shows a principle diagram of a light path of a single pixel of an imaging system shown in
Fig. 2.

Fig. 5 shows a black mask on a liquid crystal panel.

Fig. 6 shows an image formed by an imaging system by means of one exposure on a
photosensitive material surface of an embodiment of the present invention.
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Fig. 7 shows a schematic diagram of light rays of an imaging system that are not deflected of
an embodiment of the present invention.

Fig. 8 shows a schematic diagram of light rays of an imaging system that have been deflected
of an embodiment of the present invention.

Fig. 9 shows an imaging system of a 3D printing device of another embodiment of the present
invention.

Fig. 10 shows images formed by an imaging system by means of 4 exposures on a
photosensitive material surface of an embodiment of the present invention.

Fig. 11 shows a relationship curve between energy and lighting power required for curing
photosensitive resin.

DETAILED DESCRIPTION

[0031] The embodiments of the present invention describe a photo-curing 3D printing device
and an imaging system thereof, the imaging system using a liquid crystal panel as an area
array image source. In order to prevent the service life of the liquid crystal panel from being
significantly shortened, the embodiments of the present invention can project a light spot
image satisfying the brightness required for photo-curing under an acceptably relatively-low
light power.

[0032] Fig. 2 shows an imaging system of a 3D printing device of an embodiment of the
present invention. With reference to Fig. 2, the imaging system 200 of this embodiment
comprises a light source 201, a focusing lens array 202, a deflecting lens 203, a liquid crystal
panel 204, a first polarized light filter 205, a second polarized light filter 206, a projection lens
207 and a controller (not shown in the figures). For the sake of simplicity, devices unrelated to
the present invention are omitted.

[0033] The light source 201 can emit a light beam. The wavelength of the light emitted by the
light source 201 is dependent on a photosensitive material molded by curing. For example,
when UV resin is selected as the photosensitive material, a light beam can be violet light to
ultraviolet light, and the wavelength thereof is below 430 nm, such as 400-405 nm.

[0034] The liquid crystal panel 204 is located on a light-emitting light path of the light source
201. The liquid crystal panel 204 contains a plurality of pixels, and the main function thereof is
to deflect a polarization direction of the light beam emitted by the light source 201, and to be
able to shield a part of the light emitted by the light source in cooperation with a polarized light
filter, so as to form a light beam image. The first polarized light fiter 205 and the second
polarized light filter 206 are respectively provided on an incident light side and an emergent
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light side of the liquid crystal panel 204 to form a liquid crystal system. The first polarized light
filter 205 and the second polarized light filter 206 only allow light with the same polarization
direction as that thereof to pass, and the polarization directions of the two are perpendicular to
each other. In the case where there is no liquid crystal panel 204, the first polarized light filter
205 and the second polarized light filter 206 will block all light rays that attempt to penetrate.
However, since there is the liquid crystal panel 204 between the two polarized light filters, the
liquid crystal panel 204 is separated into many liquid crystal cells full of liquid crystals, wherein
each liquid cell corresponds to one pixel, and after passing through the first polarized light filter
205, the light rays can be deflected at a certain angle by liquid crystal molecules via the liquid
crystal panel 204, and the deflection angle is controlled by a voltage applied to the liquid crystal
panel, and these light rays can pass through the second polarized light filter 206 only when
having the same component of the polarization direction as that of the second polarized light
filter 206, therefore, individual arrangement directions of liquid crystal molecules controlling
each liquid crystal cell can control the brightness and images of the light rays penetrating the
liquid crystal system.

[0035] When used for 3D printing, the light beam image formed by the liquid crystal panel 204
can only contain grey scale information. Therefore, the liquid crystal panel 204 may not need
any optical element, such as a colour filter, required when used as a display panel.

[0036] In the embodiments of the present invention, the first polarized light filter 205 can be a
polarized plate or a polarized light-splitting prism. The second polarized light filter 206 can also
be a polarized plate or a polarized light-splitting prism.

[0037] In terms of each pixel of the liquid crystal panel 204, since a thin film transistor, wiring,
etc. need to be disposed near the liquid crystal cell, and not all the light beams can pass, in
consideration of various light energy losses including the transmittance, the light source 201
can cure the photosensitive material only when reaching a certain irradiation power, or enable
a curing time to be at an acceptable level, and as stated above, light with the wavelength below
430 nm may cause relatively huge damage to liquid crystals after reaching a certain power,
how to reduce the irradiation power of the light source 201 as far as possible when the
condition of curing the photosensitive material is satisfied becomes a key that the imaging
system based on the liquid crystal panel can be implemented.

[0038] This embodiment introduces the focusing lens array 202 and cooperates with the
control over the focusing level to achieve the aforementioned object.

[0039] The focusing lens array 202 is provided on the incident light side of the liquid crystal
panel 204. The focusing lens array 202 contains many minor focusing lenses. Each focusing
lens corresponds to each pixel of the liquid crystal panel 204. Fig. 3 shows a cooperative
relationship between a focusing lens array and a liquid crystal panel of an embodiment of the
present invention. In this embodiment, the focusing lens array 202 covers the liquid crystal
panel 204. For example, a certain focusing lens 402 corresponds to a certain pixel 404 of the
liquid crystal panel 204. This pixel 404 contains a non-light transmitting black mask 404a and a
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light transmitting region 404b. The focusing lens array 202 can be formed by pressing a resin
material. By means of a focusing function of the focusing lens disposed on the incident light
side of the liquid crystal panel, more light can penetrate the liquid crystal panel, and the
brightness of a focus point at the emergent light side of the liquid crystal panel is improved.
This design brings about two advantageous effects: first, the irradiation power of the light
source 201 is not improved, and therefore the liquid crystal panel is protected from being
irradiated by ultraviolet light with higher light intensity; and second, after convergence, the
brightness of the focus point is doubled, and the focus point is finally imaged to the
photosensitive material, so that the photosensitive material can be more easily cured. Here,
the brightness of the focus point depends on the focusing level.

[0040] In this embodiment, the shape, the area, the divergence angle and the distance to the
liquid crystal panel 204 of the light source 201 need to be designed strictly so as to obtain
expected light spot brightness, as will be described in detail below.

[0041] Fig. 4 shows a principle diagram of a light path of a single pixel of an imaging system
shown in Fig. 2. With reference to Fig. 4, the light source 201 emits a light beam, and it is
assumed that the height and width of a light-emitting surface thereof are both A, the
divergence angle of the light source can cooperate with the area needing to be irradiated by
the liquid crystal panel 204, and the distance of the light source 201 to the focusing lens array
402 is L1; and the light beam is irradiated to the focusing lens array 202, wherein some light
rays are irradiated to a certain focusing lens 402 so as to correspond to a certain pixel 404 of
the liquid crystal panel 204. The dimension of the pixel 404 is P.

[0042] The focusing lens 402 will converge light beams emitted by the light source 201, and
meanwhile, an image 401a of the light source 201 will be generated at a back end of the
focusing lens 402. The image 401a is projected on the photosensitive material surface (not
shown in the figures) to form a light spot after passing through the projection lens 207.

[0043] By setting a front focal length of the focusing lens to be f, a back focal length thereof to
be f' (f' = f), an image height of the light source 201 to be d, and the distance of the focusing

lens 402 to an imaging plane to be L2, we can obtain according to the Gauss formula:
L1 +"12=1;
and

LI/L2=A/.

[0044] In an example, f = 100 ym, P =20 ym, L1 = 200 mm and A = 20 mm are substituted

into the above-mentioned formulas, then:
100 pm/200 mm+100 pm/L2 = 1; L2 = 100.05 pm;
200 mm/100.05 ym =20 mm/d; and d = 10 ym.

[0045] It can be seen from the above-mentioned calculation that the size of an imaging light
spot can be controlled by means of an appropriate design. Here, the smaller the light spot is,
which means that the higher the focusing level is, and then the higher the brightness of the
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focused light spot is.

[0046] By contrast, if the liquid crystal panel is used for projection displaying, the light spot can
be bigger by designing as much as possible so as to be able to only pass the black mask, and
thus the contrast is the highest, and the picture quality is the best. However, this design is not
suitable for 3D printing.

[0047] In fact, due to a possible manufacturing defect of the focusing lens 402, particularly due
to the existence of a diffraction effect of light, the light spot dimension is slightly greater than
the dimension actually calculated, and the light spot may also become round in shape different
from an original shape of the light source 201, and this requires to adjust the aforementioned
parameters in an actual experiment so as to determine final data.

[0048] In any case, this convergence function has a variety of potential technical effects: first,
the brightness of the converged light beams at a focus point is higher, for example, if the
dimension is reduced to 1/2, then the brightness is increased to four times of the original
brightness, which is favourable for photosensitivity of the photosensitive material, and will be
described in an extensive manner below; second, the maximum penetration of the light beam
reduces the heat generated by the light beam absorption of the liquid crystal panel, which is
helpful for prolonging the service life of the liquid crystal panel, moreover, the light spot
dimension of the converged light beams formed on the photosensitive material surface is
relatively small, which is helpful for improving the printing resolution.

[0049] A description will be made below about how to give play to the above-mentioned
potential technical effects.

[0050] The projection lens 207 is disposed between the liquid crystal panel 204 and the
photosensitive material surface 220 of a 3D printing device, and a light beam image formed
and emitted by the liquid crystal panel 204 and the polarized light filters 205, 206 is projected
to the photosensitive material surface 220. Then with reference to Fig. 4, the light source 201
has an image 401a at the back of each pixel of the liquid crystal panel 204. The projection lens
207 is located between the image and the photosensitive material surface, as shown in Fig. 4.
Therefore, a plurality of images formed by the light source 201 via the liquid crystal panel 204
will be clearly projected onto the photosensitive material surface 220. The ratio of the
dimension of the converged image 401a to the pixel dimension of the liquid crystals can be 1 :
2, i.e. the ratio of the area is 1 : 4, which will enable the brightness to be correspondingly four
times of the original brightness. Although the dimension of the image 401a can be enlarged via
the projection, this ratio will keep unchanged when the image 401a is projected onto the
photosensitive material surface. The ratio setting will continue to be discussed with reference
to a light spot on the photosensitive material surface below.

[0051] Fig. 6 shows an image formed by an imaging system by means of one exposure on a
photosensitive material surface of an embodiment of the present invention. As comparison, if
light rays are directly imaged via a black mask of the imaging system show in Fig. 5, an image
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similar to the black mask will be obtained. It can be seen by comparing Fig. 5 with Fig. 6 that
after being converged by the focusing lens array 202, the dimension of the light spot in the
image is scaled down, while the brightness of the light spot is improved correspondingly. By
means of the appropriate optical design as stated above, the convergence level is adjusted to
decide a scale-down ratio of the dimension of the light spot. For example, the ratio of the
dimension of the converged light spot (the dimension of the image 401a projected to the
photosensitive material surface) to the pixel dimension (the dimension of the liquid crystals
projected to the photosensitive material surface) can be 1 : 2, i.e. the ratio of the area is 1 : 4,
and the brightness is correspondingly four times of the original brightness. Therefore, the total
energy reaching the photosensitive material surface is not reduced.

[0052] It can be understood that in consideration of the aforementioned factors such as the
manufacturing defect of the focusing lens 402 and the diffraction effect of light, when the
designed ratio of the light spot dimension to the pixel dimension is 1 : 2, the actual ratio of the
light spot dimension to the pixel dimension is slightly greater than 1 : 2. The imaging system of
this embodiment allows for an appropriate error, i.e. the aforementioned dimension ratio is
approximately 1 : 2.

[0053] In addition, the ratio of the dimension of the converged light spot to the pixel dimension
can be approximately 1 : 3 or 1 : 4. The reason why an integer multiple is taken here is that in
consideration of subsequent deflections, a new light spot needs to be inserted into a blank
portion of each light spot.

[0054] As shown in Fig. 6, a blank is left between light spots in an image exposed once on the
photosensitive material surface. For this purpose, these blanks are filled by multiple exposures,
so that the light spots cover the entire surface of the photosensitive material.

[0055] In this embodiment, the deflecting lens 203 is disposed on an emergent light side of the
liquid crystal panel 204, such as between the liquid crystal panel 204 and the projection lens
207 (or at the back of the projection lens 207). The deflecting lens 203 can deflect around at
least one rotation axis so as to finely tune the position of the light beam image projected to the
photosensitive material surface 220. The aforementioned rotation axes are all perpendicular to
an optical axis z of the imaging system, and when the deflecting lens is parallel to
(perpendicular to the optical axis z) the liquid crystal panel 204, light rays are vertically
irradiated to the deflecting lens 203, and at this moment, no refraction phenomenon occurs,
and light rays a directly pass through the deflecting lens (as shown in Fig. 7); and if the
deflecting lens 203 tilts an angle around a rotation axis, the light rays will be refracted when
entering the deflecting lens 203 from the air, the light rays will be refracted again when
entering the air from the deflecting lens 203, and the refraction angles of two refractions are
the same with the directions being opposite, refracted light rays b will move forward according
to the original direction, but a minor displacement occurs (as shown in Fig. 8). For example,
this rotation axis of the deflecting lens is a rotation axis x shown in Fig. 7. In addition, this
rotation axis can be a rotation axis y which is located within a plane containing the rotation axis
x and is perpendicular to the optical axis z, and is perpendicular to the rotation axis x (not
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shown in the figures). In the embodiments of the present invention, the deflecting lens 203 can
not only deflect around the rotation axis x, but also can deflect around the rotation axis y.

[0056] The above-mentioned deflecting can cause, in conjunction with multiple exposures, light
beams images during various exposures to be superimposed, so that the light spots cover the
photosensitive material surface 220. Specifically, the light source 201 can perform multiple
exposures, and during each exposure, the deflecting lens 203 is commanded to deflect, so that
light beam images during various exposures are projected to different positions of the
photosensitive material surface. Fig. 10 shows images formed by an imaging system by means
of 4 exposures on a photosensitive material surface of an embodiment of the present
invention. With reference to Fig. 10, during the first exposure, a projection image A is formed;
during the second exposure, since the deflecting lens 203 deflects around the x axis, so that a
light beam image moves slightly in a horizontal direction in the drawing and is projected into a
blank between two columns of light spots, a projection image B is formed; during the third
exposure, the deflecting lens 203 deflects around the y axis, so that a light beam image moves
slightly in a vertical direction in the drawing and is projected into a blank between two rows of
light spots, a projection image C is formed; and similarly, a projection image D is formed. The
projection image D covers the photosensitive material surface 220.

[0057] In the actual implementation, a controller of the imaging system 200 can be used to
command the light source 201 to perform multiple exposures, and at the same time, to
command the deflecting lens 203 to cooperatively perform x and y directions of deflection
during each exposure.

[0058] In another embodiment of the present invention, as shown in Fig. 9, the liquid crystal
panel 204 is connected to a micro-displacement drive mechanism 208 to replace the deflecting
lens 203. The micro-displacement drive mechanism 208 can drive the liquid crystal panel to
move in an x direction and a y direction, so as to finely tune the position of a light beam image
projected to the photosensitive material surface 220. Here, the x and y directions are within the
same plane, and this plane is perpendicular to the optical axis z of the imaging system. When
the micro-displacement drive mechanism 208 does not drive the displacement of the liquid
crystal panel, the light beam image of the liquid crystal panel 204 is in a first position of the
photosensitive material surface 220. When the micro-displacement drive mechanism 208
drives the liquid crystal panel 204 to perform micro-displacement in one direction (x or y
direction), a minor displacement will occur to the entire light beam image of the liquid crystal
panel 204 with the liquid crystal panel 204.

[0059] The micro-displacement drive mechanism 208 can be piezoelectric ceramic.

[0060] It needs to be noted that although the superimposed light beam images during various
exposures cover the photosensitive material surface, the positions of the light beam images
during various exposures on the photosensitive material surface 220 can be substantially not
overlapped with one another. This is realized by controlling the ratio of the pixel dimension to
the dimension of the light spot to be an integer and the step of deflecting exactly being the light
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spot dimension. This substantially non-overlapped setting can avoid the light received by an
overlapped region higher than the average level, causing non-uniform curing. It can be
understood that in consideration of factors such as a diffraction effect of light, slight
overlapping is helpful for making up for the missing of a non-rectangular edge portion of the
light spot. Therefore, it is not required that the light spots are completely not overlapped. In
addition, although the superimposed light beam images cover the photosensitive material
surface, it can be understood that not each position in the light beam images is a light spot, but
may has a dark spot.

[0061] In an embodiment of the present invention, the light beam images during various
exposures can contain the same image information. By taking Fig. 10 as an example, in the
projection image D, four light spots within a virtual box contain the same image information.
The advantage of this embodiment lies in improving the brightness of the light spot that
reaches the photosensitive material surface during each exposure.

[0062] In the above-mentioned example, four exposures are performed when the light spot
dimension is controlled to be 1/2 of the pixel dimension. It can be understood that nine
exposures are performed when the light spot dimension is controlled to be 1/3 of the pixel
dimension, and sixteen exposures are performed when the light spot dimension is controlled to
be 1/4 of the pixel dimension, and so on.

[0063] Next, the principle that exposure brightness is favourable for the photosensitivity of the
photosensitive material is described. After receiving a certain mount of light irradiation, the
photosensitive material will be cured within a certain time, and this time is called curing time.
The power of light irradiation, i.e. light irradiation energy received by the photosensitive
material in unit time, will significantly influence the curing time. In theory, the energy required
for curing a certain area of photosensitive material can be represented as:

W=P*t,

where P is light power irradiated onto resin, and t is exposure time.

[0064] Namely, the same energy can be represented by improving the light power but reducing
the exposure time or reducing the light power but increasing the exposure time so as to
achieve the same curing effect, and this is called "reciprocity law". However, a case of
reciprocity law distortion exists in photosensitive resin.

[0065] Fig. 11 shows a relationship curve between energy and lighting power required for
curing photosensitive resin. As shown in Fig. 11, x axis represents lighting power, and y axis
represents the energy W required for curing. The curve represents the energy required for
curing a certain area of photosensitive material with different lighting powers. When the lighting
power is below Py, the required energy W is infinite, since t = W/P, i.e. needing an infinite time.
The curve contains a linear section (a portion close to the level in the figure) and a non-linear
section (a hatched portion in the figure). On the linear section, with the increasing of the
lighting power, the required curing time is inversely proportional to the lighting power, and the
required energy for curing is substantially unchanged; and on the non-linear section, with the
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decreasing of the lighting power, the required curing time is non-linearly increased rapidly, and
the required energy for curing is non-linearly increased.

[0066] In summary, the photosensitive resin has the following properties:

1. 1. curing can occur only when the power of light irradiation must reach a certain lower
limit Pg, and if lower than this power, curing cannot be performed no matter how to
prolong the exposure time, and this light power is called threshold power,;

2. 2. the above-mentioned "reciprocity law" can be substantially met only on the linear
section;

3. 3. however, in a region close to Py, a minor reduction in the lighting power needs to

greatly increase the exposure time, so that the resin can be cured to the same level.

[0067] Since the wavelength of lighting required for the photosensitive resin is below 430 nm,
and excessively strong light rays of this wavelength may cause damage to liquid crystals in the
liquid crystal panel, when a 3D printing device of the liquid crystal panel is used, a relatively low
lighting intensity will be selected, for example, setting in the position slightly greater than Pg, so

as to prolong the service life of the liquid crystal panel. However, this also means that the
photosensitive resin can be cured only needing to greatly increase the exposure time, which
greatly reduces the photosensitive speed.

[0068] In the embodiments of the present invention, only by scaling down the light spots and
multiplying the brightness of the light spots, so that the imaging system can get rid of the
necessity to greatly increase the exposure time, the non-linear section of resin curing can enter
the relatively linear section, thereby greatly reducing the curing time for the photosensitive
material and improving the photosensitive speed. Meanwhile, the total energy W (this is also
light energy passing through the liquid crystal panel) required for curing is reduced, and the
service life of the liquid crystal panel is prolonged.

[0069] In another embodiment of the present invention, the light beam images during various
exposures contain different image information. By taking Fig. 10 as an example, in the
projection image D, four light spots within a virtual box contain the image information different
from each other. This means that the resolution of the image correspondingly becomes four
times of the original resolution. Therefore, the precision of 3D printing is significantly improved.

[0070] In the above-mentioned embodiments of the present invention, by providing a focusing
lens array, light beams irradiated onto a liquid crystal panel are converged to penetrate the
light-transmitting regions of various pixels of the liquid crystal panel to pass through the liquid
crystal panel as far as possible, so that the shielding of a non-light transmitting portion of the
liquid crystal panel is reduced until it is avoided. In addition, by means of the convergence of
light beams, the area of light spots irritated onto a photosensitive material surface can be
scaled down, and the brightness is significantly improved; and in the case where the total
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luminous flux of the liquid crystal panel is relatively small, a photosensitivity threshold value of
photosensitive resin can still be reached, and a photosensitive speed is improved. Moreover,
the photosensitive material surface can be filled with exposed light spots by means of multiple
exposures in cooperation with the micro-displacement of the deflecting lens, and the resolution
of imaging can be improved by using different imaging information with regard to various
exposures, so that the precision of printing is improved.

[0071] Although the present invention has been disclosed above in the preferred
embodiments, it is not intended to limit the present invention, a person skilled in the art can
make some modifications and improvements without departing from the spirit and scope of the
present invention. Therefore, the scope of protection of the present invention should be subject
to what is defined in the claims.
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PATENTKRAV

1. Et billedbehandlingssystem til en lyshardende 3D-printerenhed, omfattende:

en lyskilde (201) til at udsende en lysstrale;

et liquid crystal panel (204) placeret 1 en lysemitterende lysbane fra lyskilden, hvor det
flydende krystal panel indeholder en flerhed af pixels;

et fgrste polariseringsfilter (205) tilvejebragt pa en side af liquid crystal panelet med
indfaldende lys;

et andet polariseringsfilter (206) tilvejebragt pa en side af liquid crystal panelet med
udgéende lys, hvor det fgrste polariseringsfilter og det andet polariseringsfilter sam-
men med liquid crystal panelet medvirker til at afsk@rme en del af lysstralen for at
danne et lysstralebillede;

en fokuseringslinsematrix (202) tilvejebragt pa siden af liquid crystal panelet med
indfaldende lys, hvor hver fokuseringslinse 1 fokuseringslinsematricen svarer til en
enkelt pixel i liquid crystal panelet, og hver fokuseringslinse kan konvergerer en stra-
let lysstrale til en tilsvarende pixel, sdledes at lysstralen traenger gennem en lystrans-
mitterende region (404b) af pixlen (404) sd meget som muligt og et billede (401a) af
lyskilden genereres pa siden af liquid crystal panelet med udgéaende lys, og at billedets
dimensioner er mindre end dimensionerne af den lystransmitterende region for den
tilsvarende pixel;

en projektionslinse (207) anbragt mellem liquid crystal panelet og en lysfplsom mate-
rialeoverflade (220), som er placeret mellem billedet (401a) og den lysfglsomme ma-
terialeoverflade, hvor projektionslinsen projicerer lysstralebilledet pa den lysfglsom-
me materialeoverflade, sdledes at billederne af lyskilden genereret af fokuseringslin-
sematricen danner en flerhed af lyspletter pa den lysfglsomme materialeoverflade; og
en afbgjningslinse (203) anbragt pa siden af liquid crystal panelet med udgéende lys,
hvor afbgjningslinsen kan afbgje omkring mindst en rotationsakse vinkelret pa en op-
tisk akse i billedbehandlingssystemet, for at finjustere placeringen af lysstralebilledet
projiceret pa den lysfglsomme materialeoverflade; og

en styreenhed til at dirigere lyskilden til at frembringe en flerhed af eksponeringer og
dirigerer afbgjningslinsen til at afbgje under hver eksponering, séledes at lysstralebil-
leder under forskellige eksponeringer projiceres pa forskellige placeringer pa den lys-

feplsomme materialeoverflade.
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2. Billedbehandlingssystem til en lysh@&rdende 3D-printerenhed ifglge krav 1, kende-

tegnet ved, at fokuseringslinsematricen (202) dekker liquid crystal panelet (204).

3. Billedbehandlingssystem til en lysh@&rdende 3D-printerenhed ifglge krav 1, kende-
tegnet ved, at forskellige lyspletter i lysstralebillederne under forskellige eksponerin-
ger dannet pa den lysfplsomme materialeoverflade (220) i det vasentlige ikke over-

lapper hinanden.

4. Billedbehandlingssystem til en lysh@rdende 3D-printerenhed ifglge krav 1, kende-
tegnet ved, at lyspletterne dannet af lysstralebillederne under forskellige eksponerin-

ger dekker den lysfgplsomme materialeoverflade (220).

5. Billedbehandlingssystem til en lysh@&rdende 3D-printerenhed ifglge krav 1, kende-
tegnet ved, at dimensionerne af billedet (401a) er mindre end, lig med eller 1idt stgrre

end halvdelen af en pixeldimension af liquid crystal panelet (204).

6. Billedbehandlingssystem til en lysh@&rdende 3D-printerenhed ifglge krav 1, kende-
tegnet ved, at lysstralebillederne under forskellige eksponeringer indeholder den

samme billedinformation.

7. Billedbehandlingssystem til en lysh@rdende 3D-printerenhed ifglge krav 1, kende-
tegnet ved, at lysstralebillederne under forskellige eksponeringer indeholder forskelli-

ge billedinformationer.

8. Billedbehandlingssystem til en lysh@&rdende 3D-printerenhed ifglge krav 1, kende-
tegnet ved, at forholdet mellem billedets (401a) dimensioner og pixeldimensionerne i
liquid crystal panelet (204) er ca. 1:2, 1:3 eller 1:4, og sidelgbende er antallet af ek-

sponeringer af lyskilden fire, ni eller seksten.

9. Billedbehandlingssystem til en lyshardende 3D-printerenhed ifglge krav 1, 5 eller
8, kendetegnet ved, at ved at indstille afstanden mellem lyskilde (201) og fokuserings-
linsen (202) til at vaere L1, afstanden fra fokuseringslinsen til et billeddannelsesplan til

at vaere L2, en forrest brendvidde og en bagerst braendvidde af fokuseringslinsen til at
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vare henholdsvis f og f °, dimensionen af lyskilden til at vaere A, og dimensionen af
billedet til at d, er fplgende betingelser opfyldt:

f/1L2+4/1.1=1;
0g

L1/L.2=A/d.

10. Billedbehandlingssystem til en lysh@&rdende 3D-printerenhed ifplge krav 1, kende-

tegnet ved, at bplgel@ngden af lysstralen er mindre en 430 nm.

11. Et billedbehandlingssystem til en lysh@&rdende 3D-printerenhed, omfattende:

en lyskilde (201) til at udsende en lysstrale;

et liquid crystal panel (204) placeret 1 en lysemitterende lysbane fra lyskilden, hvor det
flydende krystal panel indeholder en flerhed af pixels;

et fgrste polariseringsfilter (205) tilvejebragt pa en side af liquid crystal panelet med
indfaldende lys;

et andet polariseringsfilter (206) tilvejebragt pa en side af liquid crystal panelet med
udgéende lys, hvor det fgrste polariseringsfilter og det andet polariseringsfilter sam-
men med liquid crystal panelet medvirker til at afskerme en del af lysstralen for at
danne et lysstralebillede;

en fokuseringslinsematrix (202) tilvejebragt pa siden af liquid crystal panelet med
indfaldende lys, hvor hver fokuseringslinse 1 fokuseringslinsematricen svarer til en
enkelt pixel i liquid crystal panelet, og hver fokuseringslinse kan konvergerer en stra-
let lysstrale til en tilsvarende pixel, sdledes at lysstralen traenger gennem en lystrans-
mitterende region (404b) af pixlen (404) sd meget som muligt og et billede (401a) af
lyskilden genereres pa siden af liquid crystal panelet med udgéaende lys, og at billedets
dimensioner er mindre end dimensionerne af den lystransmitterende region for den
tilsvarende pixel;

en projektionslinse (207) anbragt mellem liquid crystal panelet og en lysfplsom mate-
rialeoverflade (220), som er placeret mellem billedet (401a) og den lysfglsomme ma-
terialeoverflade, hvor projektionslinsen projicerer lysstralebilledet pa den lysfglsom-
me materialeoverflade, sdledes at billederne af lyskilden genereret af fokuseringslin-
sematricen danner en flerhed af lyspletter pa den lysfglsomme materialeoverflade;

en mikro-forskydningsdrivmekanisme (208), der er forbundet med liquid crystal pane-

let, og kan drive liquid crystal panelet til at bevage sig 1 en fgrste retning og en anden
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retning, som er vinkelrette pa hinanden, for at finjustere placeringen af
lysstralebilledet projiceret pa den lysfglsomme materialeoverflade; og

en styreenhed til at dirigere lyskilden til at frembringe en flerhed af eksponeringer og
dirigerer afbgjningslinsen til at afbgje under hver eksponering, saledes at lysstralebil-
leder under forskellige eksponeringer projiceres pa forskellige placeringer pa den lys-

fplsomme materialeoverflade.

12. En lysh@rdende 3D printerenhed omfattende billedbehandlingssystemet ifglge et

hvilket som helst af kravene 1-11.
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