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Abstract 

This research is focusing on building a 3D printing 

system, which can manufacture complex models with 

higher accuracy and high speed. The principle of this 

study is by applying stereolithography technology to 

develop a bottom-expose 3D printing system. The 

process parameters, the formula of photo UV curable 

resin, the special separation membrane, the energy 

uniformity, and the image correction technologies have 

been investigated.  

The resulting bottom-expose stereolithography 3D 

printing system has the x-y resolution at 30µm/pixel, 

and it can take 15 minutes to build an object of 

2cm-height by setting 50µm a layer. Accomplish with 

the high resolution and high printing speed, this 3D 

printing system will have great advantage among other 

competitors in manufacturers, either hearing aid or 

dental field in the future. 

 

Keywords：Rapid Prototyping, Bottom-Expose, 
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1. Objective 

3D printing is very important on customized 

industrial. However, in response to the growth of 3D 

printing, customized industrial market is in need to be 

developed, such as custom jewelry, clothing, medical 

equipment, human aids and even cultural creative. 3D 

printing market will become more popular, and will be 

realistic widely. 

There are some limitations to make 3D printing 

become a killer application nowadays. But many people 

believe it will be the future of the world. For this reason 

many countries in the world including the EU, US, 

Japan, mainland China and other countries have even 

bet sizeable research funding and human resources in 

this industry to promote its development. 

This study is developing a three-dimensional 

printing system for the manufacture complex models 

with the performance to reach high resolution and high 

print speed. This is completed by utilizing Bottom 

Expose Stereolithography technology. This system can 

handle complex models with higher accuracy and 

efficiency. The price, resolution and print speed is not 

inferior to other related equipment. 

This research can be used in addition to the 

complex models, also for customized headset ear shell 

production, test samples proofing, dental technology 

related cultural and creative industries and related 

industries to provide new types of manufacturing 

methods. 

 

2. Materials and Methods 

This research will make a modification of current 

DLP projector in order to make complex models more 

accurately. In addition to the image technology, the 

process parameters of the system are also important to 

achieve the printed part’s quality and its printing success 

rate. 

2.1 DLP additive manufacture systems hardware 

development 

In this research, the mechanism of the 

manufacturing system includes dynamic mask of the 

projector, separated membrane, UV curable resin, 

raising mechanism, design process parameter, design 

control and other factors etc.  

Figure2.1 is the scheme of a DLP additive 

manufacture systems. The projector projects light 

through the separated membrane. It will cause the resin 

cure between forming plate and membrane. When the 

exposure finished, the raising mechanism will rise and 

keep the specific area for the next project. Repeat the 

above steps can execute layer processing. Through this 

scheme, the DLP additive manufacture system has been 

designed(Figure2.2、2.3). 

 
 

Figure2.1 DLP additive manufacture system 
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Figure2.2 The design of the DLP additive 

manufacture system 

 

 
 

Figure2.3 The assembly of the DLP additive 

manufacture systems 

 

Dynamic mask can effectively shorten the printing 

process. A commercial projector is suitable for 

generating dynamic mask. ACER P1500 (Figure2.4) is 

used for dynamic mask generator in this study. It has 

1920x1080 resolution and 3,000 lumens brightness. It 

can reduce the exposure time and achieve a good 

accuracy. 

 

DLP projector optics system structure shown in 

Figure2.5, lighting source will use converging lens to 

focus on color filters, the light which projected onto the 

DMD has a specific wavelength (color).[1] Later, DMD 

will reflects the light which at the specific area to 

projection lens, final focus the image onto the screen. 

Where in the if you want to adjust the light intensity and 

wavelength, can be modified for the light source and the 

color filter, or you want to adjust the image resolution, 

you can modify the projection lens. The resin, which has 

been used at VP additive manufacture in this article, will 

be cured by blue to ultraviolet light. On the other hand, 

there is no need to have a UV light projector but the 

conventional projector.  

 

 
 

Figure2.4 ACER P1500 Specification 

 

 
 

Figure2.5 DLP projector optics system structure[1] 

 

2.2 Raising mechanism 

Raising mechanism must to consider about how to 

let the pulling force lower to do the design, If the 

Raising mechanism vertical ascent will be a great power 

vacuum, therefore, it is preferable that the UV curable 

resin is slowly peeled down from the side of separated 

membrane. To achieve this condition, this article let the 

forming plate of the raising mechanism, when it rise in 

the process can keep tilt, but back to the horizontal 

position after separation separated membrane or resin to 

be cured(Figure2.6, Figure2.7). It depends on the degree 

of pulling force inclination by the forming plate. It 

belongs to passive methods to reduce the pulling force. 
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Figure2.6 Forming plate tilt design 

 

 
 

Figure2.7 Forming plate actuation schematic 

2.3 Separate membrane 

The role of Resin tank, in addition to filling the 

resin. The bottom of the tank must provide a smooth 

surface for layer processing, and the tank must need a 

good light transmission.  

Further, after light curing that adhesive between the 

bottom layer of the model and the tank, when the 

mechanism raise, resin is necessary to separate of the 

tank, in the process of separation, the pulling force will 

be generated. When the pulling force too much will 

break the workpiece has been formed. 

In view of this, it will limit the appearance of 

printed workpiece. Therefore, we need to design 

Separate membrane attached to the bottom, so that the 

pulling force is reduced. 

 

We solve problems by pulling force developed a 

special membrane, after several rounds of testing and 

research, we use composite materials to making a 

separation membrane, the special membrane can be very 

efficient to solve our problems(Figure2.8). 

 

 
 

Figure2.8 Schematic diagram of composite separate 

membrane 

 

2.4 UV curable resin 

UV curable resin of the Property directly determine 

the physical properties of the workpiece. In the 

manufacturing process, elastic resin can make a small 

deformation, to avoid workpiece contractions lead to 

cracking and broken.  

The resin consists of many monomer, which 

molecule is small so workpiece has excellent subtle 

characteristic. Resin has a great influence on the process 

parameters, content of the photo initiator decide 

projection of seconds, the resin be added dye which can 

control the degree of penetration of light, and different 

kind of colors for the dye has different levels of 

absorption for wavelengths of light. All of the above 

will affect the process parameters. 

 

 

3. Results 

The research hardware and software equipment and 

process development has become a complete machine. 

This section will try to make different objects to test 

stability and manufacturing ability of the machine. 

We produce a cylinder, and the control processing 

layer thickness is 50 micron, and use 2.5D Optical 

Inspection to test, whether the actual thickness is same 

with the ideals. The results shown in Figure3.1 
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Figure3.1 Measuring thickness by 2.5D Optical 

Inspection 

 

The actual measured 10 layer of thickness is 495.12 

micro meter, and the average of thickness is 49.512 m, 

this measured results tell us the motor of the machine 

accuracy is quite reliable(The error is within 0.5 

micron), Projection seconds and energy correction 

control was very good, It has been available for printing 

complex shape of the workpiece. 

 

3.1 Printing speed of the machine 

To test workpiece having a high resolution of print 

speed, processing layer thickens is 50 micron, each 

layer of the processing under this condition for about 2 

seconds, including projected 0.8 seconds and 1.2 

seconds of the mechanical stroke. For example, making 

a height of 7 cm Eiffel Tower model only takes 50 

minutes. (Figure3.2) 

 

 
 

Figure3.2 Eiffel Tower model 

This high speed along with high-resolution printing. 

In the market will have full competitiveness. Can 

achieve high printing speed is because the design of the 

way from the Separate membrane and lowering the 

projector seconds, Separate membrane reduce the 

pulling force and improve movement speed of the 

mechanism, and without causing damage to the 

workpiece. In order to reduce the seconds of the 

projector, choose high-lumen projector as a dynamic 

mask, and with rapid response resin. 

3.2 Subtle characteristic 

In order to understand this subtle characteristic of 

equipment manufacturing ability, product the Eiffel 

Tower and miniature dinosaur model as an 

observer(Figure3.3, Figure3.4), Eiffel Tower's subtle 

characteristic at the top is very clear. In the case of a 

size less than five-dollar coins, miniature dinosaur 

models still showing sharpness of the teeth. 

 

 
 

Figure3.3 Eiffel Tower's subtle characteristic 

 

 
 

Figure3.4 Miniature dinosaur models 

 

More than two workpieces show subtle 

characteristic of this equipment manufacturing ability, 

and still maintain the highest print speed. 7 cm high of 

Tower spent 50 minutes and 0.9 cm high of miniature 

dinosaurs. 

3.3 Assembly test 

Figure 3.5 3.6 , is commissioning a samples by the 

manufacturer that smart bracelet proofing test, which a 

total of 14 parts, joint activities can smooth actuation, 

This product is the same as in May 2015 at the Shanghai 

CES. 
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Figure3.5 Smart bracelet 

 

 
 

Figure3.6 Electronic components into smart 

bracelet 

 

Figure 3.7a b is assembled tooth model. From 

production to assembly, the process does not require 

trimmed and polished handling procedures, precise 

rendering of the original file size. This group dental 

model spend 13 minutes, to distinguish braces and tooth 

mold, braces part print by white resin. 

 
(a) Before assembly of the dental model 

 

 
(b) After assembly of the dental model 

 

Figure3.7 dental model 

 

The device molding dimensions of length 57.6mm, 

32.4mm width and height 200mm. Plane resolution up 

to 30 microns, a layer thickness of 30-50 microns. The 

fastest processing speed of up to 2 seconds of each layer. 

And it has a low pulling force from the membranes. 

 

4. Conclusion 

This research has successfully developed a high 

printing speed and high resolution of Bottom-Exposed 

Stereolithography 3D Printing System, eventually this 

system can make a perfect complex model what we 

needs. 

We are able to achieve high resolution and high 

speed printing which relies on dynamic mask 

improvement and the Separate membrane, the dynamic 

mask improved to let the phenomenon can be increased 

to 30 microns. Compound Separate membrane can let 

the pulling force dropped.  In addition, the resin we 

choice have excellent fine features of performance, 

Properties has a more resilient, resin shrinkage process 
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is not easy to break. 

Complex model manufacturing process, we have 

developed a substrate removal techniques to reduce the 

post-processor, just finished prints model, peeling the 

substrate and can be used after UV curing. Compared 

with the traditional 3D printing process can significantly 

reduce the time and labor costs, and improves the 

fineness of model. 
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以下照式光成型三維列印機進行高速

和高解析度列印系統的開發 
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摘要 

本研究致力於建立一套三維列印系統，用以客製

化製造複雜模型。本文使用光固化成型技術(Stereo 

Lithography Apparatus)為背景，自行開發下照式三維

列印裝置，並且針對製程參數、光固化樹脂配方、離

型膜及影像、能量校正等深入探討，最終開發出一套

設備及製程滿足客製化製作助聽器外殼之需求。 

本研究自行開發下照式三維列印裝置，其製造工

件解析度能夠達 30 微米像素(30µm/Pixel)，並且成型

兩公分高的工件只需費時 15 分鐘。本研究之下照式

三維列印系統具有高解析度及高列印速度，此研究成

果無論在製造廠商、助聽器耳模或牙模市場上皆具有

相當程度的競爭力。 

 

關鍵字 : 三維列印、積層製造、下照式、光固化成

型 


