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ABSTRACT 

We examined the construction and mechanical characteristics of composite materials formed using a 
light modeling SLA (stereolithography)-type 3D printer. 3D printers in their current state are 
unsuitable for existing processing methods and complex molding, as integral structure molding for 
targeted mechanical properties lower the resin itself, and cannot be realized at present. Given that 
conventional fused deposition modeling has issues pertaining to large voids between filaments, SLA is 
capable of creating a laminate by mixing fibrous materials with small resin voids. Therefore, in order 
to improve the material properties of the resin, glass fibers were mixed in, and the molding and its 
mechanical properties were evaluated with an SLA-type 3D printer. To confirm the effects of the fiber 
additive on the resin’s formation properties, a test piece was formed using short glass fibers (with an 
average length of 20 mm) and glass powder (with an average particle diameter of 30 μm). The test 
piece obtained by mixing additional short glass fibers did not have good formability. Specimens mixed 
with the glass powder were moldable with up to 50 wt% added powder. To confirm the effect of the 
fiber material contents on the mechanical properties, resin test pieces with different glass powder 
contents were subjected to tensile testing. Increasing the glass powder content resulted in a 2.1-fold 
increase in the tensile strength and a 6.4-fold increase in the Young's modulus. 
 
1 INTRODUCTION 

3D printers are capable of complex modeling, which cannot be achieved using existing 
processing methods. It is also a possible integrated modeling what was to complete a 
combination of a plurality of parts to this[1].In addition, there is a feature that allows easy 
production and storage of small-lot products without the need of a mold. It has also been 
assumed that it can enable the production of made to-order artificial limbs and tailor-made 
bones to fit the human body for medical and welfare equipment applications. It also enables 
the production of durable automotive parts without any mold, thus reducing storage and repair 
costs.  

In the general use of a 3D printer, the low mechanical properties of the resinare a principal 
concern in the fabrication of prototype models and toys, for structural fabrication of a 
practical level is not suitable. Therefore, the fabrication of high-strength products is necessary. 
In the present study, the technology of molding a composite material in the SLA-type 3D 
printer was developed (Fig. 1). Although fused deposition modeling was used, there were 
problems in the structural members, such as the presence of large voids between filaments. 
SLA with fewer occurrences of voids tends to show relatively good accuracy[2][3]. A 
composite laminate can be produced by mixing short glass fibers in a resin[4]. 
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Fig. 1: Schematic diagram of the composite stereolithography. 

 
2 EXPERIMENTAL 

In this research, we used XYZ Printing's stereolithographic 3D printer Nobel 1.0. The light-format 
3D printer irradiates a liquid resin with UV laser light from the bottom of the resin to cure its 
irradiation surface. After curing one layer, the platform is raised and the next layer is cured; the 
laminate formation is repeated to complete the model. Printing main body reads 3D model and prints. 
In this experiment, glass fiber was used as the fiber material, and fibers with different lengths were 
added to the resin to prepare and compare test piece moldability and evaluate the mechanical 
properties of the resultant specimens. The fiber material was placed in a resin bath, and a test piece 
was printed. In this study, three kinds of short fibers with an average length of 20 mm (Fig. 2(a)) and 
glass powder with an average particle length of 30 μm (Fig. 2(b)) were used as the fibrous material. 
The influence of the length of fiber material on the formability of the test piece was evaluated. A 
photo-curing resin (epoxy resin) manufactured by XYZ Printing Co., Ltd. was used. Dumbbell type 
with reference to JIS K 7162 

Test specimens were prepared with a stacking pitch of 0.1 mm. For test specimens, samples with 
10, 20, 30, 40, 50, and 55 wt% glass powder were prepared in order to see the effect of the fiber 
material content. Using a planetary stirrer, the glass powder was agitated in the resin. As shown in Fig. 
3, a test piece with up to 50 wt% glass content could be produced, but when the content was 55 wt%, 
the printing accuracy was very poor. In the test piece (Fig. 4) mixed with short fibers, the fibers were 
concentrated in the first layer and could not be printed uniformly. When looking at the resin tank after 
printing, the glass short fiber in the portion where printing was performed was lost.  
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(a) Short glass fibers (b) Glass powder 
Fig. 2: Glass fiber material. 
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Fig. 3: Glass powder test specimen. 
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(a) Front side (b) Back side 
Fig. 4: Tensile specimen of dumbbell shape made of light-cured resin that contains the short glass fibers 
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3 RESULTS 

In order to evaluate the mechanical properties of the glass powder test piece and the glass cloth test 
piece, a tensile test was carried out at a load speed of 1.0 mm/min. A stress-strain diagram (Fig. 5), 
tensile strength (Fig. 6) and Young's modulus (Fig. 7) were calculated from the data obtained from the 
tensile test. It was confirmed that both the tensile strength and Young's modulus were improved by 
increasing the glass powder content. In addition, the mechanical properties of the specimens that were 
made with the glass cloth were greatly improved compared to those of the glass powder test specimens. 
The tensile strength of the glass powder specimens was found to be 2.1 times that of the specimens 
containing only resin, and the Young’s modulus of the glass powder specimens was found to be 6.4 
times that of the specimens containing only resin. 

 

 
Fig. 5 Stress–strain curves of test pieces containing glass fibers. 
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Fig. 6: Tensile strength of test pieces containing glass fibers. 
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Fig. 7: Young’s modulus of test pieces containing glass fibers. 

 
 

4. Conclusion 
This studyproposed the use of a stereolithography-format 3D printer for modeling composite 

materials. The test specimens were prepared and their mechanical properties were 
investigated. The results obtained in this study are as follows: 

 
(1) It was confirmed that the composition of the test specimens (short glass fibers mixed with 

resin or glass powder mixed with resin) affected their moldability. The specimen with 
short glass fibers showed good formability, while the other was moldable even at glass 
powder contents as high as 50 wt%; however, the moldability deteriorated when the glass 
powder content increased to 55 wt%. 

(2)  The tensile strength of the glass powder specimens was found to be 2.1 times that of the 
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specimens containing resin, and the Young’s modulus of the glass powder specimens was 
found to be 6.4 times that of the specimens containing resin.  
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