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Abstract.The process capability of additive manufacturing (AM) for direct production of miniaturized polymer components with
micro features is analyzed in this work. The consideration of the minimum printable feature obtainable tolerances of AM
process is a critical step to establish a process chains for the production of parts with micro sc tures. A specifically designed
direct light processing (DLP) AM machine suitable for precision printing has been used. is designed having features
r micro scale features
exposure time, film thickness
tential and challenges of the

geometries. Four different factors are evaluated for the AM process analysis: pr"lng |
and geometry. The process optimization of the workpiece quality features is carriegaout
micro AM process.

INTRODUCTIO

ons produce the end components having all
d by a complex parameter optimization that
e of the parts [1]. In order to evaluate the

the properties of marketable products. AM processes are thu§
must be done individually depending on the cogplexity or
performance of AM machines different test pal
different complexity [2] in the macro scale. An study investi§@ted the resolution and repeatability of AM
processes with voxel sizes at the micro scal ovid information about the resolution of the 3D printer that
produced them [3].

This study evaluate the experimentg
with different sizes and aspect ratio
for parts and the height W

ers with two different test parts are designed having features
ts reveals the number of printed feature and the smallest printable size
method.

METHOD
Part Design

The test part was designed in'S@vay to cover various requirements in terms of the shape and size of the features. Two
different shape was considered as a box and cylinder with a specific distance of 250 pm between each other and 3:4
aspect ratio for the lateral size and 1:2 for the height. Figure 1 shows the parts design in two different geometries. The
base of the part was 12x12x2 mm2. The features raised the maximum height of the test part to 2 mm. The geometries
were designed to observe the accuracy of micro print features in different shapes.
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FIGURE 1. Drawing of the test part (a) Top& side views and (b) Isometric view (dimensions in mm)

Printing and Measurement Procedure

In vat photopolymerization method liquid photopolymer in a vat is sele%vely t aClivated polymerization

[4]. In this study, Direct Light Processing (DLP) was applied by using a ify liquid photopolymer.
By changing the light pattern and vertical position of the workpiece, th etry is build up layer by layer.
The 3D printing machine for precision printing with the level of accyg®y do 1 ¥lm resolution in the z-stage that
has been developed, built and validated at the AM laboratory at the TeC@iical UniWersity of Denmark (DTU) as shown

in Figure 2 [5].

FIGURE 2. Experimental set-up 3D printing

In order to design the experim&htal plan, and decide on the significant factors to evaluate and values of the different
levels some preliminary experiments were carried out to certain optimal values [6][7]. The printing parameters were
selected as film thickness, layer thickness, exposure time and the sample geometries. A full factorial experiment 24
was applied to optimize an array of important printing parameters in order to improve the expected printing quality.
Table 1 shows the experimental conditions, four different factors and two levels. The total number 16 samples were
printed and printing time for each sample takes about45 minutes.



TABLE (1) Experimental conditions

Experiment Layer Film Exposure

number Thickness Thickness Time Geometry
pum pm S

1 16 100 4 Square

2 18 100 4 Square

3 16 100 4.5 Square

4 18 100 45 Square

5 16 100 4 Circle

6 18 100 4 Circle

7 16 100 45 Circle

8 18 100 45 Circle

9 16 254 4 quare

10 18 254 4 uare

11 16 254 45

12 18 254 ® 4 uare

13 16 254 Circle

14 18 254 Circle

15 16 254 4.5 Circle

16 18 254 Circle
Printing included some manual steps such as se d reference points, adjusting the parameters,
afterwards post processing cleaning the printed sa ith isopropa®ol in order to remove residual resin. The last
step is to place the sample for curing in the is exposed to UV light for 60 minutes.
Regarding the measurement different area ples were measured and investigated in order compare and

in both X and Y directions and diari cylinder were evaluated. For the measurements, the Olympus LEXT
electronic microscope, ing probe image-processing software was employed for the purpose
(SPIP). For observing pillars the Zeiss microscope was used for inspection of the samples.

RESULTS

The initial inspection in termS@f the samples distortion reveals that the high aspect ratio printed features tended to
collapse at 2 mm height. Figure 3 shows the printed samples with different geometries. The higher magnification of
the parts in the red box area shows how height variation affect the sample with similar size. At 0.5 mm height, all
printed features were in the correct shape (perpendicular to the base) however, they tend to be distorted at 1 mm height.
Then more features were printed in the lower height (0.5 mm) about eleven features with the smallest size of 84 pum.
However, at 2 mm height about 8-7 features were printed with the smallest size of 266 um and 200 um. Figure 4
presents the number of printed features in different geometries at various parameters at 0.5 mm height. The sloid fill
graph are the square and the gradient fill are the cylinder. In terms of the geometry, it was reveals higher number of
features were printed with cylindrical shape due to the limitation of the pixel at the corner of the square.
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Printed features number

7 8 9 10 11 12 13 14 15 16
Experiment number

Regarding the height m8 i ement, design of experiments (DOE) analysis was carried out to illustrate the printing
parameters contribution. FIg@ke 5 shows the main effect plot and the height measurement at 500 um features. The
main effect plot (Figure 5 shows the influence of the factors on the height variation. The film thickness
significantly affect the height variation and printed features with the thicker film tends to have higher size. This might
be due to the less distortion of the thicker film in the vat for solidification of each layer. Then the geometry of the

printed features and the layer thickness influenced the height of the features.
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FIGURE 5 (a) main effects plot (b) height measurements.

CONCLUSION

The paper presents the evaluation of AM vat photopolymerization method in prod
components. Two test parts were designed with different geometry, sizes and r different printing
parameters as layer thickness, film thickness, exposure time and geomgtry w The most significant factor
for the printed features height was the film thickness and with thicker Tilng 25 i eatures printed. In terms
of the smallest printable feature, the geometry affect the results, with t ape more features were printed
than square shape. It was observed that features with high aspect ratiggiend to istorted with 200-150 pm at 2 mm
height however, at 05 mm 84 um features size was printed.

ACKNOWL

of miniaturized polymer

The research leading to these results has receiveg funding fro
European Union’s Seventh Framework Progral (FP7/2007-

ple Programme (Marie Curie Actions) of the
under REA grant agreement no. 609405

(COFUNDPostdocDTU).
RENCES
[1] I. Gibson, D. W. Dl ROS ptucker, Additive Manufacturing Technologies: Rapid Prototyping to
Direct Digital in 20009.

O
[2] D. Dlmitrov X & evel, “An Investlgatlon of the Capablltty Proflle of the Three Dlrnenslonal Printlng
Process m,” no. p. 1-4.

[3] M. K. Thompson and@h, Mischkot, “Design of Test Parts to Characterize Micro Additive Manufacturing
Processes,” Procedia CIRP, vol. 34, pp. 223-228, 2015.

[4] 1. Cooperstein, M. Layani, and S. Magdassi, “3D printing of porous structures by UV-curable O/W emulsion
for fabrication of conductive objects,” J. Mater. Chem. C, vol. 3, no. 9, pp. 2040-2044, 2015.

[5] A. R. Jorgensen, “Design and development of an improved direct light processing (DLP) platform for
precision additive manufacturing,” Technical university of denmark (DTU), 2015.

[6] A. Davoudinejad, D. B. Pedersen, and G. Tosello, “Evaluation of polymer micro parts produced by additive
manufacturing processes by using vat photopolymerization method,” 2017, no. International Conference of
the European Society for Precision Engineering and Nanotechnology.

[7] A. Davoudinejad, M. M. Ribo, D. B. Pedersen, G. Tosello, and A. Islam, “Biological features produced by
additive manufacturing processes using vat photopolymerization method,” no. Euspen conference
proceeding micro/nano manufacturing November 2017, pp. 3-5, 2017.



