PROCEEDINGS OF UNIVERSITY OF RUSE - 2019, volume 58, book 2.1

FRI-1.417-1-MEMBT-07

OPTIMAL BUILD INCLINATION IN 3D PRINTING - SHELL ECO-
MARATHON RAPID PROTOTYPING CAR PARTS CASE’

Assist. Prof. Emil Yankov, PhD

Department of Material Science and Technology
Univesity of Ruse, Bulgaria

Phone: 082 888 205

E-mail: eyankov@uni-ruse.bg

Master Eng. Dimitar Kamarinchev, PhD student
Department of Material Science and Technology
Univesity of Ruse, Bulgaria

Tel.: 082-888-311

E-mail: dkamarinchev@uni-ruse.bg

Assoc. Prof. Roussi Minev, PhD

Department of Material Science and Technology
Univesity of Ruse, Bulgaria

Tel.: 082-888-310

E-mail: rus@uni-ruse.bg

Scenior Lecturer Ekaterin Minev, MEng, PhD
Department of Informatics and Information Technoligies
Univesity of Ruse, Bulgaria

Phone: 082 888 210

E-mail: eminev@uni-ruse.bg

Abstract: The article describes accuracy and quality investigation in the field of rapid prototyping (RP) and parts
design for eco-friendly racing car. The manufactured components have been produced with the help of various process
chains comprising of: digital scanning, 3D CAD modeling, 3D printing with high-precision photo polymers by SLA
technology, and selection of techniques for precision and conventional investmen casting.

The optimisation of the accuracy and the quality improvement of the prototypes are the main technological
problems reviled in the study. Particular attention has been paid to the influence of one of the basic technological
parameters - the angle of inclination of the part within the build chamber of the SLA apparatus.
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INTRODUCTION

The wide application of 3D printers in the fields of mechanical engineering, jewelry and
medicine [1-6, 21-27] in recent years has caused a lot of research work about the possibility for
obtaining accurate precision products. The factors that affect the accuracy of printing include the
ongoing thermodynamic processes, which depend on the heating and cooling rates with subsequent
internal stresses in the materials that can lead to defects. The present study describes an approach for
determination of deformations caused by local heating and cooling during SLA 3D printing.

The paper describes the influence of the model placement in the workspace for reducing the
micro-deformations. For this purpose, different assessment methods are used for system reliability

7 JloknaabT € IPEICTaBeH B CeKlUs MeXaHuKa M MallMHOCTPOUTENHU TeXHoJIoruu Ha 25 okromepu 2019 ¢
opuruHaiHo 3arnaBue Ha Obnrapcku esuk: OIIPEJEJISIHE HA OIITUMAJIHUA BI'bJI HA HAKJIOHA 3A 3D
[NEYAT - CIIYYAU HA BBHP30 ITPOTOTUIIMPAHE HA KOMIIOHEHTU 3A ABTOMOBWJI IIEJI EKO-
MAPATOH*
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and efficiency [7, 8]. Another method is the application of optimisation mathematical method for
finding the optimal solution [9, 13,14, 15, 16, 17, 18, 19, 20 and 22] by monitoring the influence of
the manageable factors.

EXPERIMENTAL METHODOLOGY

For the purpose of this study, a digital model with dimensions 20x20 mm and thickness 3 mm
was designed. The part consists 500x500x500 um micro cubical holes in 1000 um steps (Fig. 1a).
The models were saved in *.OBJ format suitable for the 3D printing.

To determin the optimal orientation for printing the test parst were tilted at 0°, 30°, 45°, 60°, 75°
and 90° angles relative to the X-Y building table (Fig. 1b). The printing of the models was
accomplished on a 3D printer Formlabs 2.0 (Fig. 3a).

The building material was the photopolymer Standart Black with precision of printing along
the Z-axis 25 um. The observation of the physical models was carried out with an optical microscope
Carl Zeiss Jena at optical magnification x6.3 (Fig. 2b). For the linear measurments, the microscope
was equipped with 5MP digital camera and S-EYE software (Fig. 3a).
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Fig.2. Used equipment: a) 3D printer Formlabs 2, b) microscope Carl Zeiss Jena.

The dimensions of the printed models were measured and compared with those of the digital
models. For the evaluation of the deviations, the sizes and positions of the reference cubes were used
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(Fig. 3b) [10, 11, 12]. Where Xi and Yi are the coordinates of the center of each micro square on the
digital model, while Xi, j and Yi, j are the coordinates of the center of each micro square on printed
model. The relative deformations €x and ey was calculated by these dependencies:

_AX _xi,j_xi _ﬂ_Yi,j_Yi
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Micro displacements were measured and relative deformations were calculated in directions X and
Y. On that basis, colored cards of the deviations were built showing relative deviations on each cell
against the reference digital model.
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Fig.3. Determination of size deviations: a) measuring the part, b) determination of deformations.

EXPERIMENTAL RESULTS

The data was processed and colour cards of deviations were created. (Fig. 4, Fig. 5).

When printing at 0° (horizontally) the deviations in X direction change shrply form extension
to compression from first to second column (Fig. 4a).

For all other angles, the maximum compression is at the first column (Fig. 4 b, ¢, d, e and f).
This area is the closest one to the supporting pillars, which influence could be the reason for the
deviations from the nominal sizes. As the layers grow, the deviations in all inclined models change
gradually through zero to the maximum particular extension.
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Fig. 4 Colour cards of the deviations in direction X: a) 0°, b) 30°, ¢) 45°, d) 60°, e) 75°, f) 90°.
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Fig. 5 Colour cards of the deviations in direction Y: a) 0°, b) 30° ¢) 45°, d) 60° ¢e) 75°, f) 90°.

In the Y direction, compressions was also observed in the first row of all the printed models
(Fig. 5). With the increasing of the height of the construction the deviations became positive, i.e.
extension. The compression in the first row could be again the nearby supporting pillars. As the 3D
printing layers increase, deviations also increase. This phenomenon is established also in the X
direction, which is due to systematic error. This error is commensurate with the accuracy of the printer
and with each following layer is accumulating, affecting the increase in the size of the squares. To
determine the boundaries of deviations in X and Y directions, graphical dependencies were built for
all inclinations of printing (Fig. 6, Fig. 7). In red is the maximum deviation value, and with purple is
the minimum deviation value. At 0° printing, the deviations in X direction have the smallest range
from -0.042 to 0.0935 (Fig. 6a). The reason is the small number of layers in height hence the small
amount of the accumulated systematic error. When printing with 30° to 45° the deviations acquire
maximum range of -0.588 to -0.012. The increasing of the printing angle to 90° results in a smooth
decreasing of the deviations in the range of -0.344 -0.006174, which values are higher than those at
0° and 30°. In direction Y, the deviations of the sizes are of greater value (Fig. 7) than those in
direction X except at 75° (Fig. 7e). The higher deviations in Y are at printing angles 0°, 45° and 60°.
At 0° they are the highest and in range of -0.74 to 0.054. The lower deviations of the sample are
obtained at printing of 30°. At printing angle of 75°, they are the smallest in the interval from -0.02
to 0.16. The reason for the higher deformation in direction Y is not only the systematic error in the Y
axis, but also the layer-by-layer building up of the model along the Z axis.

Moving in Z axis leads to accumulation of errors in printed model. Furthermore, when building
the model layer by layer each time the photopolymerised layer detaches from the silicone of the bath
causes micro-tensile stresses on the already built model. This micro-tensile stresses cause an increase
in the size in direction Y and a decrease in direction X. That explains the mostly negative deformation
values in direction X and the positive ones in direction Y.

In order to find the best option for the angle of printing a comparative analysis was carried out for
the positive and negative deformation deviations in directions X and Y (Fig. 8). For the purpose of
the presented study the minimum and the maximum values of the deformation deviations are taken -
ex(-), ev(-), ex(+), ey(+) in X and Y. From the comparative analysis of the minimum and maximum
deformation deviations in direction X is established that the smallest range of deviations in sizes is
obtained at printing angle of 0°, while the largest range of deviations is at printing angle of 45° of the
sample model. In'Y direction the minimum and maximum deformation deviations are at 75 © and 0 °
correspondingly.
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Fig. 6. Deviation of deformations in direction X: a) 0°, b) 30°, c) 45°, d) 60°, e) 75°, f) 90°.
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Fig. 7. Deviation of deformations in direction Y: a) 0°, b) 30°, ¢) 45°, d) 60°, e) 75°, f) 90°.

From the comparative analysis of the minimum and maximum deformation deviations in direction
X is established that the smallest range of deviations in sizes is obtained at printing angle of 0°, while
the largest range of deviations is at printing angle of 45° of the sample model. In Y direction the result

shows minimum deviation at 75° and maximum at 0°.
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Fig. 8. Comparative diagram of deformation deviations along the upper and lower boundaries in

directions X and Y.

An analysis of the deformation deviations is conducted also between the negative values of both
directions X and Y, as well as between the two positive ones. Their sum is also taken into account for
the evaluation of the deviation. From the analysis of the negative deviations in directions X and Y is
established, that the smallest range is obtained at printing angle of 30°, while the largest at 45°. For
the positive deformation deviations in directions X and Y the lowest value is obtained at the printing
angle of 60°, while the largest at the printing angle of 90°.

Fig. 9. 3D models made by SLA metod of printing.

To choose the optimal angle for printing the complex deformation behaviour in directions X and
Y is taken into account. The outcome is that the smallest deformation deviation is at printing angle

of 30°.

To confirm the experimental results shell models at printing angle 30° were produced (Fig. 9). The
results shows that the building of shell models at proposed optimal angel is satisfactory.
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CONCLUSIONS

1. The optimal angle at which low deformation deviations in directions X and Y are observed is
30°, where these deviations are in the range of 0.243 and 0.344 respectively;

2. The minimum deformation deviations in direction X are established at an angle of printing of
0°, while those in direction Y at an angle of printing of 75°;

3. The maximum deformation deviations in direction X are established at an angle for 3D
printing of 45°, while those in direction Y at an angle for 3D printing of 0°.

4. The deformation deviations in direction X are smaller than those in the direction Y except for
an angle of printing at 75°. The reason is the matching of direction Y with the axis of motion
Z, which axis is the factor for determining the thickness of the layer. In addition to that, at the
axis Z is also carried out the peeling of the photopolymerized layer which causes micro-tensile
stresses in the built model and leads to the increasing of the sizes in direction Y, as well as
reducing of the sizes in direction X.
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