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Abstract. The purpose of this work is to analyse the technological aspects of the realization of
components by 3D printing for the production of plan parts for experimental devices or stands.
The author of this work envisages the realization of flat elements to which it can be determined
how the organic resin material behaves when printing 3D with additive DLP technology. The
work is structured in 5 chapters. In the first chapter, an analysis of how to make the plan elements
by the additive DLP technology specific to the experimental programme adopted in this paper.
The analysis will be carried out both constructively and functionally taking into account
possibilities for designing components and making them. Chapter two is allocated to ordering
technological parameters for 3D printing generation of parts defining the main technical
parameters for generating them with ecological resin. The next chapter is allocated to analysing
how to carry out the printer command program and check the structure of the element. In the
four chapter, the dimensional measurement and control programme with dimensional and optical
is presented. The last chapter is allocated to conclusions and comparisons from a technological
point of view compared to other specific technologies for generating the analysed elements.
Key words: 3D printing, technologic analyses, dimensional parameters, DLP

1. General considerations for light-beam 3D printing of resin-generated components

The study undertaken emerged as a necessity imposed by new types of resin with chemical properties
that are closer both to the emission aspects compared to and in relation to the environment, but also to
analyses the aspects in which the new type of resin influences the process of generating components.

The major advantage of DLP (digital light processing) printing is given by the fact that the generation
of material layers related to the structure of the components is done at the same time. In terms of the
structure of the generated component it is made from two distinct areas. The first is helpful for printing
generation, and the second is the effective realization of the component. From the point of view of the
structure of the component in the vast majority it is a closed body and have a compact structure. The
support part consists of two large areas. The first is the adhesion layer usual it have eighth equal plan.
The second part is pyramidal or cylindrical with a cone trunk section in the first and cylindrical or
pyramidal part respectively in the second part [1, 2].

One of the problems seen in the vast majority of generation programs is that automatic generation
does not always generate a uniform support structure. Therefore, it is necessary after the automatic
generation part to make a correction by adding supports.

The second problem relates to the dimensions resulting from printing, which are different from the
nominal value after the three directions.

The element designed for the study was generated by the two-stage prismatic type in order to be able
to study the influence of the item orientation on its dimensions Figure 1 [3, 4, 6].



For generating components, a printer put in a room which is thermally protected shall be used,
ensuring the conditions of temperature stability required for printing and next to it the ecological resin
and the temperature and humidity measurement system are used Figure 2 [5].

Figure 1. Item positioned with different

X ) ) Figure 2. Printer, thermal chamber, apparatus
orientation for generating layers

measuring thermal conditions and resin used

The main advantage of using the solution is the preservation of the thermal energy generated by the
3D printer in the printing process with the reduction of its operating costs. It should be shown that the
printing process is dependent on a certain temperature range to have optimal printing results 25 to 30
degrees.

A specific DLP printing program has been used to generate landmark orientation and perform the
elements supporting the orientation of print marks, which allows to verify the correctness of the
automatic generation of previous items CHITUBOX 64 [6].

2. Considerations on the technological parameters used to generate components

From experiments carried out with non-ecological resin it has been observed that the orientation and
thickness of the layer generated can generated influence on the dimensional and geometrical sizes of
parallelepiped components.

It should also be pointed out that there is a direct link between the thickness of the layer generated
and the other technological parameters. So if the layer is thinner the exposure duration will be less. This
duration is also dependent on the physical and chemical characteristics of the polymerization material
and the basic element which is in the structure of the printing material.

An experimental program was designed from the study, where the abovementioned elements were
taken into account.

The first factor which is take in consideration is the orientation of the element designed for the
experiment that was oriented differently by the two axes of the element generation Figure 3. For the
implementation of the measurement program the data were centralized in Table 1 form and the parts
which are subject of the measurement process were numbered.
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Figure 3. Item oriented at different angles for studying dimensional influence

Table 1. Item orientation relative to plan X - Y.

Item number X Axis angle Y Axis angle Layer tlrﬁ;:nkness in
1-5, 1-7, 1-3. 0 0 0.05, 0.07, 0.03
2-5,2-7,2-3. 15 0 0.05, 0.07, 0.03
3-5,3-7, 3-3. 30 30 0.05, 0.07,0.03
4-5,4-7, 4-3. 15 15 0.05, 0.07,0.03
5-5,5-7,5-3. 30 0 0.05, 0.07, 0.03
6-5, 6-7, 6-3. 40 0 0.05, 0.07, 0.03

The second parameter under consideration is that determined by the thickness of the layer that is
generated when 3D printing. This thickness has been chosen in such a way that it can be symmetrical to
the central value of 0.05 mm commonly used. For this value the time duration determined to be optimal
from previous experiments was found to be 8 seconds. The rest of the specific elements have not been
changed and have a minor influence on the dimensional changes of the element when printing 3D.

3D printed samples were organized into layer thickness groups as can be seen from Figure 4.

Figure 4. Item printed at different thickness for studying dimensional influence



3. Organizing the factors to be studied in the experiment

For the centralization of the data in the experiment, an EXCEL spread sheet was designed in which the
data in Figure 5 is presented and entered for each of the samples. The figure shows the data determined
for one of the three layer thicknesses generated by3D printing DLP system and this is 0.07 mm. The
determination of values by vertical direction will also be made by measuring with digital calliper. The
determination can be seen in Figure 6 and are organized on the three size zones that are possible to be
measured without major damage to the structure of the generated supports.

A B c D £ F G H | J K L M N O P Q R 5 i u
2 Harizontal | Broken supports 0| X15Y0 Broken supparts 0| X30; Y30 Broken supports 1
3 1-7 small high 2-7 small | high 3-7 5 small | high
4 10,56 21,03 10,74/ 20,97 10,47 20,89
5 {
6 1
7| 10,60 20,97, 10,79(20,96 10,53/20,96
2 1
9 1
10 | 10,59 21,01 10,54/ 20,90 10,39 20,85
] [ small | 1047 1045 10,49 [ small [ 1046 10,70 1065 [ smal | 1043 1043 1034
12 | nigh | 2092 2095 20,94 | nigh [ 21,06 21,08 21,09 | nigh | 2081 2079 209
14
15|
16 X15;¥15 | Broken supports 0| X30;Y0 Broken supporis 0| X0; Y40 | Broken supports 1]
17 4-7 s p ! small high 5-7 - small | high 6-7 ™ small | high
13 10,54  20,90) 10,48 20,88 10,47| 20,84
19
20
21 10,57 20,93 10,39 20,88 10,46/ 20,85
22
23|
24 10,52 20,99 10,41/ 20,89 10,45/20,91
25| [ small | 1055 1054 1053 [ sman | 1040 1039 1038 [ smanl [ 1028 1034 1031
26) | high | 2103 2094 20,9 [ high | 2087 2101 2081 [ high | 20720 2084 2073
27

Figure 5. Centralized data for 0.07 mm thickness for studying dimensional comportment

From a dimensional point of view, the geometric dimensions of the items and the number of
supporting elements that are broken will be measured.

Factors that cannot be determined by measurement shall be interpreted on the basis of optical
assessment or structural integrity by giving notes from 1 to 6 for each of the printed layer thicknesses.
Subsequently the best element within a thickness will compare with those of the other layer thicknesses
best generated.

4. Dimensional or optical determination of the factors to be studied in the experiment

To determine how the size of the element are changed, it was measured in three zones in the X-Y
generation plane. These areas are marginal and median, respectively for the plan direction item
generated. Measurements were made for the vertical part according to the same principle as observation
of dimensional changes. It should be noted that in the vertical direction the points were measured in the
corner area and in the median area for each of the items, respectively, and the data are centralized in a
second table to facilitate the interpretation of the information determined Figure 6.

The quality of the surfaces was optically assessed because the areas generated. It can be observed
that on the areas of the edge for the items where the program has not generated supports there are trends
of curving the peaks of the squares that occur in those with large sections and do not appear in those
with small section.

For the assessment of the characteristics of the parts, the integrity of the item and the supporting
elements generated was taken into account. The deformation in particular in the horizontal plane which
was determined dimensionally it is study. The quality of the generated item it is same analyzed and this
took particular account of the dimensional deviations from the nominal dimensions of the items. On the
basis of these determinations, the allocation table of numeric values was made where the figure 1 was
allocated for the weakest feature and the figure 6 for the best Figure 7.



A B C D E F G H 1 J K L M ) P Q R s T U
28
20 17 27 37
22 8,25 2,24 2,26 7,29 2,03 8,13 8,19 8,19 8,22
33 4,41 4,2 3,93 3,85 4 4,05 3,95 3,98 4
35 843 4,24 4,21 8,31 7,27 4,12 819 3,99
36
37 421 427 4,24 4,19 42
EE 825 8,38 8,31 8,15 815
29
a 47 57 67
42
43 8,09 8,02 8,13 8,16 816
44 412 406 4,08 3,95 2,96 4,07 3,86 4,04 3,97
45
46 82 412 8,15 3,93 818 3,99
48 4,12 3,95 4,06 3,88 3,94 3,99
49 8,08 8,28 821
50

Figure 6. Centralized data for thickness of 0.07 mm in vertical direction for studying dimensional
comportment

X0;¥0|X15Y0|X30;¥30(X15¥15|X30; YO0 |X0; Y40
1-7 2-7 3-7 a4-7 57 6-7
integritate 4,5 4,5 1,5 4.5 L5 4.5 21
4,39 4,41 4,25 4,32 4,25 4.3
deformare
2 | 5,5 3 5,5 4 21
calitate 5 a4 1 6 3 2| 2]
11,5 9,5 8 13,5 10 10,5

Figure 7. Centralized data for thickness of 0.07 mm in the direction of quality assessment, integrity

From the analysis made for the three types of dimensions, the three tables were detached from the
three tables, that for the thickness of 0,07 mm the best value is obtained for the item inclined 15 degrees
after both directions and at a short distance the one tilted 30 degrees after both directions.

For parts with a layer thickness of 0,03 mm, it can be seen from Figure 8 that the best results are
obtained for the item generated by inclined at 15 degrees after direction X and 0 degrees. Of these two
will be chosen the item at which the surface deformations are the smallest and this is the horizontal one.

In the case of the generation of 0,05 mm thickness layer item, it is found that the best results are
obtained for the 15 degree inclined item after both directions.

KO;YO|X 15, Y O|X 30; ¥ 30(X 15; ¥ 15X 30; ¥ O[X 0; ¥ 404
1-7 2-7 3-7 4-7 5-7 6-7
integritate 45 45 1,5 45 1,5 45 21
459 4 83 425 4.3 449 4 87
deformare
3 2 B 5 4 1 21
calitate 5 B 35 2 1 35 21
12,5 12,5 11 115 6,5 9

Figure 8. Centralized data for thickness of 0.03 mm in the direction of quality assessment, integrity

For the three best-performing items, a parallel study will be carried out based on the measured or
determined data. Figure 10 shows the flat dimensional analysis for the two square areas where the
percentage deviation from the CAD dimensions used to make the solid body can be observed. From the



analysis it can be observed that the smallest deviations after both directions are obtained for the mark
with the thickness of the layer of 0,07 mm on the generation side.

X0:;¥Y0 [X15 Y0 [X30;Y30|X15;Y15/%30;¥0|[X0; Y40
1-7 2-7 3-7 4-7 5-7 6-7
integritate 4,5 4,5 1,5 4,5 1,5 4,5 21
4,47 4,32 4,5 4,31 4,38 4,47
deformare
2,5 5,5 1 5,5 4 2,5 21
calitate 3 1 6 2 5 4 21
10 11 8.5 12 10,5 11

Figure 9. Centralized data for thickness of 0.05 mm in the direction of quality assessment, integrity

A E] c D E F|l G| H j K L M N o P a R’ |8 i u v X Y z AA

2 003 mm 0,05 mm 0,07 mm

4 Horizontal |Eroken supports 0) X15;Y15 ‘Bmkan supports 0] X15;Y15 ‘Bmken supports 0)

5 17 small| high [ small | high 47 small| high | small | high a7 small | high | small | high

5 10,60/ 21,13 6,00%| 5,95% 10,58|21,12] 5,80%| 5,60% 10,54| 20,%0| s40%| 4,50%
7 10,74| 21,20] 7,40%| 6,00% 10,75|21,10] 7,50%| 5,50% 10,57| 20,93 570%| 4,65%
8 10,60/ 21,11 6,00%] 5,55% 10,6721,22 6,70%| 6,10% 1052| 20,99 520 4,95%
9 [ sman [ 1081 1077 10,7 small | 10,55 1052 10,58 [ sman | 1055 1054 10,58

10 [ high | 21170 2119 21,20 20,95 21,08 20,88] [ high | 2103 2098 20,9

12 [ small_ | sa0%] 7,70%] 7,10%] [ small | s550%] 520%| 580% [ small | s5,50%] sa0%] 5,30%|

13 | nign | s,85%| s,95%| s,00%] 4,75%| 5,40%] 4,40% | high | sa5%] 70%] a80%|

Figure 10. Comparative study for dimensional changes for generated parts

0,03 mm 0,05 mm 0,07 mm
Horizontal X15;Y15 X15;¥ 15
1-7 4-7 4-7
8,18 7,92 8,04 7,62 7,94 8,22 8,09 8,02 8,13
4,37 4,2 4,32 3,78 4,11 4,12 4,12 4,06 4,08
8,29 4,37 7,96 4,11 4,1 8,06 8,2 4,12
4,21 4,29 4,2 4,02 3,97 4,12
8,21 8,1 7,89 1,77 7,77 8,08
2,25% -1,00% 0,50% -4,75% -0,75% 2,75% 1,13% 0,25% 1,62%
9,25% 5,00% 8,00% -5,50% 2,75% 3,00% 3,00% 1,50% 2,00%
3,62% 9,25% -0,50% 2,75% 2,50% 0,75% 2,50% 3,00%
5,25% 7,25% 5,00% 0,50% -0,75% 3,00%
2,63% 1,25% -1,37% -2,88% -2,88% 1,00%

Figure 11. Comparative study for vertical dimensional changes for generated parts

Comparative analysis by vertical direction can be seen in Figure 11 that we have the best results are
for the item where the thickness of the layer is 0.07 mm.

From this study it can be observed that for both solutions the thickness of the layer is the best of 0.07
mm.

5. Conclusion

It is possible to see that from the study made that the print accuracy is depending on the accuracy of the

way that the item is positioned and supported. It can also be seen that the dimensions for the item made

by environmentally friendly resin are influenced by the same orientation and generation considerations.
By this paper was desired to see how it changes the dimensions of the part when used as the

environmentally friendly resin material. It was also desired to carry out a complete study on the

dimensions and quality of the generated parts.



For the case of generating parallelepiped body, recommended to change the way in which this are
generated by using linear control to construct the parallelepiped area image. This, however, means
changing how the program will generate the item.

References

[1] *** - https://all3dp.com/2/dlp-vs-sla-3d-printing-technologies-shootout/

[2] Mircea Dorin Vasilescu and Ioana Ionel - 3D printer FABLAB for students at POLITEHNICA
University Timisoara, Advanced Learning Technologies (ICALT), 2017 IEEE 17th International
Conference on Advanced Learning Technologies (ICALT), IEEE Xplore, 2161-377X, 978-
1-5386-3870-5, 512-513 pag

[3] Mircea Dorin Vasilescu - Influence of technological parameters on the structure and deformation
of flat or round parts generated by dlp 3d printing, CITN 2019, Nonconventional Technologies Review,
ISSN2392-8956, 2019, 23/4, 56-61pag.,

[4] Mircea Dorin Vasilescu - On the technological and dimensional considerations for generating parts
by 3D-printed with light processing focus, SEA-CONF 2019 Constanta, Scientific Bulletin of Naval
Academy, DOI:10.21279/1454-864X-19-11-042, ISSN, 2019, XXI1 2019, 289-296pag.,

[5] *** - https://www.3dprintersbay.com/anycubic-photon, (2019)

[6] *** - https://www.chitubox.com/



