ISSN 1975-8359 [Print] / ISSN 2287-4364 [Online]

https://doi.org/10.5370/KIEE.2023.72.2.330

The Transactions of the Korean Institute of Electrical Engineers, vol. 72, no. 2, pp. 330~339, 2023

Analysis and Solution of Errors in 3D Modeling for 3D Printing Objects
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Abstract

Digital technology has attempted to blur the boundaries between architectural design and fabrication, which have been established
since the Renaissance. However, these boundaries still exist, due to the discontinuity between digital modeling and fabrication, which
often derives from errors encountered in the process of file conversion. To bridge this discontinuity, this study intends to identify
and analyze the causes of errors during the process of converting 3D modeling to Standard Triangulated Language (STL) file, and
then to provide solutions that fix the errors. The STL file errors are results of failing to understand or ignoring the difference
between 3D modeling for 3D printing and for visual presentation. For this reason, this study conducted an error analysis using
Materialize Magics (STL editing and repairing software) to investigate types of the errors and to suggest ways of repairing 3D

modeling with such errors.
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Table 2 Researches on software for 3D printing
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Fig. 1 3D printing fabrication process (centered on the pretreatment process)
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Table 3 Common Error Phenomenons and Definitions of 3D Modeling for 3D
Printing

1. Inverted normals 2. Zero Wall Thickness

Error Phenomenon Error Phenomenon

When creating a 3D
modeling of a component
that thickness is thin, —
such as steel, several \
surfaces of the 3D L
modeling are not
recognized as solid
because their thickness is
almost equal to zero.

In the process of
creating the inner/outer
surfaces of objects,
several polygons can be
inverted, when some
normal vectors of
surfaces are not taken
into consideration.

Y

. -\'\
§
§
o

Error Definition Error Definition

In a 3D modeling, the
thickness of components
able to manufacture _
varies depending on the |‘|" "L
specifications of 3D
printer. A components
possessing thickness
smaller than a threshold
value can not be
manufactured.

Polygons are made up

of a group of triangles
and each triangle has
three vertices and
normal vectors. The
directions of normal

vectors for the surfaces

of 3D modeling should

face outside.
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3. Bad Edges 4. Overlapping triangles

Error Phenomenon Error Phenomenon

In the process of
visually modeling the
outer surface of objects, =g
invisible surfaces from | | l ’

the screen are not -

In a 3D modeling,
various components are
made, interacting with Y
and mutually supporting I |
each other. When the
precisely represented. components are
Due to this convention, intersected, some errors

bad edges occur. oceur.

Error Definition Error Definition

In a 3D polygon-type
modeling, polygons are |
stitched each other. At

When several shells are
| intersected, their contours

this moment, polygons L'"---.l > are not recognized. At
of the 3D modeling this moment, some errors
should be closely oceur.
stitched.

5. Intersecting triangles 6. Noise Shells

Error Phenomenon Error Phenomenon

In a 3D modeling,
various components are
interacted with each

In a 3D modeling,
building is made up of a

other, and thereby large nuln!)er of da}ta e
Due to this extensive i |

contacted one another. date, some noise shells L -
At this moment, several > L

are easy to occur.
Specifically, furniture
possessing refined details
may cause a error.

polygons contacted one

another are overlapped

and then they make an
error.

Error Definition Error Definition

In a process of

When several polygons converting from nurbs T
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Table 5 Classification by architectural structure type for 3D printing

line

constru
ction
Eiffel Tower Villa savoye
Surface Freeform
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ction
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Sydney Opera House Walt Disney Concert Hall
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/l]-o]EOﬂ/\ﬂ 38 4= Itk o] 3D Warehouset:= 29l
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[13]. o374 $=743} do]gl= SketchUp o= A= o] SKP &F
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Table 6 List of structural 3D modeling data

No. Name Polygon | STL Size Date
Ei 01 Fadhzli M 390 501KB 2021
Ei_02 R-NO J. 6,174 IMB 2021
Ei 03 klip 28 295KB 2020
Ei 04 Tbi P. 88 817KB 2020
Eiffel Ei 05 Dennis D. 27,287 IMB 2020
Tower | Ei 06 Brian C. 4,655 IMB 2020
Ei_07 theOnlyAaron 99,128 3MB 2020
Ei 08 Myles Zhang 64,842 35MB 2019
Ei 09 Rizwan A. 125,662 MB 2019
Ei_10 Cicero Melo 17,948 IMB 2018

335

No. Name Polygon | STL Size Date
Ei 11 | TOMYYTV N. | 10,140 7MB 2018
Ei 12 Sami S. 5,233 IMB 2017
Ei I3 manoj A. 1,085 IMB 2017
Ei 14 Robbie S. 10,140 7MB 2017
Ei_I5 Yankai L. 3,387 IMB 2016
Fi_16 lan R. 16,641 TMB 2016
Ei 17 | Mohammad Kh | 7439 IMB 2016
Ei I8 james L. 10,183 TMB 2016
Ei 19 Benjamin L. 23,942 4MB 2014
Ei 20 3dHH 297 292KB 2014
Ei 21 Ferry K. 288 701KB 2014
Ei 22 zdujmo 50,711 2MB 2014
Ei 23 Ryan lumintang 1,085 IMB 2014
Ei 24 Gabri G. 59,109 2MB 2014
Ei 25 Antoine75 1,265 IMB 2014
Ei 26 Nicolas A. 1,242 IMB 2014
Vi 01 benjamin M. 44323 3MB 2021
Vi 02 Corey H. 718,551 | 3IMB 2020
Vi_03 Fabien M. 5,877 IMB 2020
Vi 04 Philip G. 798652 | 37MB 2019
Vi 05 FroteZ G. 2,533 836KB 2019
Vi_06 Rui Z. 25,760 4MB 2019
Vi 07 | AYBUKE K. 1,156 382KB 2018
Vi_08 Dulce R. 81,777 TMB 2018
Vi 09 Gian R. 5,877 IMB 2017
Villa | Vi 10 Rovert KOR 35,779 9MB 2017
savoye | Vi 11 Klip 713 IMB 2017
Vi 12 Efren M. 783357 | 46MB 2016
Vi 13 Derryck D. 61,576 13MB 2014
Vi_14 Benedict Q. 11,093 2MB 2014
Vi 15 | Dorian Chirat 2,533 780KB 2014
Vi_16 keka 2,102 IMB 2014
Vi 17 Pjames 674 503KB 2014
Vi_18 Fza 1,166 312KB 2014
Vi_19 lelexx 77,427 9MB 2014
Vi 20 Philipp K. 3,683 IMB 2014
Sy 01 jw_n_mo 31,517 | 87IKB 2014
Sy 02 jacko 32,192 IMB 2014
Sydney | SV-03 isabelle123 35,166 6MB 2014
Opera | Sy 04 Andrew X. 771 163KB 2014
House g5 ilan 35,139 6MB 2014
Sy 06 emiel 31,841 | 948KB 2014
Sy 07 Klip 31,841 | 953KB 2014
Wa 01 Thi6 P. 1,286 IMB 2021
Walt Wa_02 crazy canuck 30426 4MB 2014
(l;);irclzlyt wa 03 | P ‘Z‘i‘;}f“’“e 6,415 IMB 2014
Hall
Wa 04 | D Warchouse 1,286 IMB 2014
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Table 7 List of software 3D modeling data

No. Polygon Original STL Size Date
size

Sk-01 1,634,035 26,387 79,856 2019

Sk-02 146,646 20,281 12,718 2019

Sk-03 448,182 28,505 23,352 2018

Sk-04 40,190 123,391 1,998 2021

Sk-05 25,410 55,394 1,242 2019

Sk-06 158,845 19,447 7,801 2017

Sk-07 62,266 8,848 3,541 2019

Sk-08 229,827 89,043 9,906 2021

Sk-09 556,318 151,391 27,202 2021

Sketch Sk-10 190,270 74,466 9,418 2021
Up Sk-11 2,405,498 15,987 124,217 2021
Sk-12 935,021 315,929 45,838 2020

Sk-13 1,466,839 343,327 71,742 2020

Sk-14 26,704 13,083 2,169 2021

Sk-15 3,426,442 54,503 173,371 2021

Sk-16 1,971,501 503,625 97,012 2020

Sk-17 170,672 247,805 36,121 2020

Sk-18 325917 47,226 15,932 2021

Sk-19 432,591 70,565 21,342 2021

Sk-20 847,425 26,590 41,487 2018

Rh-01 1,515,933 110,772 74,066 2020

Rhino Rh-02 14,070,858 | 538,851 998,128 2021
Rh-03 8,289,519 861,094 33,468 2021
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Rh-04 1,671,701 66,075 84,453 2022
Rh-05 1,836,865 134,996 144,767 2017
Rh-06 111,699 32,237 5,456 2018
Rh-07 105,238 61,850 8,536 2020
Rh-08 915,308 152,776 44,705 2018
Rh-09 16,310 2022
Rh-10 4,813,076 2020
Rh-11 5,714,203 2021
Re-01 575,830 45,676 28,572 2021
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Re-02 72,607 16,664 3,565 2017
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