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Filament Usage Prediction in 3D Printing of Thin-Shell-Structured

Manikin Mesh

In Hwan Sul’

Department of Materials Design Engineering, Kumoh National Institute of Technology, Gumi 39177, Korea

Abstract: Converting a large object such as a human manikin into small pieces can reduce
the printing time and filament usage in 3D printing. On the contrary, the smaller thickness
of the pieces can lead to more numerical errors in the mesh operation processes. This
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research proposes a modified algorithm, which can predict filament usage and the optimal
object orientation in 3D printing, for a thin-shell-structure human manikin data, even with

zero thickness. The new method was verified for a manikin bodice mesh data with 0 mm,
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0.1 mm, 1 mm, and 5 mm thickness. The four data’s g-code generation was also checked.
The algorithm source code was implemented both for CPU and GPU, and uploaded to
Github as open-source.
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Figure 1. Brief comparison of the proposed algorithm to the
previous one; (3, b) previous method for closed/non-closed meshes,
respectively, and (c) the modified method for the non-closed mesh.

oF A (pixe)ol e} ok, LAL ThAl WA W
(normal vector)o] EJjQF Zo] H

Wl WIERB) B Aol

g Zr= gukz| o] &3
W SR o, ok g As He ae
of 245 Hck. o2 & A
B S (@, BO7F 22 S o271 9Lk, o] AR o] 5
W g o)A g rjx] WSS BE o] 22 7
sto] 417 AT % Q= Aol Glek. uhH Y TRE
oé/c]oL 2 ol‘— 7]—__ HﬂE]— __14)%1;1:1 = ]. ]_01 ol—Jl_ )
Alof| A Euh= H1E2. 24, Figure 1()2] A=A (B, o),
(Bo Cpottom)] 7 FZFOITE. O] FollA AAZ 7Eel Wk
(Bo ay) 7o) AA ARG F7H(support structure; SS)
ol ¥aL, YA (B &) 7= AAFE FAoll= FF=
2] x| ko B F WX X|GLZ F7H(Non-oVerhang; NV)2}
gyt

2.2. 9l o|#1 JHME 2a2|E
Figure 1(b)= o|d &ae]&s A F& =40l s 4
gt Adolct. of A% Wale] TAL S 08l A
o= Aot 7harel Berato] Wb ol Rulg §Als)
A FSFAL a2t B o] A P =Tk

A3 ek 2, 4
Rz A A 727} HAbEol SAeE X4 72 ool 09l 2
Al R Qato] o] ofrt. o] 2 AMAIs] $la) olw

]_‘:—_

oI Lol| A= Figure 1(c)9}F o], 4|71 4 Fejol A<
gloko] B2 AT wjupc}t 2rpx oz WA vgko] Hl
el HALS F=718f| =t} & Figure 1(c)oll A A+ W=
AL a0l ATk o] 2 Hul= sba FE s v 27| o5
27 7=] otlell piete 7S HAE el = 84
ojth. Wit B,olet= F-e tafiAl+= otei7} ofe} §E



oke 4 7z uh|z] w4]9] 3D =Y e sn o= | 321

T 9% WO UY 0AS T ajehs vt
F7FIFE Aoltk. of o 7149 A7)k B4

= | mmE 7| 2gEo R ALl of
ghRe BT 4 v A
ok iR (B w)oleh AA P2
e}

3.4 &
3.1. 3D Z2IE]

(F)A = 2] 5.2] FDM HH4] 3D Z 2 g DP-2029} PLA &

SES £ Ao R FPYsk. o] ZeE Y A &
2 37| 200x200x189 mm’o]il, HE AIZE g o]Ql
3DWOXS] A 55 (g-code) 2AHAHS B3| P Pepule &
W o2 U RO ARSSIYch ARE Ay

[

A HIE 114 842 L E (raft) FAFLS, WAL} 2|7

B AAF ez 53l o, 7]er ulen| Bl 52 Table 1
718 AR E S O 2 o83ttt PLA Dbl
9] W (1121 glem’)i= SH= A EAAIH A7 AE0] 2]

5o ASTM El4610] ©]8] =3 s}gic}.

4 4
iy
ofl

m\l

1

(]

1m
e,

Table 1. Specification of the “default” g-code generation options for
the slicing software

Category Option Value
Material PLA
. Diameter 1.75mm
Filament . 3
Density (pp.a) 0.0121 g/mm
Layer height 0.20 mm
Wall Thickness (Tqq) 0.8mm
("clad”) Infill ratio (F.u0) 100%
Infill Infill ratio (F.ye) 15%
(“core”) Fill pattern linear
Critical angle (6,) 60°
Infill ratio (F;,) 20%
S,Stl:fcaaz Fill pattern linear
Line width (C,) 100%
Horizontal expansion (C,,) 0.8mm
Skirt line interval 3mm
# of Skirt lines 1
Bottom layer height 0.2mm
# of brim lines 10
Bed plate Raft size 2mm
Base thickness 0.3
Interface thickness 0.27
# of surface layer 2
Surface layer thickness 0.4 mm

(@ (b)

Figure 2. Preparation of manikin bodice shell mesh using Blender
SW; (a) manual selection of bodice part and (b) mesh solidification
process.

Table 2. Specification of the mesh data used

Dimension  Thickness #of Vix/ Closed-
Name 3
(mm°) (mm) Face Volume
Sphere Radius 90 90 19,602/39,200 (6]
Hemisphere Radius 90 0 10,201/20,200 X
Manikin 135%x33%x173  various  7,265/13,672 O
Bodice0 0 1,025/1,739 X
Bodice0.1 0.1 2,050/3,940 (0]
_ 62x56x119
Bodice1l 1.0 2,060/3,940 (¢}
Bodice5 5.0 2,050/3,940 0
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Figure 3. Cross-sectional view of internal and support structure in
slicing software [15].
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Table 3. Specification of the CPU

Base/max Single-
ID Product name clock #of cores precision
(GH2) TFLOPs'
CPU1  AMD Ryzen5 7500f 3.7/5.0 6 13
CPU2 AMD Ryzen9 7950X 43/5.7 16 18
GPU1 NVIDIA RTX 4060 1.8/2.7 3,072 151
GPU2 NVIDIARTX 4090 22/26 16,384 825
T Tera FLoating point Operation Per Second.
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Figure 4. Example of the previous method applied to a closed mesh;
(a) sphere data captured by MeshLab software and (b) pixelization
result. Green/purple/red/blue pixel colors correspond to a/3/SS/bed,
respectively.
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(b) ©

Figure 5. Example of non-closed method and its pixelization results;
(@) hemisphere’s screenshot, (b) the previous method, and (c) the
modified method.
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Figure 6. Result of support structure prediction and comparison with slicing software; (a) bodice0, (b)bodice0.1, (c) bodice1, and (d) bodice5.
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Figure 7. Quantitative comparison of total filament mass predicted
by our modified method (black line) and the slicing software (green
line).
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Table 4. Calculation time of the modified algorithm for the support
structure prediction at the default (0,0) orientation (unit: second)

Name CPU1 CPU2 GPU1 GPU2
Sphere 0.05 0.02 0.33 0.17
Hemisphere 0.02 0.01 0.15 0.15
Manikin 0.01 0.01 0.12 0.12
Bodice0 0.01 0.01 0.09 0.12
Bodice0.1 0.02 0.01 0.12 0.13
Bodicel 0.01 0.01 0.13 013
Bodice5 0.02 0.01 0.11 0.14
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Table 5. Calculation time of the modified method for optimal
orientation search (angle interval=1 °, unit: [minute:second])

Name CPU1 CPU2 GPU1 GPU2
Sphere 3:574 1:34.1 1:02.9 0:20.2
Hemisphere 2:59.1 1:00.5 0:53.2 0:14.8
Manikin 2:07.2 0:56.2 0:37.8 0:13.1
Bodice0 1:40.8 0:50.2 0:335 0:11.2
Bodice0.1 1:51.6 0:54.5 0:38.7 0:11.2
Bodice1 1:54.1 0:54.0 0:39.8 0:10.8
Bodice5 1:54.2 0:51.7 0:37.9 0:10.8

(b)

Figure 8. Best and worst orientations for the 5mm thickness bodice
mesh data; (a) best orientations (85 ° 157 °), M, = (29.09/21.6g)
and (a) worst orientations (197 °, 174 °), My = (70.3 9/71.6 9).
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