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T2 AA(Support Structure)d} Ze wdz oA 81 AR A (Path Planning)d 2& #AYd 847}
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2.1 ZYE ¥ 3= (Monitoring Feedback)

T 59 TAlE wke} o], &Ehold dAIY EUEE ©A Atold =9 TAE uldste U4 Y B &
F7F A A9, o] FEW 9AE ufgoR AREAE AAT T (e E) HY 2 9A @ SO
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A A& (Auto Pilot) HAE 83T},
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- do]A 39 (Laser Power)

- ¥ A7 (Beam Diameter ¥+ Nozzle Size)
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% 7+Z (Hatching Distance 3= Extruder Width)

[
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7N A2 (Scanning Strategy F+= Hatching Strategy/Pattern)

O

- 274 WX (Packing Density)
ol =] W% (Energy Density)® ths 237} o] £%(Speed), 3% 7H2 (Hatching Distance), % 77 (Layer
o

Thickness)ell Wa]&letal st9] (Power)oll H#8l7] wiitel %27] &4 2d2 o5 WG H# st JT .

P

E:v -h-t

P:power, v: speed, h: hatching distance, t: layer thickness

A, 2 g o] AAjde wet ol Fo ¥ wevtelgt: Ao w HA 34 WMt =EHE TR A
%3} (Engineering Automation)" 7} 7}&3l%t).

=62 ZUEY = gRle mE A4 o] A ARl Algss sEEe|T

T 69 =AIE wpe} o], WA &Elold wAA AHE FA(Auto Pilot) 2 S8t A 34 AR (e
uE)e WY 2@ a4 g & AAIY(S110). dE B9, F FA ‘%'éf](Layer Thickness Range)Z "0.3mm ~
1.0mm" %2 A2A3FaL, ©A(Step Size) =S "0.05mm" = A A= Ao|t}.

o2, A5 FA(Auto Pilot)S 2 338e1(S120), S1109AllA d38E 4 HEe ¥ 2 GA ol wal #

ZZ JHEE
TFAFo R, Y FH W wet 7A ZEE AAGSI(S130), AEE VAZEE 3D Ay Fuld A7ts)
o] 3D ZAEYL 7H53131(S140), ©1¢ BAle RUHYES 7153dle] 7 Znlth(Each Layer) &3 43S 33k
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4 T ZUHY A3 oF A
H

A & (5160-Y), 3D Z™Y 7} SASaL(S170), S1209HAIF-E A=Y 3}
92 aA 53]

= A%
o] M7 ARl o]F Axpso] FaH).
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O;:,

v &8 3 PUEHY Ay QFU BAEA &2 Ae-, &, 8 A3 F9(S160-N), FEZZ whALr)h, F
Z A4 7S HF A devE2 AAEa(S180), HE AFAE A&l Al & FT1(S190).
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© 7ol =AE uhe} 2ol 2.1 mUEHE F=a Sgol A Leteld wAls mUHY A Aloje] Slmul g
£ Pl Ao Frleted, mUEHE wAlsh A% 34 AF 96N +4EE delHE Fdske] ¥dlolE (Big
al

[e}
, O] vg oz &eolA SWE 7| A8t (Machine Learning) AlZIT}.

kil

oF Bl A "2.1. RUHY T sgel A AgA AR B4 AFGHebE) S Ha R WA @
T4 WF FRE BE O 89 2 WA @ Ao

59 @A flo]l AsstE &efolA Sfo] Axw A et
2 AAst A ¥4 A1E dAE T HH, ol& Fal AR el A glo] e HHIE & 3
= "FA A% 3H(Engineering Intelligence)"7} 7FsalR ).

&= 82 RUEY Huloly 7|vk &2t @A YAl st o] T ARl Al AlwEs SE=EoIH

= 89 E/\]% H}Q} o], wH 2155}% *E‘row SV RES &gl dAA "2x2" 2F T4 (Auto
55 AA3H(S210)

dE 5o, = 7 W9 (Layer Thickness Range)Z "0.3mm ~ 1.0mm"® A3, ©A(Step Size) #H
"0.05m" = A% HgsHe Aelth,

KP" A5 &7 (Auto Pilot)S Adske{(S220), S2109HAlolA A=d &7 Wok e 2 @A gl wabs

FAReZ, T FH Wbyl wg VA Z=E AYASIA(S230), AAE ZAZE=E 3D ZUHE Fuld Qlr)s)
o 3D ZTHUY L 7FE3Fan(5240), ol9F FAl EUEHHE 71Este] 2 Fulth(Each Layer) &3 AHsS #23

qﬁJﬂ%g«%ﬂazmmm,wm%ﬂ$f1ﬂ?%ﬂ

£-(S260-Y),
7 215 o] e,

D
49 of o]—fz

\

i &8 3 FUEHY Ay QFU BAEA &2 AS, &, 8 AF9 F9(S260-N), FEZZ whALrE, F
] ] E ARgAP Al & =TH(S290) .

T A4 @S A4 A vz Agetan(s280), HF A
Y v

= 9o ZAIE uhe} Zo], "2.2 "ldlolE] 7]A G Z|&oA &Etold TSt RUEE ©A Aleldl ZAIEsE
GAIE FH)E Ao Frlsle], Rdly dAle} &Etold wAl Alold = GAIE FHsle] &ElolA SWe F
A WHE 2ARE AT £ e AFE W8] 228 54 (Re-modeling) THAIE F8sle] HHE oF EAES
3 4 sk

Zofol Al SWellA s dstA] kg FES REY SWellA 33t &ghold TAR Haslr] Ad AlgdoldE
B AR, wEhA 2 34E BI L/ FAEY] BoE d44 sidEE dHeR FHEEE 3 gdst
o}, oldl 3D =AY AH3tekA &F 55}
(Manufacturing Intelligence)"7} 7}&3l %},

4

£ 108 293y veu sge FAA Age] AFHE TRt & 100 EAE Hsh o, mA Zeol
TS A3 (S310), S310HAl W& HEF Adrp "Asfr 1 H9-(S320-N), 2P
4 e s,

do] @A A WM (Deformation B Re-modeling) S Al=sl=d], FAX R, AL&x17}

=, , g
AR FJE = AT 4 FE(d: HAEZE(Self-Supporting ¥ Support-less T+% Wd £)& nigo=
gl d = (Deformation B3 Re-modeling)& 3 3TH(S330). TS, AlEH|A S E HEd 3D ndY
ol 5 WHE=UI(S340), o] WAIE AE Algo R Alefo] shssit).

, D 2Eg npgro R S3109AZE At S310gAld wE HE AFrE g o A 9(S320-
Y), 4 ¥4 Wet HAF 3D RES BAeta(s3s0), HFE AdAE AR A Al & F=rH(S360).
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EH2

Algorithm 1: Adaptive slicing algorithm

Input : A triangular mesh model M, the minimum and
maximum layer thickness Ty and Ty 4 x. and the
maximum cusp height C'y7 4 x
Output: A sequence of layers L
t L«~UniformSlicingWithMinThickness (M);
2 S+ Gene

rateSubparts (L):

3 foreach element s of the subparts in S do

4 S.z ¢ S.zmin;

5 end

o foreach element pline of the polviines in L do
7 pline.merged « false ;

s end

o for i + 1 to Number of lavers of L do
10 foreach element pline of the polylines in L[i] do

1 if pline.merged = true then

12 continue:

13 end

14 if isSupport(pline) then

15 t «— TMAX;

16 else

17 t + CalcThickness (pline. Cyrax. Tarax.
Tarrn

18 end

19 numLayers + MergePolylines (Si_pline.,nf(ﬁ, L

Tarrw):
20 for j « 1 to J.l.lur.l.f_:r_r,r:'r.h' — 1 do

21 foreach element p of the polvlines in L[i + j| do
2 if p.sid = pline.sid then

23 p.merged + true ;

24 end

end

26 end

27 end

28 end

b2
th

29 for i « 1 to Number of Layers do

k! foreach element pline of the polvlines in L[i] do
n if pline.merged = true then

3 Remove pline in L[i] ;

33 end

34 end

35 end

3 return L:

EH3

_10_
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Algorithm 2: Partition the uniform-layered model into sub-
parts

Input : A sequence of layers L
Output: A set of subparts S

1 Function GenerateSubparts (S)

2 for i « 1 to Number of layers of L do

3 foreach element pline of the polylines in L[i| do

4 foreach element p of the polylines in L[i — 1] do

5 ifisSimilarTwoPolylines (pling, p) =
true then

6 pline.sid = p.sid:

7 S[p.sid].zmax = L[i].z;

8 else

9 Subpart s:

10 s.sid = S.Get MaxSid() + 1:

11 s.zmin = L[i].z;

12 s.zmax = L[i].z;

13 S.addSubpart(s);

14 end

15 end

16 end

17 end

18 return S;
=gl

Algorithm 3: Determine whether the input two polylines are
similar

Input : Two polylines pline1 and pline2

Output: True or false

1 Function isSimilarTwoPolylines (plinet, pline2)
2 areallnion < Area(plinel U pline2).
3 arealntersection + Area(plinel N pline2):
4 arcalntersectionNorm
+ arealntersecetion /areallnion;

5 if arealntersection Norm > Areal hreashold then
6 | return TRUE:
else
| return FALSE:
9 end

_12_
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Algorithm 4: Calculate layer thickness

Input : A polyline pline. Cyyax. Thrax.and Thyyy
Output: A layer thickness

1 Function CalcThickness (pline, Carax. Tarax. Tarn)
2 t +— Tyax;

3 F « the facets hit by pline ;

4 for i «+ 1 to Number of Triangles in F do

5 t < min(t, Carax /F[i].normal.z)

6 if t == 0 then

7 | return Thyax:

8 else if { < Thrn then

9 | return Ty
10 end
11 ift > Ty 4x then
12 | return Ty ax:
13 else
14 | return t;
15 end
ZH10

i“'
" Chord length
thickness .,
Layer # i+1 f{ -
; -2z
) _) "5

Layer # |
EH]I

Algorithm 5: Calculate how many layers to merge

Input : The subpart s and the thickness ¢, and Thrrn
Output: The number of layer to merge nwm Layers

1 Function MergePolylines (s,t,Thrn)

Wk

~ S e

numLayers < floor(t /T n);
s.z & 8.2+ numLayers * Thyrn;
if s.z > s.zmax then

S.z + S.zmaw;

numLayers < floor((s.zmax—s.2) /TN,

end

return numlLayers;

_13_
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(a) frog (b) lion (¢) giraffe

(1) fertility

(g) javelin (h) mask (1) skull
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(b} bunny

(h} javelin

(1) mask () skull
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Name

ML

Us

Global AS Our AS

re

A

B(A/B) C(A/C)

frog

#la

eTs

1248

230(5.43) | 279(4.47)

Paly.
length
(m)

Total

0.143

0.026(5.42) | 0.024(6.05)

Maodel

0.143

0.026(5.42) | 0.024(6.05)

Supp.

0

0(-) 0(-)

bunny

#la

yers

2130

339(6.28) | 378(5.63)

Poly.
length
(m)

Total

0.156

0.025(6.12) | 0.021(7.47)

Model

0.134

0.022(6.15) | 0.018(7.24)

Supp.

0.022

0.004(5.95) | 0.002(9.26)

lion

#la

yers

1449

246(5.89) | 288(5.03)

Paly.
length
(m)

Total

0.130

0.022(5.91) | 0.017(7.45)

Model

0.115

0.019(5.92) | 0.016(7.23)

Supp.

0.015

0.003(5.86) | 0.002(9.56)

gira-
ffe

#la

yers

5580

672(8.30) | 1312(4.25)

Poly.
length
(m)

Total

0.670

0.078(8.56) | 0.069%9.70)

Maodel

0.267

0.034(7.94) | 0.028(9.46)

Supp.

0.404

0.045(9.02) | 0.041(9.87)

cart-
wheel

#la

yers

6441

906(7.11) | 1504(4.28)

Poly.
length
(m)

Total

0.910

0.130(7.02) | 0.094(9.73)

Madel

0.332

0.050(6.69) | 0.035(9.40)

Supp.

0.578

0.080(7.23) | 0.058(9.92)

back-
walk

#la

yers

5017

660(7.60) | 1230(4.08)

Paly.
length
(m)

Total

0.568

0.083(6.87) | 0.061(9.29)

Muodel

0.271

0.041(6.64) | 0.031(8.79)

Supp.

0.297

0.042(7.10) | 0.030(9.80)

fert-
ility

#la

yers

3507

595(5.89) | 1498(2.34)

Poly.
length
(m)

Total

0.808

0.138(5.85) | 0.102(7.92)

Madel

0.485

0.083(5.88) | 0.068(7.17)

Supp.

0.323

0.056(5.82) | 0.034(9.41)

Jav-
elin

#la

yers

5160

903(5.71) | 1507(3.42)

Poly.
length
(m)

Total

0.635

0.115(5.53) | 0.068(9.34)

Model

0.255

0.046(5.52) | 0.029(8.72)

Supp.

0.381

0.069(5.53) | 0.039(9.80)

mask

#la

yers

1440

231(6.23) | 257(5.60)

Poly.
length
(m)

Total

0.087

0.014(6.21) | 0.012(7.01)

Maodel

0.076

0.012(6.25) | 0.011(7.11)

Supp.

0.011

0.002(5.99) | 0.002(6.37)

skull

#la

yers

2000

624(3.21) | 565(3.54)

Poly.
length
(m})

Total

0.251

0.043(5.80) | 0.037(6.85)

Model

0.228

0.039(5.86) | 0.033(6.87)

Supp.

0.023

0.004(5.23) | 0.003(6.70)

AVG

#la

yers

-(6.17) -(4.27)

Paly.
length
(m)

Total

-(6.33) -(8.08)

Muodel

-(6.23) -(7.80)

Supp.

-(6.41) -(8.96)

120~
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