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ABSTRACT

3D printing techniques can be used in various application fields and many researches have been
reported. FDM (Fused Deposition modeling) can make multi-material or multi-color models
with the simultaneous use of two or more filaments. In a dual-nozzle FDM printers, while the
active nozzle is working, the remaining nozzle will be idle. The remaining molten resins inside
an idle nozzle can ooze out unwantedly. The spill over from the resting nozzle produces
unwanted remaining on the fabricated product. In this research, we suggest a method for opti-
mizing building position of a model to minimize the unwanted spill-over that could possibly
contaminate the final product. The method is based on minimizing the two intersection vol-
umes. The first intersection volume is obtained by intersecting the volume defined by the first
material and the Minkowski sum between the volume of the first material and the vector
obtained by subtracting the center point of the first nozzle from the center point of the second
nozzle. The second intersection volume can be obtained by reversing the role of the first and
second volumes and nozzles. Some results obtained from the implementation using the Paraso-
lid (Siemens) geometric modeling kernel is presented.

Key Words: Building position, Dual-nozzles, FDM (Fused deposition modeling), 3D printing

.M 2 (Stereolithography), SLS(Selective Laser Sintering),
FDM(Fused Deposition Modeling), Polyjet ‘&
A 3D 2 Fofe theFgh ol 482 et whao] 9tk o oM = HefES 71
S UE PR Qe Be A7/l WY =3 S Fa) FoluA 23k WAl FDM
oItk 3, o2 A3 3D Y VA AT F ZAEE T2 W] vls) Aelyo] Tol tFE
AsA 48t itk 3D Y 7]E SLA oAl 7P o] GEA T AR E H3 i) FDM
e 2UsIA e RIS AE S

Corresponding Author, lygu@gist.ac.kr 3 A Zo UFE FH 2o tHS o
©2017 Society for Computational Design and Engineering 22 A Ptk AZEYol2 B wZo
T . ——— =

o o}'u



38 el

22 vy vdS AukH o2 G-codegll M},
o] G-codel] u}2} L& E7} 82 3t} FDM
ol RE ¢ T4 AT 3= WA o] 7)ol Btk +
Zu} vt Qbzto] w7 i RES 29
A5 Aosh= 97 EA gt o) & Bebkel] 9
& e 7z FEEE YRE e S
gejate] FAFA S A ol 2 WA 24
St H(Asger ef al®) MEHE 3ol EHt B
d& & o g7 A AR F AEE SHHA
== WHE AtkAllen er allY). AT T
=2 U9 A AMxEet 2d A87F 227
wj ol MEEE ZAHESHA A A= o] g0
AT WHHo] 7 =Z ZTHUE S o] &3] A7
371 & AEE A EZHE S8 YHE 2
. 7Y =2 ZHEE= Fgd F e =Fo] 9l
3 e E FYFE ZH2F A ol 27141 €]
A5 S WS A 28 F = Aol
AT B3 o] & o] &ale] 2Y =A| Wl B vk
2 I23E YehE(Reiner ef al?) 5 T
Hop o] tekst 18] 7hseith FYE =&
B WA g 7] =Fo] dAl HolojellA
she S BT 293t v di7|ska
T A =Fo] YR Bt 88 A%
2oz 2 o] w t7]slaL e
v2 23S Zdst] S8 AL g
A g =Fo] 7HEE el o] 7] wjiEel vl 7]
3 e =EAA HEHIETL Ao Y A7t
AT 123 F e mFo] KA o] oL )
o] gl Ad= o] 7] wiiEel EXe] =717}
=270 ARt 34 =W g e w50 &
k= 5o 718t Qe w20] 55l =&
o] ¥ Jd& AWsHA E5& Wellsh= A
7} dhAy gkt

A 2 AT e T =52 o
Al 7} eZo] M Re] 29 98
£ FAgste] Hlwstes WHS A,
=3 2Ho] FAslE e Ue Weks doln
3l SiemensA}e] ParasolidE ©|
Ael|A] o] & &) KT

Yo ol (K |
fe e off pmd N

ol
-

R

Lot rlo

Of
-

¥

2oox Hod

%
o

18

|

i)

oL

of

o
Kool
Ao o b

o
ol
-
£ oo
+
+
=
TR
l-'l

2. 4 U 7

b
N
tlo
o,
oo
o
i
)
>
i
L)
ko
i)
-
b
N

colgT
2ve] AR A7 G ol 7} eFo] Mol
22 o2 Pk Po) YU Fig. 1&

MakerbotAl2] Replicator2 Xz=

(82 =Z)7} Woodfill(LEZE =Z)S o] &3l
3l e BFolth. dF

=52 ti7]E<l Adeolt.

oA Bk} Alo] L.

|rt
B
N
9

©

qr N ¢

Foo 4
Ko
to

y B
N
N g

2 elo]7] mpiol wZol o
biro} Zefubo @gol WAR of

X0 b to

7o

=
-

o o

Y
)
ol
Rl
30
rr
o
12
tlo
)
oL
ol
X
i)
)
:>~=4

T2 o rlo nd fn koo
Yy

18 =

e M o

;°~, N

i

v}

mr

29

e

L)

i

o

:?L_',

_0|L

&

(i

k)

&3

[4)e]

o
e o
v
miu
T
fo
i
o _1}%
4z
Sh
2
©
i
fo
i)
AL
o,

N
—_

%2
o

o] 29 AAL et S 1T
SEnES

HES A7 qgko 7 gA o] o= 3
Wx Sk}, BB Hergel ef al Pl o] 4|5
3 29 RU2HH dB8A HE

ol
o

Lo S ox g Ay |t
1

@
=

r e
i

fo
e
i)
(2
I
)

T

[o

D)
°
4
>
2

She P A ]E Sk kA
SolA] o} gl FE-e Wl
GANA g dells] wzel Aol
WY B4l A, e A
wde] =7)7h 3 Wi ke
Uk 228 o] ofu)7h RApsAE

o
o &, N
3
-3

i
o

L
o
o

=

%
%or}%l-n fo o =2 o1l g W
N

o Olﬂ

H
T

meb 2Y 2 A £ o) o] Aol &
)2 ulEEe. b
[e] =2 RN

Fig. 1 Oozing filament(right) and a model disturbed by
oozing filament(center) while printing using
Replicator2X of Makerbot
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Fig. 3 Schematics of calculating the volumes of passing
other nozzle’s extrusion section
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