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3D Cutting Machine of EPS Foam for Manufacturing Free-Formed Concrete
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We used a construction method using a CNC milling machine, where free-formed molds were made by cutting EPS
(Expanded PolyStyrene) foam with the CNC machine, to build free-formed buildings. CNC milling is off-the-shelf technol-
ogy that can easily cut EPS foam, however its production cost is too high and the time to manufacture an EPS mold is too
long. This paper proposes a novel cutting machine with a fast and cost effective mechanism to manufacture EPS concrete
molds. Our machine comprises a cutter and Cartesian coordinate type moving mechanism, where the cutter cuts EPS
foam using a hotwire in the shape of ‘[T and is capable of adjusting its cutting angle in real-time while keeping its cutting
width. We proved through cutting experiments on the CNC machine that cutting time was greatly shortened compared to
the conventional method and that the resulting concrete mold satisfied manufacturing precision.

A3 A%7)e0) W ofg) JN mope] mave Iwe
A 3 A S ol Sl el 4t ol
o e w1 ARl that A7k Bshek > Y A
S22 OO BHOE ofFolA 7] o] o} /|2 B2
Ring Agel 59 Fdew B e BV} o

R Il
&
)
rO
o
u
W
)
m

99 7148 et 455 2
i A ZUY o] A5 W e qanel e
Contour Crafting?} Concrete Printing®] 1t}. USC (University
of Southern California) tjste] A= =5 A]AHIQ] Contour
Crafting2 257|&s ZTAYEES EARE H, 12AE TE9
AEFES 8] Yrhe 3D Zay 7)&o|tt>? J=+9] Lough-
Borough tjjgta} Foster & Partners AZAMEAS] 35 A2
Z8% Concrete Printing E3F, tfd Z232|E ZYEE o] &3}
o BIAE S0l AHE o e Ty okt 2719] jdE

Copyright © The Korean Society for Precision Engineering

Manuscript Received: March 4, 2016 | Revised: August 6, 2016 | Accepted: August 28, 2016

< TGSk 7otk £ e BE vy ASES A
S 9 ARe WHoR FEWR YXE ob 7] AT
olu], ale) 2fel 7)ol ek Al W QYA AZo] B
3t A3}oltt. A= EPS Foam (Expanded Poly Styrene Foam)
= CNC 2 7AIE ARgste] AFfor 7Rt & Fa8E
£ Mk AlTHoR gy ZRIARE Aldsta glok
ol B4 Aol HA|TE, CNC 2 71A19] 71A0] HKkaL, #
g Alzte] e ARtk EWO] ULk E3 AFe Bt Ex

AR AL et agle] ofste] HHAYsk= @Afo] vls] CNC 2 7]
Az 7Rt AFye] AdEs Edask e &

& =wolie Au HEY olF HAUS @ M 252
ol g3t AHE %‘2@0@1 EPS FoamZ 7¥Ho= 7hgdh
= S A kgt 58], T—%L—‘?—oﬂ gshs As=
71g 0] EX*EJ *JEHOM QA Ares 24T = A A
Aol oiA 71Ee] ELE 7R % griHer F9 4
ATk EFE 2 =RolA ARk I 71E el o't A

T“

il

rl

it

[e)

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



36 | JANUARY 2017

2HUZESIX M3M4E M1

o

2. EPS Foam 7}&87| =

EPS Foam 7}7]+= EPS Foam& #¥dl= A& (Cutter)
o} |2 Y, ZZ (Y, Z-Axis)O.2 O|EAY|= M HEY o]E
H|#]U<Z (Cartesian Coordinate Type Moving Mechanism)© 2
Tdstsict (Fig. D).

2.1 Cutter

AGE= Au HxF oy wAUSZ 2=l g4
(Hotwire)x} G- (Hot Knifey2 ©]-€3}o] EPS Foams # &3ttt
A ROl H7]= 228.6 mm x 107 mmo]H, 2712] gyo] XE
(Linear Motor), 2323 (Spring), 2~9J#| (Switch), €% 18]
1749 dAoz ATt (Fig 2). FE-L 2749 gluo] mE
o 22l ALgstel 42t Aussin, Qe G2 9l A

< 93 AgE Algha] EE (Ceramic Tube)E E3kste] 271¢]
s3elol] 77t QAAHS teh 2RI} AAlo] XEow ofF
7Fs%t 2lde] REQF oA AU 4 =R SIS o=
olsl, 5 e FAYPer dH AY A=E 28T 5 QL

g 414

omn, Amelo] Aoz Asi= Ao £ 9%
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step motor
~

step motor

. Cartesian
vice coordinate
type moving
\ \\ . mechanism /
\~‘ ’f'
Fig. 1 EPS foam cutting machine
switch 1 linear motor 1
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switch 2
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Fig. 2 Structure of EPS foam cutter
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An #xY ol HHYZL Opencreators 3JAFe] 3D ZE
(NP-Mendel) A5 7ll=s8te] THEQloH, AQYRES Y, Z5 o=
ol5AA EPS FoamZ A3t} w7 U&2] 7] 425 mm x
425 mm x 400 mmo]n, 37]j2] 8] R ¥ (Step Motor), 2712] 2
5, 1709 Yol 7to|=e} Hio] (Viee)z 453t} (Fig.
D). 715719 Ao Axe 2719] A"l WE (Z-Axis Step
Motor)= 22159} Z3sjo] ARE 7502 50|, S0l
Eof X" 7] A" HE (Y-Axis Step Motory= HEQ} &
B1E A8 2ol JlolEet AAEe] AYRE YHoR 64
olt}. Hlo]A= EPS Foam2 34} £U3E QAo TAA|7]= o
S gt

2

2.3 712 gi2|

EPS Foam 7Fg7|= Aol A28 249 2914 o] §5
of ANO| 7] SN AT F, dH HEgoT A4 3
AL olFAA TP MFOR wlol2o] IYE EPS A
(EPS Segment)S B¢} (Fig. 3). 2lvio] melo] A o
Ao] SAQolw 2xmelo] Aelel ofa|y Ashs dAlel
APl AR, 250 XEe) SHU0R QMY Eug

24 AYsich. E3, GARMS A BHoz duat A
efe) FHE AFFORN gloA ok AYmul ofuje} ol
ol $1z FAelo] it g S, A WAl A WA B
Sl olefz AL, 5 ISt vl WAl 2L okeld 9=
At

o] A9l EPS H|ITHE= EPS Foam 7}37|2 A =3}
7] SleiM el TeKic (Fig. 4). Bel2sk8 AYA (Polygonal
Cutting Curve)& of2] 7o) H40= ojo4] glome Fio]
S & 4 GlAR, 2 AR ARHolnz A%Eo] HojA
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segment of the EPS mold
Fig. 3 Cutting path by the EPS foam cutter
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3. EPS Foam 7}&7]2| £

32121 EPS FoamZ 7H5& 4= Sl 71& 7142 CNC 9
g 7]#A12} VLM (Variable Lamination Manufacturing)®] 1t}
ONC g 7|l e 375 AFg5}o] EPS Foam 71544
of et k3 714 ARk BA7IAolth VIME 24l #e)
715 olg o] R EPS Foamg 7|5t ¥ o} #%3)0] st
L 3D PAS Pt A&23F7] (Rapid Prototype)o]th.’®
EPS Foam 7}g7]9] EA& t}= EPS Foam 713 7|AS3} v
&lo] Table 19] LJeRHTE. 3702] 714 =% EPS Foam& Ydh=
Aoz AR AR JAelA, Ae Bt A 3
o7} ARt 9 AEIZ|E AMEE VLMZ} 220], EPS Foam
7R Gt 94 ARESle] EPS FoamS F& 5oi4 7
getch olel g, CNC u¥] 7Ale 242 E-ES o855t
EPS FoamZr 315 3154 Zlobxa ARttt 71419 =719t 54
of wet AY A7|oA=E Afo|7h EAZITE VIME GF> EPS
FoamZ ARt - o|F 253te] Ysh= F4= &=l AlRtglel

AR 4 glow, A7k & ONC We 71k EPS A4

top view of the EPS segment

desired cutting curve

¥

polygonal cutting curve

-
——

hot knife
area

Fig. 4 Polygonal EPS segment

Table 1 Comparisons of EPS foam cutter to conventional EPS foam
cutting machines

EPS foam CNC m.1111ng VLM

cutter machine
Cutter Hot knl.fe & Small milling Hotwire
Hotwire tool
Material EPS foam Metal, EPS EPS foam
foam etc.
Lamination No No Yes
Cutting method Heat Cut Heat
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g & gl

4. EPS HEZ M= |2

Ak o, 1g7lel 27| Alg uhel ofe] Aol EPS 7%
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Fig. 5 Procedures to build an EPS concrete mold
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A7]0h AES 744l EPS Foamd AMg3te] 7HEsigich. EPS
Foam 7}27]9] 7%, EPS Foam& Z|nHHEE o|Eko| 145}
3 7)% HEE 45T T, 71~L°l AR EE S grEs

LIRS s, ONC We 7)A)e] A9 vhriae,
EPS Foam wfo] 2o 1% s—m itgol et A4S o1 7
7ol AR 7R Shsls SRS AR 2t

k. 2 Tl whestol -& 912 ek ek (Table 2)

5.2 EPS Foam?| 7138 MUE Y

EPS Foam®] THOZHE Fo] ARE F=317] oA &
e ol8sl= 3D MUE ARSI olE Fdll, V1%
ASEARNE 7133 EPS Foam o] W] AuE ekl
o o]@7] s4ek WE GHS CAD EEIHS AMET EPS
Foamo| m@la] 33} wlwsle] 1 xjol5 Mz F@ASIIc
(Fig. 7). CAD 241} 75712 7153t EPS Foam?®] %9 7]
7b ImmE 97 oyl 2EMom ek Mrbuow 14
= CAD ZglHrt 74510] g =, mo2 Zk=E CAD
weur o AYESS ojulsi.

6. &

oot

2t H E9|

EPS Foam 7}5-7|2} CNC 2& 7|A1S AR&3}o] EPS Foam
2 71 & uf A7 AIZRS Table 20 YERHCE. EPS Foam 1S
7Fest7] flsliA Sle Eeltslste] 798t om, EPS Foam

Fig. 6 Sample surfaces to compare cutting performance (CAD
models and manufactured EPS foams)

7FE712 7H Al 68-0] AFth CNC Ud 74+ 1580°] 4
om, 7k5719] A% £HE7F CNC 87 7)Ao 6ol “%P}Dik
t}. EPS Foam 2 AY A&oA= 7277} 35, CNC 49 7]
As 1420] Aok AlA A&l EPS Foam 3& 7H53517] 9
s SlHe FUEet silen, 77le AR AR 61
CNC 25 7|Al&= 28%0] ARt vpx|9fo & EPS Foam 4 7
g AdollA 77le 22, ONC 2 7[Ale 41E°] 27

= AdlA 7719 74‘% £=7F CNC 29 7]A Hot W5k
ot ol AR o] wiFolrt 2> WY EE ARSIl
EPS Foam& 35 3h&H4] 7|®sl= CNC ¥ 7|49 &2, &€
XMap GBS ALRSl= EPS Foam 7}37]= I 2OF AHE W4
o@ ghlo] We e AT 5 9k TejER ONC W 7]
Axct 7k Se7) wact

EPS Foam 7}8719] 7} Ades M2 B2 A5
(Fig. 7). 2R A1#<e] EPS Foam 19] @3} glojel= 47]2] 7]
B &£ of& o] T wHo| oz Ao g EQla, oFE
% B SRsMoR CAD mHe| |zHonye o AYEY
o #AY mopo] Huje] mElS] Helo] gl AMBAUIw
275431, 93} glo] £ ol lel2o] WAH EPS Foamd]
AA7F FE=E7] wiizolv. FHA 3¢l EPS Foam 29| &
3} glolels 27 ARolA Ausielont, Age] BRE E5),
QFE Fto] ketlor o gro] itk AlMA d¥Ql EPS
Foam 32| @7} tlojeli HE wo] BEET} upet wo| w2t
Mo o 7 golo, ujut wHe] 02% spgxiels gt

Table 2 Comparison of time consumption between EPS foam cutter
and CNC milling machine

EPS foam cutter (min.) ~ CNC milling (min.)

EPS foam 1 6 15
EPS foam 2 3 14
EPS foam 3 6 28
EPS foam 4 2 41

Smm SN
4.2mm
34mm
2.6mm
1.8mm

1mm

-lmm
-1.8mm
-2.6mm
-34mm
-4.2mm

-SmmgV¥

a) .

Fig. 7 Isometric view of cutting errors: (a) EPS foam 1, (b) EPS
foam 2, (c) EPS foam 3, (d) EPS foam 4
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Moz @t zro] 7FAF ittt mlx|al A&l EPS Foam 42] &
2t dlofelt 2ol mEje] gedo] gl HAmepo] 2BAl0
2 93} gho] A& whd, guje} mEje] ulet AYEl hzhila)
FHROpe FHATL WO R 03 gho] Zirt. 2fe] Ugle
2= 7L ek WA, 7178 oxjolct. AEl7]er el 1
7 AL FAggste] 71 A= 5E EPS Foamo] So{%17]
tolch, FHAR A% 2jo|ct EPS AIHUES 7}g5l]
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