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Development of Shape refining process of VLM-ST Parts Using
Noncontacting Hot Tool .

Hyo Chan Kim*, Sang Ho Lee *, Dong Gyu Ahn**, Dong Yol Yang#

ABSTRACT

In most RP processes, the inherent stair-stepped surfaces and shrinkage-induced warping of the parts require post
processing such as surface finishing. To minimize such defects, VLM-ST, a newly developed RP process, employs a 3.9-
mm thick expandable polystyrene (EPS) foam sheet and a hot wire to contour it to have slant linear-interpolated sides.
The use of relatively thick sheets for layers, however, limits the process capability of constructing fine details, especially
smaller than the layer thickness. This study is focused on the development of a post processing method for fine details of
VLM-ST parts. The post-processing tool was designed to meet all the requirements for the desirable post processing. It
adopted a hot wire as a means of melting the EPS foam sheet. Various basic experiments on the post processing were
carried out to obtain the optimal process conditions. The dominant process parameters such as the radiated heat input,
the tool speed, and the gap between the tool tip and the foam sheet (tool height) were considered in the experiments. The
effectiveness of the developed post-processing method for forming or engraving fine details on the VLM-ST parts has
been thus demonstrated. The experiments on engraving several sets of letters, such as CANESM, A, and =348t
714 4, on the EPS foam sheet were carried out. In addition, a flowery shape was engraved on a three-dimensionally
curved surface of a pottery-shape VLM-ST part.
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Table 1 Coefficients for the relationship between the
kerfwidth and the heat input

Q(Kerfwidth)=A4,*Q, + A4,

V, (mm! 5) 4 4, Rr?

20 0.386 0.441 a.96

30 0.349 0.343 0.9

40 0.332 0.319 0.96

50 0.259 0.356 a.93
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heat input

Table 2 Coeficients for the relationship between the
depth of cut and the heat input

PB(Depthof Cut)=B,*Q,+B,

V. (rmm! 5) B, B, R?

a.125 0.120 0.94

0.144 0.0 0.97

40 0125 0.022 0.96

50 0.082 0.062 0.9
A2 oot & PABe Y TAEO] 95%
ooz MY A W stge FAT &
Atk BAY 7HE SEsk AHF Lol 2 9

ZF (Q)yHlel WE JFT g9 A AL Fig
13 3 i,

u

| S I
i 300zm - - 300m
(a)0.955 W /mm* (5)1.508 W / mm *

—
300m
@)2427W /mm?

S
300.m

(c)1.862 W /mm*

Fig. 13 Cross-section of specimens for variable Q;

154

3.12 713559} 712 g9l A

d 48FH 71F Folvt Y
T EE(NVOE HIANAVIN A
(Kerfwidth)$} 2} &A1= Fig. 14 o] ™
A3} Table3 3} 2o},

Zz74d44 7}
i R E ]
Ay ZAsg

Q s 1 (e 0,=0955% /mm’
‘m O, = 1508 /mm’
(mm) N Q,=1.862W/mm’2

ix 0, =2427F /mm*]

|.5+

Vol ays)

Fig. 14 Relationship between the kerfwidth and the
cutting speed of the tool

Table 3 Coefficients for the relationship between the
kerfwidth and the cutting speed of the tool
Q(Kerfwidth ) = C, *V, + C,

OOV i mn') Lo 96 R?
o 0.955 -0.0078 0.9785 0.69
1,508 -0,0063 1.0401 092

1.862 -0.011 1.3689 0.93

2427 -0.0138 172119 0.97
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Table 4 Coefficients for the relationship between the
kerfwidth and the height of the tool

Q(Kerfwidth )= E, *V, + E,

Qo (T mns’) E, E, R?
0.0754 -2.2101 1.4126 0.95
0.0503 -3.5500 1.3675 0.98
0.0377 -3.5478 1.263% Q.83

32 €8 3T Hel 713 dYel mH

3.1 A Aged 34

u R 7hE golsh APH BAS sk o)H
W HFH BAS AAE A AY AFE

3 Zo] BF W5E olgde shtel MEw

155

w0 s

©0
S

Q

Ty “VC.H 1

q PERe HE =9 7HF golz vy
ZHeH Q'y e I w0l 7 fE 4 99
ZFolg} W3t} Fig 17 & Ay 4 WA o
9 gl HE G AR AF Uristel B
£ Yelde Aoly 4 2) & A¥3sg ddelg
Q 14

1.2
(mm) . *

*

0.1 0.2 63 04 1.3 LY

Qi e )
Fig. 17 Relationship between the kerfwidth and the
height of the tool

Q(Kerfwidth) =1.11*Q" .y + 047 R*=0.92 (2)

33 A8 g

£
& o
% 1)
At ol
s 2t

Q=F(Q"y,.), B=F(Q",.)

Wael WE 4¥e o9 Bed g
4 4+ A

(%



BEA o435 r%t- F5E : AL A2 dE A 1%

A, 718 A8 AFA 7HEol ted F gozn T3 gYAe 2H3tn T4 HEA
A HFEe dA WYoA 71F H] L ols} Yehs 540 gis) 24 seg ok
Ay #AE vebdth 93 ¥19 sAY B
+ HAAA E4& "o o]2RE 7HFY &g 41 25X HEe 18 =¥
A EHS F5 F AT Table 5. & 7 FH
HEge 7kE U 2 Zolgp AIFAHA BAE VLM-ST 33 AlAFS ¥ A 4
7t WY E veld Hojth & Ale Aol o nz sidtd FUtE TAEL

o] &3ld FHE AMAREE 3t FF H=E &

Table 5 Linear ranges of the dominant process A g 9748 9 (Simple contour)-b} ‘4%' a2

parameters
Parameter Range
g, 0.9% - 1.910 W / e’
v, 20-50 mmt/s
H 0.03-0.15 mm

Mask /1% e 2 Zolske) ]
Ao BAS AGA o
EE

>

—> —>

Fig. 18 Relationships between the dominant parameters

e ASE 94 o7t
AE AFo FAHTIL oz gol olge] Hu
e ool FAsA wa@th od@ @YL
Aol A @AY AN Rob B+ 9w
dd3te Arte AzllAE B @ AgeA o
AEA)S EH7 g mElstel TAHAT A
27t ojd A% e wA7t BA sl
o) AYHE G QeTo] FANA FasHA
gt Aol

Fig. 18 oA 71& %o

4. VLM-ST AlH &< 18 d3

2 geldE 37 A2 44 dolest 33
Ws 49 ol E o) g3t A FABE F9

156

<4 o (Multiple contours) &2 &34t}

411 == 99

Fig. 19 £ 3% Z3E VLM-ST AlAEd Al
Aste HAolnt.

FR Hg 20L& 0y =0233J/mm’
(Q =1396W/mm* . V,=40mm/s , H=0.15mm)
ojtt.

Fig. 19 Application of post-processing part with simple
contour

412 s A9y

l

o2 el A2 g (Multiple contours)E ©
oA FT AE2Q 37MF A4S Yo
s 42 FgeMe &4 J9e HF
A8 3y d9e 7HE F U dFeR

3}7]
olF



DI A2 A A 1S

He Aol

\ |

Fig. 20 Application of post-processing part. with
multiple contours

Fig. 21 Application of post-processing part. . with
multiple contours

Fig 22 ol4 R uhs} Zol 3 ol Helg
A% dush 99 Eol % #E @ YT MY

#AZ A Aol ol THEA AAFE B
¥ 5 Qo

157

o1 o0z o3 os o Ot =02527 /mm*

Q" pfy/mm®)

Fig. 22 Vertfication of relationship between the kerfwidth
and the effective heat input per height for post-
processing part

42 33X HE9 I3 Y

3D CAD model

2 Toolpmn

Bestprocessing

Fig. 23 Application of post-processing part with tool path
of three dimensions

Fig. 23 o] B uiet Zo] A F4eA
7L 3 A9 AlF 4 VIM AR FEE
BE A=t g4 Zonl 2 FRFE I A

2 3% = vk Fig 24 oA FeAEg F AE
o] oz} W& T3 FT/F FAHE H&3] My
g Fo NAEY d AU=st & HASE

g er AT £ U



o
O
ot

i

AAFssx A 219 A 1&

AverageD L,z 0. 370mm

Pastprocessing Part

VLM Part

Fig. 24 Error map of post-processing part and VLM part

5d &

=
AR 4
ANNE FE
den e A
AR i ?&l%
s §718 3ol
AzZe 48 7%
sdgom og =
ssich. -
AXEoIE NtgoEH FTA
A st

Z7HE EFAHANA 7HF b 2 Zold dFT&
uAe FAH ded g AEe FY¥39 HF
yu] 2 Zlojole] AAE =FES

VLM-ST AlAEd F7h¥

ATl NE VLM-ST 49 AAEY w1
do ZH A AUsE g
Agsde, o1& 98
T7F FHAT VEM-ST A9
ﬁ"\i ? }1 —“%ia A8
A },:v_ 3?4
T =

T8
o]
TAHE

w3}
oy

Ate F74F 349 BF4e AFeAc
FFE Bt YuHoln YA FAT

TR MEE Y 34 A5 M FEA HITol
He3 3% NC HolEZ d9 3 34 &
748 & Sl dHolEe) el Wt

% 7|
AT AArIEY FAFPAYA F2A
A AE AL A2 Agdve hd g3
of g 4H4 A% 29 I L 98 7]

A AR Aske) Qgolw, olo] AR o

B

Ly

o
2

\
2 ©
O])lv =

wly

158

HEA ZA =gy

10.

1.

HOIEH

J. P. Kruth, “Material increase manufacturing by
rapid prototyping techniques,” Annals of the CIRP,
Vol.40, No.2, pp. 603-614, 1991.

P. F. Jacobs, Stereolithography and other RP&M
technologies, ASME Press, 1996.

“ Variable lamination manufacturing method and
apparatus by using linear heat cutting system,”
Korea, Patent number 0362737, 2002.

Ahn, D.G. Lee, S.H. Choi, H.S. Yang, D.Y. Park, S.K.
"Investigation into Development of Transfer Type for
Variable Lamination Manufacturing Process and
Apparatus,” KSPE, Vol.19, No.2, pp.95-105, 2002.

P. M. Dickens, R. C. Cobb,
Techniques for Rapid Prototyping,” Proceedings of
the SME Rapid Prototyping and Manufacturing ’93
Conference, Dearborn, M1, 1993.

“ Surface Finishing of Parts.” DCN: 8275-00541,
DTM Corporation, 1995.

K. F. Leong, C. K. Chua, G. S. Chua, C. H. Tan,
deburring of models built by
Stereolithography apparatus,” Journal of Materials
Processing Technology Vol. 83, pp.36-47, 1998.

D. Shi, I. Gibson, “Improving surface quality of

“Surface Finishing

“Abrasive jet

selective laser sintered rapid prototyping parts using
robotic finishing ,” Engineers part B-Journal of
proceedings of the Institution of Mechanical, Vol.214,
pp. 197-203, 2000.

Yang, D. Y. Sohn, H. K. "Recent State of Rapid

Prototyping  Techniques for Rapid Product
Manufacturing,” KSPE, Vol. 17, No. 10, pp.5-10,
2000

Lee, S.H. Ahn, D.G. Yang, D.Y. "Calculation of
Rotation Angle of the Linear Hotwire Cutting
System for VLM-S," KSPE, Vol. 19, No. 2, pp.87-94,
2002.

Choi, H.S. Ahn, D.G. Lee, S.H. Yang, D.Y.
"Accuracy Improvement in Transfer-Type Variable
Lamination Manufacturing Process using
Expandable Polystylene Foam and Experimental

Verification," KSPE, Vol, 19, No. 7, pp.97-105, 2002.



