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ABSTRACT

Improvement of surface strength in printed part
manufactured by FOM 3D printer

S0 Sun Kwon

Advisor : Prof. Bang, Hee-Seon, Ph.D.

Department of Welding and Joining Science
Engineering,

Graduate School of Chosun University

In the 3D printing technologyies, FOM 3D printers have a high proportion in the

wor ld. However, it is less useful because of the strength and surface roughness o
f the printed product. As a way to improve the strength of the FOM 3D printer out
put, the surface is improved by applying acetone or fumigation on the surface of

the output.

In this study, the surface of 3D printer output was evaluated as the main focus
with the comparison of before and after surface improvement and strength improvem
ent using hot air heat source. In addition, filling analysis, pressure analysis,
cooling analysis, and deformation analysis were performed with injection molding

analysis.
it is confirmed that the deformation of the 3D printer output is less than 1% i

n 165mm of the design data value being 0.3% of the PLA output and 0.6% of the ABS

output. Also, it is proved that injection molding analysis showed a difference of

_VI_
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0.3% to 0.1% between 3D printer output with 0.5% ABS output and injection molding
analysis with 0.6% PLA output.

When exposed with 150mm distance between nozzle and output at 200" C of heat tr
eatment for 15 seconds, the value of the product deformation was less than 1%. Th
ere were no changes in dimensions and surfaces at 100" C to 150° C, however, the
output started to be twisted and bent at 250° C to 300° C.

The average tensile strength value before heat treatment of PLA output was 9.67
N/mm, and the average tensile strength value after heat treatment was 24.17 N/mif,
which improved tensile strength by 14.5/mf. The average tensile strength value be
fore heat treatment of the ABS output was 8.36 N/mm, and the average tensile stre
ngth value after heat treatment was 19.11 N/mr, indicating that the tensile stren
gth was improved by 10.75/mr,
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JIAHE &2 PLA ABS
oy 2E 65 MPa 43 MPa
oY BHHE 2,300 MPa 4,300 MPa

oIy 16.2 KJ/m2 3.3 KJ/m2
= o 2 35.9 MPa 35.9 MPa
NE 4% 8%
Table. 2.2 FOMZ4! 3DEElE =5 &£3F
Leglg 28 XA PLA ABS
s 2k 210C 230C
2AE 2% 70C 90C
=8 5% 40mm/min 40mm/min
LHE TH< 2| 15 % 15 %
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Table. 2.3 23 EXc| =&
22ANE A LA &
22 L= MSAHa 150mm
22 =AM 15=
25 JI&E ZEMAHLA J|I=
22 =2 100C ~ 300C Ol LA
22 s2 =2 50C
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2.2 &%

Jn

=

= 2%t

>

2.2.1 FOM& 4] DR E EHE

IE

Table. 2.42 FOMZA] 3D A AIE® 50HE W - 2

elge =
OlZotd =&8t gtO0ICH. ASTM D638 Typel. JIE2Z2 Z0|, &, EHR2 == Bg
%I\

HU
[}

=Y

Table. 2.4 FOMZt4! 3DEElE E5E FF&!

=z —
a2 210] = (mm) SH (mm)
1 2 3 1 2 3
#1 164 .42 18.96 13.04 18.92 3.13 3.23 3.26
p #2 164 .44 19.00 13.06 18.88 3.18 3.25 3.27
L
A #3 164 .40 18.92 13.08 18.93 3.13 3.22 3.22
T
S | # 164 .51 18.97 12.99 18.94 3.13 3.13 3.12
#5 164.72 18.92 13.04 18.94 3.22 3.20 3.10
#1 163.85 18.74 12.82 18.77 3.14 3.20 3.13
A #2 163.94 18.75 12.86 18.77 3.14 3.21 3.14
B
S #3 163.85 18.88 12.80 18.73 3.14 3.20 3.1
T
=4 #4 163.98 18.77 12.85 18.79 3.08 3.17 3.10
#5 163.94 18.88 12.85 18.80 3.03 3.10 3.04
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Fig. 2.8= 20| 22 AMg® Hagds OcZE LIEHCH PLA AIE B =58
2 8¢ 164.5mm=2 22E OO OHHl E& 0.3%%2 ABS AIEB2 Bz 163.91mmZ 0.

66% 2| == B3t 2& TUALCt.
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Fig. 2.8 2822 20| #H3at&g Hlw
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Fig. 2.10= &N 222
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11XHE PLA, ABS AIE

oo

(a) PLA A ®

Fig. 2.11 €3

CUHlA=
HAEEZ2 PLA, ABS &TH 2

2xXcl 150TAl AIEE B3t

Fig. 2.12X& AMEE2 X=+=B3}

e

iz

1% OILHZ 2t& &

tACE.

SN

(a) PLA AIE®
Fig. 2.12 €3

Collection @ chosun

2Xcl 200CAl AIEE B3t
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T 250C 2Z0AME Fig. 2.13M8 PLA AIEEH Sl &20l S0t
>

= =

o &8 =2 1%0IL HIE HOSCH. SIS ABS AIEE | X+ HESEE 1% Ol
og]
AN

(a) PLA AIE® AB
Fig. 2.13 23 EZxcl 250CAI A& B35t

—
O
~
n

ANEE

1%

2% 300C 2 0lAM= Fig. 2.14XME PLA, ABS AIEEIS 2%

o

(a) PLA A ® (b) ABS AIE®
Fig. 2.14 3 Zxcl 300CAl A& B35t
2ZEXcl AME=25= PLA, ABS Alg

m 23 Al RX A2t 1522 =

e
.
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2) SEE Xl 200C AIE®E X B35}

>

02

200C

Z &

Table. 2.62 =&

SExc 3= = X

e

|'_k;| ﬂJIO

g
UL,

1
g
ol

It

Table. 2.6 Z3EZXcl 200C AE€# Xl HalE

22Excel & SEHE=S FEE &t0Ib.

= (mm) SH (mm)
22 2ol
1 2 3 1 2 3
#1 164 .48 18.99 13.01 18.90 3.14 3.25 3.26
E #2 164 .53 19.00 13.00 18.92 3.19 3.26 3.28
A
A #3 164 .48 18.93 13.02 18.87 3.15 3.28 3.27
A
E #4 164 .51 18.95 12.99 18.95 3.14 3.14 3.1

#5 | 164.77 18.97 13.05 18.96 3.22 3.16 3.08

#1 | 163.88 18.75 12.80 18.81 3.15 3.22 3.16
é #2 | 163.90 18.78 12.82 18.79 3.16 3.23 3.14
fl #3 | 163.83 18.74 12.80 18.73 3.15 3.22 3.13
% #4 | 163.98 18.78 12.86 18.82 3.08 3.17 3.12
#5 | 163.95 18.79 12.85 18.85 3.01 3.10 3.05
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Fig. 2.15= 20| 2&2 Z23EXcel & - = MBS Had
bS

H HEE2 PLA AIEE ZXH2 & EZ 164.5mn, Xl = B 164.56mn=

JeHEZ LIEtRS
2 el

& OHHl 832 0.03%2 AIE®0] HEZULD, ABS AISEZ2 SXel & EZ 163.9mm,
tACH

Z2xXel = B 163.9m=2 HaIt SSS 2F ot
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i

164.4 = e —

1643 2
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163 6
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1 2 = = 5

— L EER|T| Tl e——pLa BE|C| FE ————a.ps EETE aBs EFHE| =

Fig. 2.156 E3g8Xcl 8.5 20| B3
6 & F22 23 ZH & - = AIgEH2 HEEES 22 LIERS
%

2 =
HEE2 PLA AIS® ZXcl 8 Bz 18.93mm, EXcl = B 18.93mZ Bt 8l
282 2Xcl & EZ 18.79mm, Xl = B&

B = i

m oK W R o@m R
m By mop @
n Y W oW oo
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(1]
m

1 2 = = 5

I

m

%4

g

i

IL|
[

— pLa BRI T Tl e——pLa BT ZE e——- aES EFE| =

Fig. 2.16 €3ZXcl &.=

M
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HEZ LIEIH S
2mE ExXel &
Xel & Ha 3.1

Fig. 2.17= SN R&E2 E23EXcel & - = MBS Hatd
 PLA AlEBS BHEE=2 EXcl & &2 3.18mm, Z =
Bl S 0.3% d& B3Il AUSH, ABS AISEH B2 HEE2

2% = 0.3%

3mm, ExXcl T B 3.14mmE

3.3

3.25

3.2

g

5

i 2 3

— PLY B E| T g pLp BHE| F 55 THE| M rES EHI =

=3

kOII

Fig. 2.17 232X &.5F &N &
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2.2.3 €3 &

Table. 2.72 €3€Hcl & - =
PLA AIE®, Fig. 2.192 XtE= A

E| A 8.3N/mrO|

o o1& &= =0 10.6N/mr,

PLA AIEE ZEZHe & Al8gH ol A
2.3N/mre| HXIJF UJCH, SEG X &, £9| AL HIes 8 HF 9.6/N/mf, & H
= 24 17N/ EEI el & 2% CHH| 14.5N/mr 2 &I &ab IQUCH., 2& B350}
Il =2 HI0IHZ AgH #2202 & 8.3N/mi, & 24 9N/mi2 Hlw 2t= AL,

PLA Al H

Fig. 2.18 23ZXcl &.=

ABS AlIEE ZESZXcl
1.0N/mS] EHX}OF UJUCH. S
bS

z 19.11/mz SSSHel & A

ABS A& H

1l
bl
|

@xlcl 8.%F ABS Al E AFAE
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Table. 2.7 YE X .5 ORAE H D
Ol & 2t (N/mm)
e
B B2 83 | #4 | #5 | #6 | #7 | #8 | #9 | #10
g;ga 105 83|88 88 10.1] 9.5 10.1| 9.4 | 10.6 | 10.6
PLA
NEH
=7p
1231 24.9 24.3|24.9 | 24.6| 22.8 | 23.9 | 25.0 24.7 | 28.5
°E:'§E"' 82|79 /85|82 89|81 87|83 82|86
ABS
NEH
FE 19 19.7 18.8 | 18.9| 19.1] 19.4 | 19.1 19.3| 18.6 | 19.2
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X =
= ME0tD UCH 0IS0HA & PEE, =0 g8

Marker£=&12 DJ|oI&IAOl HHES £SAOZ HOIGHAl 21
ME3tAIZ2I TS =X SE0| et Marker2XH S 0lSA
Aol ZEEO et HAEHS D|ohsrE0l EHHAH TP

Lt= == UCt. [8]

e
J

Bt M Al(Continuity equation) :

Qdu , v | ow _
8x+ 8y+ 0z =0

Navier-stokes & A

ot T ox T oy T ez D ox TV g2 Ut &

v, Ouw | dw , dvw 1 . dp . —

aﬁ ax+ay+ 0z Day+vvzv+gy

ow | duw |, dvw , dww _ 1 _dp —

ot T ox Ty T ez T b gw Y g2z Wt &
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HIUHX SEA
0T _ _d

P 5 = ox

Volume of Fluid

0T\, 0 ;40T\, 0
(K ox )+ 8y(K oy )+ 82(K

OF _ _uF | QuF | 9uF

ot ox

HIIM p= =M

g.E xy.z 4

Collection @ chosun
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2, v& S84 Jd=, Pe
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3.2 A E4dd ol 2

2 s HAF0M AIEE REtR

BS =Xl= CAt2l 24gt2 At

Fig. 3.1M& 2JtX ATHOI sSLotH &S2lE Bi#l 1,126,42200, =& 3= 400mm X 4

00mmX 300mm 22 & & otUCt.

L5t A= Table. 3.1+ &

Collection @ chosun

Fig. 3.1 &2/E 0Ol
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Table. 3.1 At

%) &N o o S o 3 3
Ye)
5 S = B R B ~ 0 = 9 T
o o\ R\ o «l Q
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m O = m = m L (&) &) &
2 — A 2 A 2 ol = = =
oo A LA 31 ) 31 Al o LA LA ol
100 = ol Ky =< Rl = i) o o w_a_
Q| mo| = 3 il I O =T (.
Ko 0 -y H = 3 750 R S 2
® ® rio
i[H R o1 A
"t K0 iy 5
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PLA AlB T ABS A& HE

\\\\ \\
NS AN
N \
(a) 25% =& (0. 11sec) (a) 25% =&l (0.11sec)

(b) 50% =& (0.21sec) (b) 50% =& (0.21sec)

(c) 75% =& (0.32sec) (c) 75% =& (0.32sec)

(d) 100% =& (0.43sec) (d) 100% =& (0.43sec)
Fig. 3.2 AlZtZ 10l ME S&ES
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=UCH, ABSAIZEZ2 2

= &0l ok 2 =X o

2 JEo dE=S M3 g€ = UNA
LU EUASS LE € = AU

300440
27796
24 352
21.208
18264
15.220
12176
2132
& 0BG
3044
Qo0

2235
2.011
.78
1.585
1.341
118
0.825
0671
0448
0.225
0.002

8o TR Mes

0% 10% 20% 30% 40% 50% G0% TO0% S0% &0% 100%

8o TR Mes

0% 10% 20% 30% 40% 50% G0% TO0% S0% &0% 100%

28884

T . I :: o5+
25,598

B s  EE
23.407

D.29% 01E%
0218
L% - 152%

| X0 T P ras
FEre,

20w 2w
11554

fzzm B zaon

: BE6S

RN sy D25

Bins e I
2485

| B | EREH
2000

Min = 00000 Max=20440 Avg=245T5, SO =T7548

0o 10% 0%
e
e
ol
0%
h01%
r02%
[
B13%
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