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Abstract: The additive manufacturing technology, also called 3D printing, is growing fast. There are several methods for
3D printing. Fused deposition modeling (FDM) type 3D printing is the most popular method because it is simple and inex-
pensive. Moreover, it can be used for printing various thermoplastic materials. However, it contains the cooling of layered
road and causes thermal shrinkage. Thermal shrinkage should be controlled to obtain high-quality products. In this study,
temperature distribution and cooling behavior of a layered road with cooling are studied through computer simulation. The
thermal shrinkage of the layered road was simulated using the calculated temperature distribution with time. Shape variation
of the layered road was predicted as cooling proceeded. Stress between the bed and the layered road was also predicted. This
stress was considered as the detaching stress of the layered road from the bed. The simulations were performed for various
thermal conductivities and temperatures of the layered road, bed temperature, and chamber temperature of a 3D printer. The
simulation results provide detailed information about the layered road for FDM type 3D printing under operational con-

ditions.
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(a) Schematic Drawing of FDM Type 3D Printing
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Figure 1. Study Model for Thermal-Structural Coupled Simulation
of Layered Road in FDM Type 3D Printing.

Table 1. Various Printing Conditions for Simulation
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Temp Temp. Temp. .
['c) [C) C] ertl
[W/m-=“C]
25 25 250 0.1
100 120 275 0.2
300 0.4
Table 2. Material Property used in This Study
Property Unit Value
Density kg/m’ 1310.6
Specific heat J/kg°C 1100
Coefficient of thermal expansion 10°°C 60
Isotropic thermal conductivity W/m-°C 0.1
Young’s modulus GPa 2.296
Poisson’s ratio 0.36

E rEer 71 AR EAEEE WS 5o S
2Pstict. 2+ Hapof it 32 Table 19 e it
B2 25°C, IELE 120°C, =& 2% 275°C, €AEZ 0.2
W/m°CE 7]&(basis) 2 2 slLbe] M4 S| uf, ZF ¥
F7F AFE HE ) nA= TS B4

2. M=

H 3} & of] AFREF A = Polycarbonate (PC)E 7|& 0 2 3}
%t ole] gt B4 Table 29 et

Simulation Method

1. sHM iR

ol

Figure 2% 2 7o) W sf4e] AA A 52&
il Aolth. WA & a4, & mEo) Wzt o] Hgd ¢
229l 27] LES ARSI, 1 LES muo] AP 9
3 Agaiae AxSAT. 13 AWe) s Ane vitos
§mme] REZ} 45H 0.12 o]F0] FelHd LEE AF
Stttk 2elT o] LEE 23} AFaAI2l HAH(steady) )
Mg Bo 2= 2o AT ol RET} W]
28 4%, & =290] REJA Hold 7o BE YR
o] LERFol). o 13} & 34el vl 27
z700] e}, ol2ld 27|12 AL AT 13 B FAolH =
A ds| s 2ET) g7 ske] gialge] ola) 4loi7t
A4S BHSAT ol F o] ATE 27 2 g4 A
22347} AAst] Aslgo] o3t 2o WA AL
Ak,

o o>



218 S. L. Kim and M.-Y. Lyu / Elastomers and Composites Vol. 52, No. 3, pp. 216-223 (September 2017)

~ - =
1st Precedence Simulation
Transient Thermal
- >
¥ >— Precedence Simulation
p ~

2nd Precedence Simulation

Steady Thermal

L - - -
~ N ™
Ist Main Simulation

Transient Thermal

- »

.» >— Main Simulation

2nd Main Simulation

Transient Structural
- o

Figure 2. Procedure for Thermal-Structural Coupled Simulation.
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Figure 3. Mesh for Simulation.
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Figure 4. Boundary Conditions and Initial Condition for Transient
Thermal Analysis.
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Simulation Results and Discussion
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Figure 9. Maximum Temperature in the Road for Chamber
Temperature and Bed Temperature.
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Figure 14. Equivalent Stress in the Roadat Bed Interface for
Various Printing Conditions.
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