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Abstract: Metal 3D printing is very useful for making the injection molds containing complex conformal cooling 
channels. The most important issue of the 3D printed molds is cost and life cycle. However, powder bed fusion (PBF) 
methods are vulnerable to fatigue loading because of the presence of pores and rough surfaces. In the present study, the 
fatigue test was performed to obtain fatigue analysis input data for predicting the durability of a 3D printed injection 
mold core. The metal 3D printer used to manufacture the specimen was OPM250L from Sodick, and the metal powder 
material was maraging steel. The ultrasonic fatigue testing method was adopted for the fatigue test. A key advantage of 
the ultrasonic fatigue method is that 108 ~ 109 long cycle test data or more could be obtained within a relatively short 
period. Based on the results of the experiment, the effect of heat treatment was negligible. However, there was an 
apparent difference in durability depending on the presence or absence of the surface treatment.
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. 

3D 
(Sodick) OPM250L . 
Yb 500W, 250 
mm ⨉ 250 mm ⨉ 250 mm . 

(maraging steel) MAS1C
7). 

(Martensite) (Aging)
. 18% 

0.03%, 17~19%, 
7~9%, 5% · , 

· (martensite)
. 450~510 3

. 2 GPa
. , 
, , 8). 

Table 1 . 

Gra
de Nominal composition, %

MAS1C
C Si Mn Ni Mo Co Ti Al

0.03 0.1 0.1 18.5 4.8 9.0 0.6 0.1

Fig. 1 3D 
, , 
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. , 3D 
(X), (Z), 

45 (X-Y-Z), 45 (X-Z )
ASTM E8 

. , 
(500 , 3 )

. 

(Galvanic 
corrosion) . 10%, 

90% 10 , 
30 . 

( 500g)
. 

. 108 ~ 109 
. 

ASM Vol. 8
(PZT)

Fig. 2
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9). 
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. 
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(Impulse Excitation Technique)
. ASTM E1876 01

, Fig. 3
.  

Symbol Value Unit

2 57.68±0.02

 16±0.02

 12.84±0.02

 28.1±0.02

2 5±0.02

2 15±0.02

Figure 4
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, (hourglass) 

. 20 kHz ± 300 

Hz 
(2L) . Table 2

(1) ~ (4) . 
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Table 3
20 kHz, - (R = -1), 

. 

, 
. 

Fig. 5 Fig. 6 .   

Loading frequency
[kHz] Stress ratio Cycle Temp.

20 R=-1 103 ~107 RT

Fig. 7

, (pore)

(Grain 
Boundary)

. 
( ). 

3D 5
, 

. , 
(Impulse Excitation Technique)  

167.87 GPa, 0.216 . 
. 

Table 4
Hv 365.09, Hv 595.85

. (500 3 )
.  

Sample Hv
(Non-treatment)

Hv
(Heat treatment)

#1 357.8 585.3
#2 360.7 586.8
#3 362.1 586.9
#4 362.8 591.2
#5 363.5 591.2
#6 363.5 594.2
#7 365.7 595.7
#8 368.6 604.9
#9 371.6 608
#10 374.6 614.3

Average 365.09 595.85

Sample
Tensile
strength

Elongati
on

Young’s 
modulus

Yield 
strength

(0.2% offset)

N/mm2 % GPa MPa
X 1184.92 19.27 150.96 1049.23

XH 2125.29 4.29 180.71 2023.72
XY 1186.08 14.62 162.61 1040.14

XYH 2170.13 4.31 184.14 2104.55
XYZ 1236.80 20.10 170.50 1144.79

XYZH 2190.69 4.98 190.27 2105.07
XZ 1218.47 22.15 180.64 1113.28

XZH 2165.03 5.00 191.12 2074.36
Z 1170.78 10.91 154.76 1089.63

ZH 2089.20 2.15 164.90 2037.93
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