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Fatigue and mechanical properties of laser deposited maraging steel
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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 10° ~ 10° 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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Table 1 Chemical composition of the MAS1C
C(}iza Nominal composition, %
C Si | Ma| Ni| Mo| Co| Ti Al
MASIC
<003| <01| <o1| 185| 48 | 90 | 06 | ol

Fig. 1 3D printed test specimen
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Fig. 2 Ultrasonic Fatigue Test
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Fig. 3 Test for dynamic young's modulus

Table 2 Symbols used in formulas for calculating amplitude
stress and specimen size

Symbol Value Unit
2L 57.68+0.02 mm
L2 16+0.02 mn
L1 12.84+0.02 mm
R 28.140.02 mn
2Rl 540.02 mn
2R2 15+0.02 m
3 ]
2L Fig. 5 Ultrasonic fatigue test specimen (upper surface

polished, lower surface laser sintered)

—A

Fig. 4 Geometry and dimensions of ultrasonic fatigue test

specimen
Figure 4= T3 2 SR AlE 54l o i
g AAE = Qe AlFH] AAIRE BT g i\
o 3% 3 AlEHe BEE Yo YaRle R A 1P QL —
A=, P B0 EEA Al(hourglass) Fd2 Fig. 6 Uttrasonic fatigue test (left side is during test, right side
Z HAY QAF2E 7R ES Sk 20 kHz £ 300 is after fracture)
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Table 3% &3 J2ZA 1 ZUAER FubE = Table 40 EAIgH npe} o] dAe] x AlHES
20 kHz, &80]& 495 EER = -1), 29071 Hv 365.09, €32 & A2 Hv 595.85= SA =3
e Ao Xéﬂ%lv} Al < Y 23hdo] th o= # Alse] At dAE £31(500T 341%h
doluhyl 2gst F7lo] Wolh AFOR AAH] & me Aoy,

AbolE 3l E 7I1EH I, AA §E gl wet A
Ko st 7 ]‘4‘ etsy 2 Aldd g2 Table 4 Micro Vickers hardness test results
A3 E5S Fig 59 Fig 69 242 Ueldiglct Sample Hv Hv
mp (Non-treatment) (Heat treatment)
Table 3 Ultrasonic fatigue condition #l 3578 2853
#2 360.7 586.8
Loading frequency Stress ratio cle Te #3 362.1 586.9
[kHz] O e #4 362.8 591.2
8 #5 363.5 591.2
20 R=1 103 ~107 RT 70 3635 5042
#71 365.7 595.7
i i #3 368.6 604.9
4. d8Za o IF #9 3716 608
#10 374.6 6143
Average 365.09 595.85
2500
B T
e | R XYH | Heat treatment

2000

1500 -

1000 Jf

True stress (MPa)

500

Non-treatment | ="~ XYZ

0 T T T T T T T
0.0 25 5.0 75 100 125 150 175 200 225

True strain (%)

Fig. 8 True stress-strain curve

Table 5 Tensile test result

Tensile Elongati | Young’s sl
strength
Bl Sample | strength on modulus (0.2% offset)

(2)x50 (b)x100 (c)<200 N/mm? % GPa MPa

Fig. 7 Microstructural photographs before(upper) and after(lower)
corrosion on X—direction specimens; The arrows indicate X 1184.92 19.27 150.96 1049.23
pores XH | 212529 429 180.71 2023.72
XY 1186.08 14.62 162.61 1040.14
B Ao e 3D =y 4 wgk] W 57} XYH | 217013 | 431 184.14 2104.55
A AA-E ARt B AR, R T wEd XYZ | 123680 | 2010 | 17050 1144.79
S 13 7IAA B H7HE A8tk WA, XYZH | 2190.69 498 190.27 2105.07
9 H % (Impulse Excitation Technique)S ©]-&3+ 2| XZ | 121847 | 2215 | 180.64 111328
oA AZ A9 FEHAGFe Zolpr)E 4% XZH | 2165.03 5.00 191.12 2074.36
A3} 247} 167.87 GPa, 0216202 SA4E AT oA z 1170.78 1091 154.76 1089.63
& 92ZAE dolgE &8} nMAE =449 ZH 2089.20 2.15 164.90 2037.93
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Fig. 9 S-N curve according to surface condition of 3D
printed specimen

Fig. 10 Fatigue fracture of specimen with original rough
surface(ZO); The arrow indicates the crack start point

Fig. 11 Fatigue fracture of specimen with polished surface
(ZM); The arrow indicates the crack start point
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