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É 1  Inconel 738H,ÊËj�µ��LZÌ`a 

Fig.1  Particle size distribution (a), powder morphology (b) and powder internal microstructure (c) of Inconel 738 alloy powder 
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É 2  SLMYZ¬­ÍÎgOPQ» 

Fig.2  SLMed scanning strategy (a), tensile specimen orien- 

tations (b) and specimen size (c) 
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É 3  SLMYZ Inconel 738H,j XRDÉÐ 

Fig.3  XRD pattern of the SLMed Inconel 738 alloy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

É 4  SLMYZ Inconel 738H,]γ
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Fig.4  Morphologies of γ

 

′ phase (a) and MC phase (b) of 

Inconel 738 alloy fabricated by SLM 
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 5  SLM�� Inconel 738��� DSC���� 

Fig.5  DSC cooling curve of the SLMed Inconel 738 alloy 
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 6  SLM�� Inconel 738��� XY������������ !"�!"#$%�� 

Fig.6  Crack distribution (a), stress distribution (b), grain (c) and grain misorientation distribution (d) of SLMed 

Inconel 738 alloy on XY plane 

1000 1100 1200 1300 1400 1500

-4

-3

-2

-1

0

1

2

3

4

5

 

γ

γ

MC

γ ′

H
e
a
t
 
C

a
p

a
c
i
t
y

/
J
·
(
g
·
K

)

-
1

Temperature/�

 Cooling

 Heating

1169.9 �

1317.7 �

1177.5 �

1331.9 �

1302.4 �

1332.6 �

E
x
o
.

γ ′

MC

1180.4 �

–

–

–

–

Remelted zone 

100 µm 

0 5 10 15 20 25 30 35

0

4

8

12

16

20

�

�

M
i
s
o
r
i
e
n
t
a
t
i
o
n
/
(
°
)

Distance/µm

a 

b 

c d 



� 8&                      '()*+,-./01�� Inconel 738������23 4$56                   �2795� 

 

 

 

 

 

 

 

 

 

 

 

 

 


 7  SLM�� Inconel 738����� SEM�78 ��9:� EDS;<�=>�? 

Fig.7  SEM micrographs of crack (a) and EDS mapping analysis of crack boundary (b) for SLMed Inconel 738 alloy 
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 8  SLM�� Inconel 738��� XZ������������ !"�!"#$�� 

Fig.8  Crack distribution (a), stress distribution (b), grain (c) and grain misorientation distribution (d) of SLMed 

Inconel 738 alloy on XZ plane 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 9  SLM�� Inconel 738��@
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Fig.9  Pole figure (PF), inverse pole figure (IPF) and orientation distribution function section figure (ODF) of SLMed Inconel 738 alloy: 
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 10  SLM�� Inconel 738��� XYE XZF$��G6; 

Fig.10  Mechanical properties of SLMed Inconel 738 alloy in XY 

and XZ orientations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


 11  SLM�� Inconel 738���#$HI µ�� 

Fig.11  Distribution of orientation factor (µ) of SLMed Inconel 

738 alloy: (a) XY plane and (b) XZ plane 
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Abstract: The crack formation mechanism, microstructure anisotropy and their effect on mechanical property of Inconel 738 alloy by 

selective laser melting (SLM) forming were investigated by SEM, EDS, EBSD, DSC, XRD and universal tensile testing machine. The 

results show that austenite γ in Inconel 738 alloy mainly precipitates γ

 

′ phase and TiC during SLM forming, where the solidification 

process is L→γ

 

→γ

 

+TiC→γ

 

+γ

 

′+TiC. The low melting point γ

 

+γ

 

′ eutectic structure liquefies due to reheat to form crack source, and 

microcracks are formed under residual tensile stress. Meanwhile, the residual stress around the microcrack distributes uniformly, and the 

grain misorientation near the initiation of microcrack is higher than that without microcrack zone. In addition, the direction of microcrack 

on XY plane is perpendicular to the direction of laser scanning, and the direction of microcrack on XZ plane is parallel to Z axis. The 

preferred orientation of Inconel 738 alloy formed by SLM is related to the maximum temperature gradient. The mechanical properties of 

SLM formed specimens along XY and XZ directions are higher than those of precision casting specimens, and the strength in XZ direction 

is higher than that in XY direction, while the elongation in XZ direction is lower than that in XY direction. 

Key words: selective laser melting; Inconel 738 alloy; crack forming mechanism; anisotropy; mechanical property 
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