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Table 1  Chemical composition of Hastelloy X powder (ω/%) 

Fe Cr Co Mo W C Al Ni 

18.32 21.58 1.48 8.96 0.60 0.085 0.036 Bal. 
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Table 2  Process parameters of laser selective melting molding 

Parameter Value 

Laser power/ W 200 

Scanning speed/mm·s
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Scanning spacing/mm 0.06 

Layer thickness/µm 50 
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 1  Hastelloy X�������� 

Fig.1  Thermophysical parameters of Hastelloy X alloy: (a) density, (b) thermal conductivity, (c) enthalpy, and (d) specific heat 

 

 

 

 

 

 

 

 

 

 

 

 

 2  SLM��������� 

Fig.2  Three-dimensional finite element model of SLM forming 

 

 

 

 

 

 

 

 

 

 

 

 3  ��� !"#$%& 

Fig.3  Temperature curves of different probe positions 
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" 4  SLM#$%&'() 

Fig.4  Thermophysical atmosphere of SLM reaction 
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Fig.5  Cross section (a, b) and vertical section (c, d) microstructures of SLM formed Hastelloy X alloy 

a 

b 

c 

d 

200 µm 

50 µm 

20 µm 

100 µm 



!1308!                                          0��123456                                           � 507 

ß�I�	¨�	ª�àá�âãhu�
ÅÇ��

äåÐ)DE1bæçT�è+��éÚ+�)êë

ìí)�W1º®î�UV
��ï	� 80~120 µm)

ð	� 50~70 µm)K�Ó��½E1ñ�de
ÕÖ

8�IKLM^_�)ò+*����ó+*���

+*�	�	)bc���ô«¬deõö¶��


bc��çTÍ÷)KPÝ�óÙÚÓ�ZÝ�òÙ

ÚÓDø÷ù,��
 

 5úx SLM*+ Hastelloy X�,KÅ/ÆÇ�

û½E1³üýk¾¿ÂÃÄ
³üý�+*8�I

K SLM23þ��)QR\UVW{B|),�{B

��*��ò©�«¬)� 3.1 �#(��=� 3.02

-10

6

 ./s
�	�	��±)����¢�+*��

���	)�����u+*� 

a

L T

m

k

∆

=

ξ

µ

                           �14� 

��

d

dT

=

σ

ξ ������	�L ���Ì�°	�

∆T��	�	�µ�@��	�k�h�	
�
 

�����uf±����ö��Í)���¯

��@�����Plateau-Rayleigh ��Í�
�,�

{BK=��P©�«¬)���¯Ú��)Y*1<

7�âãhu�)+*1³üý
º»¾¿�+*8�

Iö¶,�{B����Í�)����	<=)�@

Ío�)KLMÓÔ45�)�I�=����	�G

45��� )+*º»¾¿)�! ¯"#K=��

�±²P$½)%ßW����b�)��³¾½E
 

���@�&�Ð�mn�*+��!¥)�ö

³üýk¾¿ÂÃÄ����	'�í(�)

%

!Ïº�u*�)o����ö�	)p»âãhu

�f�+2ÃÄ'Ú��UV
 

�����	
���

 6� SLM*+ Hastelloy X�,��,Í�


ÅÇ��-.î	k/0î	�1°2¶3� 742.00 

MPak332.83 MPa� 33%�ÆÇ��-.î	k/0

î	�1°2¶3� 680.17 MPak314.50 MPa� 41%


ÅÇ�4ÆÇ��-.î	�/0î	5[1 9%�

6%)6�.1Í�Ö7IÆËÇ�)�88Í9IÆ

ËÇ�)DE=î	�8Í�Ì�)úÞ SLM *+

Hastelloy X�,��,Í�;'XË:Í
� 3.2�

³´ÈÉ#()ÆÇ����ÎÏÐ)ÅÇ����

äåÐ
b4ÆÇ�)ÅÇ���éÔÓí;)êë

'<)çTÍ÷)=®µÈÉº»�W1º®î��

UV)®¢>?5	�IÆÇ�
��)�ÎÏ@Ð

��b4)äåÐ��K.1�#.1�AB)�

W1-.1�UV)6�Í�D7
 

� 3� SLM*+�CY 2DEFP�,�.1Í

�
SLM EFP Hastelloy X �,�-.î	O�I

CYEF)Å/ÆÇ��-.î	¶3�W1CY�

97%� 89%����CYb4)SLMEF�ÅÇ�/

0î	�W1CY� 99%)ÆÇ�/0î	�W1C

Y� 94%
G� SLM *+�þ�8ÍÖ�ICYE

F)Å/ÆÇ�1°2¶3�W1CY� 70%� 87%


ÕÖHII SLM*+=���ÌÍ)K��«¬�½

E¾ ÃÄ���)JI�iKCLM8Íª+ÕÖ

8�I®µ>?��)� SLM EFPJ'âãhu

�)��N¢fI�����K.145�±�Oü)

G�N¢KP±QRP*�½Eüý���ST

[18]

)

®¢rs>?
 

UVW�EØ&ØXYZHB5497-1992 GH536�

,h[�C2\}]�^�P.1Í��Ö_)-.

î	��I 690 MPa)/0î	��I 275 MPa)1

°2��I 30%
SLM*`�ÅËÇ�.1Í�ab

XYc_)¹ÆËÇ��-.î	�abXYc_
 

 

 

 

 

 

 

 

 

 

 

 

" 6  SLM�� Hastelloy X���89�� 

Fig.6  Tensile properties of SLM formed Hastelloy X alloy: (a) tensile strength, (b) yield strength, and (c) elongation 
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Table 3  Tensile properties of Hastelloy X alloy formed by SLM and forging 

Forming process Temperature/: Tensile strength/MPa Yield strength/MPa Elongation/% 

SLM (vertical section) 25 742.00 332.83 33 

SLM (cross section) 25 680.17 314.50 41 

Forging

[19]

 25 765.00 335.00 47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

" 7  Hastelloy X��89;<�= 

Fig.7  Fracture morphologies of Hastelloy X alloy 

after tensile test 
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Finite Element Simulation and Anisotropy of Microstructure and Properties 

for Selective Laser Melting Formed Hastelloy X Alloy 

 

Zong Xuewen, Zhang Jian, Liu Wenjie 

(Institute of Additive Manufacturing Technology, College of Mechanical Engineering, Xi’an University of Science 

and Technology, Xi’an 710054, China) 

 

Abstract: Based on the forming principle of Hastelloy X alloy prepared by selective laser melting (SLM), the DLUX subroutine was 

written in Fortran language to load Gaussian light source, and finite element analysis software ABAQUS was used to numerically simulate 

the transient temperature field and cooling rate of finite element model, and the analysis results were verified by experiments. The heat 

transfer, melting, liquid metal flow and solidification process of powder particles and Gaussian light source during forming were studied. 

The results show that the microstructure of Hastelloy X alloy presents equiaxed crystal with fish scales in vertical section and feathery 

columnar crystal in cross section. SLM forming produces a large temperature gradient, which is a non-equilibrium dynamic process with 

high cooling rate. The average cooling rate is 3.02×10

6

 ºC/s. Under the effects of high cooling rate and fine grain strengthening, the tensile 

strength of vertical and cross sections reach 97% and 89% of that of forging, the yield strength reach 99% and 94% of that of forging product, 

respectively. The vertical section shows high strength-plastic matching performance, meeting the requirements of industry standards. 

Key words: selective laser melting; forging; Hastelloy X alloy; microstructure; mechanical properties 
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