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Abstract

Laser Rapid Forming Process
Xi Mingzhe

Research on Tensile Properties of Inconel 718 Superalloy Fabricated by

Gao Shiyou

(College of Mechanical Engineering, Yanshan University . Qinhuangdao. Hebei 066004, China)

The tensile mechanical properties in three mutually perpendicular directions of Inconel 718 superalloy
sample fabricated by laser rapid forming (LRF) are studied. The influences of heat treatment on both the

solidification microstructures of and the tensile mechanical properties in three mutually perpendicular directions of

Inconel 718 superalloy sample are investigated. It is shown that the tensile mechanical properties of all test specimens
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are clearly inferior to that of wrought Inconel 718 superalloy. After being heat treated, the coarse columnar dendrites
substantially. The tensile properties of tested specimens whose tensile directions are parallel with the base plate reach

growing epitaxially along the deposition direction of as-deposited Inconel 718 superalloy change to the coarse and non-
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wrought Inconel 718 superalloy

uniform equiaxed grains due to recrystallization. With the dissolution of Laves phase and precipitation of a large
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number of strengthening phase ' and ¥, the tensile mechanical properties in three mutually directions increase

mechanical properties in the direction perpendicular to the base plate not meeting the tensile properties standard of
laser technique;
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the tensile properties standard of wrought Inconel 718 superalloy. There are also tested specimens whose tensil
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Table 1 Chemical composition of Inconel 718 powders (mass fraction, %)

Element Fe Cr Ti Al Mo Nb C Ni
Inconel 718 powder 18.4 19.7 1.04 0. 64 3.0 5.17 0.33 Bal.
AMS 16~20 17~21 0.65~1.15 0.1~0.8 2.8~3.3 4.75~5.5 0.08Max Bal.
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Fig. 1 Schematic of specimens for tensile tests cut

from the deposited material and scanning strategy
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Fig. 2 Microstructures of (a) y-z and (b) a-y sections referred to Fig. 1 of as-deposited samples and of (¢) y-z and

(d) a-y sections of heat treated samples
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Fig. 3 Laves phases in interdendritic regions of (a) y-z and (b) a-y sections of as-deposited sample; (c) acicular § phases
along the grain boundary of heat treated sample; (d) precipitation of gamma secondary and primary phases in the

region A marked in (c) after heat treatment

0303004-3



i

# ot

Laves FHE %4 2 (Laves 17 [& 7R B 1080 CHYH,
B A 4t R Nb, FR&ad B 4 21 (980 C L1 h/
238 AP (720 C,8 h/# ¥ % 620 C,8 h/
SEOKEARE o AL KGRAL A YA Y BB .

B 3] LA Y U $Ah BRS  0F & 5047 i i 1
ot B 3D NE 3G A Fr 4 X A & %
SEM &% . u] LA H FA40 PHS 76 25 Bl 71525 & dioks
BT KAk S A5 S ST RTE Ry SRR

2 2 Laves #1 EDS 43 #r
Table 2 EDS analysis of Laves phase

Element Al Ti Cr Fe Ni Nb Mo
Mass fraction /% 0.31 1. 34 13.32 12. 70 34. 81 28.88 8. 64
Atomic percentage /% 0.77 1. 84 16. 89 15. 00 39.09 20. 49 5.93
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Table 3 Tensile properties of LRFed Inconel 718 before and after heat treatment

Sample LRF LRF+ heat treatment

ou.2/MPa o,/ MPa 8/ % ov.»/MPa o,/ MPa /%

549.1 745.4 8.4 1344.9 1524.1 16.6

1 680. 6 869. 4 9.1 1098. 6 1240. 3 19.1

1101. 8 1175.6 13.4

803.0 1174, 7 15.3 1296. 2 1514.9 14.9

2 672.6 957.4 17.4 1168.5 1377.6 12.1
641.7 874.4 12.1

819.9 1093.9 14.1 1269. 6 1471. 2 12.6

3 838. 2 1059. 7 13.7 1321.2 1477. 3 13.4

841.7 1013. 8 8.5 1186.4 1360. 6 15.5

Wrought standard (Q/3B 548-1996) 1100.0 1340.0 12.0
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Fig.4 Microhardness comparison of as-deposited specimens and heat treated specimens of LRF Inconel 718 alloy

(a) along a horizontal line and (b) along a vertical line
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Fig. 5 Fractographs of LRF Inconel 718 supper alloy test specimens in different tensile directions indicated by number 1, 2,
and 3 in Fig. 1. (a) 1, (b) 2 and (c¢) 3 as-deposited tensile specimes (d) 1, (e) 2 and (c) 3 heat treated tensile

specimens
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