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ABSTRACT: The paper aims to study microstructure and tensile property of GH4169 superalloy single run and multi-layer thin
walled samples formed by cold metal transfer wire arc additive manufacturing (CMT-WAAM). Thin-walled samples of GH4169
superalloy were formed by the system of cold metal transfer wire arc additive manufacturing. The microstructure evolution and
mechanical properties of the thin-walled samples were analyzed. The influences of the anisotropy of columnar crystal structure
and homogenization on the mechanical properties of the alloy were discussed. The microstructures of the formed samples were
mainly y phase, Laves phase and eutectic (y + Laves) phase, and the sample had [100] preferred orientation along the deposition

direction. With the increase of the number of deposition layers, the dendritic structure became thicker and thicker, the spacing
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between dendrites and the two dendrite arm were getting smaller and smaller, and the orientation characteristics of Laves phase

became more and more obvious. The maximum dendrite arm spacing increased from 13.76 um in the bottom region to 23.27 pm

in the top region. The tensile strength of the specimen along the columnar crystal growth was the largest, it was about 774 MPa;

the tensile strength along the arc direction gradually decreased with the increase of the number of sedimentary layers, and the

elongation at post increased gradually, and the maximum tensile strength was about 763 MPa. After solid solution + aging at

1170 °C, the coarse columnar crystals were broken into small columnar crystals. The uniformity of the microstructure was im-

proved, the maximum tensile strength in the deposition direction was 1222 MPa, and the maximum tensile strength in the hori-

zontal direction was 1085 MPa. The microstructural characteristics of GH4169 alloy formed by CMT are basically the same as

the samples formed by the laser. The tensile strength of GH4169 alloy formed by CMT before and after heat treatment are lower

than that of the samples by laser solid forming, but the elongation is higher.
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<035 <0.015  50.0 2.80 4.75 17.0

BURE T 2R T — 51 B o R 22 2 TR A
HEAE o BB AP IR AR AR 22 SRR 1, 7R PR Y



EERE I ]

FEERLEE . CMT LIRS AL il i GH4169 & 4 A9 4

i fE 91

Fefih b, BOE R 22 B (ver=3.6 m/min ) FIARFE L

(v=0.3 m/min ), KA CMT EHLHAE—okIhfgik
FE Y BT 280, IR 1,=210 A, HHHE
Lsewait=80 A, J5 B HLFEAFEEIT 0] #,=4.2 ms, K5 F&HL T
TR veurrenterise rae=500 A/ms, 5 H LI R R
Vcurrent-drop rate=300 A/ms, 2 Edil gﬁ’%{)ﬁ I;2=60 A, = Edil éﬁlﬂ
TRRFEERT ] fan-current down=1.4 ms o BIE 15 T HPARAG 1 )2
(]2 T R 2.1 mm, & B HIE 1258 60 s,

Bl la s Al me O R, B 1b 45 1 T hrfdik
FERJERERL &, SPAT AR AR KT bR i
SD ( Solidification direction ) {FE ., Fii i FEL 41
0T R S R R i AR, R B B 8
mm, JFFNEEAEHR 6 mm, FPATEEAEN 3 mm, K
F‘F%J 20 mm, PLAFFTX R TES 2 200090048,

PEAT R L . BT R A B S 0 WDW-
E200D BJ7 ReAFEHATRHL, HrfE# A 1 mm/min.

3 As-depositied 3 SSIDA-heat treated

D | | Top1 i
P [t 5P | || [ idatets | :
|| Middiel2 | | Middlel2 |
| _Bottoml | [ Bottoml | :
! i

b Sampling location

Bl 1 CMT g diliE GHA169 A 4 ilhE
Fig.1 GH4169 superalloy specimen fabricated by CMT-arc
additive manufacturing
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Fig.2 Microstructure of GH4169 superalloy specimens fabricated by CMT-arc additive manufacturing
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Fig.3 XRD spectrum along the deposition direction of
GH4169 alloy fabricated by CMT-arc additive manufacturing
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Fig.5 Microstructure of GH4169 superalloy specimen fabricated by CMT-arc additive manufacturing
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Fig.7 Microstructure of GH4169 forming sample by CMT additive manufacturing after solution treatment
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Fig.8 Stress-strain curves of GH4169 superalloy specimen formed by CMT-arc additive manufacturing
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Fig.9 Microstructure of tensile fracture surface of GH4169 specimen formed by CMT additive manufacturing

2 CMT GH4169

Tab.2 Tensile properties of GH4169 alloy produced by
different CMT-arc additive manufacturing
processes under room temperature
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