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Effect of Arc Trajectory on Microstructure and Properties of Inconel 625 Alloy
Thick-Wall Parts by CMT Arc Additive Manufacturing
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Abstract: The thick-wall parts of Inconel 625 alloy were prepared by additive manufacturing technique using
cold metal transition (CMT) arc as heat source. The microstructure and properties of the parts under oscillating and
two-pass multi-layer arc trajectories were comparatively studied. The results show that spatter appeared during the
additive manufacturing with oscillating arc trajectory, and the surface of the thick-wall parts was rough; no obvious
spatter appeared during additive manufacturing with two-pass multi-layer arc trajectory, and the surface was
smooth. The growth mode of dendritic crystals in the thick-wall parts was epitaxial growth, and there were
secondary and tertiary dendrites in the dendritic crystals; the dendrite spacing under oscillating arc trajectory was
smaller than that under two-pass multi-layer arc trajectory. The average tensile strength of the thick-wall parts
under two-pass multi-layer arc trajectory was higher than that under oscillating arc trajectory. The anisotropy
percentages of the tensile strength of thick-wall parts under oscillating and two-pass multi-layer arc trajectory were

very small, which were 4% and 4.5% ,respectively. The fracture type of thick-wall parts was ductile fracture.
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Table 1 Chemical composition of 316L stainless steel

substrate (mass) %

Mn Mo Cr Ni P S Si C Fe

1.73 2.7 17.0 13.0 <<0.045 <<0.03 <<1.0 <<0.03 &%

%X 2 Inconel 625 SR UZERSY (REFTE)
Table 2 Chemical composition of Inconel 625 alloy

wire (mass) 0

Ni Cr Mo Nb Al Fe Ti C Ni

64.24 22.65 8.73 3.53 0.16 0.32 0.2 <0.03 4
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Fig.1 Diagram of oscillating (a) and two-pass multi-layer (b) arc trajectories during CMT arc additive manufacturing process

18



ML EH

MATERIALS FOR MECHANICAL ENGINEERING —

HE.F . wIRSIE 3t CMT & JK 38 44 4) # Inconel 625

SEREMBRE WG YA

BN I, 26 22 M 6.5 memin |, A5 2 T E N
8 mmes ' CPHHL N 139 AEBHLE R 17.8 V,
2 el S A A5 2R BE 2R R 1 ROSE 3 o
160 mm X 14 mm X85 mm,

T I BT OO AR ) IR A AH R L 28 T B L 4
I EAKJE Bl L % VHX-5000 8956 2 W 3068
WELLH 41, 4% M GB/T 13329 — 2006, #5315 T T
FRUJ5 1) 55 P47 F U0 R Oy 1) 2R FH 26 U0 80 25 Tz
RFE 2 B VR I B U AP AT R A R — v &
BOF AT 43 0 R 3 AN A A aRE Y JRORE 47 B 5 R
WE 2 Frs, 165 AG-25TA BT et BBk 51 AL
AT E PR, B E Y 2 mm e min ',
K 45 5 R J§ TESCAN VEGA3 %I 49 % w1 55
(SEM) WL I B 5L

W______

S Z

B2 ffiERECES R
Fig. 2 Sampling location and size of tensile sample
2 ABWHERSWE
2.1 EFEMERE
HIIE 3 Al LAFE i« 6 42 20 A 900 308 3 1 o] 5
AR BT R R X R O TR AR A 2

(a) EFN I
3 BHEmESERIMNITIEMEEEZGHHENRR

Fig.3 Macromorphology of additive manufactured thick-wall parts with oscillating (a) and two-pass multi-layer (b) arc trajectories
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Fig.4 Cross section morphology of additive manufactured thick-wall parts with oscillating (a—b) and two-pass multi-layer
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(c—d) arc trajectories: (a, c) at low magnification and (b, d) at high magnification
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Table 3 Tensile properties of additive manufactured thick-
wall parts with oscillating and two-pass multi-layer

arc trajectories
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Fig.5 Load-displacement curves of additive manufactured thick-wall parts with oscillating (a) and two-pass multi-layer (b)

arc trajectories during tensile
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Fig.6 SEM morphology of tensile fracture of additive manufactured thick-wall parts with oscillating (a—b) and two-pass multi-layer

(¢c—d) arc trajectories: (a, c¢) parallel samples and (b, d) vertical samples
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