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() B I R, B TIE AR 5 SRR A% . 18] 6(c) Fim
X ULTE ) R AL XA TT R T 45 L, Ni Fll Ti TR
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Fe e K e .
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Fe Cr 378 Cr 3.85
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& 10} Mn 0.28 g 10} Mn 0.28
Cr Al 0.19 Cr Al 0.18
5k 'Ni 5F Ni
i ALY T Covn NN AL T NN
0 1 2 3 4 5 6 7 8 9 10 0 L 2 3 4 5 6 7 8 9 10
keV keV
2( boint 3 Ti - wt% 18 [ Point 4 ) wt%
20 Ti 72.95 or Ti Fe 39.85
" Fe 12.04 14+ Ti 38.84
Al 11.25 12} Al 9.92
350 Ni 1.90 % 10p Al Ni 7.43
2T Mo 0.86 = Cr 228
a, 1 a 8t
o 10+ Cr 0.76 3} TlFe Fe Mo 1.55
Mn 0.23 6rcr Mn 0.14
SHE Ti i Tic
Ri Mo 1| wifFeni Al L) M FeNini
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
keV keV
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&5 X FERY EDS T A A 445 R

= a -
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() Ni 1 Ti (AT
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(=1-0518)

(—1%=1 ())‘ .

) 0 nr ; i Zone = [;1 11]

(b) CMT £f (d) FEARFOBT AR B AERE bR 2
Ko AFEEM ) TEM JES
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PAAM T4 TR K B [H] CRASAE o IR PR, 3844 i 38 i)
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T4 S, — 7 TR AR AR 2 g dk, S —
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XFF CMT K Sl 3 R o A R ) sE sy 2), A
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www.kjdb.org

Z0

Z0
4.41

Z0
YO ’YO
{100} {110}

(a) PAAM H i 5 FR AR A

20 17.93

YO

Z0
‘YO
{110}

(b) PAAM Ff i B EG{ARAH

1100}

Z0

YO YO0

Z0
'YO
100} {110}

(¢) CMT FE & B AR A
Z0 70
{

‘YO‘YO
110} (111}

{ {111}

43.82

YO

|
|
:
|

{100}
(d) CMT #: i Hh B R AAAH

K8 Hanrti Al
R it R D R 0 B G A AH 1 e UK 3 B2 i) Ay
11.27 1 48.32, ZUF i JBE Sz WA il o o 14 9 1 B

0

7

97


http://www.kjdb.org

FHESHR 2026,44(7) .

o) 2, JREDHOR, PROCH B . i TRUB e AR ITA TEA/ NG AR T B A AL, LA
Hh S 225 A B TR A S A B TR T AR IAIE SR R AT I S 2 | AR R AR R TTTE
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Effect of dissimilar wire arc additive manufacturing processes on the
microstructure and mechanical properties of maraging steel

WANG Guan', ZHOU Qi", GUO Shun", XU Jungiang', WANG Kehong', WANG Zhen’, CHEN Wei'

1. School of Materials Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China
2. School of Mechanical Engineering, Southeast University, Nanjing 211189, China

Abstract
different wire arc additive manufacturing (WAAM) processes, maraging steel components were fabricated using plasma arc additive

To investigate the formation mechanism for differences in microstructure and properties of components fabricated via

manufacturing (PAAM) and cold metal transfer (CMT)—based additive manufacturing. Their microstructures and mechanical properties
were then systematically characterized and compared. The continuous and intense impingement of the plasma arc on the molten pool
produced significantly finer grains, with an average grain size of 3.51 pm, whereas the average grain size of CMT—fabricated components
was 9.84 um. Additionally, the higher heat input and lower cooling rate during the PAAM process facilitated precipitation of a greater
number of reinforcing phases within the matrix. Under the synergistic effect grain refinement strengthening and second—phase
strengthening, PAAM components demonstrated superior mechanical properties: specifically, the tensile strengths in the horizontal and
vertical directions were 1367.7 MPa and 1360.3 MPa, accompanied by elongations of 15.2% and 14.4%, respectively. In contrast, the
CMT—fabricated samples exhibited tensile strengths of 1149.1 MPa (horizontal) and 1063.4 MPa (vertical), with corresponding
elongations of 20.1% and 17.8%. Notably, while CMT—fabricated components displayed significant mechanical anisotropy, PAAM
components exhibited a tendency toward mechanical isotropy. This phenomenon is attributed to two key factors: first, the extremely high
heat input of PAAM ensured more adequate interlayer fusion; second, the recovery and recrystallization processes induced by the
prolonged high—temperature state mitigated the preferred orientation of the microstructure, consequently alleviating mechanical
anisotropy.

Keywords wire arc additive manufacturing; maraging steel; microstructural evolution; mechanical properties; strengthening

mechanism

(BTG BKR)

102 www.kjdb.org


https://doi.org/10.11896/j.issn.1005-023X.2017.014.021
https://doi.org/10.1016/j.msea.2024.147201
https://doi.org/10.1016/j.jmrt.2025.06.198
https://doi.org/10.1016/j.jmrt.2025.06.198
https://doi.org/10.11900/0412.1961.2020.00104
https://doi.org/10.1016/j.matchar.2025.115291
https://doi.org/10.1016/j.matchar.2025.115291
https://doi.org/10.1016/j.matchar.2025.115291
http://www.kjdb.org

	1 材料和方法
	1.1 材料和成形工艺
	1.2 组织性能表征方法

	2 试验结果
	2.1 相组成
	2.2 显微结构
	2.3 力学性能
	2.3.1 拉伸性能
	2.3.2 显微硬度


	3 分析与讨论
	3.1 增材工艺对组织演化的影响
	3.2 强化机制对材料性能的贡献

	4 结论
	参考文献

