64 % 2 B RFFROERFFR) Vol. 64 No. 2
20254F 3 H Journal of Xiamen University (Natural Science) Mar. 2025

doi:10. 6043/j. issn. 0438-0479. 202409005

IN718 N ELEE I HMERN I ESHENLE
HLAMERE S #A

ERE, EHRE L E OB LB, K F
QL JBITRZMIZS LR 2B AR JETT 361102;2. 1B R2EHLE ) A shib2be . Mgt 2] 361021

HWE . [EH] WG f—boRHR 2R T 20 AW A2 G 2 i T Sk, L B IS T 36 T B s 35
S I) 8, X} 5 o 4 S 45 K- RE — IR A O B b il i B AR AT 9. [ i ] SRATELAR 0. 4 mm ) IN718 B35 444,
XF 304 NG HEAT T BOM RO B E MU BUE & R AR Z R MR T 26 O F T ESE0HEE 2 Y
ST RO SZ M ELAE , AT AS IR0 T A2 T 32URR 18 22 W ZH SRR AE T S AR i 3. A5 B e T A 454 L85 3R ] 900 W 6T
.1 600 mm/min FHHFHE 9. 5 m/min (35 22 R 30 Vo HEHR T L4 N8 w395 Pty R, S 4
2k 2 R B R TS i 2 RO G R0 B R ST JEIH 2 52 0. 8] s 28 mT A SR TE PR A4 A2, il ) o 7 )
RO 2, B S XA IR B2 2R 330 HV, IR RESE AR X (R S0 B2 249 220 HV, 3ERE 52 58 7 1) SF- 20 1 2 v - 3k
M BE A XIRECH R TO I BRI A 5 ILEA. (45181 WFoE 45 A B T HEshio a0 22 38 b4 i i 5ot b 2 26 il g %
P& B 1L .

SR BRI O 206 INT18 S A 4 s o M B ITURR ; 5 falchat

FEDHES . TG 665 M EkFRAERD: A XERS :0138-0479(2025)02-0286-11

Process parameter optimization and microstructure performance
analysis of 304 shafts repaired by IN718 with laser wire feeding

WU Junbo', WANG Zhenzhong'* ,1.I Yi', LIU Chaofan' ,CHEN Feng”

(1. School of Aerospace Engineering, Xiamen University, Xiamen 361100, China; 2. College of Mechanical
Engineering and Automation, Huaqiao University, Xiamen 361021, China)

Abstract : [Objective] To solve the problem that the traditional single material system and manufacturing process are difficult to
meet the reliability of the repaired shaft parts,and the typical internal defects of the repaired workpiece, herein we investigate the
structure-function integration of heterogeneous metals, laser additive manufacturing technology. [ Methods] In this paper, IN718
nickel-based alloy wire with 0. 4 mm diameter was used to explore the repair process of 304 stainless steel shaft with heterogeneous
materials by laser direct melting deposition. Then, the forming size of the cladding layer influenced by process parameters under the
process window was investigated through single factor experimental design. Next, the macro-structure characteristics and micro-
hardness distribution of samples under different process parameters and paths were analyzed. Finally, the optimal process conditions
were obtained. [Results] Results indicate that, when the laser power is 900 W, the scanning speed is 1 600 mm/min, the wire feeding
rate is 9. 5 m/min,and the bonding rate equals 30%. The cladding roughness and the uniformity reach the maximum level. Under the
process window, scanning speed and wire feed speed significantly affect the forming size, but laser power exert little effect on the

forming size. When circumferential cladding is used for repair, the repaired area can be achieved without any splicing marks, while the
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axial cladding secures a less satisfactory effect. The average hardness of the repaired area of the sample is approximately 330 HV,

while the average hardness of the matrix area is approximately 220 HV. The average hardness of the repaired part of the sample

exceeds that of the matrix. Finally, the bonding area is dense and no obvious defects of non-fusion and porosity in the cladding exist.

[ Conclusions] Hopefully, the proposed research can help promote the application of wire and laser additive manufacturing in the field

of heterogeneous material additive for the repair of curved parts such as axes.

Keywords: heterogeneous material additive; laser wire feeding repair; IN718 nickel-based alloy; directed energy deposition; microhardness
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Tab.1 Chemical composition of alloy wire and substrate
B C Mo Ni Fe Al Ti Nb Si Mn
IN718 0. 04 2.92 Bal. 14. 18 18. 16 0. 48 1. 04 5.02 0. 30 0. 20
304 0.07 — 8. 50 Bal. 19. 32 — — — 2.00 2.00
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Fig. 2 Laser deposition repair
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Fig. 1 Experimental equipment of double Z-axis and five-axis wire feeding for additive and subtractive manufacturing
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Fig. 3 Section parameters of lap ratio
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Fig. 5 Surface and cross section morphology and size variation of cladding layer with different laser power
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Fig. 6 Surface and cross section morphology and size variation of cladding layer with different scanning speeds
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Fig. 8 Surface morphology of cladding layers in lap rate test
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Fig. 9 Section morphology of cladding layers in lap rate test
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Fig. 10 Flatness and structural uniformity parameters of cladding layer under different bonding rate
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different deposition directions
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Fig. 12 Macro cross-section of cladding repair by different deposition directions
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Fig. 16 Microhardness distribution in the interfacial region of
IN718 laser cladding
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