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Fig.1 Morphology of K465 powder
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Table 1 Composition of K465 powder (/%)

C Cr Al Mo Ti Nb W Co B Ni
0.17 8.73 540 1.44 2.48 1.12 10.01 9.91 0.005 Bal.

#2 LARIEZESH
Table 2 LAR parameters

Parameter Value
Laser power/W 600~1200
Scan speed/mm min 100~150
Spot diameter/mm 2~3
Powder feeding rate/g min™ 8~12
Preheating temperature/C 500~800
Increment of Z/mm 0.3~0.6
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Fig.2 OM images of LARed specimen: (a) cracks of single-track
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LARed structure and (b) characteristic of cracks at high

magnification
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Fig.3 Liquid film and crack in HAZ
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Fig.4 Typical phases in cast substrate (SZ)
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Fig.5 Curves of phase fraction vs temperature
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Fig.6 Characteristics of liquid film in HAZ: (a) ' particles in intragranular regions and at the grain boundary, (b) liquid film along grain

boundary, (c) liquid film migration, and (d) fine eutectic growing from the y’ particles around the liquid film border
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Fig.7 Stress distribution graph of the transverse section
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Fig.8 Schematic diagrams of synchronous preheating furnace:

(a) desktop furnace and (b) pit type furnace
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Fig.9 Characteristics of LARed specimen with single-track and multi-layers structure without cracking: (a) LARed specimen after DP-5

cracking detection, (b) morphology at bottom, (c) morphology at middle, and (d) morphology at top
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Research on the Cracking Control of Laser Additive Repaired K465 Superalloy

Li Qiuge®, Lin Xin', Wang Xinghua?, Zhang Qiang*, Huang Weidong*
(1. State Key Laboratory of Solidification Processing, Key Laboratory of Metal High Performance Additive Manufacturing and Innovative
Design, MIIT China, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Luoyang Ship Material Research Institute, Luoyang 471023, China)

Abstract: The damaged aeroengine turbine blades made of K465 nickel-based superalloy were repaired by a laser additive repairing
technique. Then the cracks characteristics and cracking mechanism of the laser additive repaired K465 superalloy were investigated. The
cracks were eliminated successfully by taking some effective measures. Results show that the cracks originate from the heat affected zone
of the laser additive repaired specimens, and extend to the repaired zone along the grain boundaries. The continuous liquid film is derived
from the liquation of larger y' particles at the grain boundaries and y-y' eutectics appear during grain boundary liquation. Stress field
simulation results of the Ansys software demonstrate the existence of large thermal stresses between the substrate and the molten pool.
Through preheating the substrates synchronously and adopting the optimized processing parameters, the laser additive repaired specimens
with the structure of single track and multi layers without any cracks are obtained.

Key words: laser additive repairing; K465 nickel-based superalloy; cracking mechanism; crack control
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