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Fig. 1 Schematic diagram of laser deposition repair under

induction heating
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Table 1 Chemical composition of TA15 titanium alloy (mass fraction, %)

H o N C Si

Al Zr Mo A% Ti

0.005 0.11 0.014 0.012 0.033

6.53 1.78 1.53 1.47 Bal.
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Table 2 Process parameters of laser deposition repair experiment

Scanning mode

Laser powder/W  Scanning velocity/(mm-s ")

Preheating temperature/C Deposition size/mm

Single-track six layers 2000 7
Single-track six layers 2000 7
Single-track six layers 2000 7
Single-track six layers 2000 7
Multi-track seven layers 1700 7
Multi-track seven layers 1700 7
Multi-track seven layers 1700 7

Without preheating 20
200 20
400 20
600 20

Without preheating 20X20
200 20X 20
300 20X 20
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Fig. 2 Single-track deposition morphologies of samples at different preheating temperatures: (a) Substrate without preheating; (b)

Substrate with preheating at 200 “C; (c¢) Substrate with preheating at 400 °C; (d) Substrate with preheating at 600 C
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Fig. 3 Multi-track deposition morphologies of
samples at different preheating temperatures:
(a) Substrate without preheating; (b) Substrate
with preheating at 200 °C; (c) Substrate with

preheating at 300 C
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Table 3 Cladding width and cladding height of single layer and six layers

Preheating temperature/C Scanning mode Cladding width/mm Cladding height/mm
Single-track single layer 2.93 0.57
Without preheating
Single-track six layers 4.18 2.85
Single-track single layer 2.82 0.55
200 Single-track six layers 4.44 2.87
Single-track single layer 3.32 0.57
400 Single-track six layers 4.74 2.89
Single-track single layer 3.46 0.60
600 Single-track six layers 4.98 3.01
x4 ZHELEMEEE S
Table 4 Cladding width and cladding height of multi-track seven layers
Preheating temperature/C Scanning mode Cladding width/mm Cladding height/mm
Without preheating Multi-track seven layers 20.2 12.6
200 Multi-track seven layers 20.4 13.2
300 Multi-track seven layers 20.3 12.7
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Fig. 4 OM images of laser deposition repair TA15 titanium
alloy under substrate without preheating: (a) Macrostructure;

(b) Microstructure
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Fig. 5 OM images of laser deposition repair TA15 titanium alloy under substrate with preheating at 200 “C: (a) Macrostructure;

(b) Microstructure
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Fig. 6 OM images of laser deposition repair TA15 titanium alloy under substrate with preheating at 300 C: (a) Macrostructure;

(b) Microstructure
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Fig. 7 Microhardness curves of substrate with preheating at

temperatures
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Effects of preheating on morphology size and microstructure of
laser deposition repair TA1S titanium alloy

BIAN Hong-you', LEI Yang', LI Ying®, YANG Guang', QIN Lan-yun', WANG Wei'

(1. Shenyang Aerospace University, Key Laboratory of Fundamental Science for National Defence of Aeronautical
Digital Manufacturing Process, Shenyang 110136, China;
2. Welding Laboratory, AVIC Shenyang Liming Aero-Engine (Group) Corporation Ltd., Shenyang 110043, China)

Abstract: Laser deposition repair (LDR) experiments under substrate with preheating were completed assisted by
induction heating equipment. The morphology sizes and microstructures of LDR TA1S5 titanium alloy with different
preheating temperatures were characterized, and the microhardness of the deposition layers was tested. The results show
that after the substrate is preheated, the deposition layer surface is smoother, cladding width and cladding height are
increased. With increasing preheating temperature, macrostructure of the columnar crystal is thicker and shorter at the
bottom, the amount of dendritic crystal at the top is reduced, microstructure of lamella a becomes thicker, furthermore,
the microhardness is slightly reduced. The substrate with preheating can obviously improve the deposition layer quality.

Key words: TA15 titanium alloy; laser deposition repair; preheating; morphology size; microstructure; microhardness
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