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Table 1 Process parameters of LSR

Parameter Value
Laser power/W 160
Peak Power/kW 1.6
Scanning speed/mm-s™ 8
Pulse duration/ms 5
Frequency/Hz 20
Power density/W-mm™ 204
Linear energy density/J-mm™ 20
Defocusing amount/mm 0
Beam diameter/mm 1
Overlap/% 50
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Fig.1 Engineering stress-engineering strain curves of AC sample and
AC-LSR sample (the illustration shows LSR process of AC-
LSR sample and the preparation of the tensile sample, and the
optical micrograph shows the morphological differences

between the laser remelted layer and the substrate)
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Fig.2 Schematic diagram of linear sliding friction and wear testing

machine used in the experiment
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Table 2 Parameters of sliding wear test
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Parameter Value
Table 3 Mechanical properties of AC sample and AC-LSR sample
Normal load/N 5,10
) Tensile .
Displacement amplitude/um 2500 Sample Yield strength/ strength/ Elongation/
0,
Frequency of experiment/Hz 2 MPa MPa &
Cycle 5000 AC 8268 93149 16.4+0.2
Test temperature/°C 23
Ambient humidity/% 45-55 AC-LSR 879+6 1035+11 12.4+0.2
0
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g 2
]
<
= 300} >
g
8=
S 400}
8 4%
a
500¢ Substrate
5m
600} \
6m
400 380 360 340 320 300
Hardness/HV

P13 AC-LSR 0 A 1] S Aol P e L 23

Fig.3 Microhardness and microstructures of cross-section of AC-LSR sample
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Fig.4 Band contrast images (a, b) and all-Euler-angle images (d, e) of substrate (a, d) and laser remelted layer (b, e) of the cross-sectional AC-

LSR sample; statistical histogram of martensitic strip width in laser remelted layer (c), and the misorientation from A to B marked in

Fig.4e (f)
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Fig.5 TEM images of laser remelted layer of AC-LSR sample: (a) the {1011} twin bands in CLM, (b) part of lath martensite kink, and (c) the

{1011} twin bands and adjacent FLM located in CLM
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Fig.6 SEM images of the fibrous zone (a, ¢) and the shear lip zone (b, d) on tensile fracture surface of AC sample (a, b) and AC-LSR sample (c, d)
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Fig.7 TEM images of CLM in surface remelting zone of AC-LSR sample: (a) dislocation generated in CLM and its movement to twin and grain

boundaries and (b) dislocation entangles within CLM and the formation of severe congestion at the twin boundary
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Fig.8 TEM images of primary « grain and second « lath in fibrous zone of AC-LSR sample after tensile fracture: (a) dislocation generated in the

primary « grain and piles up in grain boundaries and (b) dislocation lines distributed in the second a lath
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Fig.9 Comparison of wear volume between AC sample and AC-LSR

sample under different loads
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Fig.10 Two-dimensional profiles of wear tracks of AC sample and
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Fig.11 SEM images of the middle of wear tracks of AC sample (a) and AC-LSR (b) sample under the load of 5 N
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Effect of Laser Surface Remelting on Mechanical and Tribological Properties of TC4
Alloy with Bimodal Microstructure

Sun Lei', Yang Pengfei', Sun Qi’, Yang Zhiyuan’, Zhao Yuan', Gao Ying', Zhang Jiazhen"*
(1. College of Engineering, Zhejiang Normal University, Jinhua 321004, China)
(2. Key Laboratory of Advanced Technologies of Materials (Ministry of Education), School of Materials Science and Engineering, Southwest
Jiaotong University, Chengdu 610036, China)
(3. Sinoma Advanced Nitride Ceramics Co., Ltd, Zibo 255000, China)
(4. COMAC Beijing Aircraft Technology Research Institute, Beijing 102200, China)

Abstract: TC4 alloy is one of the most widely used aviation materials. Laser surface remelting (LSR) technique can effectively improve the
mechanical properties of TC4 alloy, but the strengthening mechanism of LSR on the mechanical properties of TC4 alloy with bimodal
microstructure is still unclear. In this study, LSR treatment was conducted on the front and back of TC4 samples, and then the mechanical
properties and tribological properties were tested. Systematic characterization was performed by TEM, EBSD, SEM, and other instruments. The
synergistic strengthening mechanism between layered heterogeneous structure and bimodal microstructure was discussed. The results show that
the remelted layer is composed of coarse lath martensite (CLM), fine lath martensite (FLM) with scattered orientations, and partially parallel
{1011} < 1012 > compression twins. When the remelted layer undergoes plastic deformation, dislocations are activated, tangled, and piled-up in
CLM. FLM and twins wrapped around CLM hinder the transfer of dislocation slip at the interface, resulting in a significant increase in the yield
strength of TC4 alloy with bimodal microstructure to (879+6) MPa, an increase in tensile strength to (10354+11) MPa, and a reduction in number
of the fatigue cracks during wear testing.

Key words: TC4 alloy; laser surface remelting; heterogeneous structure; mechanical properties; tribological properties
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