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Table 1 Chemical composition of LAM-TC4 alloy (%, mass fraction)

Element Al \Y Fe C Ti

Mass fraction 6.25 4.12 0.05 0.01 Bal.

7E LAM-TC4 gk& it b, H] DK7732 B2 D) FIHLSE YT H RSN 40mm> 12mm= 1.8 mm IR
AR, HIUAT RS 1 R RBCRFEKIKH 400420004 RS AT T AT B, JEASEE
Ja ORRCIRRE AT 6 75 T e, PRUE AR I LRI - SRA) YS80-R200B R0t i s b 1%
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X3 AR LSP X, JGBEEAE 3 mm, WOLRESR 7), REE%FE 4.95 GW/em?, K 1064 nm,

JK 58 20 ns, FEFEER 50%, LIRIEN LB TR, WHORYZ BT, whdiikE 1 K. £ LSP
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Fig. 2 Dimension of tensile sample (mm)
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Fig. 4 OM microstructure morphology of LAM-TC4 titanium alloy before and after LSP.
(a) Before LSP; (b) After LSP
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Fig. 5 TEM microstructure morphology of LAM-TC4 titanium alloy before and after LSP.

(a) Before LSP; (b-f) After LSP
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Fig. 6 XRD patterns of LAM-TC4 titanium alloy before and after LSP. (a)30°~90°;(b)34°~42°
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Fig. 7 Residual stress in LAM-TC4 titanium alloy with different layer depths before and after LSP
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Fig. 8 Microhardness distribution in the direction of layer depth of LAM-TC4 titanium alloy before and after LSP
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Fig. 10 Tensile fracture morphology of LAM-TC4 titanium alloy before and after LSP. (a) Surface fracture
morphology of the sample before LSP; (b) Heart fracture morphology of the sample before LSP; (c) Surface
fracture morphology of the sample after LSP; (d) Heart fracture morphology of the sample after LSP
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Abstract

Objective TC4 titanium alloy is widely used in the aerospace industry due to its high specific
strength, good heat and corrosion resistance. Laser additive manufacturing has the advantages of
digital, design and manufacturing integration, which can greatly improve the utilization rate of
raw materials and is particularly suitable for manufacturing titanium alloy structural parts, it has
become one of the core technologies to enhance the design and manufacturing capability of
high-performance complex components. However, during laser additive manufacturing of titanium
alloys, there can be large temperature gradients between the melt pool and the substrate, resulting
in poor comprehensive mechanical properties of the formed parts. Therefore, it is very important
to find a suitable method to improve its comprehensive mechanical properties to extend its service
life. Laser shock peening (LSP) is an important method for post-treatment of metal parts, using a
high-power short-pulse laser on the surface of the material to produce compressive residual
stresses and work hardening layers on the surface of the material, with the outstanding advantages
of controllability and significant strengthening effect. In this paper, the effect mechanism of LSP
on the microstructure and properties of laser additive manufacturing (LAM) TC4 titanium alloy is
systematically investigated by adopting LSP surface treatment, expecting to improve the
mechanical properties of the surface layer of LAM-TC4 titanium alloy and then improve its
comprehensive mechanical properties, and provide an experimental basis for optimizing the
microstructure and mechanical properties of LAM titanium alloy.

Methods In this work, LSP was first applied to the LAM-TC4 titanium alloy surface. Then, the
physical phase of LSP and non-LSP block samples was analyzed by X-ray diffractometer (XRD),

and the microstructure of LSP and non-LSP block samples were observed by optical microscope



(OM); the LSP and non-LSP block samples were manually ground to 50 um with different types
of sandpaper, punched into discs of size $3 mm, and then thinned by Gatan 691 ion thinning
instrument, and the microstructure was further investigated using a JEM-2010 transmission
electron microscope (TEM).Finally, the mechanical properties and fracture morphology of the
samples before and after LSP were characterised by X-ray stress analyser, microhardness tester,
tensile testing machine and Scanning electron microscope(SEM).

Results and Discussion The original microstructure of LAM-TC4 titanium alloy consists of a
large number of thick a laths and a certain volume fraction of inter-lath B phases [Fig.4(a)]. After
LSP treatment, the surface layer microstructure was broken and refined by the action of
high-energy shock waves [Fig.5(b)], and a large number of dislocation [Fig.5(b-d)] and
deformation twins [Fig.5(d-f)] were formed. The LSP treatment made the residual stress of the
LAM-TC4 titanium alloy the tensile residual stress formed by the LAM into the compressive
residual stress (Fig. 7). After LSP treatment, the surface of LAM-TC4 titanium alloy had the
maximum compressive residual stress (-190 MPa) (Fig. 7), the microhardness had increased by
16.5% (Fig. 8), and it shows the characteristics of changing along the depth gradient. In addition,
after LSP treatment, the yield strength and tensile strength of LAM-TC4 titanium alloy increased
by 46.3% and 32.3% respectively compared with the original, and the plasticity remained
basically unchanged (Fig.9). The fracture morphology of LAM-TC4 titanium alloy before and
after LSP is mainly composed of deep equiaxed dimples, and the fracture mechanism is typical of
ductile fracture (Fig.10).

Conclusion In present study, the effect of LSP on the microstructure evolution and properties of
LAM-TC4 titanium alloy was systematically investigated by surface treatment of LAM-TC4
titanium alloy using LSP, and the following conclusions were obtained: Our study shows that the
LSP treatment causes severe plastic deformation in the surface layer of LAM-TC4 titanium alloy,
generates a large number of deformation twins in the surface matrix, dislocation density increases
significantly, and the interaction of various dislocation structures develops to form (sub)grains,
resulting in grain refinement. The maximum compressive residual stress (-190 MPa) exists on the
surface of LAM-TC4 titanium alloy after LSP treatment, and the surface microhardness value of
the specimen increases significantly, reaching a maximum value of 380.7 HV,.i. Both residual

stress and microhardness values show a gradient trend, and the corresponding values decrease



with increasing distance from the surface layer. The yield strength and tensile strength of
LAM-TC4 titanium alloy after LSP treatment increased by 46.3% and 32.3%, respectively,
compared with the original specimens, while the plasticity remained basically unchanged, and the
fracture morphology was still dominated by deep equiaxial dimples, and the alloy obtained a
better match between strength and plasticity.
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