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Abstract: Laser solid forming (LSF) technology was used to perform compound forming on the
forged TC4 titanium alloy substrates. The microstructure evolution of LSF additive manufacturing ar-
eas and the joint parts of forged substrates under different solid solution heat treatment conditions and
the properties of TC4 titanium alloy were studied. The results show that under the conditions of fur-
nace cooling or air cooling, the higher the solution heat treatment temperature, the a / a” phase at the
joints of composite forming gradually grows and coarsens. Under the condition of solution treatment
at 1040 °C, the original obvious joint zones are transformed into a homogeneous a-colony structure.
With the increase of solution temperature, the yield strength and tensile strength of the composite
parts decrease. The cooling mode of solution treatment has effects on the microstructure of the joint
zones, the width of a phase under air cooling conditions is smaller than that under furnace cooling con-
ditions. Under the conditions of furnace cooling, the higher the solution temperature the lower the
hardness of the joint zones, and the microhardness near the joint zones is higher than that far away
from the joint zones.
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Fig.2 Scanning electron micrograph of TC4 alloy powder
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Tab.1 Chemical compositions of forging TC4 alloy

substrate and powders(mass fraction) %
TTE Heik N
Al 6.36 6.13
\ 4.20 4.01
Fe 0.03 0.179
C 0.02 0.006
0.01 0.003
O 0.14 0.067
H 0.0019 0.004
Ti 89.2381 89.601
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Tab.2 Process parameters of laser deposition

WO R /W 2500
HARMHEE/(mm + s D) 15
PR/ (g min~!) 20

HIEE AR/ mm 6
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Tensile specimens
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Fig.4 Micrograph of microstructures in bonding area of

composite forming component
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Fig.5 Microstructures in bonding area of different solution temperatures under air cooling condition
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Fig.6 Microstructures in bonding area of different

solution temperatures under furnace cooling condition
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Fig.7 XRD patterns of different heat

treatment temperatures
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Fig.11 Fracture morphology of tensile parts without

heat treatment
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Fig.14 Microhardness after heat treatment at different

solution temperatures
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