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Abstract The residual stress, equiaxed crystal grain size and surface roughness of laser cladding deposition TC4
samples after micro forging treatment are tested, and room-temperature tensile properties and anisotropy of samples
in deposition state, solution state and micro forging-solution aging state are analyzed. The results show that the
columnar crystal grains transform into equiaxed grain with size variation from 70 pm to 140 pm after micro forging
treatment. After micro forging treatment, the plasticity of the formed parts in horizontal direction is significantly

improved, the tensile properties in all directions are higher than those of the forging parts, and the anisotropy of the

formed parts is less than 10% .
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Fig. 1 Schematic of micro forging assisted LCD system
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Table 1  Main chemical composition of TC4 powder and TC4 substrate (mass fraction, %)
Element Al \ Fe O C N H Ti
TC4 powder 6.03 4.19 0.1 0.12 0.02 0.01 0.001 Bal.
TC4 substrate 5.96 4.2 0.2 0.15 0.08 0.03 0.001 Bal.
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Table 2 Process parameters of micro forging

Parameter Value
Forging speed /(mme<s ') 3:5,7
Amplitude /pm 20,30,40
Forging times 1.2.3
Forging interval /mm 0.6
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Fig. 2 Relationships between micro-forging process parameters and surface residual stress of formed parts. (a) Forging speed

and surface residual stress; (b) amplitude and surface residual stress; (c) forging times and surface residual stress
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Fig. 3 Morphology of formed parts in different states. (a) Deposition state; (b) solution aging state;

(¢) micro forging-solution aging state
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Fig. 5 Effect of amplitude on equiaxed grain size
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Fig. 6 Relationships between micro forging process parameters and surface roughness R, of formed parts.

(a) Forging speed and surface roughness; (b) amplitude and surface roughness; (c) forging times and surface roughness
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Fig. 7 Fracture morphology of formed parts in different directions after micro forging solution aging treatment.
(a) xy direction; (b) z direction
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Table 3 Room-temperature tensile properties of formed parts in different states

Tensile Yield Reduction
State Direction Elongation /%
strength /MPa strength /MPa of area /%
xy 1149 1050 4.3 13.5
Deposition
z 1063 960 12 31.7
xy 1003 910.3 10 20.3
Solution aging
z 1080.7 988.3 9.8 29.7
xy 1059.5 971.5 14.5 34.5
Micro forging-solution aging
2 1105.7 1004.7 13.5 35.3
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Fig. 9 Microstructures of formed parts in different states. (a) Deposition state; (b) solution aging;

(¢) micro forging-solution aging
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