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Effect of Process Parameters on the Residual Stress in
Laser Additive Manufacturing
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Abstract In order to study the effect of different process parameters on the residual stress in laser additive manufacturing,
10 test samples are made with different process parameters by the special laser additive manufacturing system with TA15
alloy material. Cross sections of specimens are all 24 mm < 40 mm square. Using the indentation stress measurement method
to measure the residual stress of sample, laser power density and powder flow density on the residual stress in laser additive
manufacturing are studied. The results show that the residual stress in the laser additive manufacturing is significantly less
than the yield strength. The residual stress is positively correlated with the laser specific energy and laser power density,

and is negatively correlated with the powder flow density.
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Fig. 1 Sketch map of residual stress tested by

indentation method
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Fig. 2 Sketch map of laser additive manufacturing system
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Process parameters of laser additive manufacturing

Scanning
Laser power /kW
speed /(mm/s)

Powder feeding
rate /(g/min)

Laser
Overlaps /%

spotdiameter /mm

1.2~2 3~9 0.5~2 2~3 30~60
F 2 TALS Bk A&k R 2E o a8, 70
Table 2 Chemical compositions of the TA15 titanium alloy powder (mass fraction, %)
Al Mo \ Zr Fe Si C O N H Ti
6.4 1.4 1.5 1.9 0.12 0.02 0.02 0. 07 <C0.01 <C0. 001 Bal.
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Fig. 3 Samples of laser additive manufacturing
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Fig. 5 Residual stress in different laser specific energies

400

DD DN W W
S O © O
=== =)
T T T

Residual stress /MPa
Z

_ =
[=3
(=]
T

o))
(=)

160 180 200 220 240 260 280
Laser power density /(W/mm?)
6 AN [E] ' e ek 2 8 X AR AR I T 1) S T
Fig. 6 Residual stress in different laser power densities
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Fig. 7 Residual stress in different powder flow densities
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