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Abstract The pure Ti components are prepared by the laser melting deposition technique with coaxial powder
feeding, and the residual stresses in the different regions on the scanning surfaces of samples are measured by the
hole-drilling strain method. The effects of laser power, scanning speed and powder feeding rate on the residual
stress distributions on the scanning surfaces of samples are also investigated. The research results show that the
highest compressive stress appears in the joint area between the deposited component and the substrate and the other
areas exhibit the tensile stresses. Moreover, the lowest stress appears at the top area of samples. The residual
stress in the joint area between the deposited component and the substrate is strongly dependent on the laser process
parameters, while the latter has a slight effect on the residual stress distribution in the top area. The reasonable
choice of laser process parameters can effectively reduce the residual stresses of deposited components.
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Table 1 Process parameters for laser additive manufacturing

No. Laser power /W Powder feeding rate /(gemin ') Scanning speed /(mmemin ') Layer thickness /mm
1 700 4.02 480 1
2 800 4.02 480 1
3 900 4.02 480 1
4 800 4.02 360 1
5 800 4.02 600 0.6
6 800 3.21 480 0.7
7 800 5.11 480 1
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Fig. 1 Model for laser melting deposition of

pure titanium component
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Fig. 2 Schematic of dimension and shape of

sample to be tested

2.2 INFLERFER AR N AWK R

FI R 5 A% W T3 BRI 7 i R PR —
i LA X0 D9 ARER B BIAG I 3 O — AR LA
ANLIE AR B HUARIE 57 20K JE i (H A e 5 L
A RAE VR 22 L B — S BRI (R 5

Pl HAE AR B . B, R /LIS S T
%A% I 1 AT IR

INFL I R AR 1 I 5 A B T 7RG Y G AR
16, 7 o A8 A8 bR 5 A7 BB L s B 25 L B3 B g 1Y
T 18 7 R 7= A R[] D o) b 19 7 745 %) R 3 3ok
N7 A A0 A5 B B B AR A B ) A PR 4R 5
INFLAR P 3R A L 300 o S BRI S 36 158 25, % A
FEAF AT SR R E RIA R H e U, TR T
KRR A B, BiLRE A,.B 7 i Kirsch
OIS E A
A+ D*

A=="%E L -
1 D
B=——
RAETINE
l+p DL 10, + 1D
1— . 2
[ 6 4, 2

FLR B9 9256 75 1 2 Soks M 07 5 e A b R e
TAAT I S SR J5 TN B A B A7 Bk — 2P i e . — 7
T 5 25 Bk 3 AR AL B TR 0 4R e AR T DG s O3 —
D7 T Bg 1 T A A v A AR LA RO T
75 L& B Al H AR A 0 S0 6 o AR PR HOR P S Y
D7 TSRS

3 SREARS
3.0 AMELNRREHSH
ARBFGERI/NL R HOE T2 2 5

5 2 A 3R A 31 48 T A AR L D A AT I,
MRS R AN 2 B (R0 R 1 9 aE RN 3 0 .

2 BRI 1SS

Table 2 Measurement results of residual stresses MPa
Bottom Center Top
No.
o, . o, c. o, .
1 —191.35 —250.652 64.096 103.962 39.421 207.532
2 —47.293 —112.631 65.054 80.604 51.354 26.394
3 —110.652 —142.419 93.223 70.073 46.903 56.008
4 —83.108 —145.685 89.443 39.708 77.366 12.106
5 —146.770 —157.298 137.281 101.327 44.025 44,755
6 —113.366 —141.782 110.471 107.442 32.163 11.676
7 —51.899 —164.140 99.559 44.963 28.745 22.281
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Fig. 3 Residual stress distributions along different directions. (a) Horizontal direction; (b) height direction
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Fig. 4 Residual stress versus laser power under different directions. (a) Horizontal direction; (b) height direction
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Fig. 5 Residual stress versus scanning speed under different directions. (a) Horizontal direction; (b) height direction
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Fig. 6 Residual stress versus powder feeding rate under different directions. (a) Horizontal direction; (b) height direction
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