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Analysis and prediction of melt pool size in laser deposition

manufacturing
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Abstract: During laser deposition manufacturing process, the forming width of the single track is mainly
controlled by the melt pool width. However, high geometric accuracy is premised on the stable size of
the melt pool. In order to establish an empirical model described relationship between the melt pool width
and main process parameters (laser power, scanning speed, and powder feeding rate), turn off laser
control in uneven speed stage was used and Kalman filtering was applied to denoise the measured data of
the melt pool width. An empirical model between the process parameters of laser deposition and the
width of molten pool was established based on orthogonal experimental design with a goodness—of—fit of
94%, and the maximum error was less than 4.5%. The results of single variable experiments conducted
to the model show that the melt pool width has a positive correlation to the laser power and a negative
to the scanning speed. The experimental results were in good agreement with the regression analysis.
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Fig.1 Schematic view of online monitoring system

for laser deposition manufacturing
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Tab.1 Chemical compositions of TA15 titanium

alloy(wt %)
Element Al Zr Mo \' Ti
Content  5.5-7.1 1.5-2.5 1.05-2.0 0.8-2.5 Bal

2 BR5®

21 EFFRERKEMWBEEERN

S 8 5 e SR ) CCD A LA 45 48 b [T 5, 1R R
R AR B g BB SR, R A BT R MR
Ak BRI PR AT IR BE Sy M, 4% A BRI 1 fE A
He b e B DA S5t rR R IBULE R, I GF AN R U i 5 0
MG, R A PGS R N 2 FT 7R o 8 SO B 9
JBE g 3 T T o 45 T 1) 9 it 0L AV R ) B

Scanning direction

iﬂiﬁﬂﬁ @

Original Small
image window

Binary Boundary

extraction

Ellipse
fitting

P2 0 it P 45 4 38 0o

Fig.2 Image processing of melt pool
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Fig.3 Morphology of single—pass laser deposition manufacturing
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Fig.5 Plots of measured and KF filtered melt pool width
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Tab.2 Parameters and experimental results

of each single track

No. PIW V/[E:n. 0./g-min Melt pool width/mm

S Measured Calculated ~ Error
1 2000 7 7.2 4.65 4.44 4.5%
22200 15 3.3 4.13 4.00 3.1%
32200 9 7.2 3.97 4.16 4.2%
42200 13 11.1 4.19 4.13 1.4%
5 2200 11 9.1 4.17 4.28 2.3%
6 2000 9 9.1 4.18 4.21 0.9%
7 1800 13 5.2 3.71 3.65 1.6%
8 1400 9 5.2 3.29 3.38 2.7%
9 2000 15 5.2 3.68 3.77 2.4%
10 1 800 11 3.2 3.82 3.78 1.0%
11 2 200 7 5.2 4.77 4.70 1.5%
121 600 15 9.1 3.16 3.28 3.7%
131 800 15 7.2 3.49 3.53 1.1%
141 800 9 11.1 3.79 3.95 4.2%
15 1 600 13 7.2 3.30 3.38 2.7%
16 2 000 13 3.3 4.01 3.89 2.9%
17 1 600 9 5.2 3.63 3.51 2.3%
18 1 400 7 3.3 3.60 3.57 0.8%
19 1 600 7 11.1 3.83 3.88 1.3%
20 1 400 13 9.1 3.20 3.11 2.8%
21 1 600 9 3.3 3.80 3.67 3.4%
22 1 800 7 9.1 4.42 4.37 1.1%
23 2 000 11 11.1 4.11 4.04 1.9%
24 1 400 11 7.2 3.11 3.23 3.8%
25 1 400 15 11.1 3.16 3.05 3.4%

S B UE 181U 23 AT B AE B, RS A LA S HO
6 1t B 2 R IR Y S L R R — A R A S0 T
IR 2% LSS RO RO, DU 30 mm H

1106009-5



bk T2

% 11

www.irla.cn

# 47 %

B, LR R T LSRR BUE I 3.
RITESHREKTERE

Tab.3 Parameters and their design levels

Levels of parameters
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