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Component's Surface Quality Predictions by Laser Rapid Forming
Based on Artificial Neural Networks

Yang Donghui Ma Liang Huang Weidong
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University .,

Xi'an, Shaanxi 710072, China)

Abstract A single-channel polyline scanning mathematical model is established, and the mathematical description of
surface quality is analyzed theoretically. It is drew the conclusion that the angle degree and the scanning speed are
the main important process parameters for part surface quality. The artificial neutral networks (ANN) model is
established to predict part surface quality based on laser solid forming (LSF). The input of this model is the angle
degree of corner joint and the scanning speed which is the most important factor in LSF process. The output of this
model is the data of surface characterization which is the difference between corner joint height and layers’ height.
The ANN model could predict parts’ surface quality data under different corner joint' angle degree conditions after
trainied by experimental data. The mean squared error (MSE) is less than 0.01 between prediction data and
experimental data.
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Fig.1 Sketch map of single layer by LSF

S BRI 23 fef Y 4k A9 4 U B A A A T
RIS R R8I A PR BT IR A R A 35 T L I
KR 5 L BRI 23 s i8S 9 1l B8 A2 R AR T
W N 2 T BT A R R B IR, n & 2 TR
2(a) , (b) Hr g A~ R 1 3% T ot = A - &3k 0. 56
#10.59,

WL B AR 2 mm, IEER S L
S ME O MR WNE 3,4 FrR. B ATAL Y
3 M A BEAE 157 ~45° 2Z [ AR AL I, 32 5% i X 38 1 T
R R K E R R, IR E T LR,
2 BE S R B 1007 DL A2 52 Wi X8k 1) T AR A B R
KA T 22

AN TR A1 B2 W AT 2 A 4l B AR A B AR A 1Y) 3 TP A

0803004-2



W AR 4

He TN T 28 R 285 A OE SE A BT 1 )T 26 T B & S50

P 2 3 R 2R R

Fig. 2 Specimens of poor surface quality
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Table 1 Processing parameters

Laser Spot Power feeding Protection lLayer

power / diameter / rate / flow /  height /
mm (r/min) (L/h) mm
1700 2 1 200 0.2
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Table 2 Detail data of the experimental results
Corner Layer Difference Corner Layer  Difference Corner Layer Difference
Angle / height /mm height /mm value /mm height /mm height /mm value /mm  height /mm height /mm value /mm
3 mm/s 4 mm/s 5 mm/s
15 4,747 2.987 1. 760 3. 947 2. 487 1. 460 3.473 1.993 1. 480
30 4.670 3.237 1. 433 3.567 2.393 1.174 3.373 1. 987 1. 386
45 4. 337 3.190 1. 147 3.517 2.470 1. 047 3.110 1.923 1. 187
60 4.215 3.235 0. 980 3.303 2.523 0. 780 2.983 2.043 0. 940
75 3.908 3.228 0. 680 3.222 2.602 0.620 2.862 2.168 0.694
90 3. 877 3.290 0. 587 3.070 2.530 0. 540 2.665 1.995 0.670
105 3.437 2.910 0.527 2.777 2.343 0.434 2.630 2.043 0. 587
120 3. 107 2.687 0.420 2.613 2.313 0. 300 2. 380 1.927 0.453
135 3.117 2.803 0.314 2.523 2.237 0. 286 2.233 1.893 0. 340
150 3.008 2.782 0.226 2.442 2.242 0. 200 2.197 1.917 0. 280
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Table 3 Data of checking experiment

50° 100° 130°
3.5 mm/s 4.5 mm/s 3.5 mm/s 4.5 mm/s 3.5 mm/s 5 mm/s

Measured layer height /mm 2.810 2.205 — 2.595 2.794 —
Predicted layer height /mm 2.195 2.236 — 2.623 2.812 —
Measured corner height /mm 1.102 1.058 0.492 0.218

Predicted corner height /mm 1. 907 1.024 — 0.528 0.178 —
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