$39% H3H
2012 4¢3 A

Hi Mo
CHINESE JOURNAL OF LASERS

Vol. 39, No. 3
March, 2012

Jc i O B A S AR B o i D% 5 T
R

CRBEPOY AR I R L TR e, KAl B M A il HOR TR Pl K 300222)

WE  BOCEET R AR IR AR R, BOUR RS BRER EMEERZ T2 S a1,
PLTCA BRA 4 WA SE 30 A Sl AT K oot R 452 S 30 o 3 7 8 035 Dl 32 % SRR B PR LA 5 iR AT R AL L O
BT T RS A 5 1 B I R AR AL L 4R B T A S S MR BRI TR R . SR AR 1] i pR SO 2 I 2 X B 4 HEAR R
P AR O AR BEAA R AT T . 2R X 4% DL SR A 25 (AR T 3R OGS SRR AR A A . SERE T AR R
() 38 2 3R T 1% 1k R R 0 R B A O

KHE WOGHUR  WOBIREE AR L R & 4 TR IS T s R TR

hESEE TG456.7 XEkRIRAS A doi: 10.3788/CJL201239.0303001

Weld Penetration Depth Prediction of Pulsed Laser Welding
Titanium Alloy Thin Plate

Zhang Jian Yang Rui
(Tianjin Engineering Center for Fieldbus Control Technology ., Institute of Electronic Engineering ,

Tianjin University of Technology and Education , Tianjin 300222, China)

Abstract Depth of weld penetration is very important to laser welding quality. Laser welding is a complicated
process, and quantitative analysis of this process is quite difficult. A set of TC4 titanium alloy thin plate specimens
are used as laboratory samples. The acoustic signals are first preprocessed by the spectral subtraction noise reduction
method and analyzed in both time and frequency domains, and a valid relationship between the acoustic signals and the
weld penetration depth is deduced. Radial basis function neural network (RBFNN) models are developed to predict
the weld penetration depth. Sound pressure deviation, band power, laser power and welding speed are used as input
variables of RBFNN. The results show that the acoustic signal can characterize and predict the depth of weld
penetration well under different laser welding parameters.
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Table 1 Chemical composition (mass fraction, %)

Composition Al AV Fe C N H O Ti

Content 5.5~6.8 3.5~4.5 <<0. 30 <C0.08 <<0. 05 <C0.015 0.2 Rem
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Fig. 1 Schematic diagram of the experimental setup
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Table 2 Welding parameters in different experiments

Welding Welding Welding Welding
Laser Laser Laser Laser
No. speed / No speed / No. speed / No speed /
power /W power /W power /W power /W

(mm/s) (mm/s) (mm/s) (mm/s)
1 250 3 8 250 4 15 250 5 22 250 6
2 275 3 9 275 4 16 275 5 23 275 6
3 300 3 10 300 4 17 300 5 24 300 6
4 325 3 11 325 4 18 325 5 25 325 6
5 350 3 12 350 4 19 350 5 26 350 6
6 375 3 13 375 4 20 375 5 27 375 6
7 400 3 14 400 4 21 400 5 28 400 6

3 FHES

3.1 B P RO SRS S R
B3 B B0 77 e B S5 W 7 X A £

AR A R L 6 AT O A 2 L 4T T A 4 I

P (0 MR I 3 R
HEF I 3 R4 U 30 7% A 1O 15 7 e

T SR FE S0 7 99015 5 0 2 5 5 R 10 9 1 A

P, TR 4 Dy SRR 1 SR B B Y B 7R AL

5 TR M S B PR S S
3.2 HEAREGES S

SRR 20 FISEES 23 1Y A% % B (PSD) 4 5
e a5 X2 D SCR[10]. a1 5 m] L 2R 52
55 1 ) 3R 9 E AR 22 K X i T AR 20 R
TRBE 235 1 P2 5200 AbE S 50 23 Hhiith H %8 3%
T —2MAF . PSR B R AL B G T R
JE2 ST g E RSN R S s B L.

0303001-2



AR kot O AR RS B AR Y b TR T

19 20 21
26 27 28

25
& 2 7 B
Fig. 2 Cross-sectional views of the weld spots
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Fig. 3 Background noise signal
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Table 3 Normalized input data

Normalized

Normalized Normalized depth of

No. Normalized SPD Normalized BP
laser power welding speed weld penetration
1 0.2922 0. 2565 0 0 0. 6092
2 0. 3887 0.3475 0.1667 0 0.7213
3 0.4125 0.3969 0.3333 0 0.8431
4 0. 5657 0.5107 0. 5000 0 0.9477
5 0.7797 0.7403 0. 6667 0 0.9544
6 0. 8650 0. 8684 0. 8333 0 0.9360
7 0.9216 0.9318 1. 0000 0 0.9322
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Normalized Normalized Normalized depth of
No. Normalized SPD Normalized BP
laser power welding speed weld penetration
8 0.1961 0. 2005 0 0.3333 0.4245
9 0.2776 0. 2381 0.1667 0.3333 0.5651
10 0. 3893 0.3412 0. 3333 0. 3333 0. 6586
11 0. 4466 0.4458 0. 5000 0. 3333 0.7368
12 0.5743 0. 5437 0.6667 0.3333 0. 8202
13 0.6770 0. 6540 0. 8333 0.3333 0. 9462
14 0.9126 0.9022 1. 0000 0.3333 0.9171
15 0. 1446 0.1066 0 0. 6667 0.2483
16 0.2939 0. 2467 0.1667 0.6667 0. 3164
17 0. 3202 0. 3467 0.3333 0.6667 0.4055
18 0. 3246 0.3693 0. 5000 0.6667 0. 5097
19 0. 3516 0. 3872 0.6667 0.6667 0.5717
20 0. 5557 0.5434 0. 8333 0.6667 0.7592
21 0. 6207 0.6029 1. 0000 0.6667 0. 8204
22 0.0338 0. 0389 0 1. 0000 0.1601
23 0. 0600 0.0725 0.1667 1. 0000 0. 2600
24 0.2964 0.2526 0.3333 1. 0000 0.3748
25 0.3248 0. 3488 0. 5000 1. 0000 0. 3952
26 0. 2449 0.3432 0. 6667 1. 0000 0. 3965
27 0.3114 0. 3790 0. 8333 1. 0000 0.5155
28 0.2529 0.4001 1. 0000 1. 0000 0. 5482
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Table 4 Prediction results

No. Number of hidden layer joints Mean of ER /%
1 S 8. 50
2 10 10. 56
3 15 7.85
4 20 5. 56
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Fig. 9 Comparison between predicted and actual results
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Table 5 Prediction error

No. Error /mm No. Error /mm No. Error /mm
2 0.118 12 0. 140 22 0.110
4 0.010 14 0.132 24 0.122
6 0.122 16 0.118 26 0.108
8 0. 130 18 0.120 28 0. 007
10 0.012 20 0. 090
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