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Spectroscopy and Spectral Analysis
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Fig. 1 Laser welding head and penetration detection device
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Fig. 2 Schematic diagram of feature model transformation
(a): Time-domain distribution of optical signals;

(b): The feature model of optical signal distribution
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Fig. 3 Characteristic signal and model
of penetration radiation

(a): Moderate full penetration; (b): Non-penetration
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Fig. 4 Diagram of the parameter explaining

FIES 4 3.

WA SR ARAE S8, BB AR R AIE A T 9 0 2 70 A 7 0 ity
AT FRIE O, XoF T8 R 7 AR A B e W A i B A AT 1 1R )
RO . FEARIE B IR B DL T RLALIRIRIE 5 SR AL B 5 )k 3)
TE— R AE 0 B AR 4E, (R RARBE 4 8 LUJS . 6 3B R A X
WA S Bl A RL LIRS HB B 1 1998 LT BE 2R R AIG . Bl 5 Sk
TR P A E5 Bk, RE LRI 1 045 B8 B[] DL B 7= A 0 3
PRE TGI8 AR AR R ) IR AR T 1) R MR, Bl A e AR
B i 75 P R AL JVG 8 ™ A 1) B 11 4 BR B R, AR L R
I X AR AR AR AL 0 1) 72 1] i 2 AR B R/ . T B B A
WS JEE 0 0 SR A0 1 457 B B ) 398 o 2 i i 29 SR L SE i i, 4
2 R FL R F i 1 457 B8 BoF [ 5 P15 oF 1) 28 9 42 30 O % ) £ XL
m kA . O B 45 B R IR A P A R R R S O R O
w2 O R RS . R RS IR R R B A, kT
SCHXHR AR B R A BOR . S TN B E R, WA R
AT ST L 328 B4R E A4S 78 2 I 07 B (0 22 A7 % LA, LR A 26 1
TOURE 1/2 o7 B 0T I 4% 3] 24 1 9 A o R s OB, ANl 4
FR s WA R RIA K

p=le—m | (3)

‘ K2 — «a ‘
Kis K2 = 51571(1/2%“,“) 4
K2 > >0 (3

A 6 AL AR,
2.3 REGSHESN
TE IR BE S o3 Br  E Al 1. Al 2 A B DR 52 % 1 0 52

8 S AR 0 A5 5 $2 SR AR IR W) DT P o A — 2R 740 3R B D I 1) BB
AR 5 %% BSR4 B TR AR Y . 9K 5 T30 5 250 e AT ik 3R
FHERAS LY (Y I35 B 5 A0 S o IO 6 AT 3R A O I 2
S AT S s N0 A £ DT S 3 TR A A A 0 AR R R B R
R 16 e 23 BT e B S B 5B £ B B A U 8
o HTR MR EE LA 5,

JEIBHAT
FHEAR S

IR AR AE
BRIt

PEHUEIE
FHES S

P|(1), P](z), P](S), ------------ R P](ﬂ)
Bs REGSHEBMATERER

Fig. 5 Schematic diagram of dynamic analytical

method for chaotic signals
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Fig. 6 Data analysis of penetration

detection for laser welding
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Study on Chaotic Signal Analysis and Multidimensional Composite
Recognition of Penetration Characteristics in Laser Welding

SUN Qian'?, HUANG Rui-sheng'* , LI Xiao-yu', WANG Xu-you', LI Li-qun*, LIANG Xiao-mei'
1. Harbin Welding Institute Limited Company, Harbin 150028, China
2. Harbin Institute of Technology, Harbin 150001, China

Abstract Because the optical signal has the characteristics of chaotic signal obviously in laser welding, such as large number of
mixed information. complex changing in the time domain and the frequency domain, fluctuation violently of random signals, and
so on, it is difficult to separate the characteristic information of penetration by conventional means in laser welding. So, accord-
ing to the distribution characteristics of complex mixed signals extracted from spectral perspective imaging, a new chaotic signal
analytical method for high power solid state laser welding is proposed in this paper, which bases on the synergistic extraction
method for coaxial penetration characteristic signal. The method includes extracting each transient probability density function of
the chaotic signal, dynamically forming a series of simplified feature models with trend recognition feature. and establishing com-
pound correlation recognition between the multi-morphological characteristics of the feature models and penetration state. In this
paper, three kinds of characteristic parameters and their definitions and mathematical models were introduced in detail, and there
are basic value, dispersion degree and distortion rate, which not only can accurately describe the different characteristics of the
feature model, but also have much relationship with different penetration states of laser welding, by experiment verifying. For
example, the base value characteristic parameter has obvious recognition effect when the weld penetration degree is bigger, but
has much fluctuation amplitude when the penetration degree is smaller, The dispersion degree characteristic parameter is only
sensitive to the small penetration state test, which can effectively supplement the basic value. but there are some shortcomings in
the larger penetration state. The distortion rate characteristic parameter although fluctuates violently near the moderate penetra-

tion rate, when the penetration degree of weld is smaller or larger, the characteristic parameter can get better recognition, which
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the characteristic parameters of the basic value and the dispersion degree cant do. Therefore, in the characteristic parameters of
basis value, dispersion degree and distortion rate, there are relationship of complementary and mutual verification. By the com-
posite identification of their characteristic curves, the laser welding penetration state can be detected qualitatively and quantita-
tively . The experimental results showed that, after the chaotic signal analytical method combined with the coaxial synergistic
extraction method, it can realize the multidimensional compound recognition effect of spectroscopy, optics, statistics, abstract
analysis, etc, which can enhance the penetration detection ability of high power solid laser welding effectively, and realize relia-

ble on-line identification of penetration.

Keywords Laser welding; Penetration state; Chaotic signal analysis; Multidimensional composite recognition
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