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Identification of Different Laser Welding Penetration States
Based on Multi-Sensor Fusion
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Abstract In order to classify typical penetration states in laser welding process, multi-sensors are applied to acquire
the audible sound, ultraviolet and infrared (IR) emission signals, also penetration-state-relating features of each
signal are extracted. Based on feature-level information fusion, simulated annealing algorithm is utilized to optimize
charactristic signals, consequently setting the “coeffients of feature fusion”. Pattern classifier is designed using back
propagation (BP) network. It is found that through samples training and optimizing, a classification of 88 % ~100%

&

has been made for detection of the four distinct penetration states such as “excessive penetration”, “full

penetration”, “unstable penetration”, and “partial penetration”. So, an effective method for on-line monitoring for

laser welding quality is provided.
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Fig. 1 Cuneiform specimen
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Fig. 2 Sectional welds of different penetration status
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(a) excessive penetration; (b) full penetration;

(c) unstable penetration; (d) partial penetration
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Table 1 Corresponding relationship between typical

penetration states and ideal output of network

Typical penetration Ideal output vector

Partial penetration [1, 0, 0, 0]
Unstable penetration [0,1,0, 0]
Full penetration [0, 0,1, 0]
Excessive penetration [0, 0,0, 1]

AS1

output 1
AS2
uvl output 2
Uv2 output 3
IR1

output 4
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Fig. 3 Structure of BP network
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Table 2 Parameters for training

Study step 0.01
Expected error (MSE) 0.02
Frequency of displaying time 20
Momentum parameter 0.9
Maximum iteractive number 5000
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Table 3 Classification result without sensor fusion

Pattern Right Wrong Unsure
Excessive 25/25 0/25 0/25
D (100%) (0% (0%
Full 24/25 0/25 1/25
(1D (96 %) 0% 4%
Unstable 18/25 3/25 4/25
QIID) (729%) 12% (169
Partial 22/25 1/25 2/25
QD) (88%%) “%) (8%
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Table 4 Classification result with sensor fusion

Pattern Right Wrong Unsure
Excessive 25/25 0/25 0/25
I (100%) (0% (0%
Full 25/25 0/25 0/25
(1D (100 %) 0% (0%
Unstable 22/25 2/25 1/25
QP (88%%) (8%) @%)
Partial 24/25 1/25 0/25
(V> (96 %) 4% 0%)
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Fig. 4 Audible sound’'s RMS value of different

penetration states
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Fig.5 IR signal wave of characteristic frequency band

of typical penetration states
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