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Fig. 1 Fusion architecture of molten pool state-aware
cyber-physical fusion in TIG welding process
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Table 1 Chemical composition of base metal
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Table 2 Welding process paramenters
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Fig. 5 Comparison of weld depth calculated by molten
pool state perception and measured results.
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mechanical properties of insulated copper wire/phosphor
bronze foil welded joints were explored.

(3) The evolution process of the insulated copper wire/phos-
phor bronze foil welded joint under the micro-resistance ther-

mocompression welding process was analyzed.

Key words:  resistance thermocompression micro-welding;
high temperature resistant fine insulated copper wire; joint

evolution; fracture mode

Multi-sensor data collaborative sensing algorithm for alu-

minum alloy TIG welding pool state =~ ZHANG Kun', ZOU

Zongxuan], LIU Ye’, LIU Zhengjunl(l. Shenyang University
of Technology, Shenyang, 110870, China; 2. School of Elec-
trical Engineering and Computer Science, Oregon State Uni-

versity, Corvallis, OR 97331, USA). pp 50-55
Abstract: Aiming at the non-linear correspondence between
the real-time state of welding process parameters and the three-
dimensional size of the weld pool in the tungsten inert gas arc
(TIG) welding process of aluminum alloy, a multi-sensor TIG
welding process based on cyber-physical fusion is studied to
establish a multi-sensor TIG welding process collaborative
sensing calculation method. First, build a TIG welding process
molten pool state information physical fusion system architec-
ture consisting of infrared temperature sensors, arc shape
sensors, arc energy sensors and welding position sensors.
Then, considering the influence of the environment and meas-
urement noise in the welding process, a three-dimensional
parameter state sensing strategy of the length, width and depth
of the molten pool based on the exchange of temperature, posi-
tion, and energy sensor information is designed. Based on the
asynchronous and heterogeneous characteristics of multi-sensor
data, a new method based on Multi-sensor data collaborative
sensing algorithm for the state of the molten pool in the weld-
ing process based on trace Kalman filtering. Finally, taking the
TIG welding process of 7075 super-hard aluminum alloy as the
test object, the test results show that the proposed algorithm
can calculate the welding pool parameter results in real time ac-
cording to the motion characteristics of the welding torch and
the arc in the welding seam of the TIG welding process. The
error of the calculation results of the weld width and weld
height can be controlled within 10%, and the response time of
the algorithm is within 0. 3 s, which can accurately evaluate the

real-time state of the weld pool.

Highlights: (1) A multi-sensor melt pool state cyber-physic-
al fusion system architecture based on temperature, position
and energy is established.

(2) A melt pool state perception algorithm based on multi-

sensor data collaboration of temperature, location and energy is

proposed.

Key words:  molten pool status; welding control; cyber-
physical integration; asynchronous heterogeneous data; weld-

ing sensor network
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Abstract: The single view detection based on convolutional
neural network cannot effectively identify 3D shape defect tar-
gets. As a result, in practical applications, the low-precision
detection requirements are often achieved by detecting only
one of the most representative views or detecting each face in
turn, which brings large time cost and use restrictions. To
solve this problem, this paper proposes an improved residual
network and applies it to 3D shape solder joint defect detec-
tion. The model can firstly obtain all view images of solder
joints at one time, and then get detection results through fea-
ture aggregation and adaptive learning module. The multi-view
solder joint data set was obtained from high frequency induct-
or element, and the identification accuracy of the proposed
method reached 99.48%. The results show that the improved
residual network can effectively improve the image identifica-
tion accuracy under the same number of network layers. Com-
pared with the single view detection, the multi-view detection
structure can achieve greater accuracy with less time cost, and
can effectively complete the detection task of 3D shape defect

targets in actual industrial production.

Highlights: (1) Better performance of residual network mod-
ule can be transplanted to any network and can accurately
identify solder joint defects.

(2) Through the multi view adaptive fusion learning method,

the problem of 3D solder joint defect recognition is solved.

Key words:  defect detection; multi-view; feature fusion;

solder joint; convolutional neural network



