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Fig. 1 Electrode displacement curve and its binary image
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Fig. 2 Binary images of electrode displacement from dif-

ferent welding current specifications
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Fig. 3 Schematic diagram for feature extraction of dis—

placement binary image
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Fig. 4 Tensile shear strength of classified welded spots

5

“ » “ ”
fs) *

4.4 kA

5 95.9%

5 PCA-Bayesian
Fig. 5 Quality recognition results of welds based on PCA-
Bayesian method
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Table 1 Results of PCA analysis

A 0( %) o %)
1 0.046 3 47.27 47.27
2 0.023 0 23.49 71.76
3 0.0156 15.91 86.67
4 0.006 6 6.77 93.44
5 0.002 4 2.46 95.90
6 0.001 1 1.12 97.02
7 0.000 9 0.9%4 97.96
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Fig. 6 Strength and binary image of wrong classified weld
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Table 2 Risk value results of PCA-Bayesian method

1 2 3 4 5
o(10%) -0.796 8 —0.5000 —1.047 8 —1.1720 -1.1709

3.8 kA

3
Table 3 Quality recognition results of welds from abnor—
mal welding processes

I/kA F/kN
1 4.1 3.133 3
2 3.8 2.732 2
3 4.4 3.387 4
4 3.8 2.879 2
5 4.1 3.117 3
6 3.8 2.836 2
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Abstract:  The effect of nano-Sb addition on the growth
kinetics of intermetallic compound ( IMC) in the joints with Sn—
3.0Ag90.5Cu=Sh (x=0 0.2 1.0 and 2.0%) solder in re—

flow process was investigated. Scanning electron microscope

Guangzhou

( SEM) was used to observe the microstructure evolution of sold—
ered joints energy dispersive X-ray ( EDX) and x-ray diffrac—
tometer ( XRD) were used to identify the IMC phases. The re—
sults show that some nano-Sbh particles were dissolved in Sn—ich
phase some participated in the formation of Ag;Sb and the rest
dissolved in CusSng IMC layer. The thickness of IMC layer de—
creased when the nano-Sh was added. Under the isochronal con—
ditions the thickness of IMC layer in all soldered joints was min—
imum when the amount of nano-Sb increased to about 1. 0%.

The growth exponent n and diffusion coefficient D for IMC layer
were determined by curvefitting. The results reveal that the
growth exponent n and diffusion coefficient D decreased with the
increase of nano-Sh content. When the amount of nano-Sb in-
creased to about 1.0%
efficient D were 0.326 and 10.31 x 10™ em®/s

Based on the phase diagram analysis and adsorption theory Sb

the growth exponent n and diffusion co—

respectively.

had better affinity to Sn and it could reduce the activity of Sn by
forming SnSb compound resulting in decreased driving force and
surface energy for formation of Cu-Sn IMC. Therefore the
growth rate of CusSng grains was suppressed and the growth of
IMC layer was retarded.

Key words: reflow soldering; nano-Sb dopant; lead free

solder; intermetallic compound

Gas transfer flux activating TIG welding process for alumi-
HUANG Yong'> LI Tao> WANG Yanlei®( 1.
State Key Laboratory of Gansu Advanced Non-ferrous Metal Ma—
Lanzhou University of Technology Lanzhou 730050
China; 2. Key Laboratory of Non-ferrous Metal Alloys The Min—
istry of Education
730050 China) . pp 101 — 104

Abstract: A new activating TIG welding process gas
transfer flux activating TIG ( GTFA-TIG) welding

for welding aluminum alloy by changing the introduction method

num alloy
terials

Lanzhou University of Technology Lanzhou

is proposed

of active elements. In this process a flux is transferred to shiel-
ding gas through an automatic powder feeder and the shielding
gas carries the active elements into the welding arc and weld
and the flow

the weld depth in—

pool. In this way the welding arc is contracted
pattern in the weld pool is changed finally
creases. Without coating the flux the automation of welding
process is realized. Compared to the conventional AC TIG weld-
ing the effects of fluxes on the weld shape tensile property and
defects of GTFA-TIG welding with eight kinds of single-compo—
nent fluxes were investigated. It proves that most of halide and
oxide fluxes can improve the weld depth up to 2.53.0 times of
that of traditional TIG welding while the effect of Te flux is less
effective. The tensile strength of the joint with V,Oj flux is close
to that of base metal but it is lower than that of base metal when
using MnCl, and AlF; fluxes. The X-ay detection of defects

shows that the welds with V,0; MnCl, and AlF; fluxes are as—

sessed as grade | while that with Te flux is grade III.
GTFA-TIG welding; aluminum alloy; arc

contraction; activating flux
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Microstructure and mechanical properties of welded joint of
nanostructured bainite steel with regeneration FANG
Kun' HUANG Nan® YANG Jianguo'’ SONG Kuijing'
FANG Hongyuan'( 1. State Key Laboratory of Advanced Welding
Harbin 150001
China; 2. Armor Force Technique Institute of PLA Teaching and

and Joining Harbin Institute of Technology

Training Department Changchun 130117 China; 3. Institute of
Process Equipment and Control Engineering Zhejiang University
of Technology Hangzhou 310032 China) . pp 105 - 108

Abstract:  Due to the poor weldability of nanostructured
bainite steel a method called welding with regeneration was pro—
posed to obtain a welded joint with the same microstructure as the
base metal so the welded joint could possess the excellent me—
chanical properties. Regeneration treatment was used after tung—
sten inert gas ( TIG) welding of nanostructured bainite steel. The
microstructures of the welded joint were characterized by X-—ray
diffraction  scanning electron and transmission electron micro—
scopes. The tensile and microhardness tests were carried out to
evaluate the mechanical properties. The results show that nano—
structured bainite was obtained in the fusion zone and quenched
zone with 300 nm and 70 nm thick bainite plates respectively.
The tensile strength of the welded joint was 1 500 MPa and the
microhardness in the fusion zone was 7 000 MPa which were al—
most equivalent to those of the base metal.

Key words:

nanostructured bainite steel; regeneration;

welding; nano-scale plate; strength

Quality assessment for resistance spot welding based on
image recognition technology ZHANG
ZHANG Jianye' > SUI Xiuwu' *( 1. School of Me—
chanical Engineering Tianjin Polytechnic University Tianjin
300387 China; 2. Tianjin Key Laboratory of Modern Mecha—
tronics Equipment Technology
Tianjin 300387 China) . pp 109 - 112

Abstract: A method for converting electrode displacement

signal to binary image in resistance spot welding process is pro—

Bayesian
Hongjie' *

Tianjin Polytechnic University

posed. Based on image characteristic analysis fifteen image fea—
tures are extracted from the binary image of electrode displace—
ment waveform. The principal component analysis is used to re—
move the cross correlation among image features and a series of
weld specimens with different welding quality are selected to de—
velop a quality classifier. The test results based on Bayesian im—
age recognition technology of minimum risk show that it is feasi—
ble and reliable to utilize the binary image of electrode displace—
ment signal to evaluate the weld quality and the image conserves
the information of the weld quality. The algorithm for image fea—
ture extraction is simple efficient and easy to use. At the mean
time the Bayesian image recognition technique with small sam—
ples can realize the welding quality assessment rapidly and accu—
rately and the method has a broad application prospect.

Key words: resistance spot welding; quality assessment;

Bayesian statistic analysis; image recognition



