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Table 1 Chemicial compositions of the base material and the ER2319 welding wire
Ak Si Fe Cu Mn Mg Zn Ti Zr Al He
2219-T87 0.2 0.3 5.8~6.8 0.2~0.4 0.02 0.1 0.02~0.1 0.10~0.25 Rit V:0.0500~0.1500
5A06-H112 0.4 0.4 0.1 0.5~0.8 5.80~6.80 0.2 0.02~0.1 - i Be: 0.000 1~0.0050
ER2319 0.2 0.3 5.8~6.8 0.2~0.4 0.20 0.1 0.10~0.20 0.10~0.25 4R V:0.0500~0.1500

10%( B2 I FEL U/ IE B D LA 1.1 B, K = 10%),
5 2B K, = —20%(T7 ~F I B[R]/ A R 91
0.3 B, K, = —20%).

i B % bR #E GB/T 228.1—2010 #k 47 7 fif
R, D AN 1 mm/min, 8 1 507 KIS G
(digital image correlation, DIC) 7 A il & 7 1 i 72
Hh S AR 437 2 8], SR ZEISS Sigma 300
BT H BB . Zeiss Smart Zooms 5 # 5 I WL i
BE . SU-1510 A Hf H e AR W B 3. 43¢ 1R R A f
GB/T 2654—2008 47 . S A B WK, 1058 hn 2877
h 4.9 N, JingkAta] 15 s. SRAMESGH =il Autolab
HAb2E TAETE 3. 5%NaCl R T b f iR ER B Ak 27
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Table 2 Design table of factors and levels

i TESHHER) KFT KFE2 K3
A VB LR, /A 230.0 240.0 250.0
B F43 3 3 v/(mm - min ) 100.0 120.0  140.0
C 2Ly, (mm-min ) 2.5 2.6 2.7
D WeH I al (%) 70.0  80.0  90.0
E Jikigiif / Hz 1.0 2.0 3.0
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YER B R IE (A
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Table 3 Experiment scheme and corresponding results
HRHS A B AxB C AxC D AxD E el JELOyE S PR R, /MPa
1 1 1 1 1 1 1 1 1 A,B,C,DE, 272.05
2 1 1 1 1 2 2 2 2 2 A;B;C,D,E, 276.17
3 1 1 1 1 3 3 3 3 3 AB;C,D;E; 276.17
4 1 2 2 2 1 1 1 2 2 A;B,C,D;E, 271.12
5 1 2 2 2 2 2 2 3 3 A,B,C,D,E; 277.58
6 1 2 2 2 3 3 3 1 1 A;B,C,D;E; 189.70
7 1 3 3 3 1 1 1 3 3 AB;C;DE; 299.00
8 1 3 3 3 2 2 2 1 1 A;B;C3D,E, 284.69
9 1 3 3 3 3 3 3 2 2 A,B;C;D;E, 261.00
10 2 1 2 3 1 2 3 1 2 A,B;C;D,E, 253.75
11 2 1 2 3 2 3 1 2 3 A,B,C3D;E, 246.04
12 2 1 2 3 3 1 2 3 1 A,B;C;DE; 253.83
13 2 2 3 1 1 2 3 2 3 A,B,C,D,E, 260. 60
14 2 2 3 1 2 3 1 3 1 A,B,CD;E; 239.90
15 2 2 3 1 3 1 2 1 2 A,B,CD,E,; 277.86
16 2 3 1 2 1 2 3 3 1 A,B;C,D,E; 286.05
17 2 3 1 2 2 3 1 1 2 A,B;C,D;E,; 270.42
18 2 3 1 2 3 1 2 2 3 A,B;C,DE, 285.13
19 3 1 3 2 1 3 2 1 3 A;B,C,D;E, 260.36
20 3 1 3 2 2 1 3 2 1 A;B;C,DE, 282.76
21 3 1 3 2 3 2 1 3 2 A;B,C,D,E4 286.95
22 3 2 1 3 1 3 2 2 1 A;3B,C;3D;E, 281.28
23 3 2 1 3 2 1 3 3 2 A;B,C3D\E; 282.53
24 3 2 1 3 3 2 1 1 3 A;3B,C3D,E, 258.72
25 3 3 2 1 1 3 2 3 2 A;B;C D;E; 287.49
26 3 3 2 1 1 3 1 3 A;B;C DE; 311.32
27 3 3 2 1 3 2 1 2 1 A;B;C,D,E, 302.62
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Table 4 Signal to noise ratio of tensile strength

RS FMLS/N

1

2

3

48.69

48.82

48.78

48.66

48.85

45.09

49.51

49.08

48.33

(aispopnratiE Sibp- AT NS NIRECIN DS Y S '

RIS FREILS/N| I HS [FWILS/N Bl 1 Sk AR B L o v e

10 48.07 19 48.24

11 47.81 20 48.78

12 48.06 21 49.16

13 48.32 22 48.97

14 47.49 23 49.00

15 48.87 24 48.25 BT IE AR 1 T RO A

16 49.13 25 49.16 23 EXRWAESH

17 48.64 26 49.86

18 49.10 27 49.62
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Table 5 Signal to noise ratio response table

KA A B AxB C AxC D AxD E z= 5|

1 48.42 48.49 48.82 48.85 48.75 48.95 48.65 48.31 48.32

2 48.39 48.17 48.35 48.40 48.70 48.81 48.79 48.71 48.74

3 49.00 49.16 48. 64 48.56 48.36 48.06 48.37 48.79 48.75

WeZER 0.62 0.99 0.47 0.44 0.39 0.89 0.42 0.48 0.42

HERR 3.00 1.00 5.00 6.00 9.00 2.00 8.00 4.00 7.00
490} NAF W D7 2250 B 2 b At IR BO 4
g JE) Rl DOYE A1) 19 P<0. 05, WX 2 4 31
§4g.o F e . ' By, AR A R AR B, PR E B 1L
gjzg T ~ K= D 1Y PAEEE/DN, Ui TR B ARSI h
I e 2 IR 45 5B T R B . 3 AR
a5 PR ). COE L) . B(IKMIR) () P>0.05, Kk
R R I N T R B SR XA R IR B3, I P AR
AN Xof 10 25 2R 5 Wl DR BRI LR
1 ARRRLL I A—HFE E—H%E C. 535k, I\ 3 A TAERIN P

Fig. 1 Signal to noise ratio response diagram
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% 6 MEWE Ly 2200, Frh FAE NS RSB3CH
VEFRII 7 22 bR LATR 22 1 7 25 5 PAAE IR AR J A4
P # A 8 EKF, REEIMA 0.05. 24 P<0.05 i,
LN A E R A OR R oA P AIE | A
P {HB/INE R B3 24 P>0. 05 B, RIHZE K
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Table 6 Analysis of variance for signal-to-noise ratio

HWE  AHEm  WEV AU FEows FE Pl
A 2 2.1577 1.0788 2.20 0.161
B 2 4.618 8 2.3094 4.71 0.036

AxB 2 0.995 8 0.4979 1.02 0.397
C 2 0.899 5 0.4497 0.92 0.431

AxC 2 0.8122 0.4061 0.83 0.465
D 2 4.1407 2.0704 4.22 0.047

AxD 2 0.828 1 0.4140 0.84 0.458
E 2 1.200 6 0.6003 1.22 0.335

R 10 4.903 4 0.490 3

it 26 20.556 9

HBAR T 0.05 15 i, IEASIR L Fr a5k 1) 38 BAE A AT
DL AT TR I 45 SR A5
24 AIGIHE

EASIRR BT E T A A4 AsB;C D) E;,
HAKRTZZ8000: AGREHRN 250 A), BUR#EHE
J& 140 mm/min), CGA 22 2.5 m/min), DO H
A JE 70°), E(Bk A5 R 3 Hz), A 605 78 B i
27 Hikm oy b, R B %€ AsB;CDIE; 5
IEAZF P I ar 5 26 5080 7 %€ AsBsC D E, 1
XGRS, anEk 7 FraR, AN MinitabZ (4 T30 {5 A 5i
Bl s (EA5 S, S R AL A 1 5 et A g b o 2
HBLLES 26 50 e, UL IE ZS I T
YA 1 2219/5A06 ARG ki VP-TIG J211) T

£ 7 Minitab FURMEFN LR EE
Table 7 Minitab predicted and actual measured value

259 RS {EMELLS/N PSR EER,/MPa
A;B;CDEs(fefE)  50.33 321.21
Minitab i {H
A3B;CDE(26%)  49.85 308.92
. A3B;C\DEs(Ifl)  50.04 317.45
SRR
A3B;CDIE(26%)  49.86 311.32

Bl 2 A E T 2S84 G AsB;C D E; HYXR4E
FIESL, BTG H0R4E SOY R 4r, 500 ok
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Fig. 2 Macroscopic morphology of weld. (a) weld
formation; (b) weld cross section
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Fig. 3 Fracture location of pulsed VP-TIG joint
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Fig. 4 Strain distribution cloud diagram of pulsed VP-
TIG welded joint
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Fig. 5 Fracture cross section structure of pulsed VP-TIG welded joint. (a) top; (b) middle; (c) bottom
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TE 20 5 b T R P IR GE 2210 Al + AL Cu 3t
rARAL.
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Fig. 6 Second phase distribution on the fracture cross
section of pulsed VP-TIG welded joint. (a) top; (b)
bottom
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Wi 3, ELIR] A7 A — Se A W 2L R RPAIE.

B 7 Rk VP-TIG 1B#Ek 2219 M AR 4R
Fig. 7 Fracture morphology of 2219 side of pulsed VP-
TIG welded joint
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Fig. 8 Microhardness distribution of pulsed VP-TIG
welded joints. (@) microhardness at different
locations; (b) microhardness cloud image
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(d) KRs
B9 fEIRLmLE

Fig. 9 Cyclic polarization curve. (a) 2219 BM; (b) 2219
HAZ; (c) 2219 side fusion line; (d) welded seam

2219 L X EHAG [ 2219 BEMR A 18 JE b e 437 0
i ARl A, ELARAE HL L 22 AE (B i Eprod) K

PR 5 2219 P X EH AL I RE ) L REAS
I, X LES AR RS M DXl T i A R 1
FHIE BT R AR A A LT 2219 AR IX,
T 2219 Mk LR BRI A4 DX ORI AR 48 HAT B o 1) I
Thep R, AR A A, HOFET AL BE
Qs PR TRk 2219 MR & G FIkRSE,
2219 M A LR BRI A X BRI 4 2 AU S R AR
AR

* 8 MRMBLERUIRLER
Table 8 Design table of factors and levels

JERR EphEE AR EERTEE i
XI5, AL W,/ AL fEHL
4 - AE/mV
Eeor/V (10 °A-em ) Ey/V  Epo/V
221964 —1.094 0.197  —0.599 —0.675 76
22198 MIX. —1.121 1.100  —0.588 —0.699 111
219MIEEL ~1.079 1.290  —0.632 —0.765 133
JE4E -1.093 1.370  —-0.627 —0.776 149

10 S G 30 H Ab 2 i A 6 %) o 3.
A AT AT A 1, 2219 BB AT S i i )
U, HRIE 2219 HUEEIRIX, 2219 MUE A2 T A X
RS BT o ERE R 22, 5 IR EER s fh 7 iy
LA MEEIR AV &, JF H R B 2219 e & 2t
T P DX R A A T oSk R A ) 8 TS ok 1 5k
W, X R R AR A A Y 5 il 5 A A S DA O,
ALCu M FE A BMKE N Cu Tt R, HHAEN
AR B AR, AL, Cu AH JE BB B304 7 A T 304 X, fili
HAE R B K A= T ik, SRAT 2219 M A LR T

(c) 2219 M A4k

(d) #r4t

B 10 FEHhrsR
Fig. 10 Corrosion morphology. (a) 2219 BM; (b) 2219
HAZ; (c) 2219 side fusion line; (d) welded seam
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A X IR R AEAR I AME T, R SARAFAE R
S RURGELER AL+ ALCu 6 A AH, 3R
PEFEA.

4 2

(1) R Lyy(3') IEF, AL T LS A SN
WA L 250 AL HRBEE 140 mm/min , 35 22 3
2.5 m/min, 3% A 70°, Bk b 45K 3 Hz. T.25%
R A5 Tl XoF 0 55 T 4052 i DA, = 380 A L K TR
Shy R R — 1 A R — R IR — K A
R L TR, R AN 1 A X 2
B0} A E[ AT

(2) BTARAT T Jo s fa AR 3k, B2k bt
$ir 5 B 43 0 I8 #) 2219 F1 SA06 B Y 67.5% F
80. 0%, W5 i Z853 31355 2219 F1 5A06 BEA 1Y
27.0% F1 26.4%. AR KTV 2219 M & 2
BRHE AR B R I AR A 2 A, V%A B A 2 Sk P i
(B IR ATR P DX 8, 23 1 W 5 X 8 D v e 2 T 2
k32, [RIBAEAE— L SR W 2L (R AIE.

(3) X ARk 2219 MR A 4 FIR4E, 2219
A A 2 R R R e DX S o e A 22, 2 sl psh A S
RO,

5% 3k
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increase the number of oxides, refine the size of oxides, and en-

sure the toughness of CGHAZ under super large heat input.

Key words: trace element; ship plate; super large heat in-

put; coarse grain heat affected zone

"T'"" shaped arc and its promotion method in Tri-Arc dual

wire welding ZHONG Pu, LI Liangyu, REN Guochun,

WANG Tianqi, GUO Dongbo(Tianjin Key Laboratory of Ad-
vanced Mechatronics Equipment Technology, Tiangong Uni-
versity, Tianjin, 300387, China). pp 54-60

Abstract: The Tri-Arc dual wire welding achieves a high de-
position rate and low heat input by redistributing the heat input
through an intermediate third arc called M-Arc. The M-arc is
coupled to the main arc and exhibits "I and "p" shapes and
their mirror images throughout the dynamic cycle. In this pa-
per, the formation mechanism of the "I"-shaped arc and the
heat input regulation mechanism are investigated first. The res-
ults indicate that the "I shape evolves from the "p" shape, the
oscillation of adhered molten droplets induces a variation in the
distance between two wire ends, thereby facilitating the forma-
tion of "I"" shape in the coupled arc. In this case, the M-arc
does not touch the workpiece, rendering a lower heat input dur-
ing welding than the "u"-shaped arc. In order to enhance the
low heat input effectiveness of the Tri-Arc dual wire welding,
the alteration of the distance at two wire ends is achieved by el-
evating the welding torch. Simultaneously, the length of the
conductive nozzle should be increased to maintaining a con-
stant distance between the tip of the conductive nozzle and the
workpiece. When the length of the conductive nozzle is in-
creased from 30 mm to 35 mm, as the welding torch is elev-
ated, the duration of the "I'" shaped arc phase gradually ex-
tends. This extended duration effectively facilitates arc thermal
distribution, consequently reducing the heat input during Tri-
Arc dual wire welding. As a result, peak value of the highest
temperature within the molten pool diminishes, thereby re-
duced the weld bead width-to-height ratios and weld penetra-

tion.

Highlights: (1) The heat input distribution mechanism of Tri-
Arc dual wire welding is investigated, revealing that the
coupled arc heat input is lower in "I""-shape.

(2) The process of arc coupling is elucidated, confirming that
the formation of the "I""-shaped arc is affected by the distance
between the ends of the welding wires.

(3) It is proposed and verified that reducing the distance

between 2 wire ends can effectively promote the generation of

the "I""-shaped arc.

Key words:  tri-arc dual wire welding; coupled arc; arc

shape; arc thermal distribution; weld thermal input

Three-dimensional reconstruction of GMAW weld pool ap-
pearance based on variational stereo matching algorithm
LIANG Zhimin"’, GAO Xu', REN Zheng', WU Ziqin',
WANG Liwei]’z, WANG Dianlongl’z(l. School of Material
Science and Engineering, University of Science and Techno-
logy, Shijiazhuang, 050000, China; 2. Hebei Key Laboratory
of Material Near-net Forming Technology, Shijiazhuang,

050000, China). pp 61-66
Abstract: In order to realize the complete three-dimensional
sensing of weld pool surface morphology, a stereo vision sens-
ing system with biprism and single camera was constructed.
Aiming at the difficulty of stereo matching caused by the lack
of texture in weld pool map, a globally optimized variational
stereo matching algorithm was introduced. By establishing the
feasibility function of energy function containing gray differ-
ence data item and spatial continuity constraint item, the dense
disparity figure of weld pool surface with rich details was ob-
tained through iterative. The results of stereo matching and
three-dimensional reconstruction of the self-made non-stand-
ard concave shape show that the width error is less than 3. 16%
and the depth error is less than 4.82%. Based on this al-
gorithm, the dense disparity map of weld pool surface is calcu-
lated and reconstructed under the conditions of bead on plate

and V-groove butt welding with different penetration states.

Highlights: (1) A biprism stereo visual sensing system based
on a single camera is constructed.

(2) Disparity calculation and 3D reconstruction of the com-
plete weld pool surface are implemented based on a variational

stereo matching algorithm.

Key words:  weld pool appearance; three-dimensional re-

construction; variational stereo matching algorithm; gas met-

al arc welding

Investigation of pulse VP-TIG welding process of

2219/5A06 dissimilar aluminum alloy XU Guangpeil,
WEI Yaoguangl, RAN Guangqil, CHEN Yaol, LI Huanz(l.
AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Cheng-
du, 610073, China; 2. Tianjin Key Laboratory of Advanced

Joining Technology, Tianjin University, Tianjin, 300072,
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Abstract: In order to obtain the best performance of welded
joints, dissimilar aluminum alloys of 2219-T87 and 5A06-
H112 with a thickness of 5.5 mm was joined by pulsed VP-
TIG butt welding. The L27(39) type orthogonal table with five
process parameters and three levels were designed, and the in-
teraction between three factors was considered at the same
time. The influence of each factor on the tensile strength of the
joints was analyzed, and the results show that the influence of
the process parameters on the joint performance is in the order:
welding speed > groove angle > peak current > pulse fre-
quency > wire feeding speed. Through orthogonal optimiza-
tion, an ideal defect-free welded joint was obtained. The mech-
anical properties, microstructure and corrosion properties of the
optimized welded joint were tested. The results show that the
fracture edge of the joint was near the fusion line on the 2219
side, where the strain was the largest and the hardness was the
lowest. The corrosion resistance of the 2219 side fusion line
and the weld area is the worst, and it is the location where pit-

ting corrosion occurs preferentially.

Highlights:  Using L27(39) type orthogonal text, the ideal a
defect-free dissimilar aluminum alloy pulse VP-TIG welded
joints is obtained. Near the fusion line of 2219 side in the
whole welded joint is the location of fracture, the area with the
lowest hardness value, and the position where pitting corrosion

occurs preferentially.

Key words:  orthogonal experimental; plused VP-TIG weld-
ing; dissimilar aluminum alloy; mechanical property; corros-

ive property

Effect of microtexturing characteristics on the perform-
ance of laser welded aluminum alloy-CFRTP joints XU
Liang', LI Kangning', YANG Haifeng', SONG Kunlin’, GU
Shiweil(l. HWI-NICHST Welding and Engineering Innova-
tion Center(Qingdao)Co., LTD., Qingdao, 266000, China; 2.
National Invitation Center of High Speed Train at Qingdao,

Qingdao, 266108, China). pp 75-81
Abstract: The effect of laser texturing on the performance of
aluminium alloy-CFRTP laser welded joints was studied and
the strengthening mechanism of laser texturing was analyzed.
The results showed that the laser surfi-sculpt could be used to
build texturing on the surface of aluminium alloys to obtain
well-formed and high performance aluminium alloy-CFRTP

laser welded lap joints, and the joint achieved tightly embed-
ding. With the increasing of the depth-width ratio of the laser

texturing, the molten CFRTP in the texturing was changed
from fully filled to partially filled, and the joint shear proper-
ties showed a trend of first increasing and then decreased, and
the joint failure mechanism was changed from hybrid fracture
(adhesive failure + cohesive failure), CFRTP base material
fracture to hybrid fracture. The joint performance reached its
maximum when the depth-width ratio reached 1.2 to 1.6, at
which point the fracture location was located in the CFRTP
base material. The strengthening mechanisms of the alumini-
um alloy-CFRTP joint by laser texturing were enhancing mech-

anical embedding and the "nailing" effect of splashing.

Highlights: (1) The characteristics of laser texture and its ef-
fect on the filling effect of CFRTP were investigated.
(2) Effect of laser texture characteristics on the properties and

fracture mechanism of welded joints was expounded.

Key words: laser texturing; carbon fiber; composite mater-

ial; laser welding

Recognition algorithm of small-diameter tube X-ray weld-

ing defect image  XIAO Yang', GAO Weixin'"’, DENG

Guohaoz(l. School of Electronic Engineering, Xi’an Shiyou
University, Xi’an, 710065, China; 2. Key Laboratory of Gas-
Oil Logging Technology, Xi ’an Shiyou University, Xi ’an,

710065, China). pp 82-88
Abstract: To address the current situation of low accuracy
rate of small-diameter tube welding image defect detection, by
combining image feature analysis and sparse dictionary learn-
ing, a small-diameter tube welding defect detection algorithm
based on image segmentation is proposed. Firstly, using two-
step image segmentation way acquires the region of interest
which is in small-diameter tube welding image. Secondly, the
suspected defect region is obtained by extracting welding de-
fect. Finally, we propose a mathematical model of the diction-
ary matrix of small-diameter tube welding defects with the ob-
jective of minimizing correlations between different types of
atoms and solve it by using K-SVD algorithm. After that, the
dictionary matrix is used to classify circular defects, strip de-
fects and noise. To improve the real-time performance of the
system, we use parallel programming to accelerate the image
segmentation algorithm. The results show that the recognition
rate of the proposed method is 0.974 for circular defects and
0. 967 for strip defects, and the recognition speed is fast, which
enables the effective recognition of defects in small-diameter

tube welding image.
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