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BE: NUIRBELE T SE6] 458 & MRS L A At RB R v, IR A Wire-1561, Wire-5B71 Fll Wire-
SE613 F 42 22 %F 4 mm JE SE61-H116 45 & & My AR 47 JE I b AR 18 - 37 /2 (tungsten inert gas welding,
TIG %8), 7 TR BB L RTINS BB R OS2t S5, EARNEETET, 3 /g
28R U B B, SRR LR AR AT WS AL. RIR 2283k 1R X B 212 REA B, Wire-5B71 /2485
PR/, Wire-5E61 fR2% fPLIK Z, Wire-1561 #2482 bR K. T Mg LR W E R4 Er U W40 A 5R 1k,
Wire-5E61 823 4828 X B B i . MBS AE A Th i, Bk WAL B R B R A A MHE AR S X, I
A7 B AR B B IK. Wire-1561, Wire-SB71 Fll Wire-SE61 3 Fhk 248 LB hrsi B 40 31 322, 323 7l 338 MPa, (82
REA1H 0.83, 0. 84 1 0. 88, Wi /5 13.0%, 14.5% F1 14. 5%, WLk TR .

flFA: (1) TeHEL R Z SRR R SR A SN EERE.
(2) #H7R T 182 Mg, Er, Sc TTEX SE61 4484 TIG 1R L A 4 H Sk AR.

K& SE61 4564 TIG 1R O S,; hifk
hESES: TG 457.1 LEMRINE: A

0 F&

BEE MR M TR XA BRI R, i
MASESWERRK. SR WA K. B TR
BHREAFEE 22, XEESWIRE . RS T
ERESR. SE61 SBAERTEHM 1561 58 SN
ImA Er ST, (FHEA T R 058 B A B AT i
PR, B — AR A R R B e A T
MAEBEATREMNZEER AR, BHEi4HXT SE61 48
AEERTHWIR FEEPEBRLE, Bk
FEFR B WER SR B SRR TR (tung-
sten inert-gas welding, TIG #8) S44LR g S 4R
$E (melt inert-gas welding, MIG #8)*°, Ep A
Xf # &l Al-Mg-Mn-Er & & B AR #H 4T TIG H 2 18
B, R AT L H R RS i, J
ABBE A 71.4%. EEE%EA" R ANER
IR TIG SBITIERT 1561 SRa S BT T 128, RIE

W E#: 2021 —10-24
BEE&HE: ERESBETRIME (2021YFB3704200)

dei: 10. 12073/j. hjxb. 20211024001

K IRF R R I AR ok, EmEAY
RAFILFEETFIEFENEE RN 4 mm 1 SE61
AWM T T BERR, BRI
IRB BRI AR R 85% LA L.

LI EETXF SE61 Saa & MR R BE R
TZBR, AR * RS H R KBk 1%
PERE R R R REHT 5T, H NS R WAE )
H.JH, SCHRA TIG ek, A E&ME R
1561, 5B71, 5E61 3 # Rl -E 22 (LU FHnicly Wire-
1561, Wire-5B71, Wire-5E61), Xt 4 mm J& 5E61 48
B LT IR, IRARRL R 50 ReEH A
Rk 1 2= B IR M, SO BEAASERR IR B L SR
M EE R ALK Y.

1 REF*

BRI BT AT AL T SE61 A& 2 M, F%
4 300 mm x 150 mm x 4 mm. ¥EF Wire-1561, Wire-
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Table I Chemical compositions of 5E61 base material and three kinds of welding wire

A Si Fe Cu Mn Mg Zn zr Er Sc Al
S5E61Mtt 0.15 0.12 0.01 0.91 5.91 0.01 0.12 0.19 —
Wire-1561 0.05 0.08 0.02 0.94 5.69 0.01 0.08 — —
Wire-5B71 0.03 0.11 0.01 0.01 6.02 0.02 0.12 — 0.34
Wire-5E61 0.03 0-15 0.01 0>88 6.23 0.04 0.11 0.35 —
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Fig. 1 Surface morphology of welded joints
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Fig. 2 Longitudinal section and geometry parameter of
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Fig. 3 Grain orientation distribution map and grain
boundary angle distributions map of 5E61 base
material, (a) grain orientation distribution; (b)
grain boundary angle distribution
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Fig. 4 Microstructure of welded joints, (a) FZ of Wire-1561; (b) WZ of Wire-1561; (c) FZ of Wire-5B71; (d) WZ of Wire-
5B71; (e) FZ of Wire-5E61; (f) WZ of Wire-5E61
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Fig. 5 Orientation distribution maps of WZ and HAZ of welded joints with different welding wires, (a) WZ of Wire-1561;
(b) HAZ of Wire-1561; (c) WZ ofWire-5B71; (d) HAZ ofWire-5B71; (e) WZ ofWire-5E61; (f) HAZ ofWire-5E61
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Fig. 7 XRD patterns of 5E61 base material and WZ of
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Fig. 8 SEM morphology of WZ microstructure with different welding wires, (a) 5E61 base material; (b) image of the
selected area A; (c) WZ of Wire-1561; (d) image of the selected area B; (e) WZ of Wire-5B71; (f) image of the
selected area C; (g) WZ of Wire-5E61; (h) image of the selected area D
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Table 3 Results of EDS tests
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Fig. 9 Microhardness of welded joints

5E61
4 -5E61
386, 218 MPa  18.0%.
Wire-1561, Wire-5B71 Wire-5E61 3
322, 323 338 MPa,
175, 173 177 MPa,
13.0%, 14.5% 14.5%, 0.83,



92 43

4 5E61
Table 4 Mechanical properties of 5E61 aluminum alloy base material and welded joints

Pkt JE R SR Fx/MPa eI W75 fi 22 4(%) R RE
SE61AELAT 218 386 18.0 —
Wire-15613% 3k 175 322 13.0 0.83
Wire-5B71%j 173 323 145 0.84
Win>5E61H#% 177 338 145 0.88
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Fig. 10 Fracture location, (a) Wire-1561; (b) Wire-5B71; (c) Wire-5E61
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Fig. 11  Microstructures ofjoint fracture with different welding wires.(a) low magn cation fracture of Wire-1561; (b) high
magnification fracture of Wire-1561; (c) low magnification fracture of Wire-5B71: (d) high magnification fracture
of Wire-5B71; (e) low magnification fracture of Wire-5E61; (f) high magnification fracture ofWire-5E61
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Table 5 Results of EDS tests

J={ Al Mg 0o Fe Mn Tl ReAHE
1 43.65 24.32 11.7 8.7 11.63 44 Aly(Mn,Fe)
2 40.12 19.35 23.21 9.43 7.89 K4, Aly(Mn,Fe)
3 36.65 30.34 18.13 6.32 8.56 A4, AlyMn,Fe)
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ing processes are complementary through the unique welding
torch structure design. An external magnetic field was de-

signed by regulating the coupling degree between two arcs for
the problem of arc repulsion caused by different polarity of
power supply in hybrid welding process to solve. The influ-
ence of main process parameters on the weld forming and sec-
tion geometry characteristics of Q355B steel was studied. The
results show that the external magnetic field can effectively im-
prove the stability of the hybrid welding process and weld
forming. FCAW voltage greatly influences the stability of the
underwater hybrid welding process. Plasma welding current

and FCAW voltage greatly influence weld penetration, and the
plasma current has an approximately linear relationship with
weld penetration. Compared with the underwater FCAW pro-
cess, the welding depth of the hybrid welding process is in-
creased by more than 40%, with higher welding efficiency and
welding stability.

Highlights: (1) Plasma-FCAW hybrid welding technology
suitable for underwater environment is proposed and a hybrid
welding torch is designed.

(2) An external regulating magnetic field is analyzed to im-
prove the repulsion between arcs and the arc strained condi-
tion.

(3) The influence of main process parameters on weld forming
and section geometry characteristics is studied, and the weld-

ing efficiency of hybrid welding process is compared and ana-

lyzed.

Key words:  plasma-FCAW; underwater hybrid welding;

paraxial composite; magnetic field control; weld formation

Interfacial bonding properties of titanium foil/steel explos-
ive welding BI Zhixiongl, LI Xuejiaol’z, wuU Yongl,
XIONG Su’, WANG Quan', RONG Kai'(l. Anhui University
of Science and Technology, Huainan, 232001, China; 2. An-
hui Leiming Kehua Co., Ltd., Huaibei, 235000, China; 3.
Guangzhou Engineering Design Institute, Guangzhou, 510000,
China). pp 81-85

Abstract: To reduce titanium/steel explosive welding usage,

the explosive welding between 200 um thick TA1 titanium foil

and Q235 steel was realized by using salt as a pressure transfer

layer and low detonation velocity as a welding explosive. The
microstructures at the interface were analyzed by metallograph-
ic microscope, scanning electron microscope and energy dis-
persive spectroscopy. Tensile and bending tests were carried
out by a universal testing machine to test the bonding proper-
ties of the clad plate. The results show that the titanium
foil/steel interface shows a regular waveform and is mainly
bonded by the melting layer, which has good bonding quality.
The metal near the interface produces strong plastic deforma-
tion, and the steel grains are linear. The vortex of the wave
peak contains a melting block, and no holes or cracks are ob-
served. According to the atomic ratio of Ti and Fe elements,
the main components of melting block are FeTi and Fe,Ti in-
termetallic compounds. The bonding interface did not separate
when the three-point bending and tensile specimens were des-
troyed, which indicates that the clad plate has good plastic de-
formation ability and bonding performance. There are dimples
of different sizes in the titanium and steel layers of tensile fail-

ure specimens, mainly plastic fractures.

Highlights: The explosive welding of 200 pym TA1 titanium
foil/Q235 steel was carried out with salt as a pressure transfer

layer, and the microstructure of the clad plate was analyzed.

Key words: explosive welding; pressure transfer layer; ti-

tanium foil; microtopography; bonding performance

Effect of welding wire composition on microstructure and
properties of SE61 aluminum alloy TIG welded joints

MAO Xiaodong', GU Ningjie', SONG Xiaoyu', REN Simeng’,
LU Liyingz, LI Hutianl(l. Chinalco Material Application Re-
search Institute Co., Ltd., Beijing, 102209, China; 2. North-

east Light Alloy Co., Ltd. , Harbin, 150060, China). pp 86-93
Abstract: To study the effect of welding wire composition
on the microstructure and properties of SE61 aluminum alloy
ship plates welding joints, the tungsten intert-gas (TIG) weld-
ing of 4 mm SE61-H116 aluminum alloy ship plate was con-
ducted using Wire-1561, Wire-5B71 and Wire-5E61 welding
wires. The welded joints' surface morphology, forming quality,
microstructure, and mechanical properties were analyzed. The

results showed that the welding quality of the three kinds of

welding joints performed well under the same welding process,
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and there were no visible porosities in the welding center zone.

The microstructure of the welding zones was different. The

grain size of the welding zone by Wire-5B71 was the smallest,
followed by Wire-5E61, and the one of Wire-1561 was the
largest. Due to the solution strength of the Mg element and the
refined crystalline strength of Er element, the microhardness of
the welding joint by Wire-5E61 performed the highest. The ex-
tension tests of welding joints have proceeded. The results

showed the fracture locations of the joints were mainly located
along the columnar crystal region near the fusion lines, where
the microhardness displayed the lowest. The tensile strength of
weld joints prepared by Wire-1561, Wire-5B71 and Wire-5E61

were 322, 323 and 338 MPa, respectively. The welding coeffi-
cients were 0. 83, 0. 84 and 0. 88, respectively, and the elonga-
tions after fracture were 13.0%, 14.5% and 14.5%, respect-

ively, which can meet practical engineering applications.

Highlights: (1) The weld strength of marine aluminum al-
loys with high magnesium can be improved by matching the
composition of welding wires.

(2) Effect of element Mg, Er, Sc in the welding wires on the
microstructure of SE61 aluminum alloy joints welded by TIG

welding was revealed.

Key words: 5SE61 aluminum alloy; TIG welding; micro-

structure; mechanical properties

Mechanism of wire and arc interaction in hollow tungsten
arc welding with coaxial filler wire YANG Yicheng1’2’3,
DU Bing', HUANG Jihua’, HUANG Ruisheng’, CHEN Jian®,
XU Fujiag(l. China Academy of Machinery Science and Tech-
nology Group Co., Ltd., Beijing, 100044, China; 2. Lab. of
Materials Welding and Joining, University of Science and
Technology Beijing, Beijing, 100083, China; 3. Harbin Weld-
ing Institute Limited Company, Harbin, 150028, China). pp
94-99

Abstract: The interaction between welding wire and arc
(wire-arc) is the key factor to determine the welding quality of
hollow tungsten arc welding. Firstly, the shape of hollow tung-
sten electrode arc and solid tungsten electrode arc, and their in-
fluence on the weld forming characteristics are observed and

analyzed by high-speed camera. Then the stress model of fuse

process is constructed, the dynamic characteristics of droplet
formation and transition process in coaxial wire filling welding
are systematically analyzed. The research results show that the
surface irradiation area of hollow tungsten electrode is larger
than that of solid tungsten electrode, and the weld formation is
stable under the high welding current. At the stage of droplet
formation, the droplet at the end of the welding wire is in static
equilibrium, and it cannot spontaneously transition from the
end of the welding wire to the molten pool under the action of
large surface tension. In droplet transition stage, part of the
welding current flows through the welding wire, producing
electromagnetic shrinkage force, causing the droplet swing

between the welding wire and the molten pool.

Highlights: (1) The verification of hollow tungsten electrode
welding with coaxial filler wire technology was completed for
the first time.

(2) The evolution mechanism of welding wire and arc in the

process of hollow tungsten electrode welding with coaxial filler

wire is revealed by using high-speed camera.

Key words:  hollow cathode; coaxial filler wire; droplet

transfer; wire arc interaction

Three-dimensional measurement of post-weld surface

based on grating projection YANG Guowei, ZHANG

Jinli(Tianjin University of Science and Technology, Tianjin,
300222, China). pp 100-105,112

Abstract: The three-dimensional contour of the weld surface
is an important index to evaluate the quality of the weld. In re-
sponse to the problem that the measurement speed and accur-
acy cannot be balanced when the weld is measured by the com-
monly used line structured light scanning, a weld three-dimen-
sional profile measurement system based on the surface struc-
tured light grating projection is designed and built. Firstly, the
grating fringe is projected onto the weld through a digital light
processing(DLP) projector, and the camera acquires the de-
formation modulation fringe. The phase of the deformed grat-
ing fringe is accurately calculated and unwrapped by using the
four-step phase-shifting method combined with the multi-fre-
quency heterodyne time-domain phase-resolving algorithm.

Then, using a planar target combined with a high precision



