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Fig. 1 Quartz tube and its state in shell. (a) quartz tube;

(b) quartz tube in the shell
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Table 1 Compositions of base metal and welding wire
- EEE VIV
Co Cr Al Nb Mo w C B
1 5 10 5.5 1.8 3.5 3 0.1 0.005
2 5 10 5.5 1.8 3.5 3 0.1 0.04
3 5 10 5.5 2.4 3.5 3 0.1 0.005
4 5 8 5.5 1.8 3.5 3 0.1 0.005
5 5 10 5.5 1.8 2.5 3 0.1 0.005
6 5 10 6.2 1.8 3.5 3 0.1 0.005
7 5 8 6.2 2.4 2.5 3 0.1 0.005
1.2 REHE Thermal-calc FRA A ASLALLIE 4% 1 &8 [l ok 72, Jir sk H]

K A9 W G IR AR (TIG) XF A& 4 4 mm Ay
K4951 F1 K465 i85 & & HE 70, SR #ih
VIES O, B 1 mm 8980, 3R 75%Ar +
25%He RGP, IREZH N 45 A, SRR
13V, SR8 BE S 0. 05 m/min. 225 F) i+
Wi (SEM). iB ST BT (TEM). RE RSSO KR 42 4%
S 19 AL ST T 4. R TPP6. O B4R £ 54
SUKFE. L FRER (EPMA) K& B3 45 — A
()84, R AR AN 3 Uk, BOE Y R

HYECHE 22 R TTNGS. A I HE R A R g LR AR 5 4%
1T 650 °C/620 MPa 4514 T I FEA FAmillis,
ST LN 3 Wk, BOFRBE. R A BR T
AT AE Abaqus A9 Standard/Explicit 455 £ 7 37
2 4V TR FROTAR AL, S0 B 22 IR T JH 7 2 AR
L. 383 Python ZfE it i P A g 43 A 2 56
BGRB8 it iR R 30 A RS
XP R INERT IR B8 A3 AR A AL
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Fig. 2 Microstructure of the joint showing the preci-
pitates and the cracks. (a) macro morphology of
the welding zone; (b) microstructure of the
welding zone; (c) morphology of HAZ-cracks (d)
precipitates magnification of the welding zone
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Fig. 3 TEM bright field image of the second phases and
corresponding diffraction spectrum and SEM
image. (a) skeleton precipitate; (b) particle
precipitation phase; (c) chain like precipitation
phase; (d) SEM image of the second phases
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Fig. 4 EPMA analysis of various second phases
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Fig. 5 Solidification process of the welding joint
simulated by Thermal-Calc based on the wire
composition
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Fig. 6 Crack sensitivity and properties of K4951 alloy
welded by different wires
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Fig. 7 Morphology and content of y' in different welding
joints. (a) No. 1; (b) No. 6; (c) No. 7
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Fig. 8 Element distribution coefficient of the weld fusion
zone of different welding joints

FIF B 22844 Thermo-cale H A% Scheil i
U5 AR 1R K A 0 1 A e v e 2 L 40 4%,
SEIRANE 9 iR, [ 10 A AS R 22 S5 4% P L 1Y)
TS R BRI AR T A A b i
J153 A0, 5, Nb JC R 7F 5 E i FE v & 504K
Wi 50K o 3 B ik D S B kB, HL AR i
K, X5 Nb LR EA BN RE (LK 0.4)
AR X BZ TG A H T H AT R A5 fm AT
T AL, B0 T W ACAH RS04 (1] 10a, 10Db),

AT AN FE AR GE R ) 5 | RS A T2, DA T2 T
b b S AL A RE T, BRI 4 i RS iUR . Cr
Mo ) i B T4 A (], [) Bsf 9 b o 2 O A2 1 7 i Ak
TLRE WML SOt K. FEAE Cr Fl Mo B & &1l
DAAE — 8 P - R AT A A SR ) AR A0 5k 185 DA 17T 410
T AR 4 24 ), [T -t 7] A A APRASE & ) A 4
A WEPETIAL AT (M5B,) BT B, 3 1 e 40 X 48 2
B B J5 53 A MpsCe P, 75 dib FHE U 22 1 AR
M,;3(C, B)s B G 1 b & 4, 11 © A A 5% 3R BH A5k
Ma3(C, B)g BRI B ) T30 1 iy 5 g o 201,
PRk, LB T8 PR 2R SR R E R 759820 Cr Fl Mo
1) 7 it T AR AT AR 24 1 2L SC U . AL TT R &) b
TR AR B RN R AL, AN AL D628 — 5 T AT DA T
DIFESRALAR AY & i, (HL ] i 1 & AL TE e
P vy St S Y, 2SR, R, 3
I Al JTER TG IR B PETHR A IR e B 1.

0.10
0.09 b Cr
©
2 0.08 N\
e
= 0.07F W
ia% Al
=
& 0.05F Co
e
1D 0.047
0.03 ¢ Mo
0.02 . . . . Nb
0.2 0.4 0.6 0.8 1.0

TCERAEWAH IR A3 x
B9 AERTRERSEMENERITHEER

Fig. 9 Theoretical calculation results of solid-liquid
distribution curves of different alloying elements
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Fig. 10 Morphology of grain boundaries in different
welding joints. (a) No. 3; (b) No. 7; (c) No. 2
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Piezo-driven short-circuiting metal transfer in GMAW

XIAO Jun, WANG Zhihao, CHEN Shujun, GAI Shengnan(In-
situte of Intelligent Forming System and Equipment, Engineer-
ing Research Center of Advanced Manufacturing Technology
for Automotive Components, Ministry of Education, Beijing

University of Technology, Beijing 100124, China). pp 17-22
Abstract:  Gas metal arc welding (GMAW) is one of the
most commonly used welding process. The strong coupling
characteristics of its heat and mass transfer makes it difficult to
produce stable droplet transfer under small current. This paper
proposes a piezoelectric actuator based high dynamic wire
lock-release control process, in which the piezoelectric actuat-
or expands to lock the welding wire, and its contraction re-
leases the wire. During the wire lock-release process, the
droplet can be actively driven to short-circuit the molten pool,
and the inertial force generated during this dynamic process
can be used to actively neck and break the short-circuit liquid
bridge. The research results show that the addition of the com-
bined piezoelectric actuator can significantly improve the
short-circuit transfer in GMAW under low current, and the start
and end of the short-circuit are both stable and controllable,
avoiding the occurrence of random short-circuits, and no longer
relying on the rapid rising of short-circuit current to force the
necking of the liquid bridge. The short-circuit transfer fre-
quency is significantly improved, up to 130 Hz under DCEP
100 A welding current, and up to 100 Hz under DCEN mode.

Highlights:
method in GMAW is proposed, in which the piezo-actuating

A piezo-actuating based metal transfer control

effect is utilized to high-dynamically lock and release the wire
and thus actively initialize the drop short-circuiting and com-
plete the drop detachment for obtaining current-independent

smooth short-circuiting transfer.

Key words:  gas metal arc; piezo-actuating; short-circuit-

ing transfer; wire lock-release control

Effect of power distribution on dynamic behavior of mol-
ten pool during laser oscillating welding of SA06 aluminum
alloy PANG Bowen', CUI Jiangmei’, ZHOU Naixun', KE
Wenchao', CHEN Long', AO Sansan’, ZENG Zhi'(l. Uni-
versity of Electronic Science and Technology of China, Cheng-
du 611731, China; 2. Chengdu Technological University,

Chengdu 611730, China; 3. Tianjin University, Tianjin

300072, China). pp 23-30
Abstract: 5A06 aluminum alloy lock butt weld was used as
the research object. Based on the laser beam oscillating, a laser
power (power distribution) which is distributed along the oscil-
lating path was added to achieve the dynamic control of power
relative to the path. The fluid dynamics model of laser oscillat-
ing welding process was established by the finite element soft-
ware FLUENT to research the effect mechanism of laser oscil-
lating and power distribution on weld forming. The weld sec-
tion morphology, molten pool dynamic behavior and porosity
formation process were simulated and compared under two
processes of equal power and power distribution. The results
show that compared with the equal power weld, the better
formed weld is obtained by power distribution and has no de-
fects such as undercut and burn through. Due to the character-
istics of power distribution, the average flow rate of molten
pool is effectively reduced, the steady flow behavior of molten
metal is exhibited, further improve the stability of the keyhole,
and smaller depth-to-width ratio keyhole is obtained, effect-

ively reduce the porosity of the weld (0. 9%).

Highlights:

tion path is proposed.

(1) A power distribution with sinusoidal oscilla-

(2) A heat-flow coupling model for laser oscillating welding of
5A06 aluminum alloy was established based on power distribu-
tion and equal power.

(3) The mechanism of influence of laser power distribution and
oscillating path on dynamic behavior of weld pool, weld forma-

tion and porosity defects during welding was clarified.

Key words:  laser oscillating welding; power distribution;

fluid dynamics; molten pool dynamic behavior

Effect of wire composition on weldability of a Ni-based su-
peralloy welded by TIG method WANG Shiyangl, LIU
Shiwei’, HOU Xingyu', SUN Yuan', CAO Nan’, SHI Wan-
peng4(1. Institute of Metal Research, Chinese Academy of Sci-
ences, Shenyang 110016, China; 2. Empty military represent-
ative office in Liaoyang district, Shenyang 110000, China; 3.
Liaoning Zhongke Boyan Technology Co., Ltd., Shenyang
110000, China; 4. Foshan Huizhen Technology Co., Ltd.,

Foshan 528000, China). pp 31-36,60
Abstract: To solve the fusion welding problem of K4951 al-
loy is the key to realize the development of a new generation of
aero-engine casing. Since the K4951 alloy contains the high

content of refractory elements and the weldability is poor, this
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study designed seven kinds of welding wires by adjusting the
precipitation-strengthening elements and solid-solution streng-
thening elements according to the composition characteristics
of the alloy. The effects of alloying elements on crack sensitiv-
ity and creep properties of the welding joints were analyzed by
means of scanning electron microscopy (SEM), transmission
electron microscopy (TEM), electro-probe microanalyzer
(EPMA) and thermal-calc software. Results show that when
the content of B was increased to 0.04%, the crack sensitivity
of the joint was significantly increased, and the weld metal is
fractured. Increasing the Nb content can improve the healing
ability of the liquid film in grain boundary, which can reduce
the welding sensitivity of welding samples, and increase the
creep life of joints from 15 h to 41 h. Reducing the content of
Cr and Mo can increase the crack sensitivity of the alloy to a
certain extent and increase the creep life of the joint. Increas-
ing Al content and regulating the Nb, Cr, Mo and other ele-
ments can effectively inhibit crack formation and improve the
high-temperature service performance of the welding joint.
The results of this study can provide an important reference
value for the subsequent research on weldability of precipita-

tion strengthened nickel-based superalloy.

Highlights:
K4951 alloy was developed.

(1) A new type of welding wire for high strength

(2) The internal relationship between wire composition-micro-

structure-crack sensitivity was revealed.

Key words:  nickel-based superalloy; fusion welding; wire

components; weldability

Influence of cusp magnetic field polarity on arc shape and
weld characteristics of twin-electrode TIG welding LIU
Runtao, ZHU Yanli, WANG Zeli, LIU Liming(Key Laborat-
ory of Advanced Connectivity Technology of Liaoning Pro-
vince, Dalian University of Technology, Dalian 116024,
China). pp 37-43

Abstract:  Aiming at the problems of low arc pressure and
shallow weld penetration in twin-electrode TIG (T-TIG) weld-
ing, a T-TIG welding method assisted by cusp magnetic fields
with different polarities is introduced. A high-speed camera
and an infrared camera were used to study the influence of cusp
magnetic fields of different polarities on arc shape and weld
characteristics, and a physical model was constructed to reveal
the interaction mechanism between cusp magnetic fields and

arc plasma. The results show that the external cusp magnetic

field affects the shape of the T-TIG arc and the temperature
field of the weld, and the cusp magnetic fields of both polarit-
ies can refine the structure of the heat-affected zone. Among
them, under the action of a positive cusp magnetic field, the T-
TIG arc shape changes more greatly, the weld temperature field
is more concentrated, the penetration depth of the weld is in-
creased by 37. 1% compared with that without a magnetic field,

and the energy utilization efficiency increases by 31. 6%.

Highlights:
ferent effects on the arc shape of T-TIG welding, and the posit-

(1) The two polar cusp magnetic fields have dif-

ive polarity magnetic field varies to a greater extent in com-
pressing and expanding the arc.
(2) The positive cusp magnetic field can increase the weld pen-

etration by 37. 1% and energy utilization by 31. 6%.

Key words: T-TIG welding; cusp magnetic field; different

polarities; arc shape; weld characteristics

Interface connection mechanism and mechanical proper-
ties of WC,, titanium matrix composites fabricated by laser

additive =~ WU Chengful, LI Xinyiz, CHEN Hongshengl’4, LI

Jian’, NIE Huihui"!, WANG Wenxian4(1. Taiyuan University
of Technology, Taiyuan 030024, China; 2. West New Zirconi-
um Nuclear Material Technology Co., LTD., Xi'an 710299,
China; 3. Huozhou Coal Power Group Xin Ju Coal Machinery
Equipment Manufacturing Co., LTD., Linfen 041000, China;
4. Shanxi Key Laboratory of Intelligent Underwater Equip-

ment, Taiyuan 030024, China). pp 44-53
Abstract:  Particle reinforced metal matrix composite struc-
tural parts have a wide range of prospects in aerospace, mech-
anical manufacturing, electronic and electrical fields. This
study fabricated WC-reinforced TC4 matrix composites by
laser selective melting technology. The effects of WC particle
content and laser power on the microstructure and mechanical
properties of the composite were investigated. The results
show that: with the increase of WC particle content, the form-
ing ability of composite samples decreases. When WC particle
content is (0% ~ 15%), WC particles are evenly distributed,
and no micro-pores and cracks are seen. When WC particle
content is 20%, pores and cracks appear inside the material,
making it difficult to form. At the interface of WC/matrix, an
interface layer of TiC and W,C is formed, and the interface
bonding performance is good. With the increase of particle
content and laser power in the composites, the fracture strength

and elongation of the composites decrease. The fracture mech-
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