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Table 1 The chemical composition of experimental ERNiCrMo-3 filler metal.
C Si Mn S P Nb Fe Mo Al Ti Ni Cr
0.011 0.022 0.004 7 0.000 4 0.001 1 3.82 0.090  8.67  0.067  0.24  64.60 22.06
*k2 BEIZSH
Table 2 Parameters of GTAW
PHERRIA IR UNV P Y (mmmin ) RS PR EQ(L min ) D22 W v, (mm-min )
200 14 100 13~15 1400 ~ 1 600
2 o ST B 4 T 40 MO R 0 — A i
500 RAEE, FH T HA A B REIE AL M T REBUESR
* b FIWT 118 18040, SR F Lift-Out J5 2 0HI R ) 244 X
(a) MR AT ROR AL B F R (focused ion beam, FIB) i
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Schematic of large thickness surfacing test plate
and samplings. (a) side view; (b) top view; (c) 3D
view
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Fig. 2 Transverse and longitudinal anatomy of large
thickness test plate
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Table 3 Crack statistics for deposited metal.

B g HYHuE EE8IS1 S BRAEGKE HLUBKE  EhgniEs
NIA™ I/mm Lo/ MM [5/mm d/mm
1-1 1 0.5 0.5 0.5 10.0
1-2 0 — — — 10.5
2-1 1 0.5 0.5 0.5 10.5
GAmRe Iy
2-2 1 0.5 0.5 0.5 11.0
3-1 1 0.5 0.5 0.5 11.0
3-2 0 — — — 11.5
4-1 0 — — — 10.0
0.5;2.5;0.5;0.5;1.3;2.5;0.5;0.5;0.5;
4-2 27 0.8;4.8;2.5;2.3;3.8;4.0,0.8;0.8;0.5; 7.0 49.0 10.5
0.7;0.7;0.9;0.6;1.0;1.2;2.3;5.0;,7.0
0.5;2.8;0.6;1.5;3.0;0.8;4.8;2.5;2.3,3.8,4.0;
PPl 5-1 22 7.5 44.8 10.5
0.8;1.0;0.5;1.0;0.8;1.0;0.8; 1.0; 1.3;2.5; 7.5
5-2 0 — — — 11.0
6-1 0 — — — 11.0
6-2 0 — — — 11.5
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Fig. 3 Microstructure diagram of crack. (a) crack; (b)
zone b; (c) zone c; (d) zone d; (e) zone e; (f)
zone f; (g) zone g
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WS 48 07 3 FIASE T A G A, DA 3fL 4] 3g
T LUE Y, 7 S RS0 i HE AR 4 s 2 4 )
BERT DUULEE B TH — R A ) 43 A 1R AR AL Ay
2.

Ry itk — 20 F W BB RPE T, e JE e S SE T
Wr FOBSLHEAT T 4307, JFRC G Re s AT T3 X i
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Fig. 4 Microstructure of deposited metal by SEM. (a) crack distribution position; (b) crack inner wall and its vicinity; (c)
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crack-free surfacing metal
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Table 4 EDS results of eutectic microstructure in Fig.4

(c) o

B HERE

IVALS Ti Cr Fe Ni Nb Mo C
A 0.13 24.00 0.10 63.43 1.83 6.04 2.53
B 0.31 22.63 0.24 61.23 5.27 8.15 1.83
C 0.63 18.83 0.06 51.69 16.28 9.32 2.83
D 0.57 7.24 — 64.97 20.27 4.42 1.57
E 0.36 16.02 — 53.73 16.73 11.17 1.99
F 0.37 20.68 — 59.88 8.13 9.42 1.53

2.3 MBS

5 o0 HE R 4 8 A1 20 b B s A B TEM 25
B EEE ] Sa. Bl Sb BT 7R 37 S L TR R U
1) L P AT S AR R 1T 0, AT A R NbC. A 3¢
fik e 1P, B0 LR R AL S B R R RS )5S
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A, AR Nb ¥ R T A B R LT SRR
TP B R, AT 2323 Nb 3 TR T 1)
BEL A5 R i, N f 3E SF- 5 DR T 4 T 2 8 A
Briti.

XTIl Sc. [l 5d 132 S URIAT 5 B e A bR o 3
BrBA, M i AR U7 & AH, HLAh s R A B a =
b =0.362 nm Fl ¢ = 0. 741 nm. %A% K B4R 8L

FRAR, RE LB GOK B UROR AN, 2 SR 5
i, SA R & & Ni. Nb i %% Cr B9 4% 45, H
Ni:Nb=~3:1, b2 0A LI R4 NizNb.

& AHAS BB T e, Y & AHBT H K KBk &
PEREA A NTREE, & FH7E S AR AL T, X
FORZE A ETHLVE R, S 800 46 b, & EIB 1k
AT R 1, R Al & AR B8 L
RRKARE. M AT 625 &4 H BRI, 5 M
AT HH 231 55 i Nb Hl Mo L7176 v JEA g [
iR b /E R, Nb Al Mo & B RIS S8 A &R
FIFRAIG. 24 & A& It 5% i, B4Rtk & B
FEAR, IR, & s B ARl & AT R K
Tt W, fEJT 38 b okt
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Fig. 5 TEM image of precipitate phase and SAED results of each phase. (a) the bright field image of NbC; (b)
diffraction spots of NbC; (c) bright field image of & phase; (d) diffraction spots of & phase
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(b) mFFERCT YR BT

E6 HgrOHEE
SEM image of crack fracture. (a) crack fracture
diagram at low magnification; (b) crack port
diagram at high magnification.

Fig. 6
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Table 5 EDS results of fracture suface in Fig.6

A= Ti Cr Ni Nb Mo
A’ 0.39 18.00 54.23 14.29 10.30
B’ 0.22 16.70 67.11 7.00 5.75
c 0.30 20.95 56.34 9.02 10.57
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RE R, AR 2 DT AR A AR 7 OB R 6 A, I
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Fig. 7 Results of equilibrium phases of experimental
welding wire. (a) the trend of phase ratio
changing with temperature during solidification;
(b) the change of liquid phase composition
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larity period is larger than that during the positive polarity peri-
od by using Ar 794. 8 nm narrow-band filtering combined with
a high-speed camera. Moreover, the Al 396. 1 nm spectral line
in VPPA has higher radiation intensity and wider range during
the reverse polarity period. It is proved that the decrease of
MIG arc voltage in the base stage of hybrid welding mainly
comes from cathode voltage drop rather than arc column

voltage drop.

Highlights: (1) It is proved that the average state of VPPA-
MIG hybrid arc is in local thermodynamic equilibrium.

(2) The temperatures of different regions of VPPA-MIG hy-
brid arc are calculated and analyzed, and the mechanism of arc

behavior is explained.

Key words: VPPA-MIG hybrid welding; spectroscopic dia-
gnosis; local thermodynamic equilibrium; arc coupling mech-

anism

Formation mechanism and influencing factors of unstable

metal transfer in high current MAG welding YANG

Wenyanl, FAN Dingz, ZHANG Junxi](l. Lanzhou Institute of
Technology, 730050, Lanzhou, China; 2. Lanzhou University

of Technology, 730050, Lanzhou, China). pp 110-116
Abstract:  The stability of droplet transfer is crucial for the
quality of high current MAG welding. A high-speed camera
system and electrical signal acquisition system were used to
study the unstable droplet transfer process, arc morphology,
and electrical signal of high current MAG. The formation
mechanism of unstable droplet transfer was revealed, and the
factors affecting the critical current value of unstable droplet
transfer in high current MAG were analyzed. The results
showed that the droplet transfer in high current MAG welding
is an unstable transition mode consisting of swing and mixed
transfer. The instability of the liquid cone due to strong elec-
tromagnetic force and deviation from the welding wire axis are
the direct reasons. The arc rotation/swing frequency varies
with the droplet transfer mode and arc shape. Dry elongation is
the main factor affecting the critical current value of unstable
droplet transfer, and the critical current value significantly de-

creases with the increase of dry elongation.

Highlights: (1) In this paper, the conventional MAG weld-
ing machine is modified, the wire feeding speed is increased
from 22 m/min to 50 m/min, and the welding current can reach

600 A. The unstable droplet transfer process, arc shape and

electrical signal of high current MAG welding are studied. The
formation mechanism of unstable droplet transfer is revealed,
and the factors affecting the critical current value of high cur-
rent unstable droplet transfer are analyzed.

(2) The droplet transfer in high current MAG welding is an un-
stable transition mode characterized by swing and mixed trans-
fer, and the instability of the liquid cone under the action of
strong electromagnetic force deviates from the axis of the
welding wire, which is the direct cause of the unstable trans-
ition; Dry elongation is the main factor affecting the critical

current value of unstable droplet transfer.

Key words:  high current MAG; swing transition and mixed

transition; formation mechanism; influence factor

Study on cracking mechanism of Inconel 625 alloy surfa-

cing metal  GUO Xiao', GU Yu’, HAN Ying', XU Kai',

WANG Yanz, JIANG Yinglongl(l. Harbin Welding Institute
Limited Company & China Academy of Machinery Science
and Technology Group, Harbin 150028, China; 2. State Key
Laboratory for Advanced Stainless Steel Materials & Taiyuan
Iron & Steel (Group) Co., Ltd., Taiyuan 030003, China). pp

117-123

Abstract: In this paper, the large thickness surfacing test was
carried out by GTAW process, the welding hot crack of Incon-
el 625 alloy was studied, and the cracking mechanism of ERNi-
CrMo-3 welding wire surfacing metal was explained. It was
indicated that the fabricated Inconel 625 sample consists of cel-
lular dendritic which grew epitaxially from the substrate.
Laves(Ni,Fe,Cr),(Nb,Ti,Mo) phase, MC-type carbide and
acicular 3(Ni3Nb) phases were also observed in the microstruc-
ture of as-welded sample. There are local crystal cracks in the
microstructure of large thickness surfacing metal. The cracks
are located between primary dendrites along the direction of
columnar crystals. There is a large amount of 3(Ni;Nb) phases,
near the cracks and on the fracture surfaces. d phases is related
to the formation of cracks. There are two solidification modes
for 625 alloy surfacing: (1) and (2). Atthe end of crystalliza-
tion, mode (2) with L — y + 3 eutectic reaction has greater
sensitivity to thermal cracking, resulting in cracking of Alloy

625.

Highlights: (1) The cracking mechanism of 625 alloy surfa-
cing metal was studied.

(2) It is proposed that 625 alloy surfacing metal exists as eu-
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tectic Laves, eutectic 6 The two solidification modes of the fi-

nal precipitated phase.

Key words:  Inconel 625 alloy; solidification cracking; eu-

tectic structure; 6 phase

Structure and properties of friction stir welding joint of

aluminum profile  XING Songling"”’, LI Chong’, ZHOU

Haipeng1’2’3, CHEN Gaoqiang3, SHI Qingyu3(1. Beijing Infra-
structure Investment Co., Ltd., Beijing 100101; 2. Beijing
Rail Transit Technology Equipment Group Co., Ltd., Beijing

100070; 3. Tsinghua University, Beijing 100084). pp 124-128
Abstract: Welding joints with partial thickened structures are
usually adopted in the design of aluminum alloy profiles to off-
set the thinning of the joint caused by the downward pressure
of the shoulder in friction stir welding. However, after weld-

ing of such aluminum profiles, it will take a lot of hours to

manually polish the thickened structures. In order to reduce the

amount of grinding, a new type of aluminum profile without
thickened structure is designed in this paper, ensuring non-thin-
ning-welding by changing the structure of shoulder. In-depth
research is carried out from the perspective of weld forming
quality, mechanical properties and organizational structure, and
key process parameters such as welding downforce are determ-
ined. Finally, combined with the characteristics of extrusion
tolerance and assembly tolerance in industrial production, the
influence of joint misalignment on welding quality is studied,

and a reasonable joint tolerance range is determined.

Highlights: (1) A new type of aluminum profile joint based
on non-thnning technique is designed, whose welding proper-
ties are studied.

(2) Combined with extrusion tolerance and assembly tolerance
in industrial production, the influence of tolerance on welding

quality is studied.

Key words:  Friction stir welding; Aluminum alloy; Pro-

files; Non-weld-thinning technique
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