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Fig. 1 Force arc MIG welding. (a) droplet transition; (b)

real-time curve of current and voltage
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Table 1 Nominal chemical compositions of base metals and welding wire
IR Al Si Fe Cu Zn Mn Mg \% Ti Hofth
TC4 6.43 — 0.14 — — — — 4,13  Ait <0.2
5A06 A =<0.5 =<0.5 <0.1 <0.2 0.3~0.6 4.8~5.5 — — —
SAI5183 N8 0.4 0.4 0.1 0.25 0.5~1.0 4.3~5.2 — 0.15 <0.2
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0.5 mm, 22 KB 12 mm, JEEEEE N
180 co/min. HBE FE T ZASHE 2. RE4EIE IR
FH 20 L/min BIAFI 50K 80%Ar + 20%He (1 1
SRR, IR 15 L/min (9 & 4l Ar(R %1

99.999%) S AR{F-A.
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Table 2 Parameters for the welding process

VRN FHRIIE R A
A uv vy/(m-min ") E/(kJ-cm ™)
130 19.6 7.9 0.85
140 19.9 8.5 0.93
150 20.4 9.1 1.02
161 20.8 9.7 1.11
171 21.1 10.3 1.20
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Fig. 2 Macro morphology of Ti/Al joint with different welding heat input. (a) £ = 0.93 kd/cm; (b) E = 1.11 kd/cm; (c) E =

1.20 kd/cm
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Fig. 3 Microstructure of TC4/5A06 interface at E = 0.93 kd/cm. (a) top of joint; (b) middle of joint; (c) bottom of joint
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Fig. 4 Microstructure of TC4/5A06 interface at £ = 1.11 kd/cm. (a) top of joint; (b) middle of joint; (c) bottom of joint
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Fig. 5 Microstructure of TC4/5A06 interface at £ = 1.20 kd/cm. (a) top of joint; (b) middle of joint; (c) bottom of joint
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Fig. 6 Tensile strength of the TC4/5A06 joints with
different welding heat input
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Fig. 7 Fracture locations of the TC4/5A06 joints
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Fig. 8 Fracture morphologies of the TC4/5A06 joints.
(a) Low magnification; (b) High magnification for
region B; (c) High magnification for region C
SRR ORI, 2 T A A R 40/ 4 B4R s € IX
N AREEIX W 2L AL, JR AR OR (181 8¢) 7 ML ke



% 11 4

X2 & E A I MIG JE T TC4/5A06 % BT 4 414 1 85

MW A R R 6S, RICAPIVEWR R, 4k
Bk TR 4 A AR, T R BN 2
T, SRR K ()5 B 5 DXk, 7E A2 BN IR
fPE Ry, RECE e e L TR A, IR A
TC4/5A06 ST LEAH 5 B T L1 S50 )2 55 5 A4
AIRZEM 225K, 85 AR5, FEEMPERR. 25
SUBE L ERET, BT R N R, 45 A
JER R, R Z RIS, Wi 5 IE AR R4E T
KRG N B o-Al S, BB p sk, 1%
SEFIPERTA.
2.4 TC4/5A06 FE¥HE 2

HRAEHT S TC4/5A06 FHi i (2l Ve S A vl
G, A TR B AL T A 23 T 8 R ol 2 N S22 85 A
Sy 58 Sk 4 TG LA ATT TC4/5A06 5L T BT 42 AH 2H 7%,
Fl TC4/5A06 Ft T 45 G5 LI, 32 B A 1,11
kJ/em il 1.20 kI/em @R, AT T3¢ H AT
J# % TC4/5A06 FLTHIAL, 4T XRD 704, #4d A R
1.11 kJ/em 1) TC4/5A06 $ 3k XRD 43 M7 45 5 0
&l 9a fir7, & Ti. Al 4b, 76 TC4/5A06 ST B i A
K0 ) TiAly —Flogr AL #8 A R 1,20 kl/em ()
TC4/5A06 4%k XRD ZrHr2s R an&l 9b fios, Bi Ti.

4000

e —Ti

3200 - =— Al
a v— TiAl,

)
I
=)
S

1600 |-

TSR 1 (cps)

800 |-

30 40 50 60 70 80 90
FTs#a 26/(°)
(a) E=1.11kJ/em

10 20

’vo *
0 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90
st ff 20/(°)
(b) E=1.20 kJ/cm

B 9 TC4/5A06 #£3k XRD 5345 R

Fig.9 XRD patterns of TC4/5A06 joint. (a) £ = 1.11
kd/cm; (b) E = 1.20 kd/cm
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Fig. 10 EDS map scanning of TC4/5A06 interfaces. (a)
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structure
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Table 3 EDS results for spot A-C in Fig. 10

o Ti Al Mg \%
28.33 71.06 0.23 0.38
B 24.16 74.31 0.96 0.57
C 71.38 28.09 0.53 0
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method for power battery aluminum alloy sheet welding, but
the traditional laser welding process is easy to produce spatter,
porosity and other defects under the requirement of high weld-
ing speed, which will affect the service performance of com-
ponent. In this paper, the regulation and control of laser lap
welding of aluminum alloy sheet with adjustable ring spot are
studied, and the influence law of center-ring laser power on
weld forming was expounded. On this basis, the high-speed
stable welding process window with no spatter, little porosity
and large lap surface width was identified. In the range of the
process window, the multi-objective optimization of process
parameters was further carried out by taking small penetration
fluctuation and large bonding width as targets. It has been
proved that the welding speed is above 70 mm/s, the welding
width of the lap surface is increased by 8.89%, the fluctuation
of the welding depth is less than 10%, there is no obvious
forming defect, and the forming quality of the weld is further

improved.

Highlights: (1) Research on the control of high-speed laser
lap welding of aluminum alloy sheet with adjustable ring spot
was carried out to clarify the influence law of welding process
parameters on weld forming.

(2) Use the adjustable ring spot laser welding technology to
realize the high-speed and stable welding of aluminum alloy
sheet with no spatter, less porosity and large lap surface width.
(3) The model of relationship between process parameters and
welding quality was established, the fluctuation of weld depth

and the width of lap surface were further optimized to obtain

better combination of process parameters.

Key words:  aluminum alloy sheet for power battery; ad-
justable ring spot; high speed laser lap welding; process con-

trol; multi-objective process parameter optimization

Interfacial Microstructure of TC4 /SA06 Al Joint Using
High Speed Force Arc MIG Welding LIU Libin, WEI
Shouzheng, WANG lJianhong, LI Zhiyong, ZHANG Yingqiao,
LI Yuxin(Welding Research Center, North University of

China, Taiyuan, 030051). pp 80-87
High speed force arc MIG welding of TC4 Ti to
5A06 Al was carried out using SAI5183 filler. The effect of

Abstract:

welding heat input £ on the joint microstructures and proper-
ties was analyzed by SEM, XRD and tensile test. The results
showed that £ has a significant influence on the microstructure

and mechanical properties under the test process conditions:

lack of fusion occurred at the root part with the £ lower than
0.93 kJ/cm, a single TiAl; layer with the thickness of less than
1 um was formed at the Ti/Al interface. Burn through oc-
curred with the E exceeded 1.20 klJ/cm, a TiAl; + TizAl
double-layered structure with the thickness of 2.5 ~ 6 um was
formed at the top and middle parts, while a single TiAl; layer
with the thickness of about 1 um was formed at other parts.
When E is in the range of 1.02 — 1.11 kJ/cm, the joint was
well formed and a TiAl; layer with the thickness of about 0.7 —
1.5 pm was formed at the Ti/Al interface. In the selected pro-
cessing range, the average tensile strength of the joint in-
creases gradually with the increase of E, the ultimate tensile
strength for the joints absent of forming defects can reach 232

MPa.

Highlights: (1) Effective bonding between TC4 Ti and SA06
Al was achieved by using high speed force arc MIG welding, a
welding-brazing bonding mechanism was revealed.

(2)The microstructural characteristics of Ti/Al interface under
the high speed force arc MIG welding was revealed by the ana-

lysis of the joint microstructures.

Key words:  Titanium alloy; Aluminum alloy; High speed

welding; Force arc MIG welding; Microstructure

Study on the influence of weld toe radius on the evolution

behavior of fatigue short cracks ZHONG Guangshengl,

WEI Guogian"*’, YAN Mengyu', FENG Zibin’(1. Key Labor-
atory of Metallurgical Equipment and Control Technology,
Ministry of Education, Wuhan University of Science and Tech-
nology, Wuhan 430081, China; 2. Hubei Key Laboratory of
Mechanical Transmission and Manufacturing Engineering,
Wuhan University of Science and Technology, Wuhan 430081,
China; 3. Precision Manufacturing Institute, Wuhan Uni-

versity of Science and Technology, Wuhan 430081, China). pp

88-95

Abstract: The weld toe radius has a significant impact on the
fatigue performance of welded structures. By integrating the
Voronoi tessellation method and submodeling technique, a
two-dimensional microscopic representative volume element
(RVE) submodel was constructed at the macroscopic cruci-
form welded joint weld toe using a viscoplastic rate-related
crystal plasticity constitutive model. The average fatigue indic-

ator parameters of the slip band were calculated to determine

the nucleation life and extension life of the slip band. The
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