15-009)

33 12 Vol. 33  No. 12
2012 12 TRANSACTIONS OF THE CHINA WELDING INSTITUTION ~ December 2012
12 1 3 3 23 3 2
(1. 200436; 2. 210016;
3. 150001)
6156
1800 W 2 ~3.5 mm/min 2 ~3.5 mm/min
314.3 MPa
81.3%
- TG456.7 T A 1 0253 -360X(2012) 12 - 0037 - 04
0 1
1.8 mm 6156
320 mm x40 mm x 1. 8
~ ~ ~ mm ER4047
1.
! ROFIN-SINAR
A318 A340 A380 co,
3.0 kW 10. 6 pm 0. 15
N mm TEMO1
? 6156 Al- ( Fronius)
Mg-Si N 0.03 ~9.99 m/min
2
34
37 6156 2 1
6156 2.1.1
12011 -10 -09 ;
: (50904038) ;

( SAMC129S-



38 33
1 6156 ER4047 (
%)
Table 1 Compositions in Al-alloy 6156 and welding wire 5
ER4047
Fig. 2 External appearance and cross section of laser
Si Fe Cu Mn Zn Ti Mg Al . .
feeding welding
6156 1.0 — 0.9 0.6 — — 0.9

ER4047 11.52 0.20 <0.001 0.01 0.001 0.01 0.01

35
30} /\_/
—— REHRE
E 25 — WmsR
= 20k —— RIER
+ N
¥ 15
B 1of
05t /
0.0k . .
1.0 1.5 2.0 2.5
HE##EH v/(m + min)
1 R

Fig. 1 Influence of different wire feeding rate on surface
width back width and excess height of weld seam

1

1.6 m/min

1.6 m/min

2.1.2
6156

1 800 W
2 ~3.5 mm/min 2 ~

3.5 mm/min

2.2
2 mm/min
100 kN
HB5143—1996 ( » .
6156 3.
341.4 MPa
(387.5 MPa) 88.1%;
314.3 MPa 81.3%.
248.3 MPa
196.3 MPa
50.65% .
50% 6156 T6
450 | T
00k Loe
& izﬁ: [..'... i W .-.!L
E 250 “ - . ]
£ j00} * ‘
50 BHEE Buaess 4t
" (I} IS Illﬂ _llg 21{] 35 36 3I5
HHERS
3

Fig. 3 Tensile strength with different parameters

6156 4

4a

4b



12

39

(a) 1948 IR

(b) I AR
4 6156
Fig. 4 Fracture form of laser feeding welded joint for 6156
Al-alloy
2.
2
Table 2 Plastic parameter for welded joint
h/mm A( %) o( %)
1.8 19.48 12.7
1.8 2.28 7.6
1.8 3.24 8.9
5 6156 SEM
5
Sa;
5b
2.3
60 Hz
0.1. 1.8 N
149 423
SN

SEM 6

(a) AR 4RI O o HE ) R ARAE

(b) 548 T 798 ) MEAR L RFAE
E5 6156 RASMAEILISEL I MET O SEM $$4E

Fig.5 Fracture SEM results of laser feeding welded joint
for 6156 Al-alloy

(OF 24 EXia X

(b) #R&E .0

E6 WO SEM Rir
Fig. 6 SEM results of fatigue fracture



40

33

6156 80%
(2) 1800 W 2~

3.5 mm/min 2 ~3.5 mm/min
(3)

(4) (

1 Norris I. Laser welding developments J . Welding Review 1998
(4):20-22.

2002 22(2): 206 -208.
Xiao Rongshi Chen Kai Zuo Tiechuan. Development of laser
beam welding of high strength aluminum alloys J . Applied La—
ser 2002 22(2): 206 -208.

1997 18(4): 129 —132.
Zhu Hong Jin Zhonghua. State of the art of laser welding for alu—
minum and aluminum alloys J . Electronics Process Technology
1997 18(4): 129 -132.

M .
2005.
. 5A90
I 2010 31(9): 94 -96.
Cui Li Li Xiaoyan He Dingyong et al. Microstructure investiga—
tion of Nd: YAG laser welded 5A90 aluminium-ithium alloys J .
Transactions of the China Welding Institution 2010 31(9): 94
-96.
. Mg
J. 2010 31(3): 81 -
83.
Niu Ruifeng Lin Binghua Wang Yani et al. Evaporation loss of
Mg element in pulsed laser welding of SAO5 aluminum alloy and
distribution of micro-hardness of welding joint J . Transactions of
the China Welding Institution 2010 31(3): 81 —83.
. Co, TIG
J. 2006 27(8): 63 -65.

Zhou Qinglin. Mechanical properties of CO,aser and TIG alumin—
ium alloy welded joint J . Transactions of the China Welding In—
stitution 2006 27(8): 63 -65.

: 1979

20 . Email: xhzhan@ nuaa. edu. cn



I MAIN TOPICS ABSTRACTS & KEY WORDS

2012 Vol.33 No. 12

Abstract: TCS345 T4003 Nirosta 4003 and JFE410RW
ferritic stainless steels were welded by ER309 welding wire in
this paper. The microstructure of their base metal and joint were
analyzed by metallographic approach and the corrosion resist—
ance of base metal and joints was evaluated by electrochemical
corrosion tests. The experimental results demonstrated that
compared with that of Nirosta 4003 and JFE410RW low content
of Ti and Mn elements were found in TCS345 and T4003 ferritic
stainless steels

in the obvious grain growth of TCS345 and T4003 ferritic stain—

especially the low content of Ti  which resulted
the welding joints of ferritic stainless
steels exhibited big heat affected zone ( HAZ) . Compared with
the HAZ area showed obvious

less steels. Moreover
the microstructure of base metal
large grains. As far as TCS345 is concerned obvious grain
growth is observed. In the case of Nirosta 4003 and JFE410RW
they exhibited smaller size of grain than TCS345. In 1mol/L
Na,SO, solution the corrosion resistance of TCS345 and
JFE4A10RW is better than that of T4003 and Nirosta 4003.

Key words: ferritic stainless steel; welding joint; metal—

lographic microstructure; corrosion resistance

Effect of microplasma spraying working gas on crystallinity
of HA coatings ZHAO Qiuying' HE Dingyong’® LIU
Yan® LI Xiaoyan CHEN Shujun’ ( 1. Postdoctoral Research
Station of Mechanical Engineering
nology Beijing 100124  China; 2. College of Materials Science

Beijing University of Tech—

and Engineering Beijing University of Technology Beijing
100124  China; 3. College of Mechanical Engineering and Ap-
plied Electronics Technology Beijing University of Technology
Beijing 100124  China) . pp 23 -27

Abstract:  Hydroxyapatite ( HA) coatings were prepared
on Ti-6Al-4V substrate by using the method of microplasma spra—
ying. Commercially pure argon gas and helium/argon( 50% in
volume) mixed gas were used as working gas in the spraying pro—
cessing respectively. The surface morphology phase composi—
tions and degree of crystallinity of the coatings were examined by
scanning electron microscope ( SEM) and X-ay diffraction
( XRD) . Results show that less impurity phases and no TTCP
and CaO phases were found in the coatings. The crystallinity of
coatings is higher than 70%  which is beneficial for implantation
materials stability in vitro and vivo. The enthalpy of microplasma
arc in which helium/argon mixed is used as working gas is higher
than that in which commercially pure argon gas is used. The
crystalline phases in the former coatings mainly consist of recrys—
tallization grains while the latter coatings were mainly made up of
lots of unmelted HA particles.

Key words:  microplasma spraying, hydroxyapatite coat—

ings; helium/argon mixed gas; crystallinity

Development of hybrid laser + double wire MIG/MAG
ZHU Yanli' LI Huan'
Tianjin Key Laboratory of Ad-

welding system and process
YANG Lijun' GAO Ying” ( I.
vanced Joining Technology Tianjin University Tianjin 300072
China; 2. Tianjin Key Laboratory of High Speed Cutting and
Precision Machining Tianjin University of Technology and Edu-
cation Tianjin 300222 China) . pp 28 —32

Abstract:  In order to study the process of laser + double

wire welding the hybrid laser + double wire MIG/MAG welding
system was constructed. The method of pulsed controlling of the
powers which are mutually independent is alternative. The weld—
ing experiments were also carried out with this system in this pa—
per. The double current signals voltage signals and high-speed
camera signals were synchronously collected. The result shows
that the hybrid laser + double wire MIG/MAG welding system
can carry out stable welding and the appearance of the weld is
good. The diversifications of voltage signals were obvious and the
stability of voltage signals was improved as a result of injection of
the laser power.
Key words:  hybrid laser + double wire MIG/MAG weld-

ing; electric signals; high-speed camera

Effect of TGO topography on TBCs residual stresses
HAN Zhiyong ZHANG Hua WANG Zhiping ( Tianjin Key La—
boratory for Civil Aircraft Airworthiness and Maintenance Civil
Aviation University of China Tianjin 300300 China) . pp 33 -
36

Abstract:
residual stress distribution which was affected by interface topog—
bond coat ( BC) and thermal-

ly—growth oxide ( TGO) interface area in thermal barrier coatings

By using nonlinear finite element model the
raphy of top ceramic coat ( TCC)

( TBCs) system was calculated. In the process of calculation
thermodynamic parameters of TCC TGO and BC were consid—
ered. The calculating results show that the residual stress of TGO
interface is affected by interface topography unit size and topogra—
phy distribution density obviously. The stress on TCC/TGO in-
terface is greater than that on BC/TGO interface. Stress concen—
trates at the tip of cone topography center and reaches the maxi—
mum value which becomes the dangerous point for failure of
thermal barrier coatings system. The residual stress level decrea—
ses with the increasing of topography quantity.

Key words:  thermal barrier coatings; nonlinear calcula—

tion; interface topography; TGO

Study on performance of 6156 skin butt joint with laser
beam welding ZHAN Xiachong'> CHEN Jie' TAO
Wang' YANG Zhibin® WEI Yanhong’® CHEN Yanbin® OU
Wenmin’( 1. Shanghai Aircraft Manufacturing Co.  Ltd Shang-
hai 200436 China; 2. College of Material Science and Technol—
ogy Nanjing University of Aeronautics and Astronautics Nan—
jing 210016 China; 3. State Key Laboratory of Advanced Weld-
ing Production Technology Harbin Institute of Technology Har—
bin 150001 China) . pp 37 —40

Abstract:  The laser beam welding characteristics of 6156
aluminum butt joint with and without filling wire are investigated.
The factors which influence the weld appearance and weld width
are analyzed. The variety rule of tensile and fatigue strength are
discussed. The results show that the appearance of the weld joint
with filler metal is better than the one without filler metal. The
maximum weld gap tolerance of the weld joint with filler metal in—
creases to 0.7 mm. The strength of weld joint without heat treat—
ment is 314.3 MPa which is 81.3% of base metal. Laser welding
of aluminum is a favorable weld technology with the characteristics
of high speed fine weld appearance and wide weldability.

Key words: laser beam welding; aluminum alloy; butt
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joint; filling weld

Analysis and prevention of cracks in laser-welded joint of
TiNi shape memory alloy and stainless steel LI Hong-
mei' SUN Dagian' DONG Peng' CAI Xiaolong®( 1. School of
Materials Science and Engineering Jilin University Changchun
130025 China; 2. State Key Laboratory of Rare Earth Re-—
sources Utilization Changchun Institute of Applied Chemistry
Changchun 130022 China) . pp 41 -44

Abstract:

alloy wire and stainless steel wire were welded by laser welding

Dissimilar metal joints of TiNi shape memory

method. The cracks feature and fracture surface morphology of
joints were examined by using scanning electron microscopy
( SEM) and confocal laser scanning microscope ( CLSM) . The
mechanism of crack formation were analyzed and some measure—
nents were taken to control the welding cracks. The results
showed that the micro-eracks usually emerged in the center of the
weld zone and fusion zone of TiNi alloy side. The existence of a
large number of brittle compounds in the weld was internal cause
of cracks and the joint subjected to tensile stress was the neces—
sary condition of cracks. The cracking susceptibility can be im—
proved to a certain extent by adding Ni interlayer Co interlayer
changing the laser beam position applying an axial force to weld
zone and optimizing the laser welding parameters. Adding metal
interlayer was a more effective method. The tensile strength
reached 372 MPa and 347 MPa respectively by using Ni and Co
interlayer and the joint strength increased by 98.9% and 85.
6% respectively compared with the joint without metal interlay—
er.

stainless

Key words:  TiNi shape memory alloy wire;

steel wire; laser welding; cracks

Experimental analysis on fusion ratio and composition uni-
formity of laser hot wire welds ZHENG Shiging' WEN
Peng' > SHAN Jiguo' *( 1. Department of Mechanical Engineer—
Beijing 100084 China; 2. Key Lab
for Advanced Materials Processing Technology Ministry of Edu—
cation Beijing 100084 China) . pp 45 -48 72

Abstract:  Ductile cast iron is welded with filling stainless

steel hot wire in this article

ing Tsinghua University

then fusion ratio and distribution of
elements are studied. The fusion ratio is as low as 38% 55% .
The composition of filler wire distributes in welds uniformly.
Nonuniform degrees of element Cr and Ni are 0. 5% and 6% .
Compared with laser hot wire welding the fusion ratio of laser—

MIG hybrid welds is 69% 7%
element Cr and Ni are not less than 62% and 51% . The low e—

and the nonuniform degrees of

lectric energy input and its high utilization ratio for heating filler
wire contribute to lower fusion ratio in laser hot wire welding
compared to laser-MIG hybrid welding. The uniform distribution
of filler wire in laser hot wire welds results from the low fusion
ratio and solid filler wire transfer.

Key words: laser hot wire welding; laser-MIG hybrid

welding; fusion ratio; distribution of elements; ductile cast iron

Joint microstructure and isothermal solidification modeling
during transient liquid-phase bonding of a duplex stainless
steel  YUAN Xinjian' LUO Jun' TANG Kunlun' LI Jia'

KANG Chungyun® ( 1.
neering Chongqing University Chongqing 400044  China; 2.

College of Materials Science and Engi—

Department of Materials Science and Engineering Pusan Nation—
al University Busan 609735 Korea) . pp 49 -52

Abstract:  An experimental investigation on transient liq—
uid-phase bonding of a duplex stainless steel was carried by using
Ni-based amorphous alloy as the interlayer. The microstructure of
the bonded joint was observed with field emission scanning elec—
tron microscope ( FE-SEM) . The chemical compositions were
analyzed by energy-dispersive X—ay spectroscopy ( EDS) and
wavelength-dispersive spectrometry ( WDS) . Phase structure of
the bonded joint was identified by using X-ray diffraction
( XRD) . The results indicated that before the completion of iso—
thermal solidification the major secondary-phase precipitate
present in the interface region between the insert and base alloy
was BN. The dominating phases appeared in the interlayer zone
Ni;B and Cr-borides. Additionally

three diffusion models were employed to calculate the completion

were y-Ni solid solution

time of the isothermal solidification. By contrast to experimental
results the value obtained by solute distribution model was close
to the actual value and this model was considered to be suitable
to the bonding process.

Key words:  duplex stainless steel; Ni-based amorphous
alloy; transient liquid-phase; microstructure; isothermal solidifi—

cation

Affecting factors of forming spiking of titanium alloy elec—
tron beam deep penetration welding SHI Mingxiao'
ZHANG Binggang® MA Jilong® CHEN Guoging® FENG Jic—
ai’ FAN Ding' (1. State Key Laboratory of Gansu Advanced
Non-ferrous Metal Materials Lanzhou University of Technology
Lanzhou 730050 China; 2. State Key Laboratory of Advanced
Welding and Joining Harbin Institute of Technology Harbin
150001 China) . pp 53 =56

Abstract:  The spiking is the unique defect of electron
beam welding which has a serious impact on the welding quali—
ty. The academia still hadnt had an unified understanding of the
forming mechanism of spiking. To study the forming mechanism
of spiking the orthogonal test was used to carry out the experi—
ment of titanium alloy electron-beam deep-penetration welding.
The X-—ray detection was done for each weld after welding The re—
sults of X—ray detection show that the spiking only exists in the
partial penetration weld and the spiking is the irregular-slited
shape while the roots are round. The optical microscope and
scanning electron microscope combined with energy dispersion
spectroscopy were used to analyze the formation mechanism of
spiking. The results show that the pulse of electron beam is the
direct cause of spiking formation and the metal vapor with high
saturated vapor pressure accelerates the tendency of forming spi—
king. It is important intrinsic motivation to the generation of spi—
king.

Key words: electron beam welding; metal vapor; spiking
Effect of trace calcium on performance of AgCuZn alloy
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