35 2 Vol. 35 No. 2
2014 2 TRANSACTIONS OF THE CHINA WELDING INSTITUTION February 2014
12 2 2 12
(1. 730050;
2. 730050)
AATIG
TIG AA-TIG
AATIG ;
T AATIG ; ; ;
TG404 A : 0253 —360X(2014) 02 —0005 - 05
0 1
(TIG) AA-TIG
1
2 mm 99.9 %
TIG Ar+0,
e SUS304 . N N
8 ~12 mm TIG . 1
3 TIG
( AA-TIG arc assisted
activating TIG welding)
0]
. AA-
TIG Ar+0, Ar+CO,
7
AA-TIG 1 AATIG
Fig. 1 Schematic of coupling arc AA-TIG welding method
2 . 1 mm
D 2012 -11-12
: (51074084) ;

( 1010RJZA037)



6 35

1 AATIG 4
Table 1 Basic parameters of coupling AA-TIG arc

I/A L/mm D/mm 6/(°) Q/(Lemin~") 25F
50 3 3.2 30 25( Ar) ’;
30 3 2.4 30 23(Ar) +2(0,) = 20f
=
= st /
0.01 mm g
# /
E i ./'/
ES
X gy
5 QI{\ Klﬂ ’lln an nln 1 rlm 1 1ln
BRI T/A
4
i Fig. 4 Effects of total arc current on peak value of arc an—
T ode current density
f‘ﬂ*&\ Y 5 AATIG TIG
TIG
\.\Z . AATIG
FEL I =
Hi )R 7K7§‘5¢J‘7ﬂ E’@[%g; TG TG
[ ——]
16 - w- TIG 80 A
2 14+ 4 ™ = TIG50A
Fig. 2 Measuring system of arc anode current density 'g 12 A W, fﬁ;}lc 20
E 10} fata,
é sk }'}" e A gy
2 E & I SR N
%{ 4 § 7 %
3 e /' Y A
o J":..' y ] hh'\._;:
2. 1 ? 2 i .!i w \Ih
Of wess LS
3 AA-TIG . , ) ) ) )
= -4 2 0 2 4 6
PR A BE RS d /mm
']max
5
Fig. 5 Effects of arc sort on distribution of arc anode cur-
rent density
14
—a— HLJ 50 A+30 A
~ 128 o i 40 A425 A 2.2
E 10|~ ¥ 30 A+20-Ar‘ ., 6 AA-TIG
< 7
= 6f
w0
& 2.3
g af
® o 7 x AA-TIG
2 e
BEJR S AIEERS d /mm
3 (x=6 mm)

Fig. 3 Effects of arc current on distribution of arc anode

current density



2 AATIG 7
16 <x<
. E)R{{’Eme 6 mm<x<10 mm
—— 5K 3 mm tw
&1L & WMK4mm g " ( 30 A
g J . N Ar +0,) TIG ( 30 A
5 T ey
= gl o . )
: g .A‘_ LN
i ‘(‘r i b L9 x=6 mm
; - !
£ et ~ )
= £ N,
o a¥a ‘Ta
I | | I I I x 20 mm
-6 -4 2 0 2 4 6
PRI RUBE RS d /mm
2.4
6
Fig. 6 Effects of arc length on distribution of arc anode
current density 9
12
~:_%WIEEE 2mm g
— ._‘ HA% ] B 4 mm o -
Tooor ERERE 6 mm ‘n
£ [
;: ‘i'..“"l, .'. « ASWE 4 L/min
= 6 A X e " 12t PR 2 L/min
Py .‘ H N - l._‘ - é@ﬁ
i S LY = rtem
& ap L £ 9l oty
B 3r ' a A A a g L ) :'=
gl ; ; et . < ol ::.:‘A :=
oF a«w "ata = i'_i e
1 1 1 1 1 1 1 1 1 1 1 1 {LP( -
6-5-4 -3-2-1 01 2 3 45 6 & 4l 1 !'\
BRI SO S d 5 ¥ \\
9=} mm
of &
7 -6 -4 22 0 2 4 6
Fig. 7 Effects of electrode spacing on distribution of arc PSR HIBERS d fmm
anode current density 9
Fig. 9 Effects of oxygen flow rate on distribution of arc
8 anode current density
% (x =2 mm)
TIG TIG 3
AA-TIG
16
_ 80 A,Ar 0
'TE 14+ ~
g
= 12t
i | . Y
@ 1 \‘\ 50 A,Ar
Q ....... |....................-........_._.; gy w e o
R it
{:g 6_ -------------------------------------- Vwww e
"
Y702 4 6 8 10 12 14 16 18 20 AA-TIG
%T« iHJ”E X /mm 10
8
Fig. 8 Effects of electrode distance between main and as-
sistant tungsten electrodes on peak value of arc J e

anode current density



35

8
. 7 8 x 2 mm
20 mm Ogino
a) 2 mm 454 (A1 BE b) 4 mm E5H% [A] ¢) 6 mm £ [E] B
10
Fig. 10 Arc appearances at different electrode spacing
11 AA-TIG
(x<4 mm)
(x >4 mm)
12— oF = 8
T 10f ~ima P o oq S Cwmmman T 7 R4 e
g Y N e | oo E 6} AN
L B AR =0 LN =4 0
% er % ar #J’ a\‘-\ % 4 { !\ S
w4l =3[ ;,f i 3r ALY
o w2 e S R/ N
B 2r B 1 ./ 8 e 1r )/ b2 X\
2 2 0f « “| 2 o - ~
6 4 2 0 2 4 6 6 4 2 0 2 4 6 ‘54 2 0 2 4 8
B R A BB d/ mm BE R B ES d /mm B RS RS d/ mm
(a)2 mm# % A1 FE (b)4 mm#5 4% [&] B (c)6 mm# g, A1
11
Fig. 11 Gaussian fittings of arc anode current density distribution at different electrode spacing
4 (3) .
AA-TIG
(1) TIG 0
AA-TIG
( 2) 1 Paton B E. Contraction of the welding arc caused by the flux in
AA-TIG tungsten-electrode argon arc welding J . The Paton Welding Jour—

nal 2000(1): 5-11.

2 Paskell T Lundin C. GTAW flux increases weld joint penetration



AA-TIG

J . Welding Journal 1997 76(4): 57 -62.
Huang Y Fan D Shao F. Alternative current flux zoned tungsten
Science and

122 - 127.

inert gas welding process for aluminium alloys J .

Technology of Welding and Joining 2012 17(2):

I 2010 46(11):
Lu Shanping Dong Wenchao Li Dianzhong et al. High efficien—

1347 - 1364.

cy welding process for stainless steel materials J . Acta Metallur—
gica Sinica 2010 46(10) : 1347 - 1364.

TIG I

2008 29(12):

Fan Ding Lin Tao Huang Yong

1-4.

et al. Arc assisted activating
TIG welding process J . Transactions of the China Welding Insti—
tution 2008 29(12): 1 -4.

TIG

J. . 2009 30(10): 1 -4.

Huang Yong Fan Ding Lin Tao et al. Arc assisted activation

TIG welding process for stainless steels J . Transactions of the

China Welding Institution 2009 30(10): 1 -4.
AA-TIG
I 2011 41(5): 57 -61.
Yang Lei Fan Ding Huang Yong et al. Research on coupling

arc AA-TIG high speed welding process J . Electric Welding Ma—
chine 2011 41(5): 57 -61.
Ogino Y Hirata Y Nomura K. Numerical analysis of the heat

source characteristics of a two-electrode TIG arc J . Journal of

Physics D: Applied Physics 2011 44(6): 1 -7.
1972 .
40 . Email: hyorhot@ lut. cn



2014 Vol.35 No.2

TRANSACTIONS OF THE CHINA WELDING INSTITUTION I

MAIN TOPICS ABSTRACTS & KEY WORDS

New magnetic bias suppression method for full bridge in—
DUAN Bin ZHANG Chenghui SUN Tongjing
ZHANG Guangxian ( School of Control Science and Engineering
Shandong University Jinan 250061 China) . pp 1 -4
Abstract: To overcome the magnetic bias and low relia—

bility of conventional the full bridge inverter a magnetic bias re—

verters

al-time detection and suppression method is proposed. The meth—
od combines advantages of the analog detection and digital con—
trol in which the transformer primary current and the output cur—
rent are acquired simultaneously to participate the dynamic con—
trol process. The detection system can output the moment and
by which the

digital controller can adjust PWM driving pulses and ensure that

strength of the magnetic bias signal in real time

the system can quickly and effectively suppress magnetic bias.
Experimental results show that the proposed method has good
consistency versatility stability and high reliability which can
be widely used in the system composed of full bridge inverters.
Key words:  full bridge inverter; magnetic bias; high

power source; reliability

Effects of arc parameters on arc anode current density of
coupling AA-TIG arc HUANG Yong' > WANG Xinxin®
QU Huaiyu> FAN Ding' *( 1. State Key Laboratory of Gansu
Advanced Non-errous Metal Materials
Technology Lanzhou 730050 China; 2. Key Laboratory of
Non-ferrous Metal Alloys The Ministry of Education
University of Technology Lanzhou 730050 China) . pp 5 -9
Abstract:

anode current density distribution of coupling arc AA-TIG weld—

Lanzhou University of

Lanzhou

Influences of main process parameters on arc

ing were analyzed using the tungsten probe measurement based
on stainless steel anode. Compared with normal TIG arc the an—
ode current density of coupling AA-TIG arc is obviously lower in
the same condition. It is decreased with the increase of arc cur—
rent and oxygen flowrate in the assisted arc the decrease of
tungsten electrode spacing and arc length. When the spacing be—
tween the main electrode and assisted electrode is small the dis—
tribution of arc anode current density fits a Gaussian profile.
When the electrode spacing is large it gradually turns to a bi-
modal distribution. The anode current density at the arc edge is
consistent with a quadratic Gaussian distribution while that at
the middle region between the main arc and assisted arc deviates
from the quadratic Gaussian distribution.

Key words: AA-TIG welding; coupling arc; oxygen ele—

ment; anode current density; probe measurement

Automatic welding machine system designed for titanium al-
loy tube-sheet joint of power plant condenser WANG
PAN Chengrong FENG Yunliang QUE Fuheng

Zhenmin

( School of Mechanical & Automotive Engineering South China

University of Technology ~Guangzhou 510640 China) . pp

10 - 14
Abstract:

tial welds of the titanium tube-sheet joint of power plant condens—

To improve the welding quality of circumferen—

er an automatic tube-sheet welding system with digital control
and visual operation characteristics is developed. The main cir—
cuit of welding inverter adopted a frequency of 100 kHz full-
bridge topology for improving the dynamic response performance.
The digital control system for the welding process is designed
based on ARM Cortex-M4 in which the LM4F232 MCU is used
as the core element. The parameter self-uning PI algorithm
based on fuzzy logic judge is developed to improve the welding a—
daptability under different working conditions. The human-com-
puter interactive system based on ARM microprocessor and touch
screen is designed achieving digitalization and visualization of
human-computer interaction. System testing and welding experi—
ments show that the developed tube sheet automatic welding ma—
chine is with good performance and can meet the demands of
high quality and efficiency welding for the condenser titanium
tube sheet joints.

Key words: titanium alloy tube sheet; digital control;

visual operation; tube sheet welding machine

Low temperature sintering-bonding and the performance of
joints using Ag,O paste with an adding of Ag-coated Cu
particles ZHAO Zhenyu' ZOU Guisheng'
LIU Lei'""  YAN Jiuchun®( 1. Department of Mechanical Engi-
neering Tsinghua University Beijing 100084 China; 2. State
Key Laboratory of Advanced Welding & Joining Harbin Institute
Harbin 150001 China) . pp 15 -18

The micro-scaled Ag,O paste is cheaper than

MU Fengwen'

of Technology

Abstract:
Ag nanoparticle paste and has a promising application prospect in
high temperature electronic packaging industry. In order to fur—
ther reduce the cost and improve the joint ability of the resistance
to electrochemical migration ( ECM)  the Ag-coated Cu particles
were added into the original micro-scaled Ag,O paste to make a
new composite paste. In this paper the shear strength of joints
obtained by using the original Ag,O paste and the new Ag,O
paste contained Ag-coated Cu particles and the two sintered
pastes” ability of resistance to ECM were compared. The results
revealed that the average shear strength of joints obtained by u-
sing the new Ag,O paste with Ag-coated copper at the typical
bonding condition (250 C 5 min 2 MPa) showed an obvious
decrease while the ability of the resistance to ECM got a signifi—
cant increase due to the addition of Ag-coated Cu particles.

Key words: Ag-coated Cu particles; Ag,O paste; Elec—

trochemical migration ( ECM) ; Electronic packaging



