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Table 4 Statistical results of fatigue test data
m c p/MPa
3.2 9.29 5.748 x 10% 158
16MnR ) 3 11.05 3.481 x 10% 236
S-N 5
5 S-N 5
2
Table 2 Fatigue test results of welded cross joint ;
T ax /MPa N(10° )
1 200 0.198 4
2 190 0.567 2 x10°
3 180 0.886
4 175 0.767 499, .
5 160 1.168
6 155 2.465
7 150 3.583 6
3
Table 3 Fatigue test results of UIT cross joint
O x| MPa N( 10° )
1 300 0.114
2 290 0.236
3 280 0.539
4 250 0.803
5 240 1.609
6 230 2.574
320 6
300}s - . Fig. 6 Fracture position of cross joint
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Table 5 Comparison between treated and un-reated
specimens
O ax | MPa N )
219 1x10°
219 4.57 x 10°
205 1.93 x 10°
205 1 x107
5
45 ~52
16MnR
4
(1) 16MnR S-N
IlgN =26.76 -9.29 lg o,.. lgN =
32.54 -11.05 lgo .-
(2) 158
MPa; 236 MPa.
49% .
(3) 16MnR
16MnR
45 ~52 16MnR
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ture on inner surface of the pipe was negative for one given mol-
ten pool. With the increase of pressure the radial deformation of
the node became positive and the radial deflection increased line—
arly. However when the pressure exceeded a certain value the
linear change vanished and the radial deformation increased se—
verely. For different molten pool sizes when the penetration and
pressure remained constant the less the width and length of mol-
ten pool the higher the instability temperature. When the pene—
tration and the highest temperature on the inner surface of the
pipe remained unchanged the less the width and length of mol-
ten pool the higher the instability pressure.

Key words: in-service welding; burn-through; molten

pool size; temperature field

Numerical simulation of residual stress in diffusion bonded
TiAl/Ti/GH99 alloy joint LI Haixin' > LIN Tiesong' HE
FENG Jicai' ( 1. State Key Laboratory of Advanced
Welding and Joining Harbin institute of Technology Harbin
150001 China; 2. Shandong Provincial Key Laboratory of Spe—
cial Welding Technology Institute of Oceanographic Instrumen—
Qingdao 266001 Chi-

Peng'

tation Shandong Academy of Sciences
na) . pp 38 —42
Abstract:

the residual stress that developed during cooling from joining

Finite element method was used to calculate

temperature while diffusion bonding TiAl-based intermetallics to
Ni-based alloy with Ti interlayer. The effect of bonding tempera—
ture on the distribution of stress and joint size was investigated.
The results show that the residual stress concentrated at the inter—
faces of Ti/GH99 and Ti/TiAl. Especially the maximum resid—
ual stress was higher at the Ti/GH99 interface than at the Ti/
TiAl interface. When the bonding temperature decreased the
while the

maximum residual stress decreased. By comparing the simulated

distribution of stress in the joint was almost constant

and experimental results it was found that the simulated results
agreed well with the experimental results.
TiAl-based alloy; Ni-based alloy; diffusion

bonding; numerical simulation

Key words:

Effect of aging on the interface and properties of SnAgCu/
SnAgCu-TiO, solder joints  ZHANG Liang' >’ TU K N’
GUO Yonghuan' HE Chengwen' ZHANG Jian' (1. Mechani-
cal and Electrical Engineering Institute Jiangsu Normal Univer—
sity  Xuzhou 221116 China; 2. Provincial Key Laboratory of
Advanced Welding Jiangsu University of Science and Technolo—
gy Zhenjiang 212003 China; 3. Department of Materials Sci—
ence and Engineering University of California
90024 USA). pp 43 -46

Abstract:
and two lead-ree solders of SnAgCu and SnAgCu-Ti0, was in—
vestigated and the growth of intermetallic compounds ( IMCs)

Los Angeles

The interface reaction between the Cu substrate

and mechanical properties of solder joints during aging at 140 °C
were analyzed systematically. The results indicate that CugSn
was detected at the as—soldered interface and aging at 140 C re—
sulted in the growth of IMCs. Moreover it was found that the

thickness of IMCs was proportional to the square root of aging

time. When the aging time was 300 h  Cu,;Sn appeared at the in—
terface and the results show that the addition of TiO, -nanoparti—
cles could inhibit the growth of IMCs. In addition after analy—
zing the mechanical properties of solder joints it was found that
with the development of aging time the average tensile force de—
creased obviously and the mechanical properties of the joint
soldered with SnAgCu-TiO, were higher than that with SnAgCu.
Key words: leadree solders; interface reaction; inter—

metallic compound; mechanical property

Self-adapting detection of cycle stages of the current wave—
form in DP-GMAW process GAO Liwen' XUE Jiax—
iang® CHEN Hui®* LIN Zhihui® LIANG Yongquan®( 1. School
of Medical Information Engineering
Chinese Medicine Guangzhou 510006 China; 2. School of Me—
chanical and Automotive Engineering South China University of
Technology Guangzhou 510640 China) . pp 47 - 50

Abstract:
form in DP-GMAW process is the precondition for quantitative

Guangzhou University of

Detection of cycle stages of the current wave—

feature extraction and power supply evaluation. However the
wide variety of DP-GMAW modulations results in the large diffi—
culties for detection and related achievements have not been re—
ported. This paper put forward a self-adapting detection method
based on the average local current. First the local time range
was estimated which was followed by the calculation of the aver—
age local current sequence. Then according to the sequence
the double-threshold value method was applied to marking the
pulse trains. Finally each pulse train was subdivided into cycle
stages. Tests show that with the above method five typical types
of waveforms during the DP-GMAW process could be accurately
divided into phases of pulse train and the markers of cycle sta—
ges within a pulse train were almost all correct which gave full
support to the subsequent feature extraction and other calcula—
tions and studies.
Key words: DP-GMAW; cycle stage; detection; local

average

Effect of ultrasonic impact on the surface microstructure
and fatigue properties of welded cross joint for train bogie
HE Bolin' YU Yingxia' YU Huanghuang' JIANG Min-
hua' SHI Jianping®( 1. Key Laboratory of Ministry of Education
for Conveyance and Equipment East China Jiaotong University
Nanchang 330013  China; 2. China Academy of Railway Sci-
Beijing 100081 China) . pp 51 —-54
Abstract:  Surface treatment was carried out on the weld

toe of welded 16MnR cross joint of train bogie with HJ2-] type

ences

ultrasonic impact machine. The microstructure of treated surface
of weld toe was observed with HRTEM. The fatigue test was per—
formed on both as-welded and treated 16MnR joints with EHF-
EM200K2-0704 A type fatigue tester. The experimental results
show that the nano-microstructure was obtained in the surface of
weld toe and its nearby area. The joints before and after ultrason—
ic impact fractured through the weld toe. The conditional fatigue
limits (2 x 10°) of the welded and treated joints were about 158
MPa and 236 MPa

respectively. The conditional fatigue limit
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increased by 49% and the fatigue life improved by 45-52 times.
The ultrasonic impact treatment has significant effect on impro—
ving the fatigue life of 16MnR cross joint for train bogie.

Key words:
erty; S-N curve; 16MnR steel

cross joint; ultrasonic impact; fatigue prop—

Numerical simulation of influence of water depth and flow—
ing speed on thermal process of underwater wet welding
ZHAO Bo' WU Chuansongl JIA Chuanbao®> YUAN Xin?
(1. Key Laboratory for Liquid-Solid Evolution and Processing of
Materials ( Ministry of Educatong) Shandong University Jinan
250061

cial Welding Technology Institute of Oceanographic Instrumen—

China; 2. Shandong Provincvial Key Laboratory of Spe—

tation Shandong Academy of Sciences Qingdao 266001 Chi-
na) . pp 55 -58
Abstract:  The pressure shape and thermal density of a

welding arc will change under high-pressure and strong-cooling
so will the heat exchange on the work—
a FEM model of the thermal

process of underwater wet gas metal arc welding was established

underwater environment
piece surface. In this paper
using SYSWELD. Two remarkable characteristics of underwater
wet welding-the water compressing action on the arc and the en—
hanced heat loss caused by the surrounding water-were consid—
ered in the model by adjusting the heat sources and convection
coefficient on the workpiece surface. Then thermal cycles and
weld pool profiles under different water depths and different water
flowing speeds were obtained. The calculated results show that
the weld pool became deeper and narrower in deeper water and
so did the profiles of the isotherms. And the results also revealed
that the weld pool and profiles of isotherms became narrower and
shallower when the water flowing speed increased.

Key words:
FEM; heat source model

underwater wet welding; temperature field;

Brazing Si;N, ceramic with Ag-Cu-Ti + Mo composite filler

HE Yanming WANG Xing WANG Guochao WANG Tian—
peng LIU Chunfeng ZHANG Jie ( School of Materials Science
and Engineering Harbin Institute of Technology — Harbin
150001 China) . pp 59 -62

Abstract: A commercial Ag-Cu-Ti alloy with Mo particles

reinforcement was introduced for joining Si;N, ceramic. The
effect of Mo content on the microstructure and flexural strength of
the resultant joints was investigated by SEM  TEM and nanoin—
dentation. The results indicate that a compact reaction layer con—
sisting of TiN and Ti; Si; formed at the Si; N, /filler interface. The
central part of the joint was composed of Ag-based solid solution
Cu-based solid solution and Mo particles together with Ti-Cu in—
termetallics. The modulus and hardness of Ti-Cu intermetallics
and the brazing alloy in the joint were measured by nanoindenta—
tion. With increasing the Mo particles content in the joint the
thickness of reaction layer decreased while the amount of Ti-Cu
intermetallics in the brazed layer increased. In addition Ag-—and
Cu-based solid solutions in the brazed layer became finer. The
maximal bending strength reached 429. 4 MPa while incorpora—
ting 15vol. % Mo particles and the joint strength was 114. 7%
higher than that without adding Mo particles.

Key words: Ag-Cu-Ti + Mo

composite filler; nanoindentation; mechanical property

Si;N, ceramic; brazing;

Effects of secondary phases on stress corrosion property of
friction stir welded seam of 7A52 aluminum alloy under dif-
ZHAO Junjun' LI Qi* CAI Zhihai'

ZHANG Ping' (1. Department of Equipment Remanufacture En—

ferent strain rates

gineering Academy of Armored Forces Engineering Beijing
100072 China; 2. Department of Mechanical Engineering A-
cademy of Armored Forces Engineering Beijing 100072 Chi—
na) . pp 63 -66 75

Abstract:

sion property of friction stir welded ( FSW) seam of 7A52 alumi-

The effects of secondary phases on stress corro—

num alloy were investigated with SEMDS during low stress rate
test ( SSRT) . The experimental results indicate that the stress
corrosion cracking ( SCC) occurred on the retreating side of HAZ
in FSW seam in 3. 5% NaCl solution. The fracture position was
corresponding to the position of minimum microhardness value in
FSW seam. The SCC susceptibility of FSW seam was highest at

-! ' Different

strain rate of 1 x 10 ™% s ™" and lowest at 1 x 10 s~
secondary phases had different effects on the initiation and growth
of stress corrosion cracks. Al9Fe0. 84Mn2. 16Si easily induced
the initiation and growth of cracks however the pitting resulted
from the dissolved Mg, Si could only initiate small cracks.

Key words:  7A52 aluminum alloy; FSW seam; stress

corrosion cracking; secondary phase

New equipment and method for measuring welding residual
stress in Francis runner CHENG Guangfu WEI Song
WEN Daowei LI Zheng ( State Key Laboratory of HydroPower
Equipment Harbin Institute of Large Electrical Machinery Har—
bin 150040 China) . pp 67 =70

Abstract:

joint in the outlet of blade is one of the major reasons leading to

The high welding residual stress in the welded

the fatigue failure of Francis turbine runners. The welding resid—
ual stress test in as-welded and after post-weld heat treatment has
been the necessary process during the manufacture of the runner.
The test precision and efficiency have an important influence on
the manufacture quality and schedule of runner. According to the
structural characteristics of the runner new test equipment was
developed and the welding residual stress test method for Fran—
cis runner was determined. The experimental results show that
the test results could truly reflect the distribution of welding re—
sidual stress in the runner before and after heat treatment. The
new test equipment and method could be applied to the test of
welding residual stress in Francis runner with high precision and
efficiency.

Key words: Francis runner; welding; residual stress;

test

Double closedHoops control for arc length and current in
consumable double electrode gas metal arc welding process
ZHU Ming' FAN Ding' SHI Yu' HUANG Jiankang'
ZHANG Yuming’( 1. Key Lab of Non-Ferrous Metal Alloys The
Ministry of Education
Lanzhou 730050 China; 2. Center for Manufacturing Universi—

Lanzhou University of Technology



