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120 mA focus current was 763 mA and welding speed was 800
mm/min. The ratio of depth to width obviously increased with
the increase of electron beam current. Tiny alteration of focus
current caused significant change in the weld shape. Fine and u-
niform grains occurred in the weld seam and the fracture
strength  weld hardness and impact toughness of the joint
reached 87% 61% and 95.4% of those of base metal
tively.

Key words:

respec—

7A52 aluminum alloy; electron beam weld—

ing; welding parameters; mechanical properties

Performance of dissimilar metal weld between SA335P91
and 12Cr1MoV steels in ultra( ultra) supercritical thermal
power units  ZHENG Kai' > ZHAO Dajun' ZHANG Xue-
lian®( 1. College of Construction Engineering Jilin University
Changchun 130022  China; 2. Vocational and Technical Col-
lege Jilin Architectural and Civil Engineering Institute Chang—
chun 130118 China; 3. Guangdong Yudean Group Co. Litd.
Guangzhou 510630 China) . pp 77 - 80

Abstract:  Dissimilar metal welds between SA335P91 and
12Cr1 MoV ferritic heat—resistant steels are widely applied in the
main steam pipe and the reheater on boiler heating surface for the
supercritical ( SC) and ultrasupercritical ( USC) thermal power
units in China. The characteristics of microstructure and weld—
ability of two steels were described and the welding mechanism
for dissimilar metal weld between two steels was investigated.
Through theoretical analysis and experiments the main factors in
dissimilar metal welding that resulted in hot and cold cracks de—
crease of toughness embrittlement and type IV softening crack—
ing tendency were determined. Corresponding technological
methods and heat treatment procedures to prevent the above de—
fects were proposed and solid joints were achieved.

Key words:  supercritical; ultra-supercritical; dissimilar

heat resistant steel; ferrite; welding

Microstructure and mechanical properties of thick titanium
alloy joint in narrow-gap TIG welding LU Shixiong'
CUI Qinglong' HUANG Yongxian' ZHENG Chuanqi' WANG
Yang’( 1. State Key Laboratory of Advanced Welding and Join—
ing Harbin Institure of Technology Harbin 150001 China;
2. Qianjiang Motorcycle Co. Ltd. Wenling 317500 China) .
pp 81 -84
Abstract:
plate was made by narrow-gap tungsten inert gas ( TIG) welding

High—quality joint of thick TC4 titanium alloy

with proper gas protection and welding parameters. Metallograph—
ic analysis of the resultant joints revealed the rules of grain
growth and microstructure characteristics. The variation of the
cooling speed resulted in different microstructures in the heat—
affected zone ( HAZ) . The tensile test showed that the average
tensile strength of the joints reached 90% of that of the base met—
al which was attributed to the mechanism of meshing strengthe—
ning during narrow-gap TIG welding of thick titanium alloy plate.

Key words: thick titanium alloy plate; narrow-gap TIG

welding; microstructure; mechanical property

Effects of surface absorption of Ge on Sn2. 5Ag0. 7Cu/Cu
interfacial reaction and wettability YANG Tuoyu' MENG
Gongge’ CHEN Feng' XIA Xianming' (1. School of Mechani-
cal Electronic and Vehicle Engineering Anhui Science and

Technology University Anhui 233100 China; 2. School of Ma—

terials Science and Engineering Harbin University of Science
and Technology Harbin 150040 China) . pp 85 —88

Abstract:  The evolution of wetting property and interfa—
cial morphology of Sn2.5Ag0. 7Cu solder was investigated before
and after adding active elements. The spreading areas of solder
with different contents of Ge were measured and the morphology
of the compound was analyzed with SEM. The relationship be—
tween tension on the soliddiquid interface and the absorption a—
mount of active elements on the same place during soldering and
its effect on wetting properties were studied. The results showed
that when the Ge content in solder was 0. 5% its absorption on
the interface quickly raised the forward-growing tendency of the
compound was strong and the spreading area was the largest.
When the Ge content in solder was 1. 0% the absorption re—
mained obvious but the wetting performance was weakened and
the thickness of the compound was relatively thinner. This phe—
nomenon indicates that Ge can reduce the tension on the solde—
ring interface within a certain range. In addition when the ab—
sorption was relatively large the diffusion between Cu and solder
can be restrained and the growth of the compound can be hin-
dered.

Key words: lead-free solder; active element; soldering

interface; adsorption

Influence factors of dynamic recrystallization of 7050 alu-
minium alloy friction stir weld ZHANG Chengcong'
CHANG Baohua' TAO Jun®> ZHANG Tiancang’( 1. Key Labo-
ratory for Advanced Materials Processing Technology Ministry of
Education Tsinghua University Beijing 100084 China; 2. Re—
search Office for Aero Engine Technology Beijing Aeronautical
Manufacturing Technology Research Institute Beijing 100024
China) . pp 89 -92

Abstract:

under different rotation rates and tool traverse speeds was con—

Friction stir welding of 7050 aluminum alloy

ducted and the influence of welding parameters on the grain size
of nugget zone was investigated. To analyze the affecting mecha—
nism of welding parameters on the grain size of nugget zone iso—
thermal compression experiments under different strain rates and
deformation temperatures were performed and the influence of de—
formation parameters on the dynamic recrystallization was ana—
lyzed. Results showed that grain size in nugget zone changed
slightly with the increase of the rotation rate while it decreased
with the increase of tool traverse speed. Within the range of com—
plete dynamic recrystallization the recrystallization grain size de—
creased with increase of the value of InZ. The welding parame—
ters affected the Zenner-Hollomon parameter and then determined
the grain size in nugget zone.

Key words: 7050 aluminum alloy; friction stir welding;
dynamic recrystallization; thermal-physical simulation

Analysis on mechanism of removing oxide film on stainless

steel by heating in low vacuum HE Peng' ZHENG Yan-
song' LI Jun'? QIAN Yiyu' LOU Haoyue’ ZHANG Wen-
feng’( 1. State Key Laboratory of Advanced Welding and Join—

ing Harbin Institute of Technology Harbin 150001 China;

2. Yinlun Machinery Co. Ltd. Taizhou 317200 China) .

pp 93 -96
Abstract:

steel sheets with one in supply state and the other pre-oxidized

In low vacuum condition OCr18Ni9 stainless

at 800 °C in air were heated and the steel sheet in supply state
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was soaked in molten copper. It was found that the structure of
oxide film changed after heating in low vacuum environment and
this film can not prevent the solution of stainless steel by the mol—
ten copper. Through investigation into the mechanism of remo—
ving oxide film on stainless steel sheet in vacuum condition and
thermodynamic calculations it was proposed that carbon could
deoxygenate and weaken the oxide film. Once the molten copper
met the stainless steel substrate by flowing through the cracked
oxide film the stainless steel would rapidly dissolve due to the
diffusion of Ni atoms into the molten copper and subsequently
the oxide film would float on the molten copper. Finally the ox—
ide film would be removed under the action of surface tension in
low vacuum condition.

Key words: brazing of stainless steel in low vacuum con—
dition; mechanism of removing oxide film; carbon reductive; ox—

ide film; solution

Optimizing of compressive stress region by local treatment
technologies on Francis runner CHENG  Guangfu'
WANG Huiting'  JT Shude’ FANG Hongyuan® ( 1. State Key
Laboratory of Hydropower Equipment Harbin Institute of Large
Electrical Machinery Harbin 150040 China; 2. Institute of As—
tronautical Technology Shenyang Institute of Astronautical Engi—
neering Shenyang 110034 China; 3. State Key Laboratory of
Advanced Welding and Joining Harbin Institute of Technology
Harbin 150001 China) . pp 97 — 100

Abstract:  The existing of residual compressive stress in—
creases the fatigue resistance of welding structures. The local
compressive stress was realized around the fusion boundary in the
Francis turbine runner by optimizing the welding process where
fracture could easily occur. And the influence of local heating
and peening on the stress field in the fracture-easily-occurred re—
gion of runner was simulated and measured based on the real
runner. The results indicate that the stress field in the fracture—
easily-occurred region of runner can be regulated and controlled
by local heating and peening processes. And the local compres—
sive stress region was optimized. The value of residual compres—
sive stress in the fracture-easily-occurred region of runner was
further improved and high compressive stress region was
formed especially the compressive stress region was expanded.
These processes can promote the realization of local compressive
stress in the fracture-easily-occurred region of Francis runner and
effectively enhance the fatigue resistance of the runner.

Key words:  Francis runner; welding residual stress; lo—

cal heating; peening; local compressive stress

Analysis on cooling flow field of electrode in plasma arc cut-
ting torch CHEN Lihua' WEI Jingyu®( 1.
Mechanical Engineering Changzhou Institute of Mechatronic
Technology Changzhou 213002 China; 2. Hehai University
Changzhou 213002 China) . pp 101 — 104

Abstract: Two-dimensional numerical model for the cool—
ing channel and electrode in plasma cutting torch was established
with FLUENT commercial software

Department of

the relationship between the
coolant flow field and geometry structure of the electrode was an—
alyzed and the effects of four different electrode structures on the
distribution of cooling flow field were investigated. For A-type e—
lectrode there existed a zone where the flowing speed of the
coolant was zero. For B-type electrode and C-type electrode

there was a back-flowing zone and zero-speed zone. For D-type

the arc transition in the cone-shaped electrode was
the effect of

inserting depth of capillary tube on the cooling flow was simula—

electrode

beneficial to cooling of the electrode. Meanwhile

ted. When the ratio of inserting depth of capillary tube to the di-
ameter of capillary tube was larger than 0.5 there existed a ze—
ro-speed zone however when the ratio was around 0.2 the dis—
tribution of fluid flow field was beneficial to cooling of the elec—
trode.

inner structure of electrode; numerical simu—

Key words:
lation; flow field

Design and realization of fully digital intelligent pulse arc
welding power source DUAN Bin ZHANG Chenghui
SUN Tongjing ZHANG Guangxian ( School of Control Science

and Engineering Shandong University Jinan 250061 China) .
pp 105 - 108
Abstract:  Welding power supply system with high per—

formance is the key to meet the requirement of pulse welding
technology which can generate accurate welding arc and high
welding quality. First the system design program was proposed
for fully digital pulse inverter welding power supply including
the main circuit structure and hardware circuit of the control sys—
tem based on field programmable gate array and 32-bit micro—
control unit. Second the software design for the main control
system was described using very high-speed integrated circuit
hardware description language to realize the complex pulse weld-
ing technology sequence and steady arc control. Effective meth—
ods were investigated to improve the anti-interference capability
and real-time performance of the system. Finally the experi—
ments were conducted and the results showed that the designed
fully digital intelligent pulse arc welding power source had high
flexibility robustness and reliability which could satisfy rigor—
ous demand of the welding arc so as to achieve satisfactory weld—
ing quality.

Key words: arc welding power source; field programma-—

ble gate array; hardware description language; anti-interference

Microstructure and mechanical properties of IC10 single
crystal superalloy transient liquid phase diffusion bonding
LANG Bo HOU Jinbao WU Song ( Aero-Engine
Technology Deptartment  Beijing Aeronautical Manufacturing
Technology Research Institute Beijing 100024 China) . pp 109
-112
Abstract:
phase ( TLP) diffusion bonding joint of IC10 single crystal super—

joint

Microstructural evolution of transient liquid

alloy was investigated with scanning electron microscopy ( SEM)
and energy—dispersive spectrum ( EDS) . The results show that
the joint contained bonding zone and base material zone. The
bonding zone consisted of isothermal solidification zone and rapid
solidification zone. Rapid solidification zone could be eliminated
by increasing welding time. The size of ¢~ phase in the base ma—
terial reached 0.9 pm when the welding time increased from 2 h
to 8 h. The mechanical properties of the joints can be effectively
improved by restraining formation of grain boundary in TLP diffu—
sion bonding joint and postweld solution treatment. The average
tensile strength of the joints was 507 MPa at 1 000 “C. The creep
rupture life of the joints reached 120 h under the condition of 144
MPa stress at 1 000 C.

Key words:  IC10 single crystal superalloy; TLP diffusion

bonding; microstructure



