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Table 1 Nonlinear pulse ultrasonic testing results of P91
steel creep
t/h 0 120 250
143.28 153.06 156.03
. P91
3 Y
3
3
3
3 P91

0Oh 120 h

2

Table 2 Nonlinear pulse ultrasonic testing results of P91
steel HAZ creep

t/h
1 2 3
0 77.48 93.75 91.34
120 117.47 126.09 128.49
250 155.60 143.30 212.45
3
(1)
(2) P91
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Abstract:
of high strength DP590 steel and 6061 aluminum alloy was car—
ried out by finite element method ( FEM) software SORPAS.

Three stages of nugget formation process of steel-aluminum RSW

Numerical simulation of resistance spot welding

had been analyzed. Meanwhile the nugget offset phenomenon
and dual nugget characteristics caused by asymmetric tempera—
ture distribution field feature of steel-aluminum RSW had been e—
laborated. The macro and micro structure of the weld was exam—
ined with EDS and the dynamic resistance of the welded zone
was measured. The results revealed that the melted aluminum al-
loy spread and diffused on the interface between the steel and a—
luminum which led to the formation of fusion-brazed joint. The
thickness of intermetallic compound ( IMC) is less than 2 pm
while the atomic percentage of aluminum diffused in steel are a—
bout 40% .

Key words:

resistance spot welding; numerical simula—

tion; joint interface; steel-aluminum

Effect of plunge depth on interface distortion in friction stir
spot welding ZHOU Guannan' SHEN Yifu' LI Bo' YAO
Lei' WU Xiaowei' HU Weiye* (1. College of Materials Sci-
ence and Technology Nanjing University of Aeronautics and As—
tronautics  Nanjing 210016 China; 2. Technology Research In—
Ltd ( NCGC)  China
Aerospace Science and Industry Corporation ( CASTC)  Nanjing
210012 China) . pp 75 -78

Abstract:  Base on the copper foil tracer method the pa—

rameters for friction stir spot welding 2mm-thick 6061-T6 alumi—

stitute of Nanjing Chenguang Group Co.

num alloy sheet was optimized. The influence of different plunge
depths on the characteristic evolution and mechanical properties
of joint interface was investigated by setting the geometric charac—
teristic parameters of interface distortion. The experimental re—
sults reveal that the effect of plunge depth on the interface distor—
tion morphology was most significant comparing to other welding
parameters. Increasing the plunge depth could almost eliminate
the interface warping increase the width of effective bonded area
and shear strength of the joint.

Key words: friction stir spot welding; interface distor—

tion; plunge depth; copper foil tracer

Characteristics of weld formation in variable polarity plas—
ma arc horizontal welding of 2A14 aluminum alloy
ZHANG Qinlian YANG Chunli LIN Sanbao FAN Chenglei
( State Key Laboratory of Advanced Welding and Joining Harbin
Harbin 150001 China) . pp 79 —82

The variable polarity plasma arc welding of

Institute of Technology

Abstract:
6mm thick 2A14 aluminum alloy sheets was carried out. The rea—
son for defects occurred during horizontal welding was clarified
through analyzing the forces acting on the welding pool. The dif—
ficulties in VPPA horizontal welding were formation of undercuts
on both sides and the gathering of blowholes around the boundary
in upper part of the weld. It was found that less welding heat in—
put was beneficial for avoiding the undercut on top side but lar—
ger welding heat input was beneficial for reducing undercut on

bottom side. The defects during horizontal welding might be at—

tributed to the fluid flow caused by gravity or the balance of the
forces acting on the welding pool.
Key words:  variable polarity plasma arc( VPPA) ; hori—

zontal welding of aluminum alloy; weld formation; weld defect

Detection of creep damage in P91 steel weldments using non—
linear ultrasonic technique YUAN Keyi HAN Zandong
CHEN Yifang ZHONG Yuexian ( Department of Mechanical En—
gineering Tsinghua University Beijing 100084 China) . pp 83
-86
Abstract:

metal was analyzed. The nonlinear fluctuation in creep damage

Nonlinear stress-strain relation in creeping

detection with ultrasound was described. A new nonlinear ultra—
sonic method using pulse wave was proposed in which the ener—
gy ratio of high frequency band to low frequency band of ultrason—
ic signal was used to characterize the nonlinearity caused by
creeping. The influence of attenuation was discussed and cor—
rection to the new nonlinear ultrasonic method was obtained ac—
cording to frequency-attenuation relation. The base metal and
heat-affected zone ( HAZ) of P91 steel weldments in different
creeping states were detected with this corrected nonlinear ultra—
sonic method. And the results showed that the nonlinear ultra—
sonic parameter increased while the creep time increased and
the new method could distinguish different creep states of the
same texture. Therefore this new nonlinear ultrasonic method
could be effective for detecting the creep damage degree of P91
steel weldments.

Key words:

creep—resistant steel; ultrasonic; nonlineari—

ty; weldment

Thermodynamic analysis of interfacial reaction by pulsed
DE-GMAW for aluminum-steel dissimilar metals SHI
Yu' SHAO Ling® HUANG Jiankang® GU Yufen’ (1. State
Key Laboratory of Gansu Advanced Non—¥'errous Metal Materials

Lanzhou University of Technology Lanzhou 730050 China; 2.
Key Laboratory of Non-Ferrous Metal Alloys The Ministry of Ed—

ucation Lanzhou University of Technology Lanzhou 730050
China) . pp 87 =90
Abstract:  ER5356 aluminum alloy wire was welded on

galvanized steel sheet by pulsed DE-GMAW process. The best
weld morphology was obtained by adjusting the welding parame—
ters. The results indicate that fusion-brazing between aluminum
alloy and galvanized steel was achieved by pulsed DE-GMAW
process. The microstructure of the interface in joint was observed
and analyzed with SEM and EDS and Fe, Al; and FeAl, interme—
tallic compound layers formed in the interface. The Gibbs free
energies of Fe,Al; and FeAl, intermetallic compounds were cal-
culated with Thermo-Calc software and it was found that the
Gibbs free energy of Fe,Al; was smaller than that of FeAl, at
high temperature but the Gibbs free energy of FeAl; was smaller
than that of Fe,Al; at low temperature. The results show that
Fe, Al; intermetallic compound formed first during welding and
subsequently FeAl, intermetallic compound formed and precipita—
ted upon cooling.

Key words:  pulsed DE-GMAW; aluminum-steel weld—



