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Fig. 1 Surface morphologies of bonding coat
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Fig. 3 XRD patterns of bonding coat after pre-oxidation
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Fig. 4 Cross-sectional morphology of plasma coating fol—
lowing thermal cycles
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Fig. 5 Cross-sectional morphology of coating after pre-
oxidation treatment following thermal cycles
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Fig. 6 Spectrogram of TBC following thermal cycles

2 RFS
Table 2 RFS data and residual stress of TBC
RZ R2 RZ
Agy /nm yRZ/cm'l A;}Rz/cm_l o/MPa
APS 0 694.25 14 404.0 0 0
APS 50 694.32 14 402.6 -1.4 -275.8
APS 350 694.41 14 400.7 -3.3 -650.1
POT 50 694.30 14 403.0 -1.0 -197.0
POT 400 694.37 14 401.5 -2.5 -492.5
TGO
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indicates that the flow behavior of filler metal in unparalleled
clearance is influenced by the combined effect of ultrasonic in—
duced gapilling action and capillary action.

Key words: ultrasonic brazing; high-speed video camera

investigation; gap; filling gap; dynamics

Effect of pre-oxidation treatment on thermal shock resist—
ance and residual stress of thermal barrier coating LI
DONG Yun® WANG Zhiping' LIU Shiqiang’ ( 1.

Civil Aviation University of China Tianjin

Yajuan'
College of Science
300300 China; 2. Department of Materials Science and Engi—
neering Northeastern University at Qinhuangdao Qinhuangdao
066004 China; 3. School of Materials Science and Engineer—
ing Hebei University of Technology Tianjin 300130 China) .
pp 37 -40

Abstract:  The thermal barrier coating by taking MCrAlY
as bonding coating and ZrO, + 8% Y, 0, as top coating were de—
posited on the nickel-based super-alloy by air plasma spraying.
Pre-oxidation treatment was carried out on the thermal barrier
coatings by controlling the oxygen pressure in high vacuum sinte—
ring furnace. Then the effects of pre-oxidation treatment on the
thermal shock resistance and residual stress were investigated
respectively. The results show that pre-oxidation treatment im-—
proves the density of bonding coating which makes it uniform
and reduces the probability of complex stress caused by convex
point in interface area. Meanwhile pre-oxidation treatment in—
terferes the growth process of thermally grown oxide ( TGO)  re—
duces the TGO growth rate and the stress concentration of coat—
ing. Residual stress increases with the increasing of thermal cy—
cles. However pre-oxidation treatment can slow down the in—
creasing rate of residual stress. The residual stress of 650. 1 MPa
can be reached after 350 thermal cycles without pre-oxidation
while the residual stress is only 492.5 MPa after 400 thermal cy—
cles with pre-oxidation.

Key words:

pre-oxidation treatment; thermal barrier

coating; thermally grown oxide; residual stress

Calibration of relative position and orientation between ro—
bot and positioner based on spheres fitting method ZHU
Xiaopeng ZHANG Ke TU Zhiqiang HUANG Jie ( Shanghai
Key Laboratory of Laser Manufacturing & Material Modification
Shanghai Jiao Tong University Shanghai 200240) . pp 41 -44
Abstract: A method to calibrate the relative position and
orientation between robot and positioner was presented by fitting
sphere based on the least square method. Firstly the positioner
rotates or tilts to different positions and the position data of TCP
were recorded in the same time. The optimal sphere was fitted by
the least square method and the origin of base coordinate frame
of the positioner was calculated. Secondly several points were
recorded in the same way to calculate the vectors of axis. In or—
der to avoid the effects of causal factors the concept of deviation
rate was presented to verify the accuracy of the marked points.
Experiments show that this method can reduce the random error
and avoid the effects of causal factors which has high precision.
Key words:
fitting method; least square method

robot; laser cladding; calibration; sphere

Spectrum of MIG arc at different welding parameters LI
Zhiyong ZHANG Wenzhao LI Yan DING Jingbin ( Welding
Research Center North University of China Taiyuan 030051
China) . pp 45 -48 52

Abstract:

tion are the significant factors affecting the radiation intensity of

The droplet transfer mode and arc length varia—

arc plasma for MIG welding. It is critical to understand the regu—
larity of the radiation fluctuation in application in industry control
of the welding process. Therefore the spectrum of MIG arc radi-
ation was collected with a spectrometer based system. The spec—
trums of welding processes at different welding parameters were
analyzed to study the regularity of the radiation variation. Based
on the arc physics the spectral information combining with the
droplet transfer mode was used to get a better understanding of
the arc radiation. The results show that the arc spectrum with its
distinct distribution is different at different welding parameters.
The MIG arc emits wavy radiation due to droplet transfer. The
spectral signals in different spectrum bands such as ultraviolet
visible and near infrared band have totally different variation
characteristics during different instance of the droplet transfer.
Key words: arc spectrum; welding parameter; MIG

welding; droplet transfer

Microstructure and properties of diffusion bonded interface
of titanium-copper interlayer-carbon steel composite tube

LIU Deyi CAI Jianwei REN Ruiming ( School of Materials
Science and Engineering Dalian Jiaotong University Dalian
116028 China) . pp 49 —-52

Abstract: The composite tube of titanium/steel was pre—
pared by the drawing and inner pressure diffusion technique by
using Cu foil as an interlayer. The interface microstructure frac—
tured surface and components were investigated with OM SEM
XRD and EDS. The bonding strength of the interface was studied
by shear test. The results show that the metallurgical bonding of
titanium and steel was obtained by the drawing and inner pres—
sure diffusion technique with copper foil as an interlayer. The in—
terface components analysis show that the elements diffusion was
found between the titanium/copper interface and the diffusion
layer was formed. The thickness of the diffusion layer increased
with increasing of diffusing time. The Fe-Ti brittle compound was
prevented by using copper interlayer at lower diffusion tempera—
ture. The shear strength of titanium/steel interface firstly in—
creased and then decreased with diffusion temperature increas—
ing. Copper interlayer can improve the shear strength significant—
ly and the maximum shear strength can reach 310 MPa.
Key words:
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Effect of Zn on formation of voids on SnxZn/Cu interface
YANG Yang' LU Hao'> YU Chun' CHEN Junmei'
CHEN Zhenying' (1. School of Materials Science and Engineer—
ing Shanghai Jiaotong University Shanghai 200240 China; 2.
Key Laboratory of Shanghai Laser Manufacturing and Materials
Modification Shanghai Jiaotong University Shanghai 200240

China) . pp 53 =56

Abstract:  The effect of Zn on formation of Kirkendall
voids on the interface was studied through the reaction between
SnxZn solders (x =0 0.2% 0.5% 0.8%) and the electro—
plated Cu substrate. During the thermal aging of Sn/Cu joints a
number of Kirkendall voids were formed in the Cu;Sn layer and
on the CuySn/EPC interface. With the increase of Zn content in
solder the growth of Cu;Sn layer was greatly suppressed and
the formation of Kirkendall voids was effectively inhibited. The
concentration of Zn on the reaction interface also significantly in—

creased. Zn participated in the interface reaction ( Cu



