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Numerical simulation of welding residual stress of tube-to-
tubesheet joint in heat exchangers JIANG Wen-chun, GONG
Jiarming, CHEN Hu, TU Shandong ( College of Mechanical and
Power Engineeringg Nanjing University of Technology,
210009 China). pl— 4

Abstract: Using finite element program-ABAQUS, the welding

Nanjing

tesidual stress of tube-to-tubesheet joint in heat exchangers had been
numerically simulated. The distibution of welding residual stress was
obtained. A companion between tube end extended out of tubesheet
welded joint and inside hole welded joint was made. The welding re-
sidual stress of inside hole welded joint is much smaller than that of
tube end extended out of tube sheet joint. So using inside hole weld-
ed joint can decrease the susceptibility of stress cormsion cracking
(SCC). The maximum of radial stress exists in the HAZ outside sur-
face of tubesheet, which has great influence on tubesheet surface
cracks. The maximum of hoop stress appears in the weld ot which
has great influence on the connection failure between tube and
tubesheet. The residual stress of former pipe bead is decreased due
to the later pipe welding heating, which is useful for decreasing the
susceptibility of SCC. This work provides a theory reference for opti-
mizing the welding procedure and coniroling the welding residual
stress for tube-to-tubesheet joint.

Key words; heat exchanger; tube and tubesheet; welding re-
sidual stress; finite element ABAQUS

Laser claded Ni-based alloy coatings reinforced by nano-Sm,0O;
LI Ming-xi ZHANG Shi-hong LI Hutsheng HE
Yizhu ( Research Center for Laser Processing Anhui University of
Technology, M aanshan 243002, Anhui China). p5— 8

Abstract: Ni-based alloy coatings with nano Jmicro-Sm, 05 par
ticles addition produced by a 5 kW CO, laser on Q235 low caibon

steel were introduced Cross-section of the coatings was examined to

particles

reveal their miciostructure using optical micwoscope, scanning elec-
tron microscope, and X-ray diffraction instrument  The hardness and
wear resistance were measured with microhardness tester and MM 200
type sliding wear machine. The results showed that -Ni and Cry Cq
exist in the coatings Fe;Sm, Niz;Si and Ni3 B are also found by add-
ing nano-Sm,0;. Fine micwostucture and equiaxed dendrte are ob-
served with nano-Sm, O, addition A thin layer of metallugical bond-
ing the white and brght strip is observed by adding the rare earth
oxide. The hardness and wear resistance of the coatings with nano-
Sm; O3 addition are better than that with micro-Sm;Os. The mecha-
nism was found from abasive ladhesive wear to fretting wear

Key words; laser cladding; nano-Sm;03; microstructure; mi-

cmwhardness; wear resistance

Movement control algorithm of automatic welding for complex
intersection seam HUO Mengyow YUE Shao-jian WANG
Xin-gang (School of Mechanical Engineering, Shandong University,
Jinan 250061, China).p9—12

Abstract On the basis of structure and principle of the five-
axes linkage NC welding machine intioduced in abstrack it manly
studied the movement contwl algorithm of the antomatic welding for
the complex intersection seam. Take the ellipsoidal welding conjuga-
tion tube as the example, it separately intwoduceal the construction of
space curve equation of the intersection seam the discrete point pa-
rameters while interpolating and fitting the intesection seam using
line interpolation the adjusting calculation of welding torch and the
method of how to realize the servo control system with digjtal 1/0
board and step motor To control automatic welding process of com-
plex intersection seam using the software alkorithm inttoduced the
system becomes more versatile and the cost of equipment can be de-
creased consdemably.

Key words: automatic welding; intesection line seam; servo-

control algorithm

Preliminary discussion about image character of gas pore in
WANG Ke-hong YOU
Qiu-rong; SHEN Ying-ji (Department of M aterials Nanjing Univer-
sity Science & Technology , Nanjing 210094, China). p13— 16

MAG welding based on vision sensing

Abstract A passive vision sensing system to acquire the image
of molten pool in MAG welding was set up and many typical molten
pool images were obtained. The relationship between the typical gas
pores and the characteristics of molten pool images were studied hy
sync contrast experiments. Marny molten pool images with surface gas
pores and inner gas pores were obtained and the change of the imag-
es and the strange chamcters were studied from the view of gray
mean and gray standard deviation. The experiments indicate that it is
feasible to judge the pores by charactenstics of the vision images
which offers the technological foundation for automatic identification
of welding defect on the base of vision sensing. The experiments and
the analysis indicate that one type of image may predicate several
types of welding defect; one type of welding defect may also shows
several types of image chamctes.

Key words: metal active-gas welding ; vision sensing; weld-

ing defect; molten pool character

Key techniques of TIG welding robot in high-pressure air condi-
tion XUE Iong WANG Zhonghui ZHOU Can-feng, JIAO
Xiang-dong( Beijing Institute of Petro-Chemical Technology, Beijing
102617 China). p17— 20

Abstract According to the special technical features of the oil
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pipelines in Bohai Sea and the requirements of the program an all-
position hypeibaric TIG welding wbot for underwater pipeline recov-
ery work in deep water of 60— 100 m was developed. In its contwl
system the hamony and management of multi-contwllers was achie-
ved by adopting PPl agreement. The parameters of command move-
ment and that of welding movement for the welding wbot were con
trolled. By a man-machine conversation system, the controls of the
wbot welding states and scenes could be manipulated and super-
vised. The unmanned welding problem in hyperbanc crcumstance
was solved at the same time. Under the different pressures such as
0.1 MPa, 0. 3MPa, 0.5 MP and 0.7 MPa, thewelding simulations
had been done with a 16Mn steel plate and the better effect of one
side welding with back formation was obtiained. Experimental results
show that a higher control level and remote control by adoption in a
wbot are the key techniques of TIG welding in high- pressure air con
dition.

Key words: undewater pipeline; hypebaric welding; arc;
welding bot

Multimode vibration analysis of transducer in thermosonic flip
chip bonding LONG Zhi-li WU Yurrxin HAN Lei, ZHONG
Jue( College of Electiomechanical Engineering, Central South Uni-
vesity, Changsha 410083 China). p21— 24, 28

Abstract: Multimode vibration of transducer and its effect on
bonding quality was investigated The velocities of different charac
teristic marks in the horn and bonding tool were acquired up by Laser
Doppler Vibrometer. The expenmental results showed that the vibra-
tion of transducer is the coupling result of different modes The ve-
locity ratio of non dominant mode to dominant mode was ganed The
longitudinal flexural vibration is the main non-dominant mode. This
kind of longitudinal flexural vibration would ” flap” the chip influ-
encing the bonding area, bonding strength and parallel between gold
bumps and substrate The origin of multimode in transducer was ana-
lyzed by FEM model and some suggestions about restraining the
non-dominant mode was brought forward

Key words; multimode vibration; ultrasonic transducer; bond-

ing quality; thermosonic flip chip bonding

Influential factors of threshold power density for Nd ‘YA G laser
beam welding of beryllium LI Sheng-he, XIE Zhtgiang
JIANG Yunrbo, WU Dong zhou ( China Academy of Engineering
Physics Mianyang 621900, Sichuan China). p25—28

Abstract: laser threshold power density of hot isometric pres-
sure (HIP) beryllium in laser beam welding was investigated The
results show that the threshold power density was sensitive to the di-
ameter of beryllium cylinder. It is seemed that more laige diameter of
beryllium cylinder, more power of back-reflection light coupling into
the resonator So more stiong Q-swiiched pulse was formed in the
cavity. Then threshold power density of HIP beryllium will decrease
For the same diameter of bery llium cylinder; when the angel of inci-
dent laser beam was adjusted from O 10 3°, the back-reflection laser
can be overcome. Threshold power density of HIP beryllium will in-

crease In experiment the ratio of depth to width usually is 1. 0—

the ratio of depth to
width usually is O 2 for heat conduction welding
Key words: Nd * YAG laser; threshold power density; beryllium

L 5 for deep penetration welding However

Currentzero period process and its charcteristics of AC TIG
arc HU Kun-pingg SONG Yong lun XIA Yuan, CHEN Zhi-
xiang, (Beijing University of Technology, Beijing 100022 China).
p29— 33

Abstract As an important heat source in welding, TIG arc is
widely used in manufacturing industry, especialy for aluninum alloy
joining processes But up to now, the knowledge concerning the al-
ternative TIG arc during the perod of the current traversing zew as
well as its influence on welding process are not clear enough  Based
on a modem ICCD spectral instrument and time-control statistic sam-
pling method the dynamic variations of electon density during the
period were obsewed in altemative TIG welding arcs for both the
square wave and sine wave. The general rules and the features of the
arcs were analyzed and discussed It may enhance the knowledge on
the arc process and its contwol level

Key words: altemative tunsten iner-gas arc; arc near and

across zew; electron density; speciral diagnosis

Chaos characteristics of electrode displacement signals in spot
welding process based on Lyapunov exponent LUO Zhen
SHANG Ping GAO Zhanjiao, LIU Pengfei(School of Material Sci-
ence and Engineering Tianjin University, Tianjin 300072 China).
p34— 36

Abstract Based on chaos theory and the nonlinear dynamical
systems, the electrode displacement signal was studied in the spot
welding pocess Four quality states of spot welding were studied and
the laigest Lyapunov exponents are calculated These results show
that the greatest Lyapunov exponents are positive number in the four
different displacement signals According to the theory of phase
space reconstruction and Lyapunov exponent, there are some chaotic
characteristics in the displacement signal of spot welding and rela-
tionships between spot welding quality and Lyapunov exponent This
research provides a new method to measure and forecasting the spot
welding quality.

Key word: spot welding; electrode displacement signals; Lya-

punov exponent; chaos time series

Comparison of pressure characteristics between two friction
welding machine hydraulic systems WANG Xi-feng', DU Sui-
geng', GONG Cherg’, YAN Nan-fei’(1. Key Laboratory of Minis-
try of Education for Contemporary Design and Integrated M anufactur-
ing Technology, Northwestern Polytechnical Univesity, Xi’ an
710072, China; 2. Xi’ an Branch of China Coal Research Institutes

X{ an 710054 China). p37—41

Abstract In order to analyze the necessity and feasibility of
close-loop process contwol by electro-hydranlic mation in the friction
welding the static and dynamic charactenistics and the axial pressure
fluctuations in long period welding production of wo hydraulic sys-

tems of friction welding machine were compared. One system is con-



