B304 Z4E 7 g ¥ #® Vol. 30 No.4
2009 4 4 A  TRANSACTIONS OF THE CHINA WELDING INSTITUTION ~ Apil 2009

20G/ 316L

( , 150001
20G 316L TIG s
+ )
Ni Cr ,
: 20G/316L ; TIG ;
: TCHM4+. 74 : A : 0253— 360X (2000) 04— 0093— 04
= 1 ( , 0
0 f% = 9%

Table 1 Chemical composition of materials

C Mn Si S P Cr Ni Cu Mo Fe

316L 0.025 0.95 0.55 0.009 0.031 10.1316.36 — 2.0
206 0.19 0.52 0.31 0.013 0.24 — — 0.2 —
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, . Table 2 Mechanial properties of pipe materials
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mmX (7+2) mm. 206 , Table 3 Composttion of welding wires
316L . C Mn S S P G Ni Mo
1, 2. HS316L  0.024 1.57 0.65 0.001 0. 015 18.37 11.36 2. 10
ER55G  0.084 1.31 0.8 0.0060.009 1.24 — Q.63

. 200803 18 ER309L  0.025 2.04 0.5 0.0060. 023 23.43 13,43 0.03
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Fig. 1 Schematic figures of groove and bead design
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Fig. 2 Schematic diagram of Ar inner protection
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Table 4 Welding parameters of composite bead
¢/ (Lemin™ ) vi/ vy
I/A 1/ AXNCY%) f/Hz (m°min~") (memin D
1 DC— 100 45 50 2 10 12 0.18 0.4~0.5
2DC— 140 70 50 2 10 12 0. 18 0.5~0.6
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Table 5 Welding parameters of transition and base beads

VA ¢ (Lemin D v/ memin™ D v/ (memin D

3-6 DG~ 16) D 0.8~ 1.0 0.18
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Table 6 Mechanical properties of welding joints
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Fig. 3 Macrosturcture of weld
4 ,
s Ni, Cr
, +
5 s



%44 B 1k, %.20G/316L N4 BR &€ VR L AN 51kt 95

50 0

4
Fig. 4 Microstructure of diffusion layer weld
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Fig. 5 Microstructure of transition layer weld
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Fig. 6 Microstructure in HAZ of stainkess steel joint
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Fig. 7 Microstructure of gtainless stee weld
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Table 7 Composition of alloying elements in transition and
stainless steel weld

Mo Cr Ni Mn
2.14 13.52 8.51 —
2.34 23.43 13.43 0.03
2.13 16. 84 10. 33 1. 16
2.10 18. 37 11. 36 1.57
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Table 8 Conposition of carbon element in weld root and
welding materials

316L 206G HS316L ER30OL

0.025 0.19 0. 24 0. 025 0. 058
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According to the welding heat input contwl based on the EN and EP
transition, the arc instability and exclusion have been improved. In
order to make the energy contml continuous double transition was
implemented in each cyde. This method can control the energy dur-
ing welding process with the heat distribution control of the base met
al and wire. The welding machine designed for this method can meet
the technical requirements and realize service reliability and precise
output. The expermental resulis indicate the AC shortcircuit tander
technique has stable welding with the less spatter and the good weld
bead.

Key words:  energy; weldingg AC; shortcircuit transition
Microstructure and properties of transient liquid phase diffusion
bonded joint for TiNi shape memory alloy and stainless steel

WANG Yingling, LI Hong!, LI Zhuoxin"% FENG Jica” (1.
College of Materials Science and Engineering Beijing Univesity of
Technology, Beijing 100124, China 2. State Key Lab of Advanced
Welding Production Technology, Habin Institute of Technology,
Harbin 150001, China). p77— 80

Abstract: TiNi shape memory alloy and stainless steel were
bonded by transient liquid phase diffusion bonding ( TLP-DB) with
AgCumetal foil as the interlayer. The microstucture, alloy elements
pmofile and the pattems of joint were analyzed while the microhard
ness and the shear strength of the joint were investigated. The results
show that the interface zone of joint is composed of TiNi transition
zone, middle zone and stainless steel transition zone, which contains
Ti(Cw Ni Fe)phase, AgCu phase, TiFe phase respectively. The
microhardness of diffusion zone in both TiNi side and stainless steel
side wries in the range of 500-650 HV. However the microhardness
of middle zone is only about 120 HV. With the increase of heating
temperature or the prolonging of the holding time, the shear strength
of joint inteface increases firstly and then decreases. The highest
shear strength is about 239. 4 MPa. The fracture occurs at diffusion
interface between TiNi alloy and AgCu intedayer and the joint pre-
sents a characteristic of mixed fracture ductile-brittle mode.

Key words:  TiNi shape memory alloy; stainless steel; tram

sient liquid phase diffuson bonding; microstructure; shear strength

Residual stress evaluation of high- speed train body structure by
ultrasonic method and verification IU Haos TIU Xuesongl,
MENG Lichun® MA Zigi', FANG Hongyuan'(1. State Key Labor
tory of Advanced Welding Production Technology, Harbin Institute of
Technology, Haibin 15001, Ching 2. CSR Sifang Locomotive and
Rolling Stock. Co. 11, Qingdao 266000 Shandong, China). p81—
83

Abstract:
lenges to the safety of paits and structures as welled. Ulirasonic

Residual stress is one of the most important chat

stress measurement system is modified for the measurement of thin
wall welded structure. The residual stress of high-speed train body
stucture is measured by the system. The measurement process is not
only nondestructive, but also real-time and quick. The results of the
ultrasonic method are verfied by the laser hologram interference
hole- diilling method and finite element method. The deviations of the

results are also discussed.

Key words:  ultrasonic; thin wall welded structure residual

stress; high-speed train; nondestuctive

Fabrication and property of nano- SiC whisker’ ZrO; composite
thermal barrier coatings HOU Pingjun.  WANG Hangong,
WANG Liuyingg ZHA Bailin (The Second Artillery Engineering Col-
lege 501 staff, Xi’ an 710025 China). p84— 88

Abstract  SiC whisker (SiC)/Z10; composite themal barri-
er coatings (CTBCs) were sprayed by micro-plasma on stainless steel
substrates. Both nanoZrQ, and micro-Z10,were used in the CTBCs.
The zirconia powders were 7 wt%) Y203 pattially stabilized Z10,( YP-
SZ). Microstucture of the coatings was analyzed by scanning elec-
tron microscopy (SEM). The chemical composition of the top coating
was measured by energy dispesive X-ray (EDX). Phase content of
the coatings investigated by X-ray diffraction (XRD). In the spray-
ing process a large quantity of SiCy in the powder has been decom-
posed at high temperature, which produces pores in the top coating
and little SiCy embedded in the top coating decreases the themmal
stress, nailing and brdging the coating. With SiCy content increas-
ing, the powsity of composite TBCs was increased, and the themmal
shock life was improved firstly and weakened later. The highest ther-
mal shock resistance was achieved at 20% volume ratio of SiCy, to
nano-Z10» was better than that of the sngle Z105 coatings.

Key words;  themal barrier coatings (TBCs); micro-plasma

spray; SiC whisker; composite coating; themal shock resistant

Study on cold cracking susceptibility of domestic X80 pipeline
steel using implant tests ~ HUANG Fuxiang'?, DU Zeyu', SUI
Yongli’ ZENG Huilin"? GUO Xiaojiang® (1. School of Materials
Science and Engineering, Tianjin Univemsity, Tianjin 300072, Chi-
na; 2. Pipeline Research Institute of CNPC, Langfang 065001,
Hebei China). p89—92

Abstract  Cold crack sensitivity and the fracture characteris-
tic of the wot pass welding of X80 pipeline steel (0 gas shielded arc
weld with solid wire was investrgated by implant testing. The results
indicate that the X80 steel has the excellent resistance to cold crack-
ing under the preheating 100 “C condition the critical breaking
stress 6 (624 MPa) is equivalent to its tensile sirength Rm. When
the tenson stress is higher than Rm, the expiration break would hap-
pen and the breaking nature is the ductile fracture. Under the con-
dition of CO,gas shielded arc weld for wot pass the good resistence
to crack chamctenstic of X80 steel has not only been related with the
welding procedure with the ultra low hydrogen welding but also with
the lower crack sensitive coefficient (0. 17%) aswell as the unobvi-
ous quench hadening of HAZ. The micmwstructure of supetheat sec-
tion, with the maximum hardness degree of 297 HV is mainly the
block ferrite.

Key words;

wot weld

X80 pipeline steel; implant test cold crack;

Microstructure and mechanical properties of TIG welded 20G/
316L dad pipe joint LV Shixiongg WANG Tings FENG Jicai
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(State Key Laboratory of Advanced Welding Production Technologys
Harbin Institute of Technology, Harbin 150001, China). p93—96

Abstract;
ness and non-destctive inspection tests of TIG welded 20G/ 3 16L

Tensile strength, bending strength, impact toughr

clad pipe joint were carried out. The microstructure and the diffusion
of the major alloying elements were analysed usng optical mi-
croscopys SEM and chemical analysis. The results showed that the
weld can be divided into four layers including carbon steel layer
diffusion layer, transtion layer and stainless steel layer The mi-
cwostucture in diffusion layer was characterized by the martensite and
retained austenite. The transition layer only contained austenite and
the stainless steel layer included afterbirth-like crystal. The defect-
free joint was produced and pedormed well under the expermental
parameters. The concentration of nickel and chromiun element in
weld ot did not decrease compared with the coresponding welding
materials which proved that the employment of transtion welding
wite could maintain the concentration of the major alloying elements
in welding root.
Key words:  20G/316L clad pipe; TIG; microstiucture;

mechanical properties

Quality evaluation of the resistance spot welding based on PCA-
SVM  ZHANG Hongjie', HOU Yanyan>(1. School of M achinery
and Electron, Tianjin Polytechnic University, Tianjin 300160, Chi-
na; 2. Department of Architecture Engineering Hebei College of
Administration, Shijiazhuang 050031, China). p97— 100

Abstract: The electrode displacement and dynamic resistance
signals of resistance spot welding process are collected synchwonous
ly. Through the time-domain analysis of electode displacement sig-
nal in the welding process, nine charactenstic parameters relating to
weld quality are picked up to set up a set of datawhich charactenzes
the input samples on the basis of the different phase of nugget form-
ing marked by simultaneous dynamic resistance signal. The principal
component analysis (PCA) to remove the self-correlation of input
characteristics and realize dimensionality reduction is integrated with
the conventional method of support vector machine (SVM), while the
shear strength of welded spot was taken as the evaluation index of
welded spot quality. The comparison of predicted results under PCA-
SVM and conventional SVM by means of cross validation test shows
that PCA-SVM algorithm improves the generalization ability and the
predicted accuracy of SVM method.

Key words:

analysis; support vector machine; regression analysis

tesistance spot welding; piuncipal component

Numerical simulation of the temperature field during resistance
spot welding with rectangular electrode ZHANG Xiaoqil' %
XU Guocheng', WANG Chunsheng®, WEN Jing' (1. School of
Material Science and Engineerng,
130025 China; 2. Jilin Teachers Institute of Rngineerly and Fech
nologys Changchen 130052, China; 3. Changchun Railvay Vehides
Corporation, Changchun 130062, China). pl01— 104

Abstract:

Jilin University, Changchun

The temperature field during resistance spot weld

ing with rectangular electivde was simulated using ANSYS. The
physical model was propeiy simplified on the basis of simulation ac-
curacy and technological conditions. One quarter three-dimensional
finite element model during resistance spot welding was built in
which the contact resistance was substituted by the electric resistivi-
ty. The results show that at the beginning of welding the edge of
electrodes has the highest temperature because of high stress induced
by the electrode force. Aswelding time is longer, the contact ress-
tance decreases and the highest temperature position moves to inside,
the nugget appeas to be similar with the conventional spot welding.
Key words: rectangular electrode; numercal smulation;

temperature field

Laser-based visual recognition of multi-pass seam in robot arc
welding  ZHANG Huajun"% ZHANG Guangjun', CAI Chun-
bo’, GAO Hongming', WU Lin' (1. State Key Laboratory of Ad-
vanced Welding Production Technology, Harbin Institute of Technol-
ogys Haibin 150001, China; 2. College of Matenal Science and
Engineering Harbin University of Science and Technology, Harbin
150040 China). pl05— 108

Abstract
quality and the realization of robot automatic production to detect

It is very necessary for the improvement of weld

multi-pass weld profile parameters automatically. Automatic detective
system of multi-pass weld pwofile parameters by band laser visua
sensor was developed. The procedure of image process is as follows:
smoothing, center recogrition by longtudinal grey gradient, twice
slope smooth process, and multiple peaks search by laser seam im-
age analysis. It is very imporant for seam tracking arc length con-
trol and torch attitude adjustment to obtain four character points of
weld seam pmwfile. And the recognition results agree with the experi-
mental results.
Key words: multipass welding; laser visual sensor; image

process; twice slope smooth process; robot arc welding

Research on gravity compensation algorithm for tool assembling
with force control in remote welding WEI Xiuquan, WU Lin,
GAO Hongming, II Haichao (State Key Iaboraory of Advanced
Welding Production Technology, Harbin Institute of Technologys
Harbin 150001, China). pl09— 112

Abstract

tive and local autonomous a toolassembling experimental system

Based on the contol strategy of global teleopera-

with force control for remote welding is established. The tool gravity
calculation and linear least-squares algorithm are adopted to calibrate
the tool load parameter, and a tool gravity compensation algorithm
based on the tool load parameter vector is proposed to eliminate the
gravity disturbance during the tool-assembling process with force con-
trol. For a customized assembing tool, experiments on load parame-
ter calibration and gravity compensation in non contact condition are
carried out. The experimental results show that the tool gravity com-
pensation algorithm can obtain a high precision, meeting the require-
ments of local autonomous force contwl in toolassembing task, while
the maximum ermor of gravity compensation and gravity moment com-
pensation are 1 N and 0. 1 Nem respectively.

Key words:

bling; remote welding

gravity compensation; force control; tool assem-



