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Table 1 Chemical compositions of CLAM
Cr 4 v Ta Mn C S Si (0} N Co Cu Al Ti Ni Fe
8.910 1.440 0.200 0.15 0.350 0.120 0.003 0.066 0.002 0.008 0.006 0028 018 0.004 0.043
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Fig 1 Welding schematic
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Fig. 3 Carbide distributions Fig. 4 Cross- sections and hardness distributions
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Tele operated TIG welding robot for hyperbaric underwater
pipeline repair welding JIAO Xiangdong', ZHOU Carfeng',
XUE Iong's GAO Hui's FANG Xiaoming” (1. Research Center of
Joining Technology in Ocean Engineering, Beijing Institute of Petro-
chemical Technology, Beijing 102617, China; 2. China Offshore
Oil Engineering Co. LTD., Tianjin 300452, China). p 1—4
Abstract:
methods hyperbaiic TIG welding technology may be the eader one

Among the available underwater pipeline repair

to obtain better joint quality. Due to the low automation level and the
bevel preparation difficulty, the repair welding should be conducted
based on both the welding knowledge of the welder on deck and the
operation skill of the diver. A tele-operated robot for all position hy-
peibaric pipe welding was developed. In the specified case of under-
water welding, the process was contwlled by a surface based opera
tor, aclear and real time image of the arc as well as the image of
groove location were required. An observation system of three camer-
as for chamber, gwove and weld was aloo developed respectively.
All the necessaty message of vision, welding current and arc voltage
were collected and transferred to the swface by the developed conr
puterized information system. The underwater pipeline maintanence
system consists of the welding wbot obsewation system the infor-
mation system together with the habitation. The chamber gas type,
the welding power source and arc stiking were also studied. With
the welding proceedure developed in the hyperbaricwelding laborato-
rys a good weld was obtained in a underwater pipe repair welding
test at Bohai sea.
Key words:

derwater pipeline repairing; welding obot

tele-operated robot; underwater welding; un

Electron beam welding of TC21 titanium alloy with large thick-
ness ZHANG Binggang', WANG Ting', CHEN Guoqging', LIU
Chenglai’, LIU Yulorg' (1. State Key Laboratory of Advanced
Welding Production Technology, Harbin Institute of Technology,
Harbin 150001, China; 2. Shenyang Liming Aero-Engine (Group)
Co. ITD., Shenyang 110000, China). p 58

Abstract:  Electron beam welding of TC21 56 mm titanium
alloy was carried out. The microstructure and the mechanical proper-
ties of welded joints were analyzed and tested. The results showed
that the weld zone consisted of the columnar 8 grains, and in which
the transgranular aciculara martensite were di spewsedly distributed.
HAZ can be divided into three parts from base metal to weld zone,
which are the equiaxed reciystallized B grain zona Widmanstaten
stucture zone fomed by lamellar and aciculara phases and lamellar
o phase coasening zone. Fusion zone consists of the adnate colunr
nar and equiaxed grains. Tensile strength of joints reaches to that of
base metal and the failure appears in the base metal. The mechani-
cal properties are uniform along the vertical direction. Plasticity in
the welded joint is greatly decreased and only up to 50% of that of
the base metal. The microhardness in weld zone is the highest, and
that of the equiaxed grain zone and Widmanstaten stucture zone in

HAZ is higher; and the micohardness in columnar « phase coarsen

ing zone is the lowest.
Key words:  TC21 titanium alloy; electron beam welding;

microstructure; mechanical properties

Hardness and microstructure of China low activation martensitic
steel fusion welded joint LEI Yucheng', GU Kangjia', ZHU
Qiang', CHEN Xizhang', JU Xin’, CHANG Fenghua® (1. School of
Materials Science and Engineering, Jiangsu University, Zhenjiang
212013, Jiangsu, China; 2. Physics Depariment, University of Sci-
ence and Technology of Beijing, Beijing 100083, China; 3. Harbin
Welding Training Institute, Harbin 150046, China). p 9— 12
Abstract
activation martensitic steel (CLAM) plate were welded by TIG weld-

The preheated and norr preheated 4 mm China low

ing and post-weld heat treating, and the hardness and microstructure
inwelded joint were tested and observed. The results show that the
hardness in the weld metal is higher and the softening band appears
in the heat affected zone (HAZ) closing to the base metal. The tem-
pered lath martensite is observed in welded joints. There is no signif-
icant difference in martensite content between the preheated and non
preheated weldnents. A large amount of cabide patticles are ob-
served in the grains and at the grain boundary. The carbides are
small ods in weld metal and laige granular in the HAZ and base
metal respectively. The microstucture and caibides in welded joints
have great effect on the hardness.

Key words;

martensite; carbide

China low activation martensitic steel; hardness;

Numerical analysis on stress distribution in adhesive-welded
double lap joint of aluminum YOU Min', I Zhi"?, ZHAO
Meirong', GUO Bin®, YAN Jiaing' (1. Hubei Key Labomtory of
Hydroel ectric Machinery Design &M aintenance, China Three Gorges
Univesity Yichang 443002 Hubei, China; 2. Mechanical and
Electiic Engineering Department China Three Gorges Poject Corpo-
ration, Yichang 443002, Hubei, China). p 13— 16

Abstract
and nuggets position on the stress distribution in adhesive-welded

The influence of the elastic modulus of adhesives

double lap joints of aluminum was investigated by elasticplastic {i-
nite element method (FEM ). The results obtained show that the in-
fluence of the elastic modulus of adhesive on the stress distribution in
adhesive welded double lap joints of aluminum is significant. The
load subjected by the nuggets is greater when the elastic modulus of
adhesive is lower and the load subjected by the adhesive layer in-
creases when the elastic modulus of adhesve is higher. The effect of
nuggets location is also sgnificant when the center of the nugget is
moved to the left end of the overlap zone. The peak stress along the
mid-bonding line of the aluminum double lap joint increases when
the center of the ruggets are moved to near the left end of the overlap
zone. The peak value of the von mises equivalent stress increases
from 55. 2 MPa to 77. 4 MPa when the nugget center is shifted from
the point at 12. 5mm to 5. 5 mm. Therefore, the load bearing ability

of the adhesive-welded double lap joints of aluminum can be im-



