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Table 1 Welding process parameters
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Fig. 1 Simulated defect schematic
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Fig. 2 Weld appearance of different helium content. (a) helium content 0%; (b) helium content 12.5%; (c) helium
content 25%; (d) helium content 37.5%; (e) helium content 50%; (f) helium content 62.5%; (g) helium content
75%; (h) helium content 87.5%; (i) helium content 100%
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Fig. 3 Macroscopic metallographic of weld. (a) helium content 0%; (b) helium content 12.5%; (c) helium content 25%;
(d) helium content 37.5%; (e) helium content 50%; (f) helium content 62.5%; (g) helium content 75%; (h) helium

content 87.5%; (i) helium content 100%
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Fig. 4 Relationship between weld penetration, penetra-
tion-to-width ratio and helium content
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Fig. 5 Microstructure of weld and PMZ. (a) microstructure of weld; (b) helium content 0%; (c) helium content 25%;
(d) helium content 50%; (e) helium content 75%; (f) helium content 100%
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Fig. 8 Arc shape with different helium content. (a) helium content 0%; (b) helium content 25%; (c) helium content 50%;

(d) helium content 75%; (e) helium content 100%
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Fig. 9 Schematic diagram of arc shape. (a) helium
content 0%; (b) helium content 100%
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Fig. 10 Curve for arc voltage and helium content
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from 3.5 kW to 4.0 kW.

Highlights: (1) A hybrid heat source model combined with
double ellipsoid heat source and three-dimensional conical heat
source was established for hybrid laser-MIG welding of medi-
um-thickness X80 pipeline steel plates. Welding temperature
field and residual stress field of hybrid laser-MIG welding pro-
cess were numerically simulated using the established heat
source model.

(2) Welding parameters for hybrid laser-MIG welding can be
optimized based on analysis of microstructures and residual

stress in the hybrid welded joints with different laser powers.

Key words: laser arc hybrid welding; combined heat source

model; microstructure; temperature field; residual stress

Repair process of magnesium alloy casting by He-Ar mixed

gas TIG welding  CHEN Yi', GUO Longtao’, QI

Tongfu], YANG Chunli' (1. State Key Laboratory of Modern

Welding Production Technology, Harbin Institute of

Technology, Harbin, 150001, China; 2. Amperex Technology
Limited, Ningde, 352100, China). pp 35-41

Abstract: Magnesium alloy plays an important role in
weight-loss because of its high specific strength, most of
magnesium alloy components are casting. The defects of
magnesium alloy castings become a manufacturing bottleneck
issue. The repair process of magnesium alloy castings by
tungsten inert gas (TIG) welding was studied, the effects of
protect gas on the form, microstructure and properties of TIG
repair beads were examined. The effects of helium content on
the penetrations of welding beads were analyzed through the
arc shape and arc voltage of TIG welding under different
helium content. The results showed that the form of the weld
bead could be improved by changing the helium content, the
penetration and the penetration to width ratio could be
improved by increasing the helium content, with no obvious
effect on the microstructure and the hardness. The results of
the simulating defect repair experiments showed that, the He-
Ar mixed gas TIG welding repair process could repair shallow
defects of magnesium alloy castings, increasing the helium
content in the protect gas could increase the penetration and the

suitability of this repair process.

Highlights: (1) The penetration of the He-Ar mixed gas TIG
welding repair bead was regulated by changing the helium con-
tent in the protect gas.

(2) The feasibility of the He-Ar mixed gas TIG welding repair

process was verified by simulated defect repair experiments.

Key words: magnesium casting; defects repair; helium; arc

characteristics

TiB,-based ceramics/42CrMo alloy layered gradient

material mechanical test and structure design LU
Mingyuan, HAN Baohong, HE Wanheng, ZHAO Zhongmin
(Shijiazhuang Campus of Army Engineering College,
Shijiazhuang, 050003, China). pp 42-48,73

Abstract: Based on the previous supergravity field synthesis
gradient materials, a TiB2-based ceramic /42CrMo graded
material with continuous gradient content of TiB,-TiC-Fe has
been preparatived. XRD, SEM, hardness test and three-point
bending strength test on the materials are conducted. And
electrical measuring method is used to obtain ceramic substrate
part of elasticity modulus. The elastic modulus of the
intermediate transition zone is fitted. Finally, an analytical
method is used to calculate the stress-strain distribution of the
graded material. The results show that the ceramic/alloy phase
boundary changes in a continuous gradient, and the hardness
decreases in a gradient from ceramic to metal. Three point
bending test found that the type of material has similar to the
metal plastic deformation features. Therefore, obvious failure
delay behavior appears. The elastic modulus of pure ceramic is
about 560 GPa. The variation form of elastic modulus in the
intermediate transition zone is closer to trigonometric function.
The calculated stress indicates that the damage occurs from the
bottom of the metal, and then the crack spreads to the top of the
ceramic, which is consistent with the experimental pheno-

menon of this type of material.

Highlights: (1) The elastic modulus of gradient material is
calculated by parameter fitting method.

(2) The stress distribution of gradient material is calculated by
mathematical analysis method and the structure of the material

is optimized.

Key words: graded materials; mechanical properties; dam-

age failure; strain measurement

PBGA solder joint fatigue under temperature cycling,
random vibration and combined vibration and thermal

cycling loading conditions AN Tongl’z, CHEN

2

Xiaoxuan'"”’, QIN Fei'”, DAI Yanwei'”, GONG Yanpeng]’2
(1. Institute of Electronics Packaging Technology and
Reliability, Beijing University of Technology, Beijing, 100124,
China; 2. Beijing Key Laboratory of Advanced Manufacturing
Technology, Beijing University of Technology, Beijing,

100124, China). pp 49-54

Abstract: In this paper, temperature cycling, random



