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Abstract

The purpose of this research
project 1S to determine the
fabrication and repairing
weldability of high-performance
alloys, 1ncludung high-strengthed
aluminum alloys, In 718, and titanium
alloys. The welding processes
included gas tungsten arc welding and
plasma arc welding. The Heat Affected
Zone simulation was produced by
Gleeble machine. Low cycle fatigue
test was conducted. The welding
distortion and residual stress were
measured and compared to the results
through finite element simulation.
The microstructure of weldment was
examined and analyzed by DCS and TEM.



The first year experimental results
are presented by the following three
sub-project papers.

Keywords: Weldability, Repair Welding,
Gleeble, Heat Affected Zone, Welding
Distortion, Residual Stress, Low cycle
fatigue, Alluninum Alloys,Super Alloys,
Titanium Alloys
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Abstract

The microstructures of weld heat
affected zone (HAZ)of 2091  auminum
adloy were simulated by Gleeble .The
microstructures > mechanical properties -
corrosion charactertics and hot ductility
behaviors were investigated by means of
differential scanning calorimeter(DSC): TEM
tensile testing and  electrochemical
measurementsin 3.5wt.% NaCl solution -

The degradation in strength of weld
HAZ of 209-T3 auminum-lithium alloy
occurred in two regions : In the region of
peak temperature 237°C was caused by GP
zones and partia phase dissolved .In the
region of peak temperature 445 C was
caused by GP zones > ¢ 'phase and partial S
phase dissolved during heating process and
small amount of 6’ phase precipitate during
cooling process . The least amount of GP
zones and S phase have the lowest pitting
potential in weld HAZ .The intergranular
exfoliation corrosion was caused by the
precipitation of T, Phase on grain
boundaries The serious intergranular
exfoliation corrosion was observed at higher
peak temperature of weld thermal cycle -

Keywords : Aluminum Alloy 2091 - Welding
Heat Affect Zone- Post Weld Heat Treatment.
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The Study of Fatigue Properties of Ti-alloy Weldment
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Abstract

Three different titanium alloys (pure Ti,
Ti 64 and Til53) with different
microstructures and their welds were used to
study the effect of strain rate and strain
amplitude on the properties of low cycle

fatigue. It shows that the ultimate tensile
strength and the yield strength increase with
increasing strain rate but the elongation
decreases. Similarly, fatigue strength
increases with strain rate. Alloys undergo
cyclic strain hardening at the relative small
strain amplitude. On the other hand, aloys
undergo cyclic strain softening so that stress
range decreases with increasing number of
strain cycles. The ductile pure Ti and Ti 153
alloy exhibit more sensitive to strain range
change than high strength Ti 64. The fatigue
strength of Ti 64 welds is inferior to that of
parent metal and the failure occurs at the
base metal zone. However the fatigue failure
of Ti 153 happens at the weld.

Keywords : Titanium Alloys, Strain Rate,
Weld, Low Cycle Fatigue
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In this study, the repair welding
technology of plasma arc welding is used.
The finite element method will be used to
analyze the thermal and residual stresses
during welding process. The welding

parameter are welding speed, current,

91# 7% 31F

AL E’;F%’é,—k BT RS kiR

preheat temperature and constraint. We can
find the optimum of welding parameter by
Taguchi method. An experiment will be
done after analyze for identification of
anaytic results. During welding, the thermal
cycle of different locations in weldment will
be recorded to compare the temperature field
obtained by finite element method.
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Abstract

Arc welding is a complex process, the dynamics
of which is affected by many manufacturing
conditions, which typically vary during welding or
vary from application to application. Further, the
modeling of the dynamics and design of the feedback
control system require both advanced control theory
and deep understanding of welding process
principles. It appears that the feedback control system
should be designed such that it can tolerate the
variations in manufacturing conditions and the
resultant process dynamics. This implies that robust
control is a potential solution to address the conflict
between the increasing demand of quality welds and
the limited number of qualified personnel. Hence, this
study aims at developing a mathematical frame of
robust control of welding processes for welding
engineers who understand welding process principles
and have eementary feedback control background.
The control of the weld geometry is used as an
example to demonstrate the details of robust control
principle and its implementation.

Keywords : Arc Welding, Weld Geometry, Linear
Fractional Uncertainty Model, H-infinity Control
System

1. Introduction

Welding is a complex operation. The quality of
resultant welds is determined by many welding
parameters and manufacturing conditions. If the
manufacturing conditions can be exactly controlled,
welding parameters which are predetermined based
on extensive experiments may be capable of ensuring
the weld quality in most applications. However,
exact control of the manufacturing conditions is
typically very costly and is impractical for most
applications. Hence, feedback control appears a
practical solution which can adjusts welding
parameters to the changed manufacturing conditions
to maintain the required weld quality despite the
variations in the manufacturing conditions.
Unfortunately, feedback control under varied
conditions for uncertain process dynamics requires
advanced knowledge on process dynamics and
control theory for which most manufacturing/welding
engineers receive inadequate training. Hence, this
paper is devoted to the establishment of a
mathematical frame for advanced controls of

Rz oA B2 5T 8 ()

uncertain welding process dynamics due to uncertain
or varying manufacturing conditions. An important
control issue, control of weld pool geometry, will be
used as example.

To argue the importance of the control of the
weld pool geometry, one must realize that all fusion
welds involve the melting and subsequent
solidification of the base metal. The geometry of the
weld bead is a good indicator of the
melting/solidifying  process.  Generaly, weld
inspection starts by evaluating this weld bead
geometry, and is followed by further inspection of the
mechanical properties and metallurgical structures.
Only those welds that meet the visual inspection
criteria will be further checked. Further, weld bead
geometry is particularly crucial for sheet meta
welding or the critical root pass for multi-pass joints.
In the former case, the quality of joints is almost
totally dependent on the shape of the weld. In the
later case, complete penetration of the root pass is
assured by the weld geometry. Thus, the weld
geometry is of paramount importance for weld quality
control. Of course, to achieve quality welds, the
cooling rate must also be controlled.

It should also be pointed out that to obtain
practical weld quality control systems, researchers
have developed a number of methods and systems to
measure the weld geometry. For example, a direct
method has been developed to measure the depth of
weld pool by detecting solid-liquid interface using
ultrasonic reflection techniques [1-4]. Acoustic
emission techniques are also used for sensing weld
depth [5-6]. Though these methods can distinguish
between full penetration and partial penetration, their
practical applications are restricted because of the
contact between the sensors and the workpiece. Other
attempts have been made to develop indirect methods
to sense weld quality. Techniques have been used to
induce an oscillation on the liquid metal of the weld
pool and the result oscillation frequency has been
measured to predict the diameter of the weld pool
[7-10]. However, surface waves can only be
correlated to bulk fluid oscillation for full penetration
welds [11]. In order to improve the quality of welding,
many sensing methods have been developed by
observing the phenomenon of the pool surface.
Rokhlin and Guu [12-14] employed radiography to
measure the surface shape of the weld poal.
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