ACKNOWLEDGEMENT

| wish to express my sincere gratitude and great appreciation to my
supervisor Assistant Prof. Adel K. Mahmoud for his supervision,
encouragement and valuable comments which have been very helpful to me.

My sincere gratitude and great appreciation to the team of the
experimental part of the present work: Professor of material creation, Prof.
Sadrnezhaad, co-supervisor, Sharif University of Technology (SUT)- Iran,
Visiting Professor (MIT)-USA; Professor of welding, Prof. Kokabi, SUT;
Dr. M.J.Torkamany, Specialist of laser welding, Iranian National Center for
Laser Science & Technology (INLC) and Mr. Nasoodi, microstructure
observation laboratory, SUT.

My sincere gratitude and great appreciation to Prof. Abdul Hadi
Al-Janabi, Dean of Institute of Laser for Postgraduate Studies, University of
Baghdad, for supporting and facilitating the paper work of my six months
research visit.

My sincere gratitude and great appreciation to Prof. Hussein Ali
Jawad, as well as to all the staff of the institute for support and guidance
during the research period.

I would like to express my sincere gratitude to the Iragi Ministry
of Higher Education and Scientific Research for offering the six months
research mission in Sharif University of Technology SUT- Iran

Finally no wards can be said to my family for their love, patience,
understanding and unconditional supporting accomplishing this tough

journey of learning.

Abeer



ABSTRACT

Materials titanium and aluminum are of technological interest in

automotive, aerospace and smart sensor industries. The challenges for
welding them result from the large difference in thermophysical and
mechanical properties, besides limited solubility of each metal in other. Thus
welding them using laser, will reduce intermetallic phases (IMP) formation
to acceptable limits, since the weld itself is narrow.

In the present work a special form of laser spot welding is introduced
to joint overlapped titanium Ti Grade 2 to 3105-O aluminum alloy, with 1
and 0.5 mm thicknesses respectively. A welding tactile seam tracking design
using following pulses that result to a circular seam, leads to spot like shape
laser welding. For this study, laser welding parameters were: pulse energy 11
J; pulse duration 6ms; pulse frequency 20Hz; argon gas flow rate 20 I/m and
welding speed (4 - 6.7) mm/s.

Welding speed was observed to have the strongest effect on heat input,
where 4 mm/s (76% overlapping) speed has led to better energy absorption
and wider more uniform melted area at Ti-Al interface, thus 70 MPa joint
strength was obtained. Examination of the joint region using scanning
electron microscopy (SEM), energy dispersive X-ray spectrometry (EDS)
and X-ray diffraction (XRD) showed the formation of different IMP in the
Ti-Al welding zone. Ti fusion zone (FZ) near the interface was mainly
containing TizAl. Crakes were observed in Al (FZ) near the interface as a
result of mechanical and thermo physical properties gradient.

Inorder to reduce IMP formation and relaxes the high gradient in
thermophysical and mechanical properties in the welding zone, four fillers
metals (Al-5Si, Al-12Si-2.5Mg, pure Nb and Al-0.25c-0.36Zr), with three
different thicknesses for each filler, were prepared. Al-5Si filler has positive
effect on the joint strength where Si has reduced the IMP harmful effect via

replacing Al atoms substitutionaly in TiAl; at the interface, thus joint



strength was increased to 80MPa instead of 70MPa. Al-12Si-2.5Mg filler has
improved the joint strength to 87MPa where the shear strength of Al base
metal of 82MPa was exceeded. Due to its high melting point pure Nb filler
prevented penetration of bottom Al sheet, thus it was unsuitable to use for
the present work conditions. A new Al-0.2Sc-0.36Zr filler was used for the
first time in the present work and has very positive impact to the joint
strength 103MPa, where the joint has fractured from Al base metal.

In comparison to the corrosion rate of Ti base metal, joints without
using filler and with the new Al-0.2Sc-0.36Zr filler metal, have decreased
the corrosion rate by 51% and 72% respectively, while joints with Al-5Si
and Al-12Si-2.5Mg filler metals, have increased the corrosion rate by 68%

and 80% respectively.
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Tables 3.10 Weight percent analysis of Al ,Ti Sc and Zr elements for EDS 149
patterns scan of Fig. 3.48.a,b and ¢ respectively.

Table 3.11 Values of microhardness for different points that located in 153
Fig. 3.53.

Tables 3.12 Weight percent analysis of Al ,Ti and Nb elements by EDS 156
patterns line scan that presented in Fig. 3.55.
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Table 3.13 Values of microhardness for different points that located in 160
Fig.3.59

AWS American welding society

Table 3.14 Values of Ecorr., Icorr. , polarization resistance cathodic, 163
anodic, reactions and corrosion rate for samples 3,4,9 and 11 respectively.
Table 3.15 Values of corrosion rate and corrosion rate efficiencies for 165

samples 3, 4, 9 and 11 respectively

ABBREVIATIONS
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BM LaSE RrISYMBOLS

CwW Continues mode of operation ( Continues wave)
T Absolute tempg[ature

EBW ectron beam welding

EDS Te Electron Iattic%;t%rp ye r |g%§rsive spectrometer
EM Electromagnetic radiation

EMPA Electron microprobe analysis
EPPD Effective peak power density

FZ Fusion zone

GMAW Gas metal arc welding

GTAW Gas tungsten arc welding

HAZ Heat affected zone

IMP Intermetalic phases

IR Infrared radiation

INLC Iranian national laser center for science and technology
Nd:YAG Neodymium-yttrium aluminum garnet
PAW Plasma arc welding

PRR Pulse repetition rate

PRT Pulse repetition time

R Reflected energy %

SAW Submerge arc welding

SEM Scanning electron microscope
SUT Sharif university of technology
T Energy transmitted %

TEM,y Transverse electromagnetic mode
uv Ultra-violet

XRD X-ray diffraction

XiX



Ambient temperature

Average power

Vapor pressure

Plasma pressure

Ablation pressure

Surface tension pressure
hydrostatic pressure
Hydrodynamic pressure.
Average thermal input per unit area
Beam quality factor

Boiling temperature

Boltzmann constant
Degradation temperature
Density

Duty cycle

Electron cooling time
Emissivity

Emitted energy by a blackbody
Emitted energy by real object
Extinction coefficient

F number

Focal length

Intensity

Intensity attenuation distance beneath a surface
Latent heat for vaporization
Lattice heating time

Maximum intensity

Melting temperature

Number of overlapping spots for one joint spot

XX

J/kg

ps
W/cm?

n spots



Peak power
Planck constant
Pulse duration

Pulse energy

Radial distance across the pulse spot

Raleigh length

Rate of energy per unit time per unit volume

Raw beam diameter

Real spot size

Initial area

Final area

Scanning speed

Specific heat

Electron specific heat
Lattice specific heat

Speed of light

Spot size

Spots overlapping percentage
Stefan-Boltzmann’s constant
Thermal conductivity

Thermal diffusivity

XXi

kw
J.s

ms

Km
mm
Imis
mm
mm
mm
mm
mm/s
KJ/Kg. K
KJ/Kg. K
KJ/Kg. K
m/s
mm
%
Im?.K*
W/m. K

m/s



