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Abstract 

In the current trend toward thicker aluminium plates, a major concern is the generation of high 
internal stresses during quenching, which can cause distortions during machining and pose 
serious safety concerns. Although the material is stretched after quench, substantially reducing 
residual stresses, they are not fully suppressed. In addition, the cooling rate is not large enough at 
the core of such thick plates to prevent any precipitation. This has a great impact on the 
efficiency of ageing. In this work, residual stress distributions in a heat-treatable aluminium alloy 
AA7449 thick plate in the as-quenched state measured by neutron diffraction are presented. A 
comparison between single (311) diffraction peak and multiple peaks analysis using Pawley 
algorithm is shown. The variation of the stress free reference value through the plate thickness is 
discussed and measured stresses are compared with residual stresses predicted by a thermo-
mechanical finite element model of quenching.�

Introduction 
In the processing route of heat-treatable aluminium alloys (AA), a critical step is quenching from 
the solutionising temperature. High cooling rates are desired to avoid the formation of coarse 
precipitates that would reduce mechanical properties. Fast quenching, however, cannot be 
achieved in the center of thick components, where the quenching rate can be more than one order 
of magnitude lower than that at the surface. The existence of a thermal gradient between core 
and surface leads to differential thermal deformation which is accommodated by elastic and 
plastic deformation to satisfy the compatibility of deformation. Whenever the material yields, 
residual stress (RS) remains after quenching due to the irreversibility of plastic deformation. The 
final stress pattern of biaxial compression at the skin balanced by triaxial tension at the core is 
referred to as the “skin-core” effect [1]. After quenching, the RS state may cause both 
unacceptable distortions during machining and a dramatically reduced service life time. Since RS 
relaxation is low during ageing treatments, thick components are usually stress relieved prior to 
ageing. This is achieved by applying plastic deformation: stretching from 1.5 to 3 % in the 
rolling direction (L) can reduce RS by a factor of approximately 10 [2]. However, complex 
geometries or thicker components like thick sheets require other approaches. Reducing the 
quenching rate by using boiling water for instance leads to lower RS [3]. For high quench 
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sensitive alloys, however, slow quenching has the drawback to decrease the hardening potential. 
As a consequence, the ideal quench of heat treatable AA is always a compromise between final 
properties and RS. 
Many researchers have built thermo-mechanical (TM) models to predict RS build-up in thick AA 
components [3-5]. To validate and improve the numerical models, results were compared with 
experimental measurements of RS using a wide range of methods such as hole drilling, layer 
removal, crack compliance, ultrasounds and diffraction. While the agreement between 
experiments and simulations is good for relatively thin components, thick components raise 
serious challenges. Firstly, for a reliable prediction of RS the numerical model must take into 
account metallurgical aspects since the yield strength depends on the precipitation state [5]. 
Secondly, the experimental method must be able to determine RS deep inside the bulk. For thick 
components long penetration paths are required. Neutron diffraction (ND) has proved to be a 
suitable method for aluminium components, as aluminium is rather transparent to neutrons [1]. 
This paper presents the ND stress measurements of as-quenched AA7449 plates carried out at 
two independent facilities. The comparison with the predictions of a simple TM model highlights 
the need for a thermo-metallurgical-mechanical (TMM) model that takes into account 
precipitation during quenching.  

Sample 
The as-quenched AA7449 75 mm thick plate was received from Constellium CRV. Preliminary 
finite element (FE) calculations were performed to determine the plate dimensions in order to 
avoid edge effects on RS at the plate center. Figure 1 shows the plate geometry and the 
simplifying equations, assuming an infinite plate in the x and y (in-plane) directions. With this 
assumption, plane-stress conditions are met within the plate. 
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Figure 1. Sketch of the AA7449 plate geometry. RS were measured by ND at the center of the plate through the 
thickness from A to B (left). The measurement directions relative to the rolling direction are longitudinal (L), long 
transverse (LT) and short transverse (ST). h is the half-thickness of the sample. The equation given on the right hand 
side are valid along [AB] (right). 

FE calculations have shown that equations [1.1] to [1.3] are verified along the through-thickness 
segment [AB] of the 310 mm (L) x 310 mm (LT) x 75 mm (ST) plate. As chemical 
inhomogeneities have been reported by Godard through the thickness of thick aluminium hot 
rolled plates [5], a reference comb specimen was machined out from the plate using electro-
discharge machining (EDM), which is known for its little influence depth on the material              
( 0.1 mm< ). This specimen was used to measure the variation of the stress-free reference value, 

0d , through the plate thickness. 
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Experimental methods and modelling 
RS analysis using ND 
Strains are obtained by measuring with high accuracy the interplanar distance which acts as an 
internal strain gauge. In the x direction, the xxε component of the elastic strain tensor, ε , is 
derived from the interplanar distance, xd , as follows: 

0
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Stresses are then calculated using the generalised Hooke’s law, which writes using Einstein 
summation convention:  
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where E  the elastic modulus (71 MPa) and ν the Poisson’s ratio (0.3). Assuming plane stress 
conditions leads to: 
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where xd and zd are the interplanar distance in the longitudinal (x) and short transverse (z) 
directions. This relationship will be compared with 0d measurements using the EDM sample. 
Monochromatic ND on SALSA. Residual strains were measured at SALSA located at the 
international Institut Laue-Langevin (ILL) in Grenoble, France. Due to the monochromatic 
character of SALSA (wavelength is fixed and diffraction angle is measured), only one diffraction 
peak is recorded, usually the (311) reflection since it exhibits low intergranular strains. 
Time-of-flight ND on POLDI. Residual strains were measured by means of the time-of-flight 
neutron diffractometer POLDI (Pulse-OverLap Diffractometer) located at the spallation source 
SINQ at the Paul Scherrer Institut (PSI) in Villigen, Switzerland. Due to its time-of-flight 
character (diffraction angle is fixed and wavelength is determined) POLDI records multiple 
Bragg reflections at the same time. This gives insight into texture and enables the calculation of 
an average lattice parameter using a full diffraction pattern Pawley analysis [6], thus reducing the 
effects of anisotropy. 

Modelling 
The quenching in cold water of an AA7449 aluminium thick plate was simulated using a 2D 
plane-stress TM model, similarly to Jeanmart and Bouvaist [3]. A temperature dependent heat 
transfer coefficient was provided by Constellium and the TM model was built in Abaqus 6.10. 
The aluminium alloy was modelled as an elasto-viscoplastic (EVP) material. Thermomechanical 
testing on a Gleeble® 3500 machine using interrupted quenching tests was performed at 
Université de Bretagne Sud (UBS) in Lorient, France. Preliminary tensile tests at temperatures of 
472°C (no quenching), 400°C, 350°C, 250°C and 20°C using an axial extensometer were carried 
out to determine the input parameters of the constitutive mechanical model using the 
identification methodology described in the work of Carron et al. [7]. Further testings are 
currently performed to optimise the specimen geometry according to the specific thermal and 
mechanical treatment conditions required.  
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Results and Discussion 
Evidence of texture 
Figure 2 shows the two strongest peaks corresponding to the (311) and (220) diffracting planes 
measured at POLDI using a gauge volume (GV) of 3.8 x 6 x 1.5 mm3. Measurements are shown 
at the mid-thickness ( 0z = ) and at the surface of both the 0d reference specimen and the plate. 

Figure 2. Diffraction peaks (individual fit) measured at the mid-thickness ( 0z = ) and surface of the plate and the 

reference specimen (POLDI diffractometer). Left: (311) diffracting planes; right: (220) diffracting planes. 

Figure 2 illustrates the peak shift toward lower (resp. higher) interplanar distance for the plate 
center in tension (resp. for the plate surface in compression). The ratio of the integrated 
normalised intensities, 311 220/r I I= , gives insight into texture: it is higher at the surface ( 1.9r = )
than at the center ( 0.3r = ). The 0d reference specimen exhibits the same trend with a ratio of 2.3 
at the surface and 0.6 at the center. In the 75 mm thick plate, 311I is still high enough at the center 
for good statistics at SALSA and POLDI. If the plate were thicker, either (311) peak would 
disappear or more counts should be needed for good statistics. However, neutron flux was high 
enough at SALSA and POLDI to alleviate this texture issue in the 75mm thick plate. 

RS analysis 
Interplanar distance measurements were achieved at SALSA in three perpendicular directions (L, 
LT and ST) every 5 mm through the plate thickness from A to B (Figure 1). At POLDI, the 
interplanar distance was measured in two perpendicular directions (LT and ST). The 
measurements were conducted at both facilities after ca. 2 month natural ageing. The results 
obtained at POLDI using both single and multiple peaks (Pawley) analysis using 11 peaks are 
given in Figure 3. The stress free reference values 0d were determined at the EDM specimen. 
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Figure 3. Interplanar distance measurements at POLDI using single peak analysis ((311) planes, left) and Pawley 
refinement (right). 

The data analysed using the (311) reflection is compared to the results of a multiple peak Pawley 
refinement in figure 3. In both cases, the distribution of the different interplanar distances 
through the plate thickness is very similar and 0d is fairly constant compared to yd . Unlike 
Robinson et al. [4] who reported a decrease in stress free lattice parameter from the surface to the 
core of AA7075 thick forgings attributed to solute loss, no such variation is observed in the 
present work. 7449 and 7075 alloys being both quench sensitive, the difference is thought to 
originate from the different thickness of the components: 75 mm in the present case and 215 mm 
in [4]. The shallow difference between measured and calculated 0d is an experimental 
verification of equation [1.6] which means that no reference specimen is needed in the case of 
large plates where edge effects are negligible. The calculated reference value was taken for the 
computation of strains. 
In Figure 4, the stress results from SALSA using a GV of 2 x 2 x 15 mm3 are compared with 
those from POLDI determined with the (311) reflection as well as with a multiple peak Pawley 
analysis. 

Figure 4. RS profile through the thickness of 75 mm thick AA7449 plates measured at SALSA (left) and POLDI 
(right).  
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Equation [1.1] is clearly verified at SALSA ( xx yyσ σ= ), justifying why the interplanar distance 
measurements were measured in only two directions at POLDI. In the three cases (SALSA (311), 
POLDI (311) and POLDI Pawley), the skin-core effect is verified with about 300 MPa 
compressive stress at the surface and 200 MPa tensile stress at the center. Stresses are larger in 
absolute values at the surface than in the center since the quenching rate is higher at the surface 
than in the center [8, 9]. SALSA yields RS about 10 MPa higher than those measured at POLDI 
which are almost identical whatever the method used. The difference in RS between single (311) 
diffraction peak and multiple peaks analysis is within the experimental uncertainty. This is in 
agreement with other studies [4]. The major difference between the three cases is the 
experimental uncertainty; it is around 10 MPa at SALSA, 30 MPa at POLDI using one peak and 
50 MPa using Pawley analysis. Further measurements on the less quench sensitive 7040 alloy are 
planned to determine the effects of quench sensitivity on RS magnitudes. Since the 
measurements at POLDI and SALSA compare favourably, the results can be used to validate the 
TM model. 

Modelling 
Figure 5 shows the results of the simulation of cold water quenching of the 75 mm thick AA7449 
plate.  

Figure 5. Distribution of as-quenched stresses in 75 mm thick AA7449 plate: comparison between 
calculated and measured stresses. 

The stress profile determined by FE simulation has the same shape but different magnitude 
compared to the experimental one. Stresses determined numerically are systematically lower (70 
MPa lower at the center) in absolute value than those determined experimentally. Although the 
mechanical behaviour taken for the simulation is questionable due to the use of an axial 
extensometer ill-adapted because of the existing axial thermal gradient in the Gleeble specimen, 
the difference of ca. 100 MPa at the surface is thought to originate from homogeneous 
precipitation. Hardening precipitates form already during quenching, thus increasing the flow 
stress and hence decreasing plastic deformation and as a result increasing RS. The numerical 
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model definitely needs to be improved by taking into account both homogeneous and 
heterogeneous precipitation during quenching. 

Conclusions 
The measurements of RS in thick heat treatable aluminium plates were presented in this study, 
using two different diffractometers. SALSA is favoured in terms of measurement time and its 
high neutron flux. Due to its monochromatic character, however, it may be limited for highly 
textured materials that are best investigated by time-of-flight instruments like POLDI which 
collect many diffraction peaks. In the present case of thick hot rolled plates, although some 
texture was evidenced, data statistics was sufficiently good to carry out single peak analysis  on 
individual Bragg reflections also for POLDI. The agreement between results from the two 
diffractometers using different analysis procedures is excellent. However, these experimental 
results compare poorly with the numerical results, not only due to the use of an axial 
extensometer for strain measurement in the Gleeble machine, but also due to the absence of 
metallurgical model in the simulation. This work demonstrates that a TMM model is needed to 
improve the prediction of RS influenced by precipitation in heat-treatable AA. 

Acknowledgement 
The authors are grateful to the Swiss Spallation Neutron Source at PSI and the international 
neutron source at ILL for the provision of beam time. This work is funded by the Competence 
Center for Materials Science and Technology (http://www.ccmx.ch/) in the frame of the project 
entitled “Measurements and modelling of residual stress during quenching of thick heat treatable 
aluminium components in relation to their microstructure” involving EPF Lausanne, PSI 
Villigen, Univ. de Bretagne Sud Lorient, Constellium CRV and ABB Turbocharger. The Gleeble 
3500 machine at Université de Bretagne Sud was co-financed by the European Regional 
Development Fund (ERDF). 

References 
1. Drezet J.-M., et al., Jim Evans Honorary Symposium, Eds. B.-Q. Li, B.-G. Thomas, L. 

Zhang, F.-M. Doyle and A.-P. Campbell, TMS, 2010: p. 43-52. 
2. Muammer, K., J. Culp, and A. Taylan, Journal of Materials Processing Technology, 

2006. 174: p. 342−354.
3. Jeanmart, P. and J. Bouvaist, Materials Science and Technology, 1985. 1(10): p. 765-769. 
4. Robinson, J.S., et al., Materials Characterization, 2012. 65: p. 73-85. 
5. Godard, D., PhD Thesis Institut National Polytechnique de Lorraine (INPL) France.

1999. 
6. Pawley, G.S., Journal of Applied Crystallography, 1981. 14: p. 357-361. 
7. Carron D., et al., Revue de métallurgie, 2010. 107(10-11): p. 445-448. 
8. Li, P., et al., Metallurgical and Materials Transactions B, 2007. 38(4): p. 505-515. 
9. Tanner, D.A. and J.S. Robinson, Journal of Materials Processing Technology, 2004. 153–

154: p. 998-1004. 

291


	Welcome
	Full-Title
	Copyright
	Preface
	About the Editors and Organizers
	Technical Program Chairs
	ICAA International Committee
	Table of Contents
	ICAA13: 13th International Conference on Aluminum Alloys
	Advanced Analysis
	Aberration-Corrected STEM Study of Precipitates in an Al-Mg-Si-Ge-Cu Alloy
	Diffraction-Amalgamated Grain-Boundary Tracking (DAGT) Technique and Its Application to an Aluminium Alloy
	Effect of Composition and Pre-ageing on the Natural Ageing and Paint-baking Behaviour of Al-Mg-Si Alloys
	Improvement in the Characterization of the 2099 Al-Li Alloy by Fe-SEM
	Towards New Aluminium Alloys through Advances in Atom Probe Microscopy
	Nano-scale Characterization of Al-Mg Nanocrystalline Alloys
	Muon Spin Relaxation and Positron Annihilation Spectroscopy Studies of Natural Aging in Al-Mg-Si Alloys
	Monitoring Precipitation during Rapid Quenching of Aluminium Alloys by Calorimetric Reheating Experiments
	Hydrogen Depth-Profiling and Desorption Kinetics in Rapidly Solidified Al-Fe Alloys
	Three-Dimensional Analysis of Microstructure in Cast Aluminium Piston Alloys
	Dislocation Density Changes in Ultrafine-Grain Aluminum during Tensile Deformation

	Casting
	Study on DC Casting Process of Three-Layer Composite Ingots of 4045/3004/4045 Aluminum Alloys
	Study on Electromagnet-Air Knife DC Casting Process of Large-Size AA 7055 Aluminum Alloys
	Development of Large-size Ultrasonic Sonotrodes for Cavitation Treatment of Molten Metals
	Microstructural Evolution in Intensive Melt Sheared Direct-Chill Cast Aluminium Alloys
	The Grain Refinement of 7050 Alloy Using Al-5Ti-1B and Al-3Ti-0.15C Grain Refiners
	Grain Refining Potency of LaB6 on Aluminum Alloy
	The Good Grain Refining Performance of a New Kind of Al-Ti-C-B Master Alloy
	Assessment of the Al-Ni-Mn-Fe-Si-Zr Phase Diagram for New-Generation Heat-Resistant Casting Aluminum Alloys
	The Influence of Heat Treatment Parameters on the Electrical Conductivity of AlSi7Mg and AlSi10Mg Aluminum Cast Alloys
	The Effect of Nickel on the Thermal Conductivity of Al-Si Cast Alloys
	Production of Single Cylinder Engine Piston through Vacuum Die Casting in Sedi Enugu
	Fatigue Behavior in Rheocast Aluminum 357 Suspension Arms Using the SEED Process
	Single Roll Caster to Cast Aluminum Alloy Strip
	Roll Caster to Cast Clad Strip
	Tests of Heat Treatment Conditions of AlZr0.22 Alloy Produced using the Continuous Casting Method
	Investigation on the Evolution of the Microstructure during Homogenization in Thin Al Sheets
	Investigation of Acoustic Streaming in Aluminum Melts Exposed to High-Intensity Ultrasonic Irradiation
	Fabrication of Aluminum Alloy-Based Diamond Grinding Wheel by the Centrifugal Mixed-Powder Method for Novel Machining Technology of CFRP
	Preparation of Al-Sc Master Alloy by Aluminothermic Reaction with Special Molten Salt
	In situ Synthesis of Al/TiC Composites by Combustion Reaction in an Al Melt
	Effects of Electroslag Refining on Removal of Iron Impurity and Alumina Inclusions from Aluminum
	Aging Behavior of Flexcast® Al-Mg Alloys with Sc and Zr Additions
	Electromagnetic Continuous Casting of Free-Shape Aluminum Billet
	Effect of Mn on the Interaction between Die Casting Steel and Al Alloy
	Limitation of Shrinkage Porosity in Aluminum Rotor Die Casting
	The Effect of Alloying Elements on Thermal Conductivity and Casting Characteristic in High Pressure Die Casting of Aluminum Alloy

	Coating and Surfaces
	Initial Studies of 6082 Aluminium Thin Films
	Finite Element Simulation of Shot Peening: Prediction of Residual Stresses and Surface Roughness
	The Potential of the Cold Spray Process for the Repair and Manufacture of Aluminium Alloy Parts

	Computational Metallurgy: ICME
	Utilisation of Atom Probe Data to Model Precipitation and Strengthening in an Al-Mg-Si-Cu Alloy During Natural Ageing and Early-Stage Artificial Ageing
	Ab Initio Simulations of Vacancy-Solute Clusters in Al-Mg-Si and Al-Zn-Mg Alloys
	The Role of the Si Network to the Stabilization of Hardening Precipitates in the Al-Mg-Si(-Cu) Alloy System
	Residual Stress Analysis in AA7449 As-Quenched Thick Plates Using Neutrons and Fe Modelling
	A Through Process Model for AA3xxx Aluminum Alloys
	Modeling the Recrystallization Textures in Particle Containing Al Alloys after Various Rolling Reductions
	TCAL1 and MOBAL2 - The Development and Validation of New Thermodynamic and Mobility Databases for Aluminium Alloys
	Advances in Aluminium ICME
	Numerical Simulation of Flat Rolling Practices
	Modelling the Effect of Room Temperature Storage and Deformation on the Age-Hardening Behavior of Al-Mg-Si Alloys
	Evaluation of the Quenching Sensitivity of Al-Zn-Mg-Cu-Zr Aluminum Alloys by Mole Fraction of Equilibrium Phases
	Modelling Grain Deformation during Extrusion of AA3003 using the Finite Element Method
	Experience of Developing and Introduction in Industry New Primary and Secondary Al-Alloys with Given Properties for Shape Casting

	Corrosion
	Application of Microelectrochemical Methods for Understanding Localized Corrosion Behavior of Aluminum Alloys
	Precipitation of the Beta-phase and Corrosion Behavior of an Al-6.8 wt.% Mg Alloy
	Testing the Corrosion Behavior of Plated Aluminum Strips for Heat Exchangers Operating in the Automotive Industry
	Corrosion Protection of Light Alloys using Low Pressure Cold Spray
	Crystallographic Orientation Dependence of Corrosion Behavior of 5N Purity Aluminum in Different Concentrations of HCl Aqueous Solutions
	Corrosion Fatigue Mechanism on Hot-Forged AA6082 Aluminum Alloy
	Corrosion Inhibition of Stress Corrosion Cracking and Localized Corrosion of Turbo-Expander  Materials
	Corrosion Characteristics of an Al-1.78%Si-13.29%Mg Alloy in Chloride Solutions
	Corrosion Performance of New Generation Aluminum-Lithium Alloys for Aerospace Applications
	Comparison of Corrosion Performance and Mechanisms of Al-Cu Alloys with and without Li Addition
	The Effect of Stress in Age-forming on Corrosion Behavior of High-strength Aluminum Alloy
	Corrosion and Potentiostatic Polarization of an Al-Cu-Li Alloy under Tensile Stress
	The Effect of Chemical Composition and Structure on the Corrosion Resistance of Plated  Aluminium Alloy Strips

	Fatigue and Fracture Toughness
	Effect of Fatigue and Damage Tolerance Material Properties  on the Efficiency of Aircraft Structures
	About the Challenge in Determing the Cyclic Material Behaviour of Aluminium Alloys for the Numerical Fatigue Analyses
	A Microstructure Based Multi-Site Crack Growth Model
	Short Fatigue Crack Growth Micromechanisms in a Cast Aluminium Piston Alloy
	Fatigue Life of Ablation Cast 6061-T6 Components
	Mechanical Properties of Heat Exchanger Tube Materials at Elevated Temperatures
	Fatigue Behavior and Damage Monitoring of Ultrasonic Welded Hybrid Joints
	Fatigue Resistance of Al-Cu-Li and Comparison with 7xxx Aerospace Alloys
	Fatigue Crack Growth Behavior of 2099-T83 Extrusions in Two Different Environments
	Influence of Microstructure on the Fretting Resistance of Al-Cu-Li Alloys
	Al-Li-Cu-Mg-(Ag) Products for Lower Wing Skin Applications
	Development of High Toughness Sheet and Extruded Products for Airplane Fuselage Structures
	Expanding the Availability of Lightweight Aluminum Alloy Armor Plate Procured from Detailed Military Specifications
	Threshold Stress of A3003 Alloy
	Ultrasonic Fatigue of SiC Particle Reinforced Aluminum in the VHCF Regime
	Influence of Strain Hardening on Rheological Properties of AlMgSi Wires
	Origin of Ductile Fracture in Aluminum Alloys
	Damage Tolerance Applied to the Design of Mid-Size Aircraft
	The Metallurgy of High Fracture Toughness Aluminum-Based Plate Products for Aircraft Internal Structure
	The Evolution of Plate and Extruded Products with High Strength and Fracture Toughness
	Lighter and Stiffer Materials for Use in Space Vehicles
	Research on the High-cycle Fatigue and Crack Initiation Behavior of AA7449 Alloy

	Forming and Joining
	Vehicle Lightweighting: Challenges and Opportunities with Aluminum
	Correlation of Fracture Behavior with Microstructure in Friction Stir Welded, and Spin-formed Al-Li 2195 Domes
	Effect of Process Parameters on Microstructure Stability of FSW Butt Joints after Thermal Treatments
	Microhardness Profile and Microstructure Characterization in Friction Stir Processing Zone of the Aged and Solid Solution Treated 7075 Aluminum Alloys
	Microstructure and Mechanical Properties of Dissimilar Friction Stir Welds Using AA6061-T6 and AZ31 Plates
	Microstructure and Mechanical Properties of Friction Stir Welded Aluminum Alloy/Stainless Steel Lap Joints
	The Effect of the Variation of Microstructure in the Friction Stir Welded Zone on the Strain and Tensile Properties of Al2139
	Hardening Potential of an Al-Cu-Li Friction Stir Weld
	Material Testing and Modeling of Aluminum Alloy Sheet in Support of Forming Simulations
	Evaluation of the Ring Compression Test for the Parameter Determination of Extended Friction Models
	Finite Element Peen Forming Simulation
	The Influence of Alloy Composition on the Microstructure, Tensile Ductility and Formability of 6xxx Alloys
	Accelerated Post-Weld Natural Ageing in Ultrasonic Welding Aluminium 6111-T4 Automotive Sheet
	Limitations of M-K Based Forming Limit Diagrams
	Influence of Forming Conditions to Springback in V-bending Process Using Servo Press
	Anisotropy and Forming Limit Diagram Comparison of DC and CC 5xxx O Temper Aluminum Alloy Sheets
	Comparison of Localized Deformation in Crystal Plasticity Based Finite Element Simulations between Experimentally Measured and Statistically Generated Three-Dimensional Microstructures for the Aluminum Alloy 5754
	Path Independent Polar Effective Plastic Strain (PEPS) Diagram for Sheet Forming
	Effect of Impact Compression on the Age-Hardening of Rapidly Solidified Al-Zn-Mg Base Alloys
	Fatigue and Creep Properties of Al-Si Brazing Filler Metals
	Effect of Additional Elements of Al-Si Filler Alloy on Flowability and Clearance Fillability
	Influence of Erosion Phenomenon on Flow Behavior of Liquid Al-Si Filler Between Brazed Components
	Effects of Plate Thickness and Projection Shape on the Microstructure and Strength of High-Speed Solid-State Joined 2024 Alloy Studs and 5052 Alloy Plates
	Interfacial Reaction during Dissimilar Joining of Aluminum Alloy to Magnesium and Titanium Alloys
	Joining of 2024 Aluminum Alloy Stud to AZ80 Magnesium Alloy Extruded Plate by Advanced High-Speed Solid-State Method
	Interface Structure and Bonding in Rapid Dissimilar FSSW of Al to Steel Automotive Sheet
	Effect of Additional Element on Hybrid Laser Weldability in Al-Mn Alloys
	Experimental and Numerical Analysis of Formation Manner of Characteristic Wavy Morphology in Impact Welded Similar- and Dissimilar-Metal Plates
	Influences on Arc Stability in Welding of Aluminum Pin-Structures
	Multiscale Characterization and Mechanical Modelling of an Al-Zn-Mg Electron Beam Weld
	High Temperature Deformation Behavior of a 6N01 Aluminum Alloy Extrusion with a Seam Weld
	Simulation of Local Material Properties during Laser Beam Welding of Aluminum-Titanium Compounds
	Changes in Microstructure During High Strain Rate Superplastic Deformation of an Al-Zn-Mg-Cu-Zr Alloy Containing Sc
	Investigation of Superplasticity in Aluminum Alloy 5083
	Microstructure Evolution and Tensile Property of Al-4.35Cu-1.53Mg Alloy during Creep Age Forming Process
	New Analysis of Solute Drag in AA5754 by Precise Determination of Point Defect Generation and the Orowan Relation
	The Influence of Microstructure and Composition on the Machinability of Al-Si Alloys
	Modeling of Transients as a Response to Changes in Strain-Path of Commercially Pure Aluminium
	A New Crystal Plasticity Based Constitutive Model Incorporating Backstress for FCC Polycrystals
	Numerical Analysis of Surface Roughening and Necking in Aluminum Alloy Tubes Under Internal Pressure
	Polycrystal-Plasticity Simulation of Roping in AA6xxx Automotive Sheet Alloys
	Properties of Free-Machining Aluminum Alloys at Elevated Temperatures
	Mechanical Properties of Al-Mg-Sc-Zr Alloys at Cryogenic and Ambient Temperatures
	Manufacturing Challenges for Aluminum Sheet in the Automotive Industry
	Thermal Modeling and Die Design Tools for Warm Forming Applications
	Buckling of Aluminium Sheet Components
	Predicting Hot Deformation of AA5182 Sheet
	Examination of Buckling Behavior of Thin-Walled Al-Mg-Si Alloy Extrusions
	Crystal Plasticity Calculations of Mechanical Anisotropy of Aluminium Compared to Experiments and to Yield Criterion Fittings
	Microstructure and Mechanical Properties of an Electron Beam Welds in a Spray-Deposited Al-Zn-Mg-Cu Alloy
	Characterization of Damage Mechanisms during Bending of 6xxx Aluminium Automotive Sheets
	Heat Treatment of Welded Joints Made on 7020 Alloy with the AlMg5 Alloy
	Development of Age-Hardening Technology for Ultrafine-Grained Al-Li-Cu Alloys Fabricated by High-Pressure Torsion
	Tailored Welding Technique for High Strength Al-Cu Alloy for Higher Mechanical Properties
	Distinguishing Dynamic Recrystallization (DRX) in Aluminum and Single Phase Alloys

	Novel Materials
	Strain Hardening, Strain Softening and the Portevin-Le Chatelier Effect in Cryomilled, Ultrafine Grained AA 5083
	Fabrication of Nanostructural Aluminum Alloy Powder with Ball Milling Method
	Magnetic, Structural and Mechanical Behavior of Transitional Bulk Nanostructured Al Alloy
	Production of Aluminum-Based Nano-Intermetallics by High-Pressure Torsion
	Novel Cold Spray Nanostructured Aluminum
	Self-Propagating Foaming Process of Al-Ti Reactive Precursor for Fabricating Long Scale Porous Materials
	ALUHAB the Superior Aluminium Foam
	Microstructures and Mechanical Properties of Al-Al2O3 Composites Processed by Disk-HPT and Ring-HPT
	Powder Metallurgy of High Strength Al84Gd6Ni7Co3 Gas-atomized Powder
	Advanced Class of FML on the Base Al-Li Alloy 1441 with Lower Density
	Solute Distribution and Mechanical Properties of Ultra-Fine-Grained Al-Mg Alloys
	Age-hardening Behavior of MgB2  Particle Dispersed Al Alloy Composite Materials
	Production of the Al3Ti Foam by Microwave Heating

	Phase Transformations
	Nanocluster Formation Behavior in Al-Zn-Mg Alloys with Microalloying Elements and Improved Mechanical Properties
	Effects of Microalloying Elements (Cu, Ag) on Nanocluster Formation and Age-Hardening Behavior in Al-Mg-Si Alloys
	Effect of Low Cu Amounts and Pre-Deformation on the Precipitation in Al-Mg-Si Alloys
	High Resolution Characterization of the Precipitation Behavior of an Al-Zn-Mg-Cu Alloy
	Precipitation Process in a High Mg to Cu Ratio Al-Mg-Cu-Ge Alloy
	Investigations on the Precipitation in Monocrystalline Al-Mg-Si Model Alloy by Small Angle Neutron Scattering
	Prediction of the Influence of Si Content on the Aging Behavior of Al-Mg-Si-Cu Alloys by Thermodynamic Modeling
	Continuous Heating Dissolution Diagrams of Aluminum Alloys
	Dynamic Room Temperature Precipitation during Cyclic Deformation of an Al-Zn-Mg Alloy
	Effects of Pre-Aging Condition on Multi-Step Aging Behavior in Al-Mg-Si Alloy
	Hardening Response to Rapid Aging Processes and Precipitation in Al-7%Si-0.3%Mg Alloy
	Thermodynamics of Al3 Nano-Clusters in an Aluminum Solid Solution
	The Effect of Cu and Cr on Clustering and Precipitation in Al-Mg-Si Alloys
	Influence of Mg and Si on Cluster Formation in Al-Mg-Si Alloys Studied by Positron Annihilation Lifetime Spectroscopy
	Microstructural Characterization of Flexcast® Al-Mg Alloys with Sc and Zr Additions
	Precipitation in Al-Cu-Li Alloys: from the Kinetics of T1 Phase Precipitation to Microstructure Development in Friction Stir Welds
	Quantitative Description of the T1 Morphology and Strengthening Mechanisms in an Age-hardenable Al-Li-Cu Alloy
	Orientation Relationship of Dispersoids Precipitated in an AA3xxx Alloy during Annealing at Low Temperatures
	Hf-Containing Precipitates in Al-Si-Mg-Hf Alloy during Heat Treatments at 400 Degree C-560 Degree C
	Ageing Hardening and Precipitation of the 7A60 Alloys during Cooling Aging
	Precipitation Morphology in Al-Mg-Si-Sc-Zr Hot-Rolled Sheet
	The Effect of Natural Aging on Quench Sensitivity in Al-Mg-Si Alloys
	An Isothermal Calorimetry Technique for Measurement of C-Curves in AA6xxx Alloys
	Influence of Chemical Composition on Aging Property of 7204 Aluminum Alloy
	Transforming of the Morphology of Iron Phases in Aluminum Alloys
	Effects of Microalloying with Sn on the Precipitation Process of Al-3.5Cu-0.4Mg(wt%) Alloy
	Effect of Fe Content on the Transformation of Ferrous Phases in 6XXX Alloys during Homogenizing Annealing
	Evolution of Nanometer Subjected to Overaging Treatment and Warm Deformation
	Precipitation Morphology and Tensile Properties of Al-0.62Mg-0.32Si Alloy Aged at Low Temperature
	Microstructural Change and Mechanical Properties with Isochronal Aging in Al-Ni-Gd Metallic Glasses
	Age-Hardening Behavior of Al-Mg2Si Alloys with Different Mn or Fe Contents
	The Features of Phase Composition and Microstructure of Eutectic Piston Silumins AlSi12CuMgNi and AlSi12Cu2MgNi
	TEM Observation of Precipitates in Ag-Added Al-Mg-Si Alloys
	Effect of Ag and Cu Contents on the Age Hardening Behavior of Al-Zn-Mg Alloys
	Effect of Cu or Ag Addition on Tensile Deformation in Al-Zn-Mg Alloys
	HRTEM Observation of Precipitation in Cu and Ag Added Al-Mg-Si Alloys
	Effect of Cu or Ag Addition on Two-step Aging Al-Mg-Si Alloy
	Effect of Cold-Rolling on Age Hardening in Excess Mg-type Al-Mg-Si Alloys Including Some Minor Elements
	Effect of Transition Metals on The Age-hardening Behavior of Al-Mg-Ge Alloys
	TEM Observation of Precipitates in Al-Mg-Ge Alloys with Different Mg2Ge Contents
	Effect of Quenching Condition on Aging of Dilute Al-Ag Alloy
	Influence of Silicon Addition on Precipitation Behavior in an Al-Cu-Mg Alloy
	X-ray Diffraction Study on Lattice Constant of Supersaturated Solid Solution for Al Based Binary Alloys and Selected Al-Zn-Mg-Cu Alloys

	Recycling
	Exploring Property Based Aluminum Specifications
	Emerging Development in Al-Alloy Recycling For Nontraditional Aluminum Metal Matrix Composites Processing
	Reuse of Al Dross as an Engineered Product
	Separation of Inclusion Particles from Liquid Metal by Electromagnetic Force
	The Influence of Pyrolythic Reactions on the the Aluminium Dross Formation during the Twin Chamber Remelting Process
	Turbulent Coagulation of Solid Particles in Molten Aluminium-Kinetics of Cluster Formation
	Purification Using High Pressure Molten Aluminum
	Recycling of Aluminum Alloy with DIMOX and Rheocasting Functionalize High Performance Structural Foam Composite

	Solidification
	It's Not Your Father's Cast House Any More
	Aluminum Monolithic Alloy and Multi-Alloy Cast Using Planar Solidification Approach
	The Effect of Planar Solidification on Mechanical Properties of Al-Zn-Mg-Cu-Zr Alloy Plate
	Functional Gradient Products Enabled by Planar Solidification Technologies
	Role of Solute and Transition Metals in Grain Refinement of Aluminum Alloys under Ultrasonic Melt Treatment
	Melt Conditioned Casting of Aluminum Alloys
	Impact Toughness Enhancement of Melt Treated Al-Si-Mg Cast Alloy
	Intermetallic Phase Formation in TP1 and DC Cast Billet of an AA 6063 Al Alloy
	The Interdependence Model: An Improved Predictor of Grain Size
	Analysis of Dendritic Primary Al Grain Ripening and Solid Fraction Measurement in A356 Alloy Semi-Solid Slurry Using Segregation Sensitive Reagent
	Microstructure Development and Control in Hypereutectic Cast Al-Si Alloy Evaluated by Metallurgical Analysis and Neutron Diffraction
	Semi-Solid Forming of A356 Al Alloy by Rapid Slurry Forming Process
	Influence of the Fe Content, Mn/Fe Ratio and Cooling Rate on the Modification Process of Fe Intermetallic Compounds in Hypoeutectic Al-Si Alloys
	Effect of Oxide Level on Pore Formation in A356 Alloy by X-Ray Imaging and Direcctional Solidification Technology
	Microstructure of 3003/4045 Aluminum Alloy Clad Strip Fabricated by Vertical Type Tandem Twin Roll Caster
	Rapid Solidification of a New Generation Aluminum-Lithium Alloy via Electrospark Deposition
	The Influence of Cu on Eutectic Nucleation and Morphology in Hypoeutectic Al-Si Alloys
	Primary Cooling Heat Transfer during the Direct-Chill Casting of Aluminum Alloy AA6111
	The Relationship between Dendrite Arm Spacing and Cooling Rate of Al-Si Casting Alloys in High Pressure Die Casting

	Thermo-mechanical Treatment
	Characterization of Metal Flow in Metals Processing by a Combined Approach using Advanced Experimental Grid Pattern Techniques Coupled with FE-analysis
	Research and Development of High-Strength of Al-Zn-Mg-Cu Alloys
	Effect of Alloy Elements on Microstructures and Mechanical Properties in Al-Mg-Si Alloy
	Dispersion Hardening Effect of Dispersoids in 3xxx Al Alloys With Varying Manganese and Silicon Contents
	Effect of Hot Extrusion Conditions on the Microstructure of AA3003
	Effect of Iron and Silicon on Strength and Electrical Resistivity of Al-Zr Wire Alloys
	Influence of the Chemical Composition on the Structure and Properties of Lead-Free Machinable AA6023 (Al-Mg-Si-Sn-Bi) Alloy
	Homogenisation of 6xxx Alloy Ingots with an Addition of Vanadium
	Hot Extrusion of Aluminum Chips
	3-Dimensional Microstructure of Al-Al3Ti Alloy Severely Deformed by ECAP
	Abnormal Recrystallization Behavior of High Purity Aluminum Foil
	Effect of Annealing Condition on Earing and Texture Formation in Cold Rolled AA5182 Aluminum Alloy
	Effect of Quenching Wait Time on Microstructure and Mechanical Properties of As-extruded AA6063 Alloy
	Hot Deformation Behavior and Microstructural Evolution of Homogenized 7150 Aluminum Alloys Micro-Alloyed with Zr and V
	Orientation Effects in the Particle Stimulated Nucleation of Recrystallization
	Structural Evolution in Aluminium Alloy AA 6082 during  HPT Deformation at Increased Temperature
	Advances in Aluminum Mold Block for Plastic Injection Molding Operations
	Metalworking of a Spherical Particle Reinforced Aluminum Composite
	Properties, Microstructure and Hot Deformation Behavior of Different Al-Zn-Mg (Zr) Alloys
	Super High Strength Aluminum Alloy Processed by Mechanical Alloying and Hot Extrusion
	A System for Continuous Extrusion Using High Pressure Molten Metal
	Visualization of Material Flow in Friction Extrusion
	High-Pressure Torsion for Microstructure Control in Binary Al-Fe Alloys with Different States of Fe-Containing Phases
	Process Analysis of the Co-Extrusion of Aluminum and Titanium Alloys
	Rheo-Extrusion of Hypoeutectic Al-Si-Mg-Fe Alloy
	Simultaneous Improvement of Strength and Ductility in Al-Ag Alloys Processed by High-Pressure Torsion and Aging
	Microstructural and Mechanical Evolutions during the Forging Step of the COBAPRESS, a Casting/Forging Process
	The Bonding Behavior of Co-Extruded Aluminum-Titanium-Compounds
	The Effect of Heat Treatment Technology on Mechanical Properties of Al/Al Alloys Multilayer Sheet Fabricated by Hot Roll Bonding
	Orientation Dependent Subgrain Growth During Isothermal Annealing of High-Purity Aluminum
	Effect of Nickel Variation and Thermomechanical Treatment on Microstructure and Properties in Aluminum Alloy Fin Stock for Heat Exchanger
	A Study of the Influence of Plastic Pre Strain in Different Directions before Aging of Extruded and Hydro Formed Material on the Mechanical Properties of AA6063
	Characterization of the Artificial Aging Behavior and Formability of a High Strength EN AW-6016 at Different Heat Treatment Conditions Used for Automotive Applications
	Low Work Hardening And Its Mitigation In Ultra-Fine Grained Al Alloys
	The Influence of Initial Microstructure on the Recrystallization Behaviour of Cold-rolled AA3003
	Mechanical Properties of Multilayer 1100/7075 Aluminum Sheet Produced by Hot ARB
	Examining the Mechanisms of Dynamic Recrystallization (DRX) in Two-Phase Al Alloys
	Mechanical Characterization of  Bimodal Grain Size Aluminum 5083 under Various Test Conditions
	Microstructure and Mechanical Properties of an Al-Mg-Sc-Zr Alloy Subjected to Extensive Cold Rolling
	Microstructure, Mechanical and Electrical Properties Evolution during Cold Rolling of Different 1xxxx Series Aluminium after Continuous Casting
	Modeling of Work-Hardening in an Age-hardenable AA7108 Aluminum Alloy
	A Study of the Influence of Strain Hardening and Precipitation Hardening Sequence on Mechanical Properties of AlMgSi Conductor Alloys
	Characterization of Pre-Aged AA6061-T6 Sheet Material for Aerospace Applications
	Controlled Quenching of Aluminum Alloys in Flexible Spray Fields
	Effect of Coarse Particles on Work Hardening in the Al-Mn Alloy
	Precipitation Behavior of Dispersoids in Al-Mg-Si-Cu-Mn-Cr Alloy during Homogenization Annealing
	Effect of Si Additions on Solid Solution Hardening of Al-Mn Alloys
	Effects of Deformation Texture Intensities and Precipitates on the Anisotropy of Mechanical Properties of Al-Li Alloy 2099 T83 Extrusions
	Evolution in Microchemistry and its Effect on Deformation and Annealing Behavior of an AlMnFeSi-Alloy
	Influence of Process Fluctuations on Weld Seam Properties in Aluminum Alloy Extrusion
	Evolution of Fragmented Fe-intermetallic Compounds in the Semi-Solid State of Al-Mg-Si-Fe Alloys by Deformation Semi-Solid Forming Process
	Identification and Distribution of Fe Intermetallic Phases in AA5657 DC Cast Ingots
	Microstructure and Mechanical Properties of AA2195 DC Cast Ingot Plates
	Threshold Deformation for Exhibiting the Hardening on Annealing Behavior in AA3103 Alloy
	A Study of the Microstructure, Crystallographic Texture, and Recrystallization in AA4006 Alloy Strips Produced by Twin Roll Caster and Direct Chill Processes
	Effect of Extensive Rolling on Mechanical Properties of an A-Mg-Sc Alloy
	The Effects of Transition Elements on the Control of Recrystallization of Al-Zn-Mg Extrusion



	Author Index
	Subject Index
	Print
	Search
	Exit


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 36.00 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     285
     TR
     1
     0
     112
     229
    
     0
     10.0000
            
                
         Both
         7
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     36.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     0
     7
     6
     7
      

   1
  

 HistoryList_V1
 qi2base



