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Scope of Symposium

The focus will be process innovation, development and modeling with particular focus on material and part performance 
related to advanced manufacturing of light materials. The light materials covered are Al, Ti, Mg-alloys and Ti- or Al-based 
intermetallics. Advanced processing will cover processes primarily relevant to the automotive, aerospace end 3C sectors 
to generate both sheet metal components and structural parts made by casting, powder metallurgical means (including 
reactive processing) as well as assemblies by joining. Particularly important is the performance of the material at the 
component level and the effects of the processing route and the micro structural changes of the material.

Symposium Topics

•	 Superplastic	Forming,	Creep	Age	Forming	and	Quick	Plastic	Forming,	Rotary	forming	and	similar.	
•	 PM-components,	with	special	focus	on	reactive	materials	such	as	Mg	and	reaction	processing	of	intermetallics.	
•	 	Advanced	joining	processes	such	as	Friction	Stir	Welding,	Electron	Beam	Welding,	Self-Piercing	Rivets	and	Adhesive	

Joining. Implementation of new processes and the implication on material related matters following scale up for part 
soundness, quality and tolerance control. and replication of lab-scale results

•	 Machining	related	problems	for	high	precision	components	made	from	light	materials.	
•	 	Microstructural	control	in	components	and	component	performance,	especially	at	elevated	temperature	or	under	fatigue	

loading and associated failure characteristics. 
•	 Joining	process	and	influence	on	the	component	performance	under	fatigue	load	and	impact.	
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Abstracts

 A00003-01120 

Investigation in RheoCasting-rolling for Semi-
solid Magnesium Alloy Used by Slope

Ying ZHANG1; Shuisheng XIE2; Maopeng GENG1; 
Hongmin GUO1; Haibo ZHAO1; Jinhua XU1 
1. Department of Mechanical and Electronical, 
Nanchang University, Nanchang, China
2. State Key Laboratory for Fabrication & Processing of 
Non-ferrous Metals, General Research Institute for Non-
ferrous Metals, Beijing, China

The experiment of the rheocasting-rolling for semi-solid 
magnesium was carried out on the equipment made by 
ourselves in our laboratory. Semi-solid AZ91D magnesium 
slurry was prepared by cooling slope and the evolution of 
microstructure under different technological parameters 
such as  pouring temperature, length of slope, lean angle, 
casting temperature, standing time et al were studied. 
The results show that the technological parameters have 
great	 influence	 on	 the	 microstructure	 of	 the	 semi-solid	
magnesium slurry. The results show that the optimum 
parameters of slope method were: moulding temperature 
630;lean angle 60°;slope length 0.570m;staying time 
5min.

 A00004-00005 

Fabrication of In-Situ Mg2Si/Al Composite by 
Partition 

Hong-Min GUO1; Xiang-Jie YANG2;	Xue-Quan	LUO1 
1. School of Materials Science and Engineering, 
Nanchang University, Nanchang, China
2. School of Mechachonic Engineering, Nanchang 
University, Nanchang, China

Hypereutectic Al-Si alloys with high Mg content is in 
fact an in-situ composites. However, both the primary 
Mg2Si	 and	 the	 α-Al	 in	 normal	Mg2Si/Al composites are 
usually very coarse, especially the morphology of primary 
Mg2Si usually presents a dendritic or polygonal type. Such 
microstructures in the normal composites lead to poor 
mechanical	 properties.	 It	 has	 been	 well	 known	 that	 the	
semisolid	microstructures	with	fine	and	globular	particles	
can	 lead	 to	 significant	 enhancement	 of	 mechanical	
properties.

In present investigation, an in-situ Mg2Si/Al composite 
was fabricated by partial remeling process, and the 
effects of isothermal holding temperature and holding 
time on semisolid microstructure of the composites 
were investigated. The results show that the appropriate 
microstructure	 with	 coexistence	 of	 globular	 α-Al	 and	
globular primary Mg2Si phases can be obtained. The 

average	particle	size	of	primary	Mg2Si	is	within	15-25μm.	
With the increasing of holding time, the morphology of 
α-Al	grain	becomes	more	globular	and	its	size	increases.

 A00067-00615 

Effect of Liquid Forging Parameters on the 
Mechanical Properties of AZ91-Ca Mg Alloys

Chwee Sim GOH1; Kiat Seng SOH2; Peng Hooi OON1; 
Beng	Wah	CHUA1 
1. Singapore Institute of Manufacturing Technology, 
Singapore
2. School of Materials Engineering, Nanyang 
Technological University, Singapore

Magnesium alloys have been widely used in the electronics, 
automotive and aerospace industries due to their high 
specific	stiffness	and	strength.	Ca	is	commonly	added	as	an	
alloying	element	into	Mg	to	reduce	its	flammability,	improve	
its oxidation and corrosion resistance and to enhance its 
mechanical properties. High pressure die casting, which is 
one of the most common methods for producing Mg alloys 
components, cannot be used to process Mg-Ca alloys. This 
is due to the high viscosity of the Mg-Ca melt, which results 
in	poor	mould	filling,	and	therefore,	 thin	parts	cannot	be	
produced. Liquid forging of Mg-Ca alloys is an attractive 
alternative technique for producing Mg components with 
good mechanical properties that are free from macro 
defects. This process involves the transfer of Mg melt into 
a	die	cavity	and	solidification	under	direct	high	pressure.	
To ensure that high strength Mg-Ca components can be 
achieved,	optimization	of	the	liquid	forging	parameters	is	
essential.	This	work	aims	to	determine	the	optimum	applied	
pressure, Mg melt temperature and the die temperature for 
liquid forging Mg-Ca alloys.

In this study, square samples of 65mm by 65mm by 
10mm dimensions were produced using the liquid forging 
technique with a 50 ton hydraulic press. Three different 
forging pressures were applied, and preliminary results 
show that the maximum applied pressure gives the best 
tensile properties. The yield strength, ultimate tensile 
strength	and	ductility	were	found	to	peak	at	a	pressure	of	
110 MPa. The molten Mg melt temperature was varied at 
700°C, 750°C and 800°C. Similarly, it was observed that 
the maximum melt temperature gives the best combination 
of	tensile	properties.	Optimization	is	also	carried	out	for	the	
die preset temperature, and the maximum temperature that 
can be applied is 250°C. This is to prevent softening of die 
material due to annealing of the tool steel after prolonged 
forging	process.	The	microstructures	were	analyzed	using	
the optical and scanning electron microscope and the 
micrographs obtained were correlated with the tensile 
properties of the liquid forged samples. X-ray diffraction 



8     Symposium T - Advanced Component Manufacture from Light Materials

(XRD) and electron dispersive X-ray analysis were carried 
out to determine the change in intermetallics with the 
different processing temperatures and pressures.

 A00093-00361 

Mechanical Properties of Roll Compaction 
Processed Pure Ti 

Tomohiro YOSHIMURA1; Hisashi IMAI2; 
Katsuyoshi KONDOH2 
1. Osaka University, Japan
2. JWRI Osaka University, Japan

Titanium	(Ti)	alloys	are	applied	for	various	fields	such	as	
aircraft	and	automotive	industries	due	to	their	high	specific	
strength. Ti-6Al-4V (Ti64) is the most general Ti alloy, and 
shows superior mechanical properties i.e. density of 4.43g/
cm3 and tensile strength over than 900MPa. However, its 
application is limited because of a poor ductility and the 
expensive initial cost.

In this study, Roll-Compaction (RCP) process is applied to 
pure Ti powder to solve the above problems. Pure sponge 
Ti powders were employed as input materials. RCP was 
effective	for	the	grain	refinement	and	the	in-situ	formation	
of titanium oxide (TiO2) dispersions of the matrix to 
improve the mechanical response in using pure titanium. 
RCPed	powder	was	 consolidated	by	using	 spark	 plasma	
sintering (SPS) equipment to serve a high density billet. 
Subsequently, hot extrusion process was applied to the 
billet to prepare a full density rod specimen. The evaluation 
of mechanical properties at room temperature showed 
high tensile strength of 640MPa and good elongation of 
17%.	Moreover,	 the	 refining	 process	 and	 heat	 treatment	
of RCPed powders before SPS showed extremely high 
tensile strength of 935MPa.

 A00096-00375 

Prediction of Flow Stress in Isothermally 
Compressed Ti-6Al-4V Alloy Based on Fuzzy 
Neural Network

Jiao LUO; Miaoquan LI; Weixin YU 
School of Materials Science and Engineering, 
Northwestern Polytechnical University, Xi’an, China

Isothermal compression of Ti-6Al-4V alloy at the 
deformation temperature ranging from 1093 K to 1303 K 
with an interval 20 K, the strain rate ranging from 0.001 s-1 to 
10.0 s-1 and the height reduction ranging from 20% to 60% 
with an interval 10% were carried out on a Thermecmaster-Z 
simulator.	Based	on	the	experimental	results,	a	model	for	
the	 flow	 stress	 of	 isothermally	 compressed	 Ti-6Al-4V	
alloy	was	established	in	terms	of	the	fuzzy	neural	network	
(FNN)	with	a	back-propagation	learning	algorithm	using	
strain, strain rate and deformation temperature as inputs. 
The maximum difference and the average difference 

between	the	predicted	and	the	experimental	flow	stress	are	
18.7% and 4.76%, respectively. The comparison between 
the	 predicted	 results	 based	 on	 the	 FNN	model	 for	 flow	
stress and those using the regression method has illustrated 
that	the	FNN	model	is	efficient	in	predicting	the	flow	stress	
of the Ti-6Al-4V alloy.

 A00258-00489 

Laser Welding of Dissimilar Aluminum Alloys 
2024 and 7075 

Ming QIAN; Dayou PAN; Kim Ming TEH 
Singapore Institute of Manufacturing Technology, 
Singapore

Welding of structural components made of high strength 
aluminum alloys is highly desired in aerospace industry. 
Laser welding of dissimilar aluminum alloys 2024 and 
7075 was investigated in both autogenous and powder 
feeding processes.  The results showed that dissimilar 
welded butt joint between 2024 and 7075 can be formed 
using laser welding.  Fractional tensile strengths of the 
welded joints were achieved relative to the base metals.  
The effects of weld microstructures and applied Al-12%Si 
powder on hardness and tensile strengths were discussed 
of the dissimilar welded joints.

 A00314-00586 

Shaped Metal Deposition of Ti: Microstructure 
and Mechanical Properties

Bernd	BAUFELD1; Omer VAN	DER	BIEST1; 
Rosemary GAULT2 
1. Metallurgy and Materials Engineering, Katholieke 
Universiteit Leuven, Leuven, Belgium
2. Advanced Manufacturing Research Centre (AMRC), 
University of Sheffield, Sheffield, United Kingdom

Shaped Metal Deposition (SMD) is an innovative time-
compression technology, which creates near-net shaped 
components by weld deposition. Especially for Ti alloys, 
which	are	difficult	to	shape	by	traditional	methods	such	as	
forging, machining and casting and for which the loss of 
material during the shaping process is also very dear, SMD 
promises great advantages. 

In the case of Ti-6Al-4V the components consist of large 
prior α grains, elongated towards the temperature gradient 
during welding, with a Widmanstätten α/β microstructure. 
The ultimate tensile strength is between 936 and 1014 
MPa, depending on orientation and location. Tensile 
testing vertically to the deposition layers exhibits a 
ductility between 14 and 21 %, while testing parallel to the 
layers gives a ductility between 6 and 11 %.. The micro-
hardness (3.1 GPa) and the Young´s modulus (117 GPa) 
are similar to conventional Ti-6Al-4V material with a low 
oxygen content.
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 A00324-00597 

Expanded Polystyrene (EPS) Pattern Application 
in Investment Casting and Chemical Removing

Zeynep TASLICUKUR; 
Gokhan	OZER; Kerem Altug GULER 
Metallurgical and Material Engineering, Yildiz Technical 
University, Istanbul, Turkey

In this study, expanded polystyrene (EPS)  was used as 
a pattern material in investment casting and removed 
chemically by acetone. It  is shown that EPS is an 
alternative pattern material to the wax material which is 
used in the conventional investment moulding. EPS pattern 
usage and chemically removing change the investment 
moulding process basically. The ceramic shell moulds 
with wax and EPS patterns were produced at the same 
dimensions	and	with	the	same	techniques.	Unmodified	A	
413 Al-Si alloy were cast into these moulds. XRD and SEM 
characterization	 were	 performed	 on	 the	 moulds	 internal	
surfaces and image and EDS analysis were carried out 
on the cast parts for comparison. The effects of chemical 
removing of patterns on the structure of moulds internal 
surfaces were investigated.

 A00434-01300 

Compressive Properties of AM50A and AM91D 
Alloys Using Split Hopkinson Pressure Bar 
(SHPB)

Dong Wei SHU; Iram	Raza	AHMAD 
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

Magnesium alloys being the lightest structural materials 
are very attractive for aerospace, automotive industries and 
consumer products such as mobile phone casings, laptop 
housings, MP3 players etc. The mechanical behaviour of 
materials at high strain rates differs considerably from 
that	measured	at	quasi-static	or	low	strain	rates.	Because	
many manufacturing processes occur at high strain rates, 
the	knowledge	of	material	behaviour	at	high	 strain	 rates	
is essential. In the present study two magnesium alloys 
AM50A and AZ91D have been investigated for their 
mechanical behaviour under impact at high strain rates. 
The compressive stress-strain relation of AM50A, AZ91D 
and aluminum alloy 6061-T6 has been obtained at the 
strain rates range between 0.002 s-1 and 1500 s-1. The high 
strain rate experiments have been conducted using the 
split	Hopkinson	pressure	bar	(SHPB)	apparatus.	For	both	
alloys,	a	substantially	higher	work	hardening	is	observed	
at higher strain rates as compare to their quasi-static tests. 
Higher compressive stresses are observed at higher stain 
rates.

 A00435-00826 

Effects of Ca-additions on the Mechanical 
Properties of AZ91, AM60 and AZ31

Peng Hooi OON1;2; Chwee Sim GOH1; 
Beng	Wah	CHUA1; Xiaohui Cindy HUANG1; 
Ming Jen TAN2 
1. Forming Technology Group, Singapore Institute of 
Manufacturing Technology, Singapore
2. Mechanical and Aerospace Engineering, Nanyang 
Technological University, Singapore

Driven	 by	 the	 demand	 for	 light	 weight	 and	 high	 specific	
strength and stiffness for mechanical system, magnesium, 
known	for	its	attractive	characteristic	such	as	high	strength	to	
weight ratio, good damping property and castability, has been 
selected for applications in the automotive, aerospace and 
electronic industries. AZ91, AM60 and AZ31 are some of the 
more commonly used Mg alloy. One of the problems associated 
with these alloys is the large volume fraction of intermetallic 
compound Mg17Al12 formed in the Mg-Al base alloys. These 
intermetallics have reduced practical interest due to its inherent 
brittleness and instability at elevated temperature. With a small 
amount of Ca added, it is proven to not only help in reducing 
flammability,	 but	 it	 can	 also	 improve	 creep	 resistance	 and	
result	in	grain	refinement,	and	hence	increase	the	mechanical	
properties.

However, one critical issue arising from adding Ca to Mg is 
the	 low	 fluidity	 of	 the	Mg-Ca	 alloy	melt,	 which	 reduce	 the	
castability of the alloy for most of the conventional Mg casting 
process, such as high pressure die casting (HPDC). Furthermore, 
secondary processing such as extrusion and rolling is very 
difficult	to	carry	out	due	to	crack	formation.	Nevertheless	this	
issue can be overcome by using an alternative technique, which 
is liquid forging. Liquid forging process combines casting and 
forging	whereby	the	molten	metal	is	pressurized	into	an	open	
die cavity. A direct pressure is applied from the top punch to 
squeeze	 the	 melt	 into	 mould	 cavity.	 Due	 to	 the	 high	 direct	
pressure	 applied,	 this	 technique	 is	 able	 to	 force	 low	 fluidity	
molten metal into the mould cavity with complex shapes. 
Near-net-shape components with the absence of macropores 
and improved mechanical properties can be formed.

In this study, 2 weight percentage of Ca are added into AZ91, 
AM60 and AZ31 Mg alloys respectively. Square samples of 
65mmx65mmx15mm are then fabricated using the liquid 
forging	 process.	 Characterization	 tests	 carried	 out	 include	
tensile properties, macrohardness, thermal gravimetric and 
microstructural analysis. The mechanical properties results are 
then	 benchmarked	 against	 MRI153,	 which	 is	 a	 commercial	
Mg alloy developed by Dead Sea Magnesium Ltd. It has been 
observed	that	the	flammability	of	the	developed	Mg-Ca	alloys	
during processing has been greatly reduced. Furthermore, 
the results show that AZ91-2Ca exhibits the best mechanical 
properties at room temperature in comparison with MRI153. 
In terms of elevated temperature tensile properties, MRI153 
exhibits the best tensile strength.
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 A00464-00861 

Advances in Manufacturing Processes for 
Magnesium Wrought Alloys

Karl Ulrich KAINER; Jan BOHLEN; Dietmar LETZIG 
Institute of Materials Research, Magnesium Innovation 
Centre, GKSS Research Centre Geesthacht, Geesthacht, 
Germany

Magnesium materials as the lightest available construction 
metal offer a wide range of opportunities for the usage in 
transportation industries. While magnesium high pressure 
die cast (HPDC) components have found their application 
the interest is now spreading to the implementation of 
gravity casting and advanced casting technology i.e. 
thixomolding or to the use of wrought materials. The reason 
is found in the possibility to get even more homogeneous 
and better properties compared to HPDC parts. Therefore 
alloy and manufacturing process development on the one 
hand for cast and on the other for extruded, forged and 
sheet material is a main concern to enhance the application 
of recently used or advanced Magnesium alloys.

Generally, the mechanical behaviour is affected by 
changes	in	the	grain	size,	the	microstructural	homogeneity	
and the texture. The complex mechanisms of deformation, 
recovery and recrystallisation during deformation at 
elevated temperatures are important for understanding the 
needs of a process development. In addition the application 
of	 magnesium	 wrought	 components	 lacks	 in	 a	 better	
understanding	 of	 the	 influence	 of	 a	 thermo-mechanical	
treatment such as rolling, extrusion or forging on the 
properties of the resulting parts.

This presentation gives an overview on the actual status 
of the development of magnesium wrought alloys 
and technologies for application in the transportation 
industries. The development of new wrought alloys and 
the	 optimization	 of	 existing	 or	 new	 processes	 for	 the	
production of magnesium parts are discussed.

 A00512-01836 

High Temperature Formability in AA5083 and 
AA6061 Alloys for Light Weight Applications

Jun LIU1; Ming Jen TAN1; 
Anders E. W. JARFORS2; Sylvie CASTAGNE1 
1. School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore
2. Singapore Institute of Manufacturing Technology, 
Singapore

With recent developments in the automotive and aerospace 
industries, the lightweight, yet inexpensive alloys are of 
great demand in industrial applications. In this paper, 
considering the limited applications in non-superplastic 
materials, two typical alloys of AA5083 and AA6061 were 
investigated and compared during high temperature tensile 
tests to study their formability. The results of tensile tests 
and microscopy are shown which indicate the deformation 
mechanisms under different test conditions. It is found 
that	 the	 flow	 stress	 coupled	 with	 the	 dynamic	 grain	
growth is related with the temperatures and strain rates. 
Furthermore, the highest strain rate sensitivity (m-value) is 
obtained, which help to establish a steady model based on 
superplastic	deformation.	Based	on	these	results,	a	Finite	
Element Model (FEM) can be introduced to predict and 
verify the experimental data.

 A00536-01398 

Numerical Modelling of Multi Stage Micro Wire 
Drawing Process

R. Narayanana KARTHIC; Sridhar IDAPALAPATI; 
Sathyan SUBBIAH 
School of Mechanical & Aerospace Engineering, 
Nanyang Technological University, Singapore

Gold and copper wire for wire bonding applications in 
microelectronics industry are produced from 7 mm cast 
bars	using		metal	forming	cold	drawing	process.	The	final	
wire of a few microns (of the order of 15 µm) radius is 
produced from the cast bar using multi-stage drawing 
process with or without intermittent annealing/heat-
treatment	 stages.	 Here	 we	 use	 finite	 element	 modeling	
to	analyze	the	drawing	forces	and	predict	the	mechanical	
properties of the drawn wire for two stage drawing. Fine 
micron	 size	 pure	 gold	 bonding	wires	 of	 type	GL2	 (low	
loop wire) diameter 40µm were cold drawn to reduction 
areas of 10, 20 and 30% respectively. The effect of a range 
of	 process	 variables	 such	 as	 die	 geometry,	 coefficient	
of friction between the die and wire, reduction ratio etc 
on the drawing forces is studied. Die angles of 4, 5 and 
6°	 incorporating	 a	 coulomb	 friction	 coefficient	 of	 0.05	
and	 0.1	 are	 used	 in	 the	 finite	 element	 simulations.	 	The	
velocity	of	the	die	was	kept	constant	at	2	mm/s	for	all	the	
above simulations. The process parameters used for the 
simulation were carefully considered after reviewing the 
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literature to simulate  actual drawing conditions during the 
manufacture	of	the	ultra	fine	gold	bonding	wires.	Classical	
J2	flow	theory	of	plasticity	with	large	deformation	option	
in	ABAQUS	finite	element	program	is	used	to	model	the	
constitutive behavior of gold. The material properties 
of	 the	 wire	 are	 taken	 from	 the	 measured	 data	 of	 Liu	
and Chao (Journal of electronic materials Vol 32, No.3, 
2003). The measured drawing forces will be compared 
with analytical methods such as slab analysis. The micro 
hardness distribution and torsional strength of the wire 
are	being	investigated	from	these	simulations	to	know	the	
effect of the above process parameters on the drawn wire 
mechanical peroperties. Micro indentations was conducted 
on the cross section of the wire which was modeled as a 
three-dimensional (3D) deformable geometry with the 
indenter	as	rigid	body	in	ABAQUS/explicit.	In	the	initial	
step the 3D deformable wire was pulled through a rigid 
die followed by removing all the boundary conditions 
in the next step to achieve the relaxation of the wire to 
accumulate the residual stress. Micro indentations was 
performed in the following step on four points of the cross 
section ranging from center to outer edge The experimental 
micro hardness obtained by researchers on the gold wires 
was	compared	with	the	finite	element	results	to	gauge	and	
predict the accuracy of the FEM model. Torsional testing 
on the wire are further explored to predict the amount of 
torsional	strength	the	wire	acquires	over	the	process	flow.		
Based	upon	this	study,	recommendations	will	be	made	on	
the suitable continuum and/or texture based approaches to 
model	micron	size	wire	drawing	process.

 A00542-01912 

Mechanical Behavior with Microstructural Change 
of Commercially Pure Titanium in Enhanced 
Multi-Pass Equal Channel Angular Pressing and 
Cold Extrusion Processes 

Dong-Hwan KANG; Tae-Won KIM 
School of Mechanical Engineering, Hanyang University, 
Seoul, South Korea

Microstructures together with mechanical properties of 
commercially pure titanium developed by newly designed 
multi-pass equal channel angular pressing (ECAP) 
and cold extrusion were investigated. A T-type ECAP 
apparatus	 was	 developed	 to	 improve	 the	 efficiency	 of	
common	 ECAP	 and	 hence	 the	 performance	 of	 finished	
products. Much more strengthened CP-Ti billet could be 
produced by using the proposed processes. As shown in 
the results, a severe plastic deformation occurred in the 
material by means of shear deformation during the radical 
bending process through the repeated route. The resulting 
mechanical properties such as yield and tensile strength 
were	 improved	 according	 to	 the	 grain	 refinement.	 The	
mechanism provides a good relationship to Hall-patch 
theory. Additively, a cold extrusion process followed by 
the ECAP was conducted to produce a cylindrical type 

bulk	 material.	 Further	 microstructural	 refinement	 with	
improvement of mechanical properties was attributed to 
this additional plastic forming process. Finished products 
developed by the multi-pass ECAP and cold extrusion 
processes	 therefore	 have	 been	 shown	 to	 a	 remarkably	
hardened CP-Ti such as the ultimate tensile strength of the 
material	from	292.5	initially	to	791.9	MPa	with	significant	
refinement	of	the	microstructure.

 A00544-00995 

Use of Carbon Nanotubes Reinforced Epoxy as 
Adhesives to Join Aluminum Plates

Suzhu	YU1; Min Nah TONG2; Gary CRITCHLOW2 
1. Singapore Institute of Manufacturing Technology, 
Singapore
2. Institute of Polymer Technology and Materials 
Engineering, Loughborough University, United Kingdom

Polymer adhesive bonding has been widely used in 
electronics, display, aerospace, automotive, and other 
industries. In electronic industry, the traditional electronic 
assemblies rely heavily on soldering which containing 
toxic lead to attach components to the interconnect wiring 
on printed circuit boards. Although epoxy based isotropic 
conductive adhesives (ICA) are an alternative to solder 
reflow	 process,	 the	 ICA	materials	 usually	 require	 up	 to	
80	 wt%	 of	 metal	 filler	 to	 achieve	 minimum	 electrical	
conductivity.	Such	a	high	concentration	of	filler	not	only	
degrades the mechanical properties of the polymer matrix 
but also increase greatly the weight of components. In 
aerospace, the polymer adhesives have been used for 
manufacturing of primary aircraft fuselage and wing 
structures. Comparing to the riveted joining, the use of 
polymer adhesives results in lighter weight, lower cost and 
more uniform distribution of stresses over the continuous 
bonded area. Nevertheless, the joint durability has been 
one of the major concerns as they usually suffer from 
poor mechanical strength and poor adhesion on metal 
substrates, especially under humid conditions. Therefore 
it is necessary to develop polymer adhesives with high 
electrical conductivity and bonding strength at low 
conductive	filler	loading.

In this paper, carbon nanotubes are used as reinforcement 
to fabricate epoxy adhesives. Carbon nanotubes (CNTs), 
a new form of pure carbon, have an extremely unique 
and desirable combination of mechanical, thermal and 
electrical properties. The CNT reinforced polymer 
adhesives have the potential to meet the electrical and 
mechanical requirements of various industries.

In	 this	 work,	 the	 distribution	 of	 the	 carbon	 nanotubes	
in the polymer matrix, which is crucial to the property 
improvements	of	 the	adhesive,	 is	firstly	optimized.	Then	
the thermal properties of the adhesives, the electrical 
properties of the CNT/epoxy adhesives on metal plates 
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and the mechanical properties of the metal joints fabricated 
with the adhesives are systematically studied as a function 
of CNT fraction. It is found that the percolation threshold 
for surface electrical conductivity lies between 0 – 0.5 
wt% of CNTs. The durability of the adhesive joints based 
on the wedge test under water of 60oC also increases 
significantly	with	the	addition	of	CNTs.	The	initial	crack	
length of the joint with 1 wt% of CNT, is only about 7% 
of that with neat epoxy. After immersion of the jointss into 
water of 60oC, the joint with neat epoxy fails after 3 hours, 
but all the joints adhered with different fraction of CNTs 
still bond together after completing the experimental time 
of 90 hours. Nevertheless, the experimental results also 
reveal that the durability of the joints shows an optimum 
at approximately 1 wt% of CNTs, beyond which a drop in 
the property is observed.

The overall thermal, electrical and mechanical properties 
of the CNT reinforced epoxy adhesives present a very 
positive prospect to industry applications.

 A00580-01085 

Fabrication and Mechanical Properties of TiAl-
based Intermetallics by Reactive PM Processing

Mok-Soon	KIM 
Materials Science and Engineering, Inha University, 
Incheon, South Korea

Since TiAl-based intermetallics have a low density, high 
melting point and high strength at elevated temperature, 
these materials are applied or considered to be applied as 
high temperature structural components, such as “turbo 
charger rotor” and “exhaust valve” for automotive engine 
and “turbine blade” for jet engine. However, limited 
formability owing to a low ductility below 1100K has 
been the major obstacle in more widespread application 
of these materials. A reactive PM processing would be 
one solution which can overcome the obstacle. In this 
study, elemental Ti and Al-Mn powders, that are ductile 
enough	 to	 be	 formed	 by	 conventional	 plastic-working	
procedures, were mixed and formed to a rod shape or an 
engine-valve shape using extrusion or forging equipment. 
Then, fully dense TiAl-based intermetallics having the 
composition of Ti-45mol%Al-1.6mol%Mn were achieved 
by a self-sustaining, exothermic reaction between Ti and 
Al during the sintering stage using vacuum hot pressing. 
Also, various types of microstructure were developed in 
the reactive-sintered titanium aluminides by controlling 
sintering condition. Mechanical properties of the titanium 
aluminides up to elevated temperature were exhibited to 
be closely related to the resulting microstructure.

 A00651-04188 

Effects of Friction Sitr Processing and Following 
T6 Artificially Aging Hardening on the Improving 
of Erosion Resistance of Casting A384 Aluminum 
Alloy

Yun-Han CHANG; Chung-Wei YANG; 
Truan-Sheng LUI; Li-Hui CHEN 
Department of Materials Science and Engineering, 
National Cheng Kung University, Tainan, Taiwan

Due to the behaviors of high temperature, high erosion 
resistances with its light weight, aluminum alloys are 
usually used in the automotive engine pitons in 
where endured situations of cycled friction and high 
temperature environment. The as-cast A384 aluminum 
alloy with full-annealing treatment was used as the base 
metal	(BM)	in	this	study.	The	BM	specimens	with	friction	
stir	processed	(FSP)	following	artificially	aging	treatment	
(T6) after FSP were to study the effect of FSP and 
artifical	 aging	 treatments	 on	 erosion	 properties	 of	A384	
aluminum alloy. According to the experimental results, 
the T6 specimens show the opimal erosion resistance 
at an oblique impact angle that reveals a characteristic of 
the	ductile	erosion.	Because	of	the	erosion	rate	of	FSP	and	
T6	 specimens	 are	 significantly	 lower	 than	 the	 BM,	 the	
erosion resistance is increased after FSP and T6 treatments, 
To	observe	the	erosion	subsurface	of	the	BM	specimens,	
the erosion grooves are deeper than other conditions. The 
silicon phase precipitates are brittle fracture and the second 
phase	precipitates	are	compressed	with	significant	plastic	
deformation by the impact of erodents. Even though FSP 
specimen also shows plastic deformation, but the uniform 
dispersion of second phase precipitates reduces the brittle 
fracture. This study infers that the uniform dispersion of 
silicon	 particles	 causes	 little	 brittle	 cracking	 of	 the	 FSP	
specimens.	 Moreover,	 the	 precipitates	 after	 artificially	
aging hardening treatment can help to further improve the 
erosion resistance of the A384 aluminum alloy.

 A00739-01321 

Tailoring The Properties of Magnesium Using 
Reinforcement(s) at Nanolength Scale 

Manoj GUPTA 
Mechanical Engineering, National University of 
Singapore, Singapore

Magnesium is a light weight metal with tremendous 
capability to save energy in weight critical engineering 
applications.  In terms of properties, it has certain limitations 
which can be overcome by using harder, tougher and 
stronger reinforcements particularly at nanolength scale.

This	 presentation	 will	 highlight	 the	 role	 of	 nanosize	
reinforcement(s) in improving the tensile response 
of magnesium in terms of strength, ductility and/or 
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strength+ductility.  It was noted that different types of 
reinforcements (metal, ceramic or metal+ceramic) bring 
different type and level of improvements.  Moreover, it 
was noted that same reinforcement have different effects 
on the matrix material and is governed by the constitution 
of matrix material.  Emphasis will be provided to highlight 
the	ability	of	nanosize	 reinforcement	 such	as	alumina	 to	
enhance the ductility of a commercial magnesium alloy 
(AZ31B)	 to	 the	 level	 comparable	 to	 that	 of	 commercial	
aluminum alloys.

 A00754-01331 

Effects of RE Additions on Grain Refinement 
and Intermetallic Compounds in Mg-Al-Ca Based 
Alloys

Hyeon-Taek	SON; Jae-Seol LEE; Dae-Guen KIM 
Honam Technology Service Center, Korea Intitute 
Industrial Technology, Gwangju, South Korea

The magnesium alloy is the lightest structural metallic alloy 
commercialized	to	date,	and	has	excellent	specific	strength	
and elastic modulus together with a density of 1.74 g/cm3. 
Also, because of its superb capability to absorb vibration, 
impact, and electric waves, it is drawing special attention as 
an advanced material for coping with energy conservation 
and environmental pollution regulations. However, the 
magnesium alloy has lower strength and elongation and 
is more susceptible to corrosion than other lightweight 
alloys. Among the alloying elements described above, 
Ca is a promising additional element for the following 
reasons:	(1)	the	addition	of	Ca	significantly	improves	the	
high temperature strength and creep resistance], (2) further 
improvement is possible with quaternary additions, and 
(3) it has low density and low cost. Thus, the Mg–Al–Ca 
ternary system is considered as one of the most important 
systems for further alloy development. As one of the most 
fundamental and effective methods, alloying with Ca and 
rare earth metals have been frequently practiced. It has 
been	proved	that	rare	earth	(RE)	metals	are	beneficial	 to	
the mechanical properties of magnesium alloys without 
affecting	other	properties.	In	this	work,	Mg-5Al-3Ca	based	
alloy with different RE additions (RE = Y, Nd or Sm) were 
produced	by	 a	mould	 casting	process.	The	 influences	 of	
REs	 on	 as-cast	 microstructure	 such	 as	 grain	 size,	 grain	
morphology, eutectic phases and Al-RE intermetallic 
compounds were investigated and the microstructure 
evolution	 mechanisms	 were	 analyzed.	All	 of	 the	 alloys	
prepared were based on Mg-5Al-3Ca-xRE (RE = Y, Nd 
and Sm, x = 0 to 3wt%). Commercially pure Mg, Al and 
Ca (> 99.9%) were used to prepare these alloys. Yttrium, 
neodymium and samarium additions were conducted by 
adding the master alloys of Mg-20wt%Y, Mg-50wt%Nd 
and Mg-50wt%Sm, respectively. The Mg-5Al-3Ca-xRE 
(x = 0, 1, 2 and 3wt%) alloys were melted under SF6 and 
CO2 atmosphere in a steel crucible. The molten alloys were 
cast into a steel mold, which was heated at 200°C, at the 
pouring temperature of 750°C.

 A00799-01412 

Minimising Burr Formation in Micro-Milling of 
Aluminum Alloys Using Carbide Cutting Tools 

Kushendarsyah SAPTAJI; Koh DONG YANG; 
Sathyan SUBBIAH 
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

The micro-milling process is being used for producing 
three dimensional micro-features in several applications. 
One such application involves producing molds for 
hot	 embossing	 polymer	 microfluidic	 devices.	 Ductile	
materials	 like	 aluminum	 alloys	 and	 copper	 alloys	 have	
demonstrated their ability to be used as an embossing 
mold. However there are several problems encountered, 
such as burr formation, when machining ductile materials 
especially at the micro scales. Large burrs in micro-milling 
process occur on the top edge of the micro-milled feature. 
Formation of burr in the ductile materials can be overcome 
using	sharp	tools	like	diamond	but	these	are	expensive	and	
require	 specialized	machines	 to	be	used.	Hence,	 the	aim	
of	 this	 study	 is	 to	minimize	 burr	 formation	while	 using	
carbide milling tools on conventional machines.

One burr reduction strategy is to produce a taper at the side 
walls	where	the	tool	exits	the	work	surface.	Such	a	taper	
will also facilitate the embossing mould in releasing the 
embossed polymer. In view of this strategy, two different 
types of carbide micro end mills, straight and tapered, with 
diameter as small as 0.5mm are used in this study. The 
influence	of	the	taper	milling	tool	and	top	cutting	strategies	
on the surface quality and burr formation is reported. In 
addition,	 the	 influence	 of	 milling	 direction	 and	 milling	
parameters are studied. Experimental results show that 
down	milling	direction	produces	better	 surface	finish	on	
the side walls of the channel and the tapered milling tool 
reduces the burr at the top edge of the channel. Embossing 
studies are also performed using the tapered micro milling 
tools and the results reported.

 A00811-01423 

Production of Al-Ti-C Grain Refiners with the 
Addition of Elemental Carbon

Berke	Turgay	GEZER; Fatih TOPTAN; 
Sibel DAGLILAR; Isil KERTI 
Department of Metallurgical and Materials Engineering, 
Yildiz Technical University, Istanbul, Turkey

Grain	 refining	process	 used	 in	 aluminium	alloys,	 has	 an	
important role for preventing columnar, coarse grains 
and	encouraging	fine,	equiaxed	grain	 formation.	Al-Ti-B	
grain	refiners	are	widely	used	as	aluminium	grain	refiners	
however, because of the problems in application Al-Ti-C 
refiners	have	an	increasing	demand	in	recent	years.	In	the	
present	 work,	Al-Ti-C	 grain	 refiners	 with	 different	 Ti:C	
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ratios were produced by in-situ method with the addition 
of elemental carbon. Microstructures were charactarised 
by optic microscope and scanning electron microscopy 
equipped with energy dispersive spectroscopy. The 
effects of temperature, holding time and Ti:C ratio on the 
grain	refinement	process	were	 investigated	and	optimum	
conditions were determined.

 A00873-01523 

In Vitro and In Vivo Biocompatibility of Surface 
Modified Magnesium by Heat Self Assembled 
Monolayer 

Jiacheng GAO; Liying QIAO; Yong WANG 
College of Material Science and Engineering, Chongqing 
University, Chongqing, China

At the beginning of twenty-one century the research 
on magnesium implants has caused great interests of 
researchers in orthopedics due to its degradability in site 
without a second operation. The focus of investigators is 
on the corrosion degradation, biocompatibility, surface 
modification	and	new	bio-magnesium	alloys	development.	
A lot of investigations on bio-magnesium alloys hint that the 
corrosion degradation, the biocompatibility and the surface 
modification	 of	 bio-magnesium	 alloys	 are	 correlative.	
The	 surface	 modification	 could	 control	 the	 corrosion	
degradation rate of magnesium alloy in physiological 
condition and improve their biocompatibility. In the past 
20 years, self-assemble monolayer was fast developed 
because of its characteristics of auto-formation in site, 
stabilization	of	thermodynamic,	no	limit	of	substrate	shape,	
easily to operate etc. And the self-assemble monolayer is 
the	film	with	the	quality	of	uniform,	order,	close	and	little	
defect.

In this study in vitro and in vivo corrosion degradation 
behavior, and in vivo test of 4N-Mg after surface 
modification	 by	 heat-self-assembled	 monolayer	 were	
studied. Scanning electron microscope (SEM), energy 
dispersive x-ray spectroscopy (EDS), X-ray diffraction 
(XRD) and Fourier Transform Infrared Spectroscopy 
(FTIR) and digital electronic pH meter and atomic 
absorption spectrometry (AAS) were used to analysis 
the corrosion process, corrosion rate and mechanism. 
The	Mg	with	 and	 without	 modification	 were	 embedded	
in thigh bone of white rabbits, TC4 was used as contrast. 
The concentrations of Mg2+	 ion	 in	 blood	were	 analyzed	
after	2,	6	and	12	weeks,	respectively.	The	specimens	were	
analyzed	 by	SEM-EDS,	 and	 tissue	 slices	were	 observed	
by	optical	microscope.	Results	show	that	modified	Mg	had	
better corrosion resistance and the capacity of inducing 
new bone. The magnesium concentration in blood were 
in the normal scale, Mg have good bone inducement 
and showed better capability of contact with bone. 
The	 new	 bone	 mineralizes	 obviously	 on	 the	 interface,	
and on the new bone, the osteoclast cells array orderly. 

Untreated magnesium corroded faster than H-SAM treated 
magnesium in vivo. All results indicated that Mg-showed 
better biocompatibility and the capacity of inducing new 
bones due to H-SAM had an effect on controlling corrosion 
rate of Mg.
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 A00873-01534 

Study of Self-assembled Monolayers of Stearic 
Acid on Pure Magnesium Surface 

Liying QIAO; Jiacheng GAO; Yong WANG 
College of Material Science and Engineering, Chongqing 
University, Chongqing, China

Recently, many research efforts have focused on 
developing magnesium-based biomaterials to aid hard 
tissue repair and regeneration because magnesium has 
similar mechanical properties to human bone and good 
biological performance.  However, the healing and growth 
rate of new bone is slower than the corrosion rate of 
magnesium.	 Surface	 treatment	 is	 one	 key	 to	 the	 above	
problem. SAMs from organic substance is an active 
research	field	 in	 these	days,	which	 is	a	new	biochemical	
surface	 modification	 technology.	 SAMs	 form	 compact	
and order planar molecule layer on the substrate by the 
chemistry connection between head group of SAMs and 
substrate, and the end group of SAMs gives the materials 
special physicochemical properties and functions.

In this paper, self-assembled monolayers (SAMs) of stearic 
acid (SA) surface treatment on pure magnesium were 
studied to improve bioactivity and corrosion resistance 
of pure Mg. Three pre-treatment methods (HCl-NaOH 
treatment,	alkali-heat	 treatment	and	heat	 treatment)	were	
used.	 SAMs	 treated	 samples	 were	 soaked	 in	 simulated	
body	 fluid	 (SBF)	 and	 untreated	 samples	 were	 taken	 as	
control.	The	pH	variation	of	SBF	solution	was	examined	
everyday. The electrochemical property of treated and 
untreated samples was tested to evaluate the capability 
of corrosion resistance of organic surface layer. Scanning 
electron microscope (SEM), X-ray diffraction (XRD) and 
Fourier Transform Infrared Spectroscopy (FTIR) analysis 
were performed to observe the surface appearance and 
to identify the composition and phases of samples. The 
results showed that stearic acid SAMs had successfully 
been assembled on the surface of the samples, which had 
a good effect on corrosion resistance of materials at initial 
period; three pre-treatment methods had different effects 
on	corrosion	resistance,	but	SAMs	has	no	evident	influence	
on bioactivity of samples.
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 A00879-01527 

A Study of Strain States and Texture Evaluation 
on Cross-roll Rolled AZ31 Alloy

Dae-Guen KIM1;2;	Hyeon	Taek	SON1; Jae Seol LEE1; 
Moo Young HUH2 
1. Honam Technologh Service Division, Korea Institute of 
Industrial Technology, Gwangju, South Korea
2. Materials Science and Engineering, Korea University, 
Seoul, South Korea

Mg alloy is a light-weight structural metal with high 
specific	 strengths	 and	 therefore,	 it	 is	 the	most	 attractive	
material in applications of transportations and mobile 
electronics for reducing weight. However, Mg alloys 
often exhibit relatively low strength and poor press 
formability at room temperature. This limited ductility is 
attributed to a strong planar anisotropy where the basal 
plane (0002) tends to be distributed parallel to the rolling 
direction.	Because	the	basal	slip	mode	provides	only	two	
independent slip systems. However, warm forming can 
improve the formability of magnesium alloy because the 
pyramidal plane of magnesium HCP crystal structure will 
be operated by thermal activation and which results in 
good formability with warm forming.

AZ31 magnesium alloy was warm rolled in the cross-
roll rolling mill, in which the roll axes are tilted about 
the normal direction in the rolling direction - transverse 
direction plane. Parallel to cross-roll rolling, normal 
conventional rolling was also carried out in order to clarify 
the effect of cross-roll rolling. The strain state accompanied 
with cross-roll rolling was simulated by three dimensional 
finite	 element	method	 (FEM).	The	 evolution	 of	 textures	
during	warm	rolling	and	subsequent	annealing	was	tackled	
by	X-ray	macro-texture	measurements	and	EBSD	micro-
texture measurements. Operation of shear deformation 
during cross-roll rolling reduced the development of the 
basal texture component leading to an improvement of 
formability in AZ31 alloy.

 A00979-01703 

Processing and Microstructural Charactarisation 
of AA 1070 and AA 6063 Matrix B4Cp Reinforced 
Composites

Fatih TOPTAN; Ayfer KILICARSLAN; 
Ahmet KARAASLAN; Mustafa CIGDEM; Isil KERTI 
Department of Metallurgical and Materials Engineering, 
Yildiz Technical University, Istanbul, Turkey

Wetting	 problem	 between	 B4C and liquid Al at lower 
temperatures has to be overcomed for promised mechanical 
and physical properties, such as high hardness, high wear 
resistance	 and	 stiffness.	 In	 the	 present	 work,	 AA	 1070	
and	 AA	 6063	 matrix	 B4Cp reinforced composites were 

produced by casting route at 850°C and titanium-containing 
flux	(K2TiF6) was used to overcome the wetting problem 
between	 B4C and liquid aluminium metal. AA 6063-
B4Cp composite samples were then subjected to solution 
treatment. The microstructure of matrix/reinforcement 
interfaces of both as-cast and heat treated samples with 
or without Ti additions were investigated with SEM 
studies.	 The	 reaction	 layer	 was	 also	 characterized	 with	
EDS analysis and X-ray mapping. It was found from 
the	microstructural	 observations	 by	 high	 resolution	field	
emission gun SEM (FEG-SEM) that the wetting issue was 
effectively solved by the formation of very thin TiC and 
TiB2 reaction layers.

 A00987-01721 

Surface Roughness Study on Material Removal 
Using Electrokinetic Phenomenon

Cheng Seng LEO1; Wee Gin TEO1; 
David Lee BUTLER1;2; Sum Huan NG2; Chun YANG1; 
Steven DANYLUK3 
1. School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore
2. Singapore Institute of Manufacturing Technology, 
Singapore
3. George W. Woodruff School of Mechanical 
Engineering, Georgia Institute of Technology, Georgia, 
United States

To satisfy the demand of producing ever smaller devices 
with higher dimensional accuracy requires the development 
of new material removal processes. One such method for 
removing	 material	 is	 by	 employing	 the	 electrokinetic	
phenomenon. The advantage of this approach is that, 
apart from the particles, there is no physical contact 
with	 the	 workpiece	 which	 has	 attracted	 interest	 in	 the	
micromachining industry.

The machining technique has been demonstrated to exhibit 
material removal rates ranging from 10 Å/min to 36 Å/min  
with a surface roughness in the nanometric range.

This paper will report on experiments which have 
been	 carried	 out	 to	 determine	 the	 influence	 of	 several	
electrokinetic	 variables	 on	 the	 surface	 roughness	
generated after material removal. Analysis of the particle-
surface interaction will be used to explain how the surface 
roughness is generated and can be controlled.

Through this study is to provide a better understanding 
of	 how	 the	 process	 can	 be	 controlled	 and	 optimized	 to	
precisely	 remove	 material	 while	 generating	 a	 finished	
surface with predetermined roughness.
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 A00989-01731 

Effect of Cold Severe Deformation by Multi 
Directional Forging on Elastic Modulus of Multi-
Functional Ti + 25mol% (Ta,Nb,V) + (Zr,Hr,O) 
Alloy

Atsushi DANNO1; Chow Cher WONG1; Steven TONG1; 
Anders E. W. JARFORS1;	Kazuaki	NISHINO2; 
Tadahiko	FURUTA2 
1. Singapore Institute of Manufacturing Technology, 
Singapore
2. Toyota Central Research and Development Labs. Inc., 
Japan

A new and unique beta titanium alloy (Ti + 25mol% 
(Ta,Nb,V) + (Zr,Hr,O), named as “GUM METAL”) was 
developed by TOYOTA Central R. & D Labs. and it 
has such the multi function as low elastic modulus, high 
strength and high elastic deformability as well as  Invar and 
Elinvar properties. These functions have been successfully 
realized	 for	 the	 round	 wire	 or	 rods	 after	 severe	 cold	
working	but	not	enough	for	the	thin	sheet	after	traditional	
cold rolling.

To improve the mechanical properties of the alloy sheet, 
the effect of cold severe deformation on the elastic modulus 
and microstructure of the alloy sheet (Ti - 36.3mass%Nb 
- 2.03mass%Ta - 2.88mass%Zr - 0.31mass%O) was 
experimentally investigated by using the multi directional 
forging	 (MDF)	 technique,	 cold	 plain	 rolling	 and	 ESBP	
(Electron	Backscattering	Pattern)	analysis.

In	 MDF,	 the	 rectangular	 parallelepiped	 workpices		
(14.5×10.0×8.0mm) were compressed at room temperature 
in	 x,	 y	 and	 z	direction	between	 two	 smooth	flat	 dies	on	
mechanical press. The total effective strain of 1.8, 3.6 and 
5.6	were	 given	 to	workpiece	 by	 repeating	 one,	 two	 and	
three cycles of MDF, respectively.  The multi pass plain 
rolling was carried out at room temperature by using the 
two high rolling mill at the reduction of 1~6% per pass.

The	elastic	modulus	of	the	alloy	sheet	(1mm	in	thickness)	
which was cold rolled after MDF decreased with the 
increase of effective strain in MDF to the lower values 
than that of cold rolled sheet without MDF.  The severe 
cold plastic deformation by MDF was also effective to 
obtain	 isotropic	elastic	modulus	and	very	fine	grain	 size	
(~1μm)	of	sheet	after	plain	rolling.

In the case of traditional plain rolling process without MDF 
process, the elastic modulus of sheet in rolling direction 
decreased with the increase of effective strain in rolling 
but was almost unchanged in the transverse direction of 
rolling.	 	ESBP	 analysis	 for	 the	 rolled	 sheet	 showed	 that	
the texture with a preferred crystallographic orientations 
developed strongly in <101> and <111>, in which Young’s 
modulus is higher.

The prototype sheet with low elastic modulus (60~65GPa), 
high strength (1,100MPa) and high ductility (total 
elongation more than 10% ) was successfully made in the 
laboratory test by combining MDF and plain rolling at 
room temperature.

 A00999-01751 

Properties of Aluminium-scandium Alloy Thin 
Sheets Produced by Physical Vapour Deposition 

Heinz-Rolf	STOCK;	Imke	EISBRECHER; 
Bernd	KOEHLER; Hubert BOMAS; Hans-Werner ZOCH 
Materials Science, Stiftung Institut fuer Werkstofftechnik, 
Bremen, Germany

We report on the development of thin sheets (less than 
30	µm	 thick)	of	an	age	hardenable	aluminium-scandium	
alloy.	Such	sheets	with	 tunable	strength	fit	very	well	 the	
requirements for the manufacturing of metallic micro-
components by forming. As such sheets are not available 
by rolling we examined a physical vapour deposition 
process as an alternative fabrication method.

To do so, we used a magnetron sputtering unit with d.c. 
power supply. As targets thin sheets of an aluminium-
scandium pre-alloy with a scandium content of 1.8 mass-% 
(size	88	mm	x	500	mm)	were	applied.	The	substrates	to	be	
coated with the required alloy consisted of thin steel sheets 
which	 after	 deposition	 were	 dissolved	 in	 an	 oxidizing	
medium. In this way, thin free-standing sheets of the 
aluminium-scandium alloy were received. The deposition 
parameters were varied, especially the deposition 
temperature	which	 could	 be	 influenced	 by	 changing	 the	
applied target power and a cooling unit mounted on the 
back	of	the	steel	substrate.	The	thickness	of	the	coatings	
could	be	influenced	by	varying	the	deposition	time.

The chemical composition of the alloy was determined by 
glow discharge optical spectroscopy. The morphology of 
the remaining coatings was examined by scanning electron 
microscopy. The as-received sheets showed a typical 
columnar structure. The mechanical properties were 
assessed by universal hardness measurements and applying 
the tension test. The tensile specimens had a width of 10 
mm in the gauge region and were gained from the sheets by 
cutting. During testing, load and strain were measured by 
a 1000 N load cell and a video extensometer, respectively. 
With this method it was possible to get the elastic modulus, 
the yield strength, the ultimate tensile strength and the 
elongation at fracture from the specimens.

One promising post-treatment of the alloy sheets is a cold 
isostatic pressing. We applied a total pressure of 400 MPa 
which results in a drastic change of the morphology and 
the	 mechanical	 properties.	 The	 final	 adjustment	 of	 the	
mechanical	properties	was	achieved	by	an	artificial	ageing	
for	one	hour	at	temperatures	between	200	and	400°C.	By	
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this Al3Sc particles are precipitated and cause a noticeable 
strengthening	 effect.	 This	 artificial	 ageing	 causes	 a	
significant	 increase	 not	 only	 in	 microhardness	 but	 also	
in	tensile	strength	and	makes	our	thin	sheets	a	promising	
material for forming micro-components.

 A01028-01791 

Optimisation of Solution Heat Treatment of Cast 
Al-Si-Cu Alloys

Emma SJöLANDER 
Mechanical Engineering, Jönköping University, School of 
Engineering, Sweden

The	 influence	 of	 solidification	 rate	 on	 the	 solution	 heat	
treatment response has been investigated for an Al-8Si-
3.1Cu alloy. The material was cast using the gradient 
solidification	 technique	 to	 produce	 samples	 with	 three	
different	 solidification	 rates.	 The	 samples	 were	 solution	
heat treated at 495°C for different times (10 min up to  
10 h). The concentration of copper in the matrix of 
the samples were measured using the EDS technique. 
The fraction of particles containing copper in the as-
cast condition was estimated using image analysis and 
differential scanning calorimetry.

The results show that the coarseness of the microstructure 
clearly affects the solution heat treatment time needed to 
dissolve particles and obtain a homogenous distribution 
of copper in the matrix. A short solution heat treatment 
time of 10 minutes is enough to achieve a homogenous 
copper	 concentration	 for	 a	material	with	 a	fine	 structure	
(SDAS 10µm), while more than 10 hours is needed for a 
coarse structure (SDAS 50µm). A model was developed 
to describe the dissolution and homogenisation process. 
The model show good agreement with the experimental 
results.

 A01037-02259 

Prediction of Mechanical Properties of Cast 
Aluminium Components at Various Iron 
Contents

Salem SEIFEDDINE 
Mechanical Engineering - School of Engineering, 
Jonkoping University, Jonkoping, Sweden

The simulation of microstructure and mechanical 
properties is of great importance as a lead in bringing the 
foundry process and cast materials closer to the casting 
designer. Prediction of the formation of the microstructure 
during	 solidification	 is	 a	 supporting	 factor	 for	 strength	
optimization	of	cast	aluminium	components	that	allows	an	
improved performance and increased competitiveness of 
cast engineering components.

The deformation behaviour and the integrity of cast 
components depend mostly on the chemical composition 
of	 the	material,	especially	 the	 iron	content,	solidification	
behaviour and the resulting microstructural characteristics. 
This paper aims to demonstrate the capabilities of 
microstructure and mechanical properties modelling of 
aluminium cast materials and components. The validation 
of the models includes investigation of cast cylinder 
head and measured  microstructure and  mechanical 
properties as well as their distributions. The effect of iron-
rich compound’s morphology and fraction on the plastic 
deformation behaviour has been studied and modelled 
in terms of strain hardening exponent and strength 
coefficient.	This	approach	enables	the	prediction	of	local	
microstructure and mechanical properties. The developed 
models have been implemented in a cast simulation 
software for simulation of the cast cylinder head.

The model predictions of microstructural quantities 
and mechanical properties are in good agreement with 
experimental measurements.

 A01070-01863 

High Pressure Die Casting Process Optimization 
in Automotive Parts Production

Pongsak	DULYAPRAPHANT; 
Prarop KRITBOONYARIT 
Near Net Shape, National Metal and Materials 
Technology Center, Pratumtanee, Thailand

In High Pressure Die Casting (HPDC) processes, gating 
system design is the major factor directly affecting 
castings’ quality and yield, especially in the multi-cavity 
die. To obtain equivalent quality of the casting in each 
cavity, one must balance the runner in such a way that each 
cavity in the die is subjected to the same or (almost the 
same) process condition with the maximum casting yield. 
In this study, a systematic analysis in runner balancing 
for a six-cavity die is investigated using casting process 
simulation	 software.	 Quality	 related	 parameters	 such	 as	
(1)	 time	melt’s	 reach	 the	 ingate,	 (2)	 fluctuation	 of	 melt	
speed and casting yield are used as criteria to evaluate the 
runner design. Total numbers of 18 runner designs have 
been investigated. The result from the study has shown 
that by trading off the time liquid metal reach the ingate 
in each cavity in the range of one to two milli-second, the 
casting	yield	can	be	improved	to	49.88%.	The	final	design	
is, then, implemented in the six-cavity die for automotive 
part manufacture with previously suffer from quality and 
yield problems.
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 A01087-01881 

The Study of Plasticity Behaviour of Materials for 
Cold Forging 

Kin Kong Steven TONG; Danno ATSUSHI; 
Hongping LIU; Chow Cher WONG 
Forming Technology, SIMTEch, Singapore

Plastic Deformation of materials is often the vital 
component in industrial manufacturing process such as 
forging.	Before	 forging	can	be	carried	out,	 the	plasticity	
behavior of the materials have to be studied. The materials 
that were studied are low carbon steel, stainless steel and 
high strength aluminum.

In this study, two types of compression tests were conducted 
to evaluate the mechanical properties of the materials. The 
specimens were then prepared for metallurgy studies. 
Hardness test was also performed to obtain the strength of 
the materials.

After evaluation of the results, the stress-strain curves for 
the materials at different strain rates were obtained. The 
macrostructure and microstructure of the specimen were 
also revealed after the etching process. All the materials 
were	found	to	be	rather	ductile	and	have	low	flow	stress	
and	 low	 work	 hardening	 ability	 which	 establish	 their	
formability.

 A01113-01915 

Annealing of Flexible Rolled Al-5.5wt%Mg Alloy 
Sheets for Auto Body Applications

Hyoung-Wook	KIM1; Cha-Yong LIM1; 
Beom	Suck	HAN2; Yong Mun RYU2 
1. Advanced Metallic Materials Department, Korea 
Institute of Materials Science, Changwon, South Korea
2. Materials Processing & Engineering Center, Korea 
Automotive Technology, Chonan, South Korea

Weight reduction of car body has been an important 
issue	 for	 the	 improving	 of	 fuel	 efficiency	 and	 car	
performance. One of the methods to reduce the weight 
of	car	parts	 is	 introducing	Tailor	Rolled	Blank	(TRB)	or	
load-adapted	blank,	which	has	different	 sheets	 thickness	
along	 the	 rolling	 direction	 by	 flexible	 rolling	 process.	
In	 this	 process	 the	 sheets	 is	 rolled	 to	 several	 predefined	
thickness	by	varying	the	roll	gap	of	the	working	roll.	Also,	 
Al-5.5wt%Mg aluminum alloy sheets were developed for 
car body materials due to high strength and formability, 
and	now	widely	used	for	light-weight	car	body	parts	like	
hood,	 fender,	T-Lid,	 door	 etc.	 In	 order	 to	maximize	 the	
weight reduction of car body components, we studied on 
the fabrication of tailor rolled Al-5.5wt%Mg sheets. In 
the	TRB	process,	the	sheet	had	different	work	hardening	
according	to	the	thickness	reduction	during	flexible	rolling.	
It means the mechanical properties of the sheet are different 

at	each	position	according	to	the	thickness	reduction	rate.	
Therefore, a special heat treatment should be considered 
to	increase	formability	of	the	flexible	rolled	sheets	or	tailor	
rolled	blanks.	Tailor	rolled	blanks	of	Al-5.5wt%Mg	alloy	
were	fabricated	by	flexible	rolling	process;	 the	 thickness	
reduction rate of thin parts did not exceed 50%. In order 
to	 optimize	 heat	 treatment	 condition	 of	 the	TRB	 sheets,	
annealing treatment of the sheet having different rolling 
rate was conducted on the temperature range of 350oC to 
450oC for 1hour. The microstructure and tensile properties 
of the sheets was evaluated and the formability of the sheets 
was investigated by evaluating plastic anisotropy(R) and 
punch	stretching	test	(Ericksen	test).

 A01220-02082 

Study into the Flow Forming of Aluminum (A6061) 
& Carbon Steel (EC80) Cylindrical Tubes by 
Experimental and Finite Element Simulation

Kai Soon FONG; Xiao Hui HUANG; 
Chow Cher WONG; Yingyot AUE-U-LAN; 
Danno ATSUSHI 
Forming Technology Group, Singapore Institute of 
Manufacturing Technology, Singapore

In	the	last	two	decades	or	so,	flow	forming	has	gradually	
matured as a metal forming process for the production 
of engineering components in small to medium batch 
quantities. Due to its inherent advantages, such as 
flexibility,	 simple	 tooling	 and	 low	 forming	 load,	 flow	
forming	 has	 enabled	 customers	 to	 optimize	 designs	 and	
reduce weight and cost, all of which are vital, especially 
in the automotive industries. This process is most widely 
used to produce thin walled tubular products where the 
tubular	workpiece	 is	held	onto	 the	mandrel,	 the	material	
being displaced axially by one or more rollers moving 
axially along a mandrel.

Flow forming technology is applicable to a wide range 
of raw material types and a greater range of shapes than 
has so far been attempted. For instance, there seems to be 
a	useful	opportunity	 to	flow	 form	cast	or	 forged	 shapes,	
to	 utilize	 the	 best	 features	 of	 two	 different	 processes.	
However	 one	 of	 the	 major	 drawbacks	 for	 adopting	 this	
technology	for	wider	application	is	that	the	know-how	and	
understanding	of	the	flow	forming	process	are	mainly	kept	
by the equipment manufacturers.

In	 order	 to	 gain	 a	 better	 understanding	 on	 the	 flow	
forming	 characteristics,	 flow	 forming	 equipment	 and	
testing facilities were established. The effects of feed rate 
&	 thickness	 reduction	 on	 the	 dimensional	 accuracy	 and	
quality	of	 the	flow	forming	of	aluminum	and	steel	 tubes	
were investigated. In addition, a Finite Element model was 
proposed	&	simulated	to	study	material	flow	behavior	in	
flow	forming	mode	for	A6061	tubes.
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The results showed that although both aluminum & steel 
tubes	 can	 be	 flow	 formed	without	 any	 defects	 at	 all	 the	
parameters	investigated,	a	significant	phenomenon,	termed	
at	 ‘flaring’,	 was	 discovered.	 This	 ‘flaring’	 phenomenon	
is even more prominent as feed rate and reduction was 
increased	when	flow	forming	was	completed	for	the	whole	
length of the tube. In this research, results from both 
experiments as well as those predicted by FE simulation 
and	 the	 ‘flaring’	 phenomenon	was	 analyzed	 and	will	 be	
presented in more detail in the conference paper.

 A01228-02109 

Effects of Ni Addition on Mg65Ca5Zn30 Bulk Metallic 
Glass

Dorna HEIDARI1; Ming Jen TAN1; 
Anders E. W. JARFORS2 
1. School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore
2. Singapore Institute of Manufacturing and Technology, 
Singapore

Mg-based metallic glasses have high strength, low 
density, and corrosive and wear resistance compared 
to conventional Mg alloys. Research shows Mg-Ca-
Zn-based metallic glasses have very good mechanical 
properties, low mass density, and so can be used as low-
density structural materials. One of the most important 
potential applications of Mg-based metallic glasses is in 
biomedical science as a heart stent. Further, Mg65Ca5Zn30 
has been found to have a very good high glass forming 
ability (GFA), because at this composition the difference 
between the glass transition temperature (Tg)	and	the	first	
crystallization	temperature	(Tx1) is more than that in other 
compositions. The present paper reports on a study into the 
effects of Ni as an additional element on this composition 
by partial substitution of Zn by Ni (Mg65Ca5Zn30-xNix, 
where x= 5, 10, 15, 20, 25, 30) since Ni has been found 
to improve the mechanical properties and ductility of 
Mg-based	 bulk	 metallic	 glasses	 (BMGs)	 still	 having	
good GFA. The samples were fabricated by copper mold 
casting method in shape of cylindrical rod. The GFA and 
mechanical properties were investigated using differential 
scanning calorimetry (DSC), X-ray diffractometry (XRD), 
and also compression testing.

 A01309-02284 

The Study of Microstructure with Flow Stress 
of Aluminum Alloys during Hot Blow Forming 
Process 

Beomsuck	HAN;	Dongok	KIM; Yong Mun RYU 
Materials Processing & Engineering, Korea Automotive 
Technology Institute, South Korea

Hot blow forming has been introduced to automotive 
industries	since	it	makes	superplastic	forming	possible	for	
the	materials	which	has	been	considered	to	be	difficult	to	
form. Although its low production rate due to the limitation 
of the allowed strain rate is the disadvantage, by applying 
this process complex shapes of the metal sheet can be 
achieved in one piece and the absence of weld and rivet 
can	reduce	the	risk	for	fatigue	damages.

At the temperature above 0.4Tm, plastic deformation is 
strongly	 influenced	 by	 thermally	 activated	 processes	 so	
that	 the	 flow	 stress	 becomes	 temperature	 and	 strain	 rate	
dependent. Also, the microstructural deformation is mostly 
controlled by local atomic diffusion and gives rise to strong 
dynamic recovery of the subgrains.

Since	superplasticity	occurs	in	fine	grained	materials	and	
depends on the temperature and strain rate, in this research, 
microstructural	evolution	and	flow	stress	during	hot	blow	
forming process has been carefully studied.

 A01352-02360 

Microstructure, Residual Strain, and Eigenstrain 
Analysis of Dissimilar Friction Welding Joints

Tea-Sung JUN; Kalin DRAGNEVSKI; 
Alexander KORSUNSKY 
Engineering Science, University of Oxford, Oxford, 
United Kingdom

Friction welding processes, i.e., friction stir welding 
(FSW), inertia friction welding (IFW), and linear friction 
welding (LFW) are promising candidate procedures for 
joining engineering components, in such industries as 
aerospace and shipbuilding. The outstanding advantage 
of friction welding over conventional fusion welding is 
the ability to join dissimilar materials. This can lead to 
significant	advances	in	the	design	of	assemblies	and	result	
in improvements in performance. However, the number 
of publications concerning friction welding between 
dissimilar materials remains limited.
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In a previous study, residual strains measurements were 
performed on the dissimilar weldments using neutron and 
synchrotron X-ray diffractions. When the two materials 
being joined differ in strength and hardening behaviour, 
following the joining operation the stronger of the two 
alloys	may	retain	significant	residual	compressive	strains	in	
the vicinity of the bond line, whilst tensile residual stresses 
may persist in the harder material. This phenomenon does 
not appear to have been fully investigated, and presents an 
interesting subject for further study.

In the present study the microstructure and residual 
stress analyses of dissimilar weldments were carried 
out. The relationship between mechanical properties and 
residual stress states in dissimilar friction welding joints 
was	 elucidated.	 In	 addition,	 finite	 element	 (FE)	 inverse	
eigenstrain analysis of the weldments was carried out. 
The reconstructed elastic strains from the eigenstrain FE 
model were compared with the experimental strain results. 
Efficient	and	reliable	reconstruction	of	complete	residual	
stress state provides an excellent basis for developing 
improved predictive tools for in service performance and 
design.

 A01352-02574 

Residual Strains in Al-SiC Composite Linear 
Friction Welds

Tea-Sung JUN1; Fabio ROTUNDO2; Lorella CESCHINI3; 
Alexander KORSUNSKY1 
1. Engineering Science, University of Oxford, Oxford, 
United Kingdom
2. Mechanical Engineering, University of Bologna, 
Bologna, Italy
3. SMETEC, University of Bologna, Bologna, Italy

Aluminium matrix composites (AMCs) form a class 
of attractive light-weight materials possessing a good 
combination of high stiffness and strength. However, 
joining AMCs using conventional fusion welding methods 
is	 associated	 with	 difficulties	 due	 to	 segregation	 and	
degradation of microstructure. Friction welding processes 
(friction stir welding or linear friction welding) offer 
interesting possibilities for joining AMCs materials, 
since no melting is involved and the formation of brittle 
solidification	products	is	reduced.

Recently, we used linear friction welding for joining plates 
of aluminium matrix composite and aluminium alloys. 
The analysis of internal stress states was carried out by 
neutron diffraction and post-process modelling using the 
eigenstrain reconstruction method. Complex eigenstrain 
(permanent strain) distributions arise at different length 
scales due to various inelastic processes, such as thermal 
expansion mismatch, and localised plastic deformation 
due to softening. The aim of the present study is step-
wise reconstruction of underlying eigenstrain distributions 

following linear friction welding from a series of strain 
measurements by diffraction on complete welded plates 
and also in EDM sections (“slices”).

By	using	relatively	large	gauge	volumes,	neutron	diffraction	
measurements provide good averaging and produce 
smooth maps of residual elastic strains well-suited for 
interpretation	using	continuum	eigenstrain	finite	element	
analysis.	FE	eigenstrain	reconstruction	was	first	carried	out	
based	on	neutron	diffraction	data	for	bulk	weldments	using	
parameterized	distribution	of	unknown	eigenstrains.	The	
parameters were found by minimising the disagreement 
between model predictions and measurements.

At the second step of eigenstrain reconstruction, diffraction 
data from cross-sectional slice across the weld was 
incorporated in the inverse eigenstrain analysis procedure. 
This resulted in multi-scale matching of the eigenstrain 
model to experimental diffraction data, thus furnishing a 
more complete and detail description of the residual stress 
state within the welds.

 A01526-02671 

Grain Refinement of AA333 Aluminium Cast 
Alloys by Al-Ti Flux

Bondan	SOFYAN1; Daniel KHARISTAL1; 
Lukfawan	TRIJATI1; Ragil SUSANTO2 
1. Department Metallurgy and Materials Engineering, 
University of Indonesia, Depok, Indonesia
2. PT. Astra Honda Motor, Jakarta, Indonesia

Addition	 of	 grain	 refiner	 is	 an	 option	 to	 obtain	 higher	
mechanical properties of aluminium cast alloy. Grain 
refiner	 will	 react	 with	 molten	 aluminium	 and	 form	
nucleant	particles	that	initiate	solidification.	Therefore,	the	
grain	refiner	will	also	be	useful	to	control	the	solidification	
processes	 to	 reduce	 shrinkage	 formation.	 This	 study	
evaluated	 the	 grain	 refinement	 processes	 in	 AA333	
aluminium	alloys	by	using	Al-Ti	in	the	form	of	flux	with	
0.051	and	0.072	wt.	%	of	Ti	content.	The	Al-Ti	flux	was	
added manually to the molten aluminium during Gas 
Bubble	Floatation	and	then	they	were	processed	through	
Low Pressure Die Casting (LPDC) to produce cylinder 
head	components.	Samples	were	cut	at	the	thin	and	thick	
sections	 of	 the	 cylinder	 head	 to	 analyze	 the	 effects	 of	
cooling	rate	on	the	grain	refinement.	Fading	of	grain	refiner	
was also studied in the period of four hours.  Hardness 
testing and microstructural observation were conducted, as 
well as other testing according to the industrial standard 
practice,	such	as	vacuum	porosity	and	k-mould	testing.

The	results	showed	that	addition	of	Al-Ti	flux	with	0.051	
and 0.072 wt. % Ti content, increased the hardness and 
lowered the Dendrite Arm Spacing (DAS). The effect is 
more dominant in thin samples due to higher cooling rate. 
The addition of Ti did not change the type of second phase 
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particles	but	did	refine	 their	size.	Fading	of	 the	effect	of	
grain	refiner	was	detected	within	1	hour,	where	the	DAS	
started to increase and the hardness was getting lower. No 
Al-Ti intermetallic was found in the microstructure that 
may	indicate	that	the	Ti	flux	did	not	react	with	aluminium	
so	that	different	mechanism	of	grain	refinement	may	take	
place. Typical microstructure consists of intermetallic 
Al2Cu	and	β	–	Al15(Fe,Mn)3Si2, eutectic AlSi and aluminium 
matrix.

 A01539-02686 

Analysis of Al Metal Matrix Nanocomposites 
Processed Using Ultrasonic Vibration

Fei HE1;2;3 
1. Mechanical Engineering Technology, Purdue 
University, IN, United States
2. Manufacturing, Hans Tech, IN, United States
3. Technical Center, Cummins Engine, IN, United States

High intensity ultrasonic vibration was applied to disperse 
SiC nano-particles into molten Al alloy in order to strengthen 
the alloy.  Different amounts of SiC particles, 0.2%, 0.5%, 
and 1%, were added into the metal. The distribution of the 
nano	SiC	particles	was	characterized	using	scan	electron	
microscopy. The mechanical properties of the aluminum 
metal containing nano-particles were also measured. The 
results suggest that Al containing 0.5% of SiC particles 
has the highest mechanical properties. Possible defects 
such as porosity induced in the casting process were also 
discussed.

 A01555-02708 

New Developments in Predicting Hot Tearing in 
Magnesium Alloy Castings

L. BICHLER; C. RAVINDRAN 
Center for Near-net-shape Processing of Materials, 
Ryerson University, Toronto, Canada

High performance magnesium parts produced by permanent 
mold casting often exhibit hot tear defects. Theoretical 
prediction of hot tears in magnesium alloys has reached 
only limited success and further research is necessary to 
enhance understanding of the fundamental mechanisms 
associated with this defect.

In this research, numerical modeling of the casting process 
enabled	 identification	 of	 casting	 regions	 susceptible	 to	
hot tearing. Microscopic analysis revealed high levels of 
shrinkage	porosity	in	these	areas.	Limitations	of	modeling	
the mechanical response of an AZ91D alloy during hot 
tearing	 were	 identified.	 The	 ex-situ stresses and strains 
associated with initiation of hot tearing were measured 
experimentally using neutron diffraction techniques and 
used to validate the numerical model.

 A01570-02739 

Effect of Zirconium Addition on Magnesium-
Lithium-Zinc Alloy

Po-Cheng WANG1; Hsin-Chih LIN1; Kun-Ming LIN2; 
Ming-Tang YEH3 
1. Department of Materials Science and Engineering, 
National Taiwan University, Taipei, Taiwan
2. Department of Materials Science and Engineering, 
Feng Chia University, Taichung, Taiwan
3. Department of Materials Science and Engineering, 
Amli Co. Ltd., Taipei, Taiwan

In this study, the effects of Zr addition on the  
Mg-10Li-0.5Zn alloy are investigated, including 
crystal structures, mechanical properties, and corrosion 
resistance. Experimental results show that both  
Mg-10Li-0.5Zn and Mg-10Li-0.5Zn-0.2Zr alloys exhibit 
the	 two-phase	microstructures	 of	 α	 (HCP)	 and	 β	 (BCC)	
phases. The Mg-10Li-0.5Zn and Mg-10Li-0.5Zn-0.2Zr 
alloys, Adding 0.2% Zirconium to Mg-10Li-0.5Zn alloy 
can obviously increase the mechanical strength and 
corrosion resistance, and maintain the excellent properties 
of elongation. The tensile strength and fracture strain of 
Mg-10Li-0.5Zn and Mg-10Li-0.5Zn-0.2Zr alloys are 
found to exhibit a linear variation with the strain rate by 
a log scale.

 A01722-03004 

Influence of Grain Size and Artificially Aged 
Treatment on Corrosion of an Extruded 
Magnesium Alloy ZK60 Component

Rongchang ZENG1;2; Karl Ulrich KAINER2; 
Blawert	CARSTEN2; Wolfgang DIETZEL2; 
Norbert HORT2 
1. School of Material Science and Engineering, 
Chongqing Institute of Technology, Chongqing, China
2. Institute of Materials Research, GKSS-
Forschungszentrum Geesthacht GmbH, Geesthacht, 
Germany

The	 Grain	 size	 in	 the	 microstructure	 of	 an	 extruded	
magnesium alloy ZK60 bumper was measured by means 
of an optical microscope, and the corrosion morphology 
after salt spray exposure was discerned by virtue of a 
scanning	electron	microscope	(SEM).	The	artifically	aged	
treatment was performed in a box furnace at a temperature 
of 150 degree Celsius for 60 min. The potentiodynamic 
electrochemical technique was employed to investigate 
the corrosion behavior. The results showed that the 
microstructure	 of	 the	 extruded	 ZK60	 was	 characterized	
by two distinct regions: one with very coarse grains 
existing	in	the	outer	layer,	and	the	other	with	fine	grains	
in the interiors on the cross-section view. In contrast, the 
typical	deformation	microstructure	features	recrystallized	
fine	 grains	with	 a	 verage	 grain	 size	 of	 11-18	micron	 on	
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the extrusion direction. Electrochemical tests revealed 
that corrosion rate, I, increased linearly with an increase 
in	 grain	 size,	d, with the relationship of I =11.39+0.01d 
on the extrusion view. Pitting corrosion, found on this 
extrusion view and cross-section view, was predominately 
the corrosion type. On the cross-section, however, the 
outer region with coarse grains exhibited better corrosion 
resistance compared to the interiors and was less affected 
by	 pitting	 and	 filiform	 corrosion	 unless	 there	 were	 the	
intermetallic compounds. In addition, there existed 
various corrosion morphologies between the as-received 
and	the	artificial	aged	specimens.	The	corrosion	resistance	
of the aged alloy slightly decreased in comparison with the 
received alloy.

 A01751-03055 

Influence of Si Addition on the Properties of 
Mg-Li-Zn Alloy

Sheng-Yao CHOU1; Po-Cheng WANG1; Hsin-Chih LIN1; 
Kun-Ming LIN2; Ming-Tang YEH3 
1. Material Scienece and Engineering, National Taiwan 
University, Taipei, Taiwan
2. Material Scienece and Engineering, Feng Chia 
University, Taichung, Taiwan
3. Amli Co.Ltd, Taipei, Taiwan

Slight amount of silicon addition have been carried out on 
LZ91 alloy and its effect on microstructures, mechanical 
properties, and corrosion resistance are investigated. 
Experimental results show that addition of Si forms Mg2Si 
intermetallic, and LZ91+1.2Si alloys exhibit the dual-
phase	microstructures	of	α	(HCP)	and	β	(BCC)	phases.	The	
LZ91+1.2Si alloy can obviously increase the mechanical 
strength and maintain the excellent properties of elongation. 
Moreover, the Mg2Si	intermetallic	when	present	as	a	fine	
polygonal shape can improve the corrosion resistance of 
LZ91 alloy.

 A01777-04073 

Microstructures and Mechanical Properties of 
Hot Extruded AM100A Mg Alloy

Daehwan KIM1;2;3;	Youngrock	SUNG3; Younghwa KIM3; 
Sungyoung SHIM1;2;3; Sugun LIM1;2;3 
1. i-Cube Center, South Korea
2. K-MEM R&D Cluster, South Korea
3. School of Nano & Advanced Materials Science and 
Engineering, Gyeongsang National University, Jinju, 
South Korea

In the present study, microstructures and mechanical 
properties of hot extruded AM100A Mg alloy have been 
investigated. Extruded AM100A Mg alloy round bars were 
obtained through hot direct extrusion. Hot direct extrusion 
was carried out using at 380°C with an extrusion ratio of 

25:1 and a ram speed of 140mm/sec. Microstructures and 
mechanical properties of hot extruded round bars were 
examined with optical microscopy, scanning electron 
microscopy,	 vickers	 hardness	 test	 and	 slow	 strain	 rate	
test. Mechanical properties of hot extruded round bars 
were measured at a strain rate of 1.0 × 10-3s-1. The tensile 
strength and elongation of hot extruded round bar was 
315MPa and 15% at room temperature, respectively. 
This	result	may	be	due	to	the	more	fined	grains	owing	to	
dynamical	recrystallization	during	hot	extrusion.

 A01777-04134 

Characteristic of Reheated Al-Zn-Mg-(Sc) Alloy 
for Thixo-extrusion

Sungyoung SHIM1;2;3; Hyungwon PARK3; 
Insang JEONG3; Daehwan KIM1;2;3; Sugun LIM1;2;3 
1. i-Cube Center, South Korea
2. K-MEM R&D Cluster, South Korea
3. School of Nano and Advanced Materials Science and 
Engineering, Gyeongsang National University, Jinju, 
South Korea

The demand for a new material with high strength and 
corrosion resistance has been increased in vehicle’s 
industrials. Specially, due to their high strength property, 
Al-Zn-Mg alloys have been applied to structural 
components	 and	 have	 been	modified	 for	 obtaining	 high	
performance since they were developed. When added to 
aluminum, scandium is a potent dispersoid-stengthener, 
grain	refiner,	and	recrystallization	inhibitor.	Al-Zn-Mg-Sc	
Aluminum alloys generally allow low extrusion speed and 
aluminum high extrusion force, consequently they have 
low extrudability index. When extruded conventionally and 
also cause rather high extrusion pressure - the extrudability 
index	is	normalized	by	setting	the	extrudability	for	6063	
Al wrought alloys to be 100. Particularly, the extrudability 
index of Al-Zn-Mg Aluminum wrought alloys is 316. Thixo-
extrusion has advantages of reduction of the extrusion 
pressure, high productivity, extension of the die life and 
cost saving due to low energy consumption compared 
with conventional extrusion processes. Especially, thixo-
extrusion process is expected to be very effective for 
hard-to-form materials with high strength. It is important 
to control Thixo-extrusion process parameter such as 
extrusion temperature, extrusion pressure extrusion ratio 
and extrusion ram speed. Therefore, the aim of this study 
is	 to	 find	 characteristic	 of	 thixo-extruded	Al-Zn-Mg-Sc 
Aluminum alloys on different extrusion conditions.
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The Torsion Property of the Porous Sintered Fiber 
Metals

Jichao QIAO1;2; Zhengping XI2; Huiping TANG2 
1. School of Materials Science, Northwestern 
Polytechnical University, Xi’an, China
2. State Key Laboratory of Porous Metal Materials, 
Northwest Institute for Nonferrous Metal Research, 
Xi’an, China

Porous metals have attracted much attention for application 
used as not only functional materials, but also structural 
materials.	It	is	well	known	that	porous	metals	are	of	many	
special	 properties,	 such	 as	 large	 specific	 surface	 areas,	
excellent vibration and acoustic energy absorption capacity, 
higher mechanical strength and excellent permeability. 
Therefore, more and more porous metals were prepared by 
all	kinds	of	method.	And,	mechanical	properties,	chemical	
property of porous metals were investigated to large extent 
so far

Compared with traditional porous metals, porous sintered 
fiber	metals	possess	excellent	mechanical	properties,	sound	
energy absorption capacity. In the previous investigations, 
the energy absorption of the samples increases from  
7.17 MJ·m-3 to 25.75MJ·m-3 when the relative density 
increases from 0.177 to 0.355. Compressive strength of 
the	 porous	 sintered	 fiber	metals	 is	 about	 6-8	 times	 than	
aluminum foams. Thus, it is reasonable to conclude that 
porous	 sintered	 fiber	 metals	 may	 used	 as	 automobile	
industry.

In this paper, we aim at the torsion properties of the 
porous	 sintered	 fiber	metals	with	 different	 porosity.	The	
deformation mechanism and failure mode of the porous 
sintered	fiber	metals	were	analyzed	in	detail	based	on	the	
experiments. The results indicated that torsion properties 
of	 the	 porous	 sintered	 fiber	 metals	 are	 sensitive	 to	 the	
porosity. With increasing the porosity, the shear strength 
and shear modulus decrease.

 A01817-03165 

Friction Stir Welding of Dissimilar ADC12 Cast 
Aluminum Alloy to Pure Titanium

Yingchun CHEN;	Kazuhiro	NAKATA 
Joining and Welding Research Institute, Osaka 
University, Osaka, Japan

The joining of titanium alloy with aluminum alloy could 
have	 a	 major	 application	 in	 the	 field	 of	 aerospace	 and	
automobile industry where high strength and low weight are 
desirable. However, fusion welding joints between titanium 
and aluminum exhibit inferior mechanical properties due to 
formation of much more brittle intermetallic compounds. 
As a novel solid-state welding technology, friction stir 

welding (FSW) process can weld aluminum alloys and 
titanium alloys and get higher quality joints than fusion 
welding. These qualities are also expected when dissimilar 
materials are joined. However, the open literature about 
FSW of aluminum alloys and titanium alloys is limit. In 
this study, ADC12 aluminum alloy and pure titanium are 
friction stir welded, and then the joint characteristics are 
evaluated from both mechanical and metallurgical points 
of view.

The	 base	 materials	 (BM)	 are	 a	 4-mm-thick	 ADC12	
aluminum	 alloy	 sheet	 and	 a	 2-mm-thick	 pure	 titanium	
sheet. The samples are lap-welded using a FSW machine. 
The probe length of a tool (made of WC-Co) is designed 
greater	 than	 the	 thickness	 of	 the	 upper	ADC12	Al	 alloy	
sheet. In this way, the material at the interface of Al and Ti 
can	be	sufficiently	stirred	by	the	tool	stir	behavior.	Welding	
speeds change between 0.83 mm s-1 and 3.33 mm s-1 at 
fixed	rotation	speed	of	25	rad	s-1.	The	working	forces	of	
the	welding	tool	range	between	5.39	kN	and	7.84	kN.	The	
welding tilt angle is 3 °. The shoulder diameter and probe 
diameter of the tool are 15 mm and 5 mm, respectively. 
The length of the probe is 4.2 mm.

Failure	loads	of	all	joints	are	lower	than	those	of	BM	and	
all the joints fracture at the interface. The maximum failure 
load,	9.54	kN,	is	obtained	at	welding	speed	of	3.33	mm	s-1/
working	force	of	6.37	kN	(rectangular	specimen,	width	of	
20 mm). Failure loads of the joints are strongly dependent 
on	 welding	 speed	 and	 working	 force.	 The	 failure	 loads	
show lower values when over high or low welding speed 
or	working	force	are	carried	out.	This	should	be	due	to	the	
significant	effect	of	welding	parameters	on	the	heat	inputs	
during FSW. The different heat inputs affect reaction time of 
Al and Ti and then result in different mechanical properties 
of joints. Results of Micro-XRD, SEM and EDS suggest 
that reaction between Al and Ti results in the formation of 
intermetallic phase TiAl3 at the joining interface.

In summary, ADC12 Al alloy and pure Ti can be 
successfully lap welded using FSW technology. The 
maximum failure load of lap joints can reach 63 % that 
of	ADC12	Al	alloy	BM.	The	transient	phase	TiAl3	forms	
at the joining interface by Al-Ti diffusion reaction. The 
formation of TiAl3 is strongly dependant on heat inputs 
(like	 roation	speed,	welding	speed	and	working	 force	of	
the tool) during FSW and thus affects the mechanical 
properties of joints.
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Development of Material Flow-in Assisted 
Superplastic Forming (SPF) 

Yingyot AUE-U-LAN1; Kai Soon FONG1; 
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Known	major	drawbacks	of	conventional	SPF	are	micro-
void inside the materials due to server plastic deformation 
(more than 200% elongation), high thinning percentage 
and extremely slow process (strain rate in the range of 
10-4 to 10-2). A new concept of SPF process, namely 
“Hybrid SPF”, was developed to resolve these problems. 
Finite Element Modeling (FEM) was used to determine 
the	 amount	 of	 the	 material	 flow-in,	 blank	 holder	 force,	
optimum temperature distributions at the die, and pressure 
profile.	The	simulation	and	experiments	were	divided	into	
2	sets.	The	investigation	was	firstly	done	under	isothermal	
condition	 by	 varying	 the	 level	 of	 material	 flow-in	 and	
pressure	profiles.

The second set of the experiments were done with the 
same	conditions	as	the	first	set,	but	under	non-isothermal	
conditions	 to	 improve	 the	 thickness	 distributions	 and	
increase the productivity of the process.

Thickness	 distributions	 obtained	 from	 the	 conventional	
SPF and the hybrid SPF (isothermal and non-isothermal 
conditions)	were	analyzed	and	compared.	Furthermore,	the	
micrograph image analysis was used to evaluate the level 
of the micro-void of the material from those conditions.

 A01840-03319 

Models for Predicting the Strength of Processed 
Al Alloys: SPD, Welded, Rolled, Age Hardened 
and Co-cluster Strengthened Alloys 

Marco STARINK 
Materials Res Grp, School of Enginering Sciences, 
University of Southampton, Southampton, United 
Kingdom

The yield strength of alloys is determined by the basic 
mechanisms for resistance to dislocation movement: 
precipitate strengthening, solute strengthening, grain 
boundary strengthening, dislocation strengthening, and 
in	addition	 texture	will	play	a	role.	 In	 this	work	we	will	
consider a basic analytic formulation of the strengthening 
contributions and their total superposition, and apply 
that to the strength in a range of thermomechanically 
processed Al alloys including multicomponent cold-
rolled-and-aged alloys, to friction stir (FS) welded and FS 

processed alloys and severely plastically deformed (SPD) 
alloys. The model is critically tested on groups of alloys in  
Al-Mg-Cu-Mn-Si and Al-Zn-Mg-Cu families of alloys. 
In the former solution hardening, dislocation hardening 
and precipitation hardening provide strengthening 
contributions of comparable levels, whilst in the latter 
precipitation hardening is dominant. It is shown that 
a	 unified	 model	 provides	 a	 basis	 for	 highly	 accurate	
predictive models, with accuracies in the order of 10 MPa; 
and the microstructure observations by TEM, SEM and 
EBSD	are	consistent	with	the	model.	The	model	provides	
notable novel insight into a range of issues related to the 
materials. One is that the contribution to yield strength 
due to grain boundary strengthening in FS processed 
materials is nearly always lower than 10 MPa, i.e. in most 
cases nearly negligible. Similarly for SPD alloys grain 
boundary strengthening is quite limited. Notwithstanding 
the high levels of plastic deformation undergone during 
FS processing, the contribution of dislocation hardening to 
local yield strengths of FS processed materials is very low, 
and much lower than that of cold rolled alloys.

Special attention is paid to strengthening due to co-clusters. 
Co-clusters in ternary or higher order metallic alloys 
are metastable structures involving two or more distinct 
alloying atoms that retain the structure of the host lattice. 
These sub nano scale structures are effectively formed from 
a metastable solution through a solute clustering process, 
i.e. the clustered solute atoms are situated on position of 
the host lattice. In the past two decades, 3D atom probe 
has	 allowed	 the	 identification	 of	 clusters	 as	 small	 as	 10	
atoms in alloys such as in Al-Si-Mg, Al-Zn-Mg(-Cu) and 
Al-Cu-Mg based alloys. In this presentation a theory for 
the thermodynamics of and the strengthening due to co-
clusters in metallic alloys will be presented. The model is 
successfully tested against data on strength and hardness 
of a range of Al-Cu-Mg alloy.

 A01870-03229 

Processing of Ti Aluminide for High Technology 
Sectors 

R. K. GUPTA1; Vijaya AGARWALA2;	Bhanu	PANT1; 
P. P. SINHA1 
1. Space, Vikaram Sarabhai Space Centre ISRO, 
Trivandrum, India
2. Materials and Metallurgical Engineering, IIT Roorkee, 
Roorkee, India

Ti aluminides have been considered and are developed for 
high temperature applications in aerospace, automotive and 
power generation sectors. A large number of Ti aluminide 
based intermetallics were studied and several innovative 
processing methods have been evolved. Each of these 
methods	has	inherent	merits	and	limitations.		Based	on	the	
property,	size	and	shape	of	component	specific	technology	
is selected. Among the various processes ingot metallurgy 
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and reaction synthesis route has been explored much due 
to	 its	 specific	advantages	and	are	used	 for	 fabrication	of	
critical components. In the present paper a comprehensive 
review of various processing techniques used for fabrication 
of components for high technology sectors are made to 
obtain	the	best	suitable	process	for	specific	application.

 A01920-03305 

The Optimal Forging Process Parameter 
Determination of Ti-6.5Al-3.5Mo-1.5Zr-0.3Si Alloy 
with Thick Llamellar Microstructure in Two Phase 
Field Based on P-map 

X. LI1;	S.	Q.	LU1; M. W. FU2; K. L. WANG1; 
X. J. DONG1 
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Nanchang Hangkong University, Nanchang, China
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Kong Polytechnic University, Hong Kong, China

The deformation behavior of Ti-6.5Al-3.5Mo-1.5Zr-0.3Si 
alloy	with	thick	lamellar	α	microstructure	is	investigated	by	
using the processing-map (P-map). The results show that 
the	P-map	can	predict	 the	 regime	of	flow	instability	and	
reveal	deformation	mechanisms	well.	Through	analyzing	
P-maps and observing the microstructure evolution of 
Ti-6.5Al-3.5Mo-1.5Zr-0.3Si alloy in forging process, 
the	 phenomena	 of	 flow	 instability	 are	 found	 to	 occur	 at 
the temperature and strain rate ranges of (750°C-880°C, 
0.005s-1-10.0s-1) and (880°C-950°C, 0.17s-1-10.0s-1), which 
include	macro	 cracks,	 adiabatic	 shear	 bands	 and	 prior	 β	
boundary cavities. The preferable temperature and strain 
rate	 for	 hot	 working	 of	 the	 Ti-alloy	 are	 (790°C-900°C,	
0.001 s-1-0.003 s-1) and (900°C-950°C, 0.001s-1-0.017s-1). 
In	these	two	deformation	domains,	the	globularization	of	α	
lamellae	occurs	and	the	combination	of	the	globularization	
of	 α	 lamellae	 and	α+β→β	phase	 transformation	happen.	
For	forging	of	Ti-6.5Al-	3.5Mo-1.5Zr-0.3Si	alloy	in	α+β	
phase	field,	the	optimum	temperature	can	be	selected	from	
the temperature range of 850°C-950°C and the optimum 
stain rate is 0.001s-1	 based	 on	 the	 volume	 fraction	 of	 α	
phase for obtaining the needed properties of forgings in 
design of forging processe
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Evaluation of Mechanical Properties of Cast 
Al-Zn-Ce Alloy 

Govindaraju HIREGANGOOR KRISHNAMURTHY 
SETTY 
Mechanical Engineering, Shridevi Institute of 
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Aluminum alloy of Al-Zn-Mg-Cu were cast with addition 
of 0.15 % and 0.3 % Ce by  controlled melting and casting. 
The alloys were treated with T6 and T5 heat treatment, 
ie the alloys were solutionised at 500 and 550°C for 8 
hours followed by water quenching in T6 treatment and 
solutionised at 165°C for 8 hours in T5 treatment.

The effect of 0.15 %  and  0.3 %  of rare earth element and the 
influence	of	T6	and	T5	treatments	on	cast	aluminum	alloy	
plates were investigated for tensile strength, compression 
strength, hardness value and impact strength.

Tensile and compression specimens were machined from 
cast alloy plates, measuring 300mm×40 mm. The plates 
were heat treated in batches.  For each of the alloy three 
tensile and compression specimens were prepared. Tensile 
specimens are of circular cross-section with a diameter 
of 12.5mm and a gauge length of 75mm (ASTM E-8M) 
and compression specimens are of diameter 20mm and 
a gauge length of 36mm. Tests were done using a servo-
hydraulic universal testing machine. All tests were carried 
out in displacement control mode, at a rate of 0.1mm/min. 
From the analysis it was observed that yield strength of 
the material is increased considerably with the addition of 
cerium in T5 treated alloys. Compressive strength of the 
alloy is considerably increased in T5 treatment with 0.3% 
of cerium.

The	Hardness	tests	were	conducted	on	a	Brinell	hardness	
testing machine using a ball of diameter  5mm with an 
applied	 load	 of	 250kg.	The	 average	 value	 of	 three	 tests	
were considered.  It was observed that, hardness decreased 
with the addition of cerium in T6 alloys and in T5 treatment 
hardness is increased.

Notch toughness represents the ability of a material 
to absorb energy in the presence of a notch, usually 
determined under impact loading. Notch toughness is 
measured testing a variety of specimens.  Charphy V- notch 
Impact specimens were cut from the heat treated plates and 
specimen were prepared according to the ASTM standards.  
From the test results it was found that the impact strength 
of the alloy was improved with the addition of cerium.

On observing the fractured surface with scanning electron 
microscope it was found that the fracture is purely brittle 
in nature.
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 A01926-04299 

Microstructure and Properties of AM60 
Magnesium Alloy Processed by Plasma Beam 
Surface Melting

Hongzhi	CUI 
College of Material Science and Engineering, Shandong 
University of Science and Technology, Shandong, China

Magnesium alloy is used in automotive, aerospace and 
potable	 appliance	 etc	 due	 to	 its	 high	 specific	 strength,	
low density and good machinability, but a relatively poor 
resistance to corrosion and wear are impediments against its 
wider application. Surface treatment of magnesium alloy is 
an	efficient	way	to	enhance	its	resistance	to	corrosion	and	
wear. In the present study, a research was made to enhance 
corrosion resistance and microhardness of a commercial Mg 
alloy, AM60 processed by plasma beam surface melting. 
The	optimization	of	processing	parameters	of	plasma	beam	
melting were explored, microstructure and phase analysis 
were studied by scanning electron microscope(SEM) and 
energy disperse spectroscopy(EDS) , properties such as 
microhardness, pitting corrosion resistance of the surface 
melted layer were studied.

The current density of plasma beam affected the depth 
and microhardness of melted layer. The melt depth 
increases and microhardness decreases as the current 
density rises. Microstructure of the plasma surface melted 
zone	 is	 characterized	 by	 fine	 columnar	 grains	 oriented	
perpendicular to the surface. Microhardness and pitting 
corrosion resistance of the plasma surface melted AM60 
was	 significantly	 improved.	 The	 grains	 refinement	
and	 single	 α	 solid	 solution	 following	 rapid	 quenching	
associated with the plasma surface melting process is main 
factor to enhance corrosion resistance and microhardness 
of AM60 alloy.
 

 A01967-03398 

Printing of Titanium Implant Prototype 

Florencia Edith WIRIA1; Ming Shyan, John YONG1; 
Poon Nian LIM1; Chung Wen, Francis GOH1; 
Jin Fei YEO2; Tong CAO2 
1. Forming Technology, Singapore Institute of 
Manufacturing Technology, Singapore
2. Department of Oral and Maxillofacial Surgery, 
National University of Singapore, Singapore

Tooth loss may leave the jawbone sag and melt away if 
the defect site is left vacant without any correction. Dental 
implant is necessary as part of the teeth correction method 
to act as a base for a to-be-implanted new dental crown. 
Dental implant also plays a role as a conduit for force and 
stress,	 originated	 from	chewing	action,	 to	flow	 from	 the	
dental crown to the jaw bone. In the load sharing between 
the bone and implant, the amount of stress carried by each 

of them is directly related to their stiffness or modulus. 
Hence an important requirement for the dental implant is 
for the implant to have matching mechanical properties, in 
particular modulus, between the bone and the implant.

Titanium is a metallic material that has good biocompatibility 
and corrosion resistance. It has been used widely for 
implants,	such	as	prosthetic	joints,	dental	fixtures,	screws	
and	heart	 valves.	The	modulus	of	 bulk	pure	Titanium	 is	
102-105 GPa and natural bone has a modulus of 3-20 GPa. 
Whilst	the	modulus	of	the	bulk	material	is	still	higher	than	
that of bone, it is the lowest among all other commonly 
used metallic implant materials, such as stainless steel or 
cobalt alloy. Hence there is a potential to further reduce 
the modulus of pure Titanium material by engineering its 
processing method.

This project aims to develop porous Titanium implant 
prototype with a modulus similar to that of the natural bone 
and tooth. The approach adopted to fabricate the green part 
is using 3-dimensional printing (3DP), a powder-based 
solid freeform fabrication method. The main input in a 3DP 
process is 3-dimensional computer drawing. It allows the 
flexibility	of	design	customization,	which	is	beneficial	for	
implant	fabrication	as	tailoring	of	implant	size	and	shape	
helps	to	ensure	the	implant	would	fit	nicely	to	the	patient.	
Customary 3DP materials are non-metallic powders, hence 
processing	 parameters	 and	 conditions	 were	 modified	 to	
suit this purpose.

The fabricated Titanium implant prototype had a modulus 
ranging from 4.78 to 13.18 GPa. The compressive strength 
obtained ranged between 167 to 455 MPa. Initial cell 
culture study done using the porous Titanium prototype 
has shown good biocompatibility, bone cell attachment 
and proliferation.

 A02032-03563 

Interaction of Three Interfacial Griffith Cracks 
between Bonded Dissimilar Orthotropic Strips

Subir DAS1; Sudipta CHAKRABORTY2; 
Manoj GUPTA3 
1. Department of Applied Mathematics, Institute of 
Technology - Banaras Hindu University, Varanasi, India
2. Department of Electrical Engineering, B. P. Poddar 
Institute of Management & Technology, Kolkata, India
3. Department of Mechanical Engineering, National 
University of Singapore, Singapore

The paper deals with the interaction of a pair of outer 
cracks	on	a	central	crack	situated	at	 the	 interface	of	 two	
dissimilar orthotropic strips. The mixed boundary value 
problem is reduced to solving a pair of simultaneous 
singular	integral	equations	which	have	finally	been	solved	
numerically by using Jacobi polynomials. The analytical 
expressions	for	stress	intensity	factors	at	the	central	crack	
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tip and the expression of the strain energy release rate have 
been derived for general loading. Numerical values of the 
interaction	effects	of	the	outer	cracks	on	the	central	crack	
have	been	calculated	through	stress	magnification	factors.	
It is seen that the interaction effects are either shielding or 
amplification	depending	on	the	size	of	the	outer	cracks	and	
their	spacing	from	the	central	crack	and	also	on	the	depth	
of the strips.

 A02092-03603 

Tool Wear Studies during Machining of Metal 
Matrix Composites

Varadarajan YELLAMAPALLY SRINIVASACHAR 
Industrial and Production Engineering, The National 
Institute of Engineering, India

Application of composites is one of the most important 
developments in materials engineering in recent years.  
Metal Matrix Composites (MMCs) have emerged as an 
important	 class	 of	material	 and	 are	 increasingly	 utilized	
in various engineering applications that require materials 
offering high strength to weight ratio, high wear and 
temperature resistance. Although, latest innovative 
manufacturing processes can produce near-net shape 
components	 to	 minimize	 machining,	 final	 machining	
and	 finishing	 processes	 are	 still	 required	 to	 finish	 the	
MMC	component	 to	 its	final	dimensions.	Heterogeneous	
nature	of	MMCs	and	 the	 type,	 size	 and	volume	 fraction	
of	 reinforcement	 pose	 considerable	 difficulties	 during	
conventional machining. Cutting wedge experiences severe 
working	 environment	 including	 pulsating	 cutting	 forces,	
significant	temperature	development	over	the	cutting	zone	
and severe sliding of reinforcing particles resulting in 
thermo-mechanical stress induced spalling, abrasion and 
fatigue forms of tool wear.

Effective machining of MMCs often requires the use of 
high	 performance	 tools	 like	 PCBN	 or	 PCD.	 Even	 these	
tools	 experience	 edge	 chipping	 which	 influence	 the	
surface	 integrity	of	 the	machined	work	piece.	Therefore,	
the comprehension of tool wear and its mechanism when 
machining MMCs is one of the primary prerequisite for 
the solution of machining problems.

The present study intends to enhance understanding the 
machinability of MMCs by investigating on tool wear and 
associated mechanism when machining them with straight 
cemented	carbides,	multicoated	carbides	and	PCBN	tools.	
The	work	material	on	which	the	investigation	was	carried	
out is aluminum alloy reinforced with SiC particles of 
5µm and 50 µm. The study indicated that the hardness of 
the reinforcement in relation to effective hardness of the 
tool dictates the wear mechanisms.

 A02207-03777 

Energy Absorption during Dynamic Compression 
of Closed-Cell Aluminium Foam

Brainerd	DANIEL1; Pramod KUMAR1; 
Venkitanarayanan	PARAMESWARAN2 
1. Metallurgical and Materials Engineering, Indian 
Institute of Technology Roorkee, Roorkee, India
2. Mechanical Engineering, Indian Institute of 
Technology Kanpur, Kanpur, India

Aluminum foams have the potential to be used as structural 
material for impact energy absorption applications due to 
their extended constant stress region during compression. 
The compressive behavior of closed-cell aluminum foams 
synthesized	by	liquid	melt	route	using	TiH2 as a blowing 
agent	 is	 studied	 in	 the	 present	 work.	 The	 synthesized	
foams had relative density ranging from 0.062 to 0.373 
and average pore diameter in the range 2.2 to 4.5 mm.  
The	accessible	strain	rate	in	the	present	work	ranged	from	
1×10-3 to 1×104 s-1 using quasi-static compression and 
dynamic tests. The dynamic tests were carried out using 
a	split	Hopkinson	pressure	bar	 (SHPB)	apparatus	with	a	
hollow aluminum transmitter bar.

The results of the study indicate that the plateau stress of 
aluminum foam increases with relative density and strain 
rate. There is a monotonic dependence of plateau stress 
with relative density but the relationship with strain rate is 
more involved. Low density foams have almost no strain 
rate dependence, whereas; with increasing relative density 
there	is	a	significant	dependence	of	plateau	stress	on	strain	
rate. The increased plateau stress at high strain rates in a 
desirable property as it leads to an increase in the energy 
absorption capacity for the same volume. Such higher 
energy absorption capability during dynamic compression 
is	 beneficial	 when	 the	 material	 is	 used	 for	 high	 impact	
energy absorption applications.

The increase in the plateau stress with increase in relative 
density is easily understood as due to the increased cell-
wall material fraction available to bear load. On the other 
hand, the strain rate dependence could be due to (i) the 
inability of the air trapped within the cell walls to escape 
when the cells walls burst open at high strain rates, or (ii) 
the strain rate sensitivity of the cell wall material becoming 
significant	when	the	cell	wall	fraction	becomes	larger.	The	
paper examines the feasibility of both the explanations 
and their possible contribution to strain hardening at high 
strain rates.
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 A02321-03978 

Flow Behavior and Microstructure of Al-Zn-Mg-
Cu-Zr Alloy during Hot Deformation 

Liangming YAN; Jian SHEN;	Bingles	LEE; Junpeng LI; 
XiaoDong YAN;	BaiPing	MAO 
Research Center for Metals Processing, General 
Research Institute for Nonferrous Metals, Beijing, China

Flow behavior and microstructures of Al-7055 comercial 
alloy were investigated by hot compression tests 
performed at temperatures ranging from 300 to 450 °C 
with strain rates of 10−2 to 10 s−1. The dependence of the 
peak	stress	on	deformation	temperature	and	strain	rate	can	
be expressed by a hyperbolic-sine type equation. The hot 
deformation	activation	enthapy	of	the	alloy	is	146	kJ/mol.	
Moreover,	the	predicted	flow	stress	curves	by	the	modified	
constitutive equations well agree with the experimental 
results,	 which	 confirmed	 that	 the	 proposed	 deformation	
constitutive equations can provide evidence for the 
selection of hot forming parameters. The microstructures 
have been studied by transmission electron microscopy. It 
is found that dynamic recovery mainly occurs during hot 
deformation of the Al-7055.

 A02333-04005 

Microstructure Evolution during Multi-pass Hot 
Rolling of 7050 Aluminum Alloy 

Junpeng LI; Jian SHEN 
Engineering Research Center for Metarials Processing, 
General Reseach Center for Nonferrous Meatls, Beijing, 
China

Hot compression tests of 7050 aluminum alloy were 
carried out on Gleeble1500D thermomechanical simulator 
to model multi-pass hot rolling process. Microstructure 
features of the alloy deformed to a reduction up to 
90%	 were	 investigated	 through	 OM,	 TEM	 and	 EBSD	
observations to investigate the microstructure evolution 
process. Subgrian structure develops when the reduction 
is 9%, the mean misorientation between subgrians raises 
gradually with the increasing reduction. Evidences of 
dynamic	recrystallization	(DRX)	can	be	found	in	the	alloy	
when the reduction is larger than 50%, in which the main 
nucleation mechanisms of DRX are subgrain coalescence 
and subgrain growth. Geometric DRX occurs when the 
7050 alloy was deformed to a reduction of 90%.

 A02352-04030 

Feasibility Study on the Laser Aided Additive 
Manufacturing of Die Inserts for Liquid Forging

Guijun BI; Ka Lai NG; Kim Ming TEH; 
Anders E. W. JARFORS 
Singapore Institute of Manufacturing Technology, 
Singapore

Liquid forging is a preferred process for casting high 
quality products with intricate shapes. Compared with 
the traditional casting processes, the parts produced by 
liquid forging show much better mechanical properties, 
dimensional accuracy and surface quality. Recently, 
there have been increasing demands on liquid forging of 
metals with high melting points materials, such as steels 
and	copper-base	alloys.	This	brings	about	the	urgent	task	
to improve the mechanical properties and performance 
characteristics of the liquid forging dies.

This paper reports the Laser Aided Additive Manufacturing 
of	nickel-base	alloy	Nimonic	80	for	the	purpose	of	direct	
building of die inserts for liquid forging. The porosity 
level was investigated. The mechanical properties were 
studied.	 The	 microstructure	 was	 characterized	 using	
optical microscope and SEM. The relationships between 
the mechanical properties and porosity & micro-structure 
were analysed.

 A02398-04102 

Development of a Foaming Test Rig for 
Comparative Study of Foaming Water and Molten 
Aluminium 

Yoke	NUSOM1; Nattawoot DEPAIWA1; 
Tadaharu ADACHI2; Sompong SRIMANOSAOWAPAK3 
1. Mechanical Engineering, King Mongkut’s Institue of 
Technology Ladkrabang, Bangkok, Thailand
2. Mechanical Science and Engineering, Tokyo Institute 
of Technology, Tokyo, Japan
3. National Metal and Materials Technology Center, 
Pathumthani, Thailand

Aluminium	 foams,	 having	 low	 density,	 high	 specific	
stiffness	 and	 good	 energy	 absorption,	 show	 significant	
promise as multi-functional materials for a broad range 
of applications. Among manufacturing processes, the 
direct gas injection method using a gas dispersing device 
to inject gas and disperse bubbles in molten aluminium 
offers	an	efficient	route	to	process	aluminium	foams	with	
low-cost mass production. The structure of the foams 
produced	depends	significantly	on	both	the	performance	of	
the gas dispersing device and the foamability of the molten 
aluminium. These two important entities are still subjected 
to further develop or more understanding to give a better 
controllable foam structure. The main problem associated 
with the development of aluminium foams is that the effect 
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of	the	stirring	action	on	the	flow	patterns	and	foamability	
of molten aluminium cannot be visually observed due to 
the opacity and high temperature of molten aluminium. 
Physical	 modeling	 using	 water	 as	 a	 testing	 fluid	 has	
therefore been used to mimic molten aluminium characters. 
However,	the	different	properties	of	the	two	fluids	appear	
to be of limited character description.

In	 this	work,	a	 test	 rig	 for	 foaming	of	water	and	molten	
aluminium	was	developed	to	find	the	relevant	aspects	of	
generated	bubbles	between	the	two	fluids.	It	consists	of	a	
gas dispersing device equipped with a set of three-cylinder 
transparent-acrylic or stainless steel molds. A digital 
camera was used to record bubble images of water in the 
acrylic molds. Water circulating around the stainless steel 
molds was used to instantly solidify aluminium bubbles. 
Foaming of water and molten aluminium was investigated 
applying	 different	 air	 flow	 rates	 and	 impeller	 rotation	
speeds. Ex-situ metallography of water and molten 
aluminium bubbles was carried out to determine the 
physics of foaming. Experimental results of foamed water 
and aluminium showed similar foaming behaviour under 
identical conditions. However, foamed aluminium showed 
significantly	 larger	 size	 and	 smaller	 number	 of	 bubbles	
than those of foamed water. The developed test rig appears 
to be useful to improve operations of existing foaming unit 
and guide future gas dispersing device designs.

 A02455-04191 

Possibility of Using a Commercial Gas Degasser 
as a Foaming Generator for Manufacturing 
Aluminium Foam 

Sompong SRIMANOSAOWAPAK 
National Metal and Materials Technology Center, 
Bangkok, Thailand

A gas degasser using a rotating impeller is commonly 
used in the in-line treatment of molten aluminium. 
This gas degasser provides mixing in a melt container 
while	 facilitating	 bubble	 breakup	 and	 dispersion.	 This	
operation is similar to that of a foaming generator used 
for aluminium foam production. At present, the production 
of aluminium foams has restricted to the manufacturers 
who	have	their	own	specific	technology.	The	low	number	
of manufacturers, to some extent, has caused the limited 
use and development of aluminium foam even though 
aluminium foam, having a combination of good mechanical 
properties, can be used as a multi-functional material for a 
broad range of applications. In order to enhance the supply 
and	the	use	of	aluminium	foam,	this	work	aims	to	give	an	
alternative way of manufacturing aluminium foam on the 
shop	floor	using	an	existing	commercial	gas	degasser	as	a	
foaming	generator.	Two	commercial-like	degasser	heads,	
namely	Alcoa	622	and	HA-rotor,	and	two	modified	heads	
were tested in water model experiments to determine their 
performance for foaming. The water model studies showed 

that all four heads produced relatively small bubbles. 
However, the dissimilar heads admitted different amount 
of gas and number of rotational speed in order to maintain 
bubbles accumulating on the water surface. Possibility 
of using such gas degasser heads as heads of a foaming 
generator for use in manufacturing aluminium foam is 
discussed.

 A02486-04252 

Influence of Sr on Microstructure and Mechanical 
Properties of Mg-9Li-3Al Alloy

Yan YANG1;2; Xiaodong PENG1;2;	Qunyi	WEI2; 
Weidong XIE1;2; Zhonghua SU1;2 
1. College of Materials Science and Engineering, 
Chongqing University, Chongqing, China
2. National Engineering Research Center for Magnesium 
Alloys, Chongqing University, Chongqing, China

Mg-9Li-3Al-xSr alloys were prepared in vacuum furnace 
under the protection of argon atmosphere. Effect of Sr 
content on microstructure and mechanical properties of 
Mg-9Li-3Al alloys was studied. The results indicate that 
the	addition	of	Sr	results	in	refinement	of	α(Mg)	phase,	and	
new Al4Sr phase and LiSr8 phase was found in the alloys. 
The mechanical properties of alloys initially increase and 
then decrease with the increase of Sr content. When Sr 
content is 2.5%, the tensile strength of the as-cast alloys 
reaches to 186Mpa and it is improved obviously compared 
with Mg-9Li-3Al alloy. With the continuing increase of 
Sr	content,	the	content	and	size	of	eutectic	structure	in	the	
alloys increases and the tensile strength decreases.

 A02586-04419 

Tensile Properties and Microstructures of Blended 
Elemental Powder Metallurgy Ti-Fe-Mo-(Y) Alloy 
from Titanium Hydride 

Yanbin LIU; Yong LIU;	Bin	LIU; Jingwen QIU; 
Bin	WANG 
State Key Lab of Powder Metallurgy, Central South 
University, Changsha, China

Ti-Fe-Mo-(Y) alloys were fabricated by blended elemental 
powder metallurgy from titanium hydride, and the effects 
of Y on the microstructures and tensile properties were 
investigated.	 It	 was	 found	 out	 that	 the	 relatively	 bulk	
sintered density of Ti-Fe-Mo alloy with and without Y 
addition are more than 97% and the addition of Y shows 
little effect on the improvement of sintered density. 
It is showed that titanium hydride has good sintering 
performance.	But	tensile	strength	of	the	Ti-Fe-Mo	alloy	is	
slightly	decreased	and	elongation	is	significantly	improved	
by addition of Y. The decrease of strength is because α 
strengthen elemental oxygen scavenged by Y due to high 
affinity	to	oxygen.	However	the	increase	of	elongation	is	
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due to promoting twinning, pyramidal glide in hcp phase 
and	kinking	by	scavenge	of	oxygen	in	the	Ti-Fe-Mo	alloy.

 A02598-04646 

Comparison of Zinc and Aluminum Foam 
Behavior 

Mohsen SEIFI1; Arash HEYDARIAN2; Ali ANSARI2 
1. Materials Science and Engineering, Michigan 
Technological University, Houghton, United States
2. Materials Engineering, Amirkabir University of 
Technology, Tehran, Iran

The natural load bearing materials usually have the cellular 
structure,	which	provides	a	tool	for	the	realization	of	optimal	
combination of the mechanical prop erties and functionality 
at	minimum	weight.	The	discovering	of	benefits	of	natural	
structures	gives	a	chance	for	new	artificial	cellular	solids.	
Metallic foams are superior to those of polymeric ones; 
they are stiffer by an order of magnitude, they are stable at 
elevated	temperatures,	they	possess	superior	fire	resistance	
and	do	not	evolve	toxic	fumes	in	a	fire.	Moreover,	 these	
materials are fully recyclable without any pollution 
and waste problems. Metallic foams possess unique 
combination of various properties such as high stiffness at 
low weight, high energy absorption capacity at adjustable 
stress lev els, low thermal conductivity, good electrical 
conductivity,	 efficient	 electromagnetic	 shielding,	 sound	
and vibration damping. Nowadays industrial interests are 
pre dominantly focused on aluminum foams due to the low 
density and low melting temperature of aluminum alloys.

In	this	work	the	zinc	foam	was	studied	in	the	porosity	range	
of	78-91	%.	It	was	found	that	to	foam	zinc	it	is	necessary	
to	 overheat	 significantly	 the	 foam	 above	 the	 melting	
tempera ture of metal or to use higher amount of foaming 
agent.	Deformation	behavior	of	zinc	foams	is	comparable	
to aluminum foams behavior: compression strength of 
zinc	foams	is	significantly	lower	at	similar	density;	foams	
of equal porosity possess almost identical compression 
strength. Situation is similar when absorbed deformation 
energy	is	consid	ered.	Thanks	to	low	foaming	temperature,	
zinc	 foams	can	be	used	for	partial	stiffening	of	complex	
hollow	profiles	by	“in-situ”	foaming.

 A02598-04650 

Compressive Behavior and Damping Properties 
of Zn/Al Composite Foams 

Mohsen SEIFI1; Ali ANSARI2; Arash HEYDARIAN2 
1. Materials Science and Engineering, Michigan 
Technological University, Houghton, United States
2. Materials Engineering, Amirkabir University of 
Technology, Tehran, Iran

Recently, metallic foams have received extensive interest 
as new structural and functional materials because of their 
high	specific	strength,	energy	absorption,	flame	resistance,	
vibration reduction, and sound absorption. Therefore, 
they can be widely used in construction, transportation 
and aerospace industry. Metal can be foamed in many 
methods. Direct foaming methods of metal melts are quite 
suitable for industrial production because of their handle 
ability and low cost, but the cell structure of metallic 
foams	is	irregular	and	the	cell	size	is	inhomogeneous.	So,	
it is necessary to increase the viscosity of metal melts in 
order to prevent gas bubble from escaping and coalescing. 
Zn and Zn alloy foams possess excellent mechanical 
behaviors and damping properties at room temperature. 
However,	the	work	on	closed-cell	Zn	foams	prepared	with	
the direct foaming method of melt, to date, is few, and the 
study on Zn matrix composite foams has not been reported 
yet. Consequently, it is necessary to investigate various 
characters (especially functional properties) of Zn and Zn 
matrix composite foams in order to widen the applying 
field	of	metallic	foams.	The	purpose	of	this	work	is	to	study	
the compressive behavior and damping property of ZA22/
SiCp composite foams and reveal their mechanisms. The 
ZA22 alloy composite foams reinforced by 10 vol. % SiC 
particles (ZA22/SiCp composite foams) were fabricated 
with the melt foaming route using CaCO3 blowing agent 
in this paper. The compressive behavior and damping 
property of the composite foams were investigated. The 
results show that SiC particles dispersing in cell walls 
can alter the deformation mechanism of ZA22 foams. 
The plateau stress of the composite foams, therefore, 
fluctuated	continually.	The	damping	properties	of	ZA22/
SiCp composite foams are obviously higher than those of 
ZA22 alloy and ZA22 foams. The addition of SiC particles 
can improve the damping capacity of ZA22 foams because 
SiC particles introduce multifarious interfaces and high-
density dislocations in composite foams.



Symposium T - Advanced Component Manufacture from Light Materials     31

 A02721-04678 

Fabrication of Magnesium Alloy Foam using 
Calcium Carbonate 

Bo-Young	HUR; Sang-Youl KIM;	Byeong-Goo	KIM; 
Min-Jae JEONG; Seung-Ryong JEONG; 
Byeong-Soo	TAK 
School of Nano and Advanced Materials Engineering, 
Gyeongsang National University, Jinju, South Korea

The porous metals with functional characteristics are 
applied to automobile, construction materials, aerospace 
and the other industrials. in the porous materials, magnesium 
alloy foam has lower light-weight and higher strength than 
aluminum and its alloy foams. However magnesium alloy 
foams	are	inexpensive	and	difficult	to	fabricate	compared	
to aluminum alloy foam. Magnesium alloy foams have 
been	made	 by	 powder	metallurgy	 because	 it	 is	 difficult	
to deal in the atmosphere. In this study, there is tried to 
fabrication of magnesium foam using casting method. 
The Alporas foam is produced via a melt route, in which 
calcium	is	first	introduced	into	molten	Mg	alloy,	in	order	
to raise viscosity, and CaCO3 (1.6wt%) is then added. On 
being introduced into this metal, CaCO3 powder particles 
decompose to release CO2, forming a foamed magnesium 
product. Mg alloy is used to AZ31. Mg alloy foams have 
been successfully prepared via melt foaming method 
by using CaCO3 as a blowing agent. The liquid-solid 
reaction happens at the temperature lower than that for the 
decomposition of CaCO3 by more than 100ºC, which leads 
to Mg alloy melt foaming process can be accomplished in 
a temperature range from 690ºC to 750ºC.

 A02784-04756 

Laser Assisted Self-pierce Riveting of AZ31 
Magnesium Alloy Strips 

Yvonne DURANDET1;2; Rowan DEAM1;2; 
Aiden BEER1;3; Wei SONG1;2; Stuart BLACKET1;4 
1. CAST Cooperative Research Centre, Australia
2. Faculty of Engineering & Industrial Sciences, 
IRIS, Swinburne University of Technology, Hawthorn 
(Melbourne) / Victoria, Australia
3. Centre for Materials and Fibre Innovation, Deakin 
University, Waurn Ponds (Geelong) / Victoria, Australia
4. Henrob (UK) Pty Ltd, Geebung / Queensland, 
Australia

This	 paper	 shows	 how	 crack-free	 magnesium	 joints	 of	
AZ31 magnesium alloy strips were produced using laser 
assisted self-piercing riveting (SPR), a solid state process 
technology developed by CAST at Swinburne.

The laser assisted SPR technology (LSPR) uses a laser 
beam to rapidly and locally preheat magnesium to thermally 
assist	 its	 deformation	 and	 prevent	 cracking	 during	 SPR	
joining, especially when magnesium is placed on the 

bottom in the design of the joint. This is to overcome the 
low ductility and low formability of magnesium at room 
temperature.

Modelling and thermal analysis of LSPR based on 
temperature measurements using infra-red thermal 
imaging indicated that the laser absorption was about 18 to 
35% depending on the surface preparation, and the thermal 
coupling between the top and bottom plies was about 70%. 
Thus,	cracking	was	prevented	not	only	in	the	bottom	ply,	
but	also	in	the	top	ply,	and	crack-free	AZ31	joints	as	thick	
as 6.6mm could be produced within 5s cycle time

It	 was	 found	 that	 during	 joining	 of	AZ31	 strips,	 cracks	
initiated	 in	 shear	 zones	 which	 formed	 due	 to	 limited	
dynamic recrystallisation (DRX) and strain localisation in 
regions	of	large	and	variable	grain	size.	During	SPR,	DRX	
can be limited by the high rates of deformation as there may 
not be enough time for it to accommodate the deformation. 
DRX can also be limited if the starting material has a large 
or	variable	grain	 size.	Since	DRX	 is	 enhanced	at	higher	
temperatures,	cracking	was	prevented	by	laser	preheating	
to higher temperatures, up to a maximum permissible 
temperature to avoid incipient melting and hot shortness.

The strength of the joints was affected by the rivet length 
and	hardness,	which	 influenced	 the	characteristics	of	 the	
joints	such	as	the	interlock	of	the	rivet	leg	into	the	bottom	
ply. Strength values as high as 5720N and 7340N were 
obtained	for	4.7mm	and	6.4mm	thick	joints	respectively.
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A Calorimetric Study of 7075 Al / SiCp 
Composites 

B.	KARTHIKEYAN1; S. RAMANATHAN2; 
V. RAMAKRISHNAN3 
1. Department of Mechanical Engineering, Annamalai 
University, Tamilnadu, India
2. Department of Manufacturing Engineering, Annamalai 
University, Tamilnadu, India
3. Thermal Systems Group, ISRO Satellite Centre, 
Bangalore, India

To achieve a good “Thermal Control System” (TSC) of 
spacecraft various materials are used.  The performance 
of the TCS totally depends upon the thermal behaviour 
of the materials used in the elements of TCS.  The 
measurements of the thermal properties of materials are 
fundamental for better understanding of the thermal 
design.  Differential Scanning Calorimetry (DSC) is the 
most widely used of the thermal techniques to obtaining a 
wealth of information about a material.  The main property 
that	is	measured	by	DSC	is	heat	flow,	the	flow	of	energy	
into or out of the sample as a function of temperature.  
The	actual	value	of	heat	flow	measured	depends	upon	the	
effect of the reference and is not absolute.  The sapphire 
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is	used	as	reference	here.		The	specific	heat	(heat	capacity,	
Cp) of a material can be determined quantitatively using 
DSC.  The measurement was made by heating a very 
small quantity (milligrams) of the test specimens-alloy 
of Aluminum and Composites. Stir casting technique 
was used to fabricate unreinforced matrix materials and 
their composites containing Si Cp reinforcements.  Three 
types (MMC 10, MMC 15 and MMC20) of composites 
(10%, 15% and 20% volume fractions respectively) were 
prepared.	The	heat	flow	response	is	recorded	as	a	function	
of actual sample temperature range from -1000C to 3750C. 
The measurements of the heat capacity by DSC with an 
accuracy of ± 2% has been reported for each samples of 
3 runs. This paper will restrict the use of DSC as a truly 
quantitative calorimetric technique and concentrate mainly 
on the practical set of experimental heat capacity data 
measured over a temperature range for different aerospace 
materials being used/developed indigenously for the Indian 
Space Program.
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Thermo Physical Property Measurement of Metal 
Matrix Composites 

B.	KARTHIKEYAN1; S. RAMANATHAN2;
V. RAMAKRISHNAN3 
1. Department of Mechanical Engineering, Annamalai 
University, Tamilnadu, India
2. Department of Manufacturing Engineering, Annamalai 
University, Tamilnadu, India
3. Thermal Systems Group, ISRO Satellite Centre, 
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The need for lightweight, dimensionally stable materials 
for critical aerospace applications opened new frontiers 
in the development of advanced materials.  Metal Matrix 
Composites (MMCs) are considered to be potential 
candidate materials for many space applications.  MMCs 
can withstand the extreme conditions often encountered in 
space environment.  The metal matrix composites has been 
developed indigenously and tested in TMA and DSC.  This 
topic will give about the thermo physical properties of 
MMCs and the measurement method of these properties.  
The measurement and characterisation of thermo physical 
properties	such	as	density,	Coefficient	of	Thermal	Expansion	
(CTE),	Specific	Heat	(Cp) and Thermal conductivity plays 
an important role. It is essential to evaluate the new material 
for its thermal stability and to measure its properties 
including CTE and Cp before actual use. Experimentally 
the CTE can be measured by TMA under the absolute 
methods.  The ASTM has approved the CTE measurement 
by TMA.  The experiments have been carried out in the 
temperature range -1250C to 5500C. The measurements 
of the thermal properties of materials are fundamental for 
better understanding of the thermal design. Differential 
Scanning Calorimetry (DSC) is the most widely used of 
the thermal techniques to obtaining a wealth of information 

about a material.  The main property that is measured by 
DSC	 is	 heat	 flow,	 the	 flow	 of	 energy	 into	 or	 out	 of	 the	
sample	as	a	function	of	temperature.		The	specific	heat	(heat	
capacity, Cp) of a material can be determined quantitatively 
using DSC.  The measurement was made by heating a 
very small quantity (milligrams) of the test specimens-
alloy of Aluminum and Composites. Stir casting technique 
was used to fabricate unreinforced matrix materials and 
their composites containing Si Cp reinforcements.  Three 
types (MMC 10, MMC 15 and MMC20) of composites 
(10%, 15% and 20% volume fractions respectively) were 
prepared.		The	heat	flow	response	is	recorded	as	a	function	
of actual sample temperature range from -1000C to 3750C.  
The measurements of the heat capacity by DSC with an 
accuracy of ± 2% has been reported for each samples of 3 
runs. This paper is concerned with thermo physical aspects 
of MMCs, the topic on which ISRO and Annamalai 
University has been collaborating with a view to explore 
MMCs for possible space applications.
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Flow Stress Behaviour of Pure Magnesium 
between 4.2K and 300K

B.	BHATTACHARYA2; M. NIEWCZAS1 
1. Materials Science and Engineering Department, 
McMaster Universty, Ontario, Canada
2. Bodycote Testing Singapore Pte Ltd, Singapore

Plastic deformation of high purity magnesium was studied 
in the temperature range between 4.2K and 300K. The 
results revealed that polycrystalline samples deformed at 
78K	exhibit	both	yield	stress	and	flow	stress	higher	than	
samples deformed at 4.2K. This anomalous behaviour 
was observed consistently in samples of various grain 
sizes	between	13-120	microns.	To	probe	the	fundamental	
deformation mechanism responsible for this effect, a 
series of deformation experiments was conducted on 
single crystals having different tensile axis orientations. 
Since	the	anomalous	flow	stress	behaviour	was	observed	
only in crystals oriented for second order pyramidal slip 
(c+a), the phenomenon is attributed to the activity of this 
type of slip and its dependence upon the deformation 
temperature.	Data	on	the	work	hardening	behaviour,	strain	
rate sensitivity, and texture evolution in both single and 
polycrystals will be presented. In addition the development 
of the dislocation substructure will be followed by means 
of electron microscopy studies and electrical resistivity 
measurements.	 	This	work	will	provide	a	 framework	 for	
discussion of the basic aspects of plastic deformation in this 
material such as: the nature of energy storage, the stability 
of the deformation substructure, twinning deformation, 
and the limits of plasticity in single and polycrystalline 
materials as they approach fracture. 
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