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Magnesium is the lightest structural
metal, yet its high strength-to-weight
ratio makes it more attractive than steel
in many applications. The world’s 

automakers already use magnesium for individual
components. However, new alloys and processing
methods are needed before it can become econom-
ically and technologically feasible as a major auto-
motive structural material.

This article explores the initial results of an inter-
national collaboration that is leveraging the expertise
and resources of Canada, China, and the United
States. Called the Magnesium Front End Research
and Development (MFERD) project, its goal is to
advance the manufacture of magnesium-intensive
vehicles.

The MFERD project aims to develop the enabling
technologies and knowledge base that will lead to
a vehicle front end body structure that is 50 to 60%
lighter, equally affordable, more recyclable, and of
equal or better quality than today’s vehicles. Toward
this end, databases are to be developed that will en-
able further alloy and manufacturing process opti-
mization, and a life-cycle analysis of the magnesium
alloys will be conducted.

Why a magnesium front end?
The magnesium front-end design was established

under a separate project of the U.S. Automotive Ma-
terials Partnership. Called Magnesium Front End
Design and Development (MFEDD), the vehicle de-
sign is based on a steel rear-wheel-drive unibody
and a body-on-frame architecture. 
*Member  of ASM International

A magnesium front end consists of castings, ex-
trusions, and sheet components (Fig. 1). It is an ideal
target and test-bed for the magnesium alloys and
manufacturing processes being developed in this
project. When considered as a complete structure,
the front end can be evaluated for overall functional
improvements. Therefore, in this project not only
are technologies being developed to create the in-
dividual components, but also the parts and struc-
tures of the entire system are being consolidated
and re-engineered. Thus, additional benefits accrue
in terms of mass distribution and performance —
all while developing ways to maintain or reduce
the cost of components.

Extruding and forming
Development of magnesium extrusions with im-

proved properties, crash performance, and corro-
sion resistance is essential to meet the goals of the
MFEDD design for critical front-end applications.
Current extruded magnesium products are expen-
sive because they cannot be produced quickly. Most
extrusions are made of wrought magnesium alloy
AZ31, which can only be produced at a rate half that
of its counterpart in aluminum extrusions, such as
alloy 6063. This drives the comparative cost of mag-
nesium up to levels that make it noncompetitive.

Therefore, extrusion speeds must be raised to
achieve cost-effective magnesium parts. A new ex-
trusion alloy, AM30, and modifications to existing
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Fig. 1 — New alloys and processing methods for an economically feasible 
magnesium front end in magnesium-intensive vehicles are under development by
engineering teams from Canada, China, and the United States. 



extrusion alloys (AZ31, AZ61),
and new techniques for grain
refinement may yield higher
extrusion speeds and improved
mechanical properties. This
should drive the cost down and
result in better function through
improved microstructure. 

To test these technologies,  ex-
truded magnesium tubes pro-
duced in China and solid extru-
sions produced in the United
States are being evaluated in
terms of their microstructure
and formability. Techniques in-
clude traditional tube bending
in the United States and warm-
gas-forming in Canada. Mag-
nesium’s hexagonal close-
packed crystallography makes
it difficult to form at room tem-
perature. Therefore, moderately
warm-temperature bending
may be necessary, and is being
investigated. Figure 2 illustrates
the examples of magnesium
tubing supplied by China to the
United States for bending and
to Canada for warm-gas-

forming. To support the integrated computational
materials engineering task, others are developing
the simulation capability for magnesium extrusion
and process-structure-property relationships. 

Progress in crashworthiness 
Diecast instrument-panel beams, radiator sup-

port structures, and other magnesium components
are functioning today in the front end of vehicles.

Although these components meet the five-star crash
rating, an entire front end structure of magnesium
has not been designed or evaluated for vehicle crash
and energy management. Very limited data is avail-
able to engineers who need this information for
component design and crash simulation. Therefore,
validated finite element material models for the
crashworthiness of magnesium alloys of interest are
being developed, based on materials evaluations
conducted in each country. 

Crashworthiness research includes material
testing to determine anisotropic 
mechanical properties, 
energy absorption capa-
bility, failure characteri-
zation, computer-
aided engineering
analyses, and se-
lected tests of prototype
sections in crush (low
loading rate) and crash
(high loading rate). Strain rates
range from quasi-static at
10-3/sec, through the mid rates
of 10/sec, up to 103/sec in the
high-deformation areas resulting
from a high-speed crash. Crash
performance is being modeled
by the U.S. team for a design of
cast AM60 and extruded AM30
(Fig. 3). 

Labs in Canada, China, and the United States are
conducting strain-rate tension and compression
tests. The high strain-rate Split Hopkinson Bar tests
are being conducted in China (Fig. 4).

Fatigue and durability 
The fatigue and durability of magnesium struc-

tures are extremely critical. Unfortunately, very lim-
ited data is available in the literature, especially re-
garding wrought alloys. Therefore, the objectives of
one task are to study, compare, and improve the
ability to predict fatigue properties through ana-
lyzing magnesium components. To accomplish this
goal, it is essential to better understand the critical
interactions between design, material, and pro-
cessing parameters that influence component mi-
crostructure and subsequent properties. Character-
ization of casting, extrusion, and sheet products is
expected to establish links between microstructural
features and fatigue behavior.

To produce an extensive amount of data in as little
time as possible, the team has dispersed activities
among the international partners. For example, ex-
truded tube samples were produced in China, while
ribbed profile sections came from the United States.
Crack propagation being evaluated in China will
relate the chemical composition to the microstruc-
tural properties and the micro-mechanisms of 
fatigue. 

In addition, extruded samples have been tested
in a round-robin series at five laboratories in the
three countries. The results are being analyzed for
more detailed tests (Fig. 5)

Collaboration with the other MFERD tasks is crit-
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Fig. 2 — 
Extruded tubes
from China are

being tested in all
three countries.

A model for collaborative success
The Magnesium Front End Research and Development project

may be a first-of-its-kind international collaboration to develop the
enabling technologies and knowledge base necessary to build a
lightweight vehicle that focuses on magnesium for the front-end
of the automobile. U.S. DOE and USCAR, China’s Ministry of Sci-
ence and Technology (MOST), and Canada’s Natural Resources
Canada (NRCan) have demonstrated that this common objective
can be achieved, while still ensuring that important intellectual
property rights remain within the respective country. Comments
from leaders of the funding agencies testify to the success and
progress of MFERD. 

According to Qi’an Wang, director of High-Tech Development
for MOST, “The MFERD project is the best example of how good
communication, efficient work, and friendly exchange of technical
information have resulted in our common goal, to conduct R&D
that promotes the use of magnesium.”

“The multi-country approach has sparked a lot of interest from
the researchers. It is stimulating their motivation and creativity,”
says Jennifer Jackman, director of CANMET, Canada’s materials
technology laboratory. 

Joseph Carpenter, Development Manager for the DOE-OVT Ma-
terials Technologies Team, commented on how such progress will
inevitably have economic benefit for each country involved. He
referenced the J.F. Kennedy quote, “. . . a rising tide lifts all boats.” 

Fig. 3 — The crash-
worthiness team 
decided on a double
top-hat beam as the
component for 
verification testing.
Initial designs could
be produced by 
extrusion, sheet,
and die-cast
processes.



ical for the fatigue and durability team. For example,
the welding and joining team is evaluating preferred
joining methods and analysis parameters that allow
accurate simulations of joints. The team also will
analyze magnesium front end components and sub-
systems with both multi-scale and traditional
methods. They will compare results, and make rec-
ommendations that ensure component designs and
subassemblies meet vehicle durability requirements.
Functional durability of magnesium samples and
typical magnesium joints eventually will be tested to
validate the fatigue test and simulation results.

During the next 12 months, the MFERD members
expect to demonstrate that a complex multi-national
project, encompassing nine tasks and two related U.S.
projects, can be successful in strengthening each
country’s competency in the design, application, and
processing of magnesium. Furthermore, it is expected
that the MFERD strategy of leveraged R&D funding
and collaborative research will demonstrate its bene-
fits to the entire supply chain — from the primary
magnesium producers and component manufac-
turers to the automakers.

For more information: Eric A. Nyberg is a senior research
engineer at the Department of Energy’s Pacific North-
west National Laboratory, in Richland, Wash. He repre-
sents DOE-OVT; Eric.Nyberg@pnl.gov; www.pnl.gov.
Dr. Alan A. Luo is a staff research engineer at General Mo-
tors Research & Development Center, Warren, Mich. He
represents the U.S. Automotive Materials Partnership, a
non-competitive research consortium of the U.S. Council
for Automotive Research; alan.luo@gm.com.
Dr. Kumar Sadayappan is a Research Scientist at
CANMET-Materials Technology Laboratory, Ottawa, 
Ontario. He is the Canadian representative; ksadayap@
NRCan.gc.ca. 
Prof. Wenfang Shi is Vice Gen. Mgr. at the China Nonfer-
rous Metals Industry’s Technical Development and Ex-
change Center. She represents the Peoples Republic of
China;  wfshi@chinamg.org.

Additional information
Task Highlights – “Magnesium Front End Research and
Development: A Canada-China-USA Collaboration”, A.

Luo et al, Magnesium Technology 2008, eds. Pekguleryuz,
Neelamegham, Beals and Nyberg, TMS 2008, pp. 3-10.

Bibliography
A.A. Luo and A.K. Sachdev, “Wrought Magnesium Re-

search for Automotive Applications”, Magnesium Tech-
nology 2006, eds. A.A. Luo, N.R. Neelameggham, and
R.S. Beals, TMS, Warrendale, PA, 2006, 333-339. 

M. Yang, F. Pan, R. Cheng and A. Tang, “Effects of So-
lutionized Al–10Sr Master Alloys on Grain Refinement
of AZ31 Magnesium Alloy,” Journal of Alloys and Com-
pounds, 2007.

P. Martin, D. Baragar, K.P. Boyle, A.A. Luo, J.J. Jonas,
S. Godet, K.W. Neale, “Elevated Temperature Property
Measurements for Warm Forming Aluminum Alloy
Tubes”, in Proceedings of the 2nd International Light
Metals Technology Conference 2005, Ed. Helmut Kauf-
mann, June 8-10, 2005, St. Wolfgang, Austria. 51-56.

A.A. Luo and A.K. Sachdev, “Development of a Mod-
erate Temperature Bending Process for Magnesium Alloy
Extrusions”, Materials Science Forum, 2005, 488-489, 447-
482.

International Journal of Fatigue, In Press, Corrected
Proof, Available online 15 March 2008.

Fig. 4 — High strain-rate testing shows material performance under high-speed
crash conditions for a magnesium AM30 extrusion.

Fig. 5 — All three nations are contributing to the acquisition of fatigue data that  helps define the useful life of magnesium components 
over the long term.
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