
Materials Technologies

Joseph A. Carpenter, Jr.
Technology Area Development Manager

Lightweighting Materials
Office of Vehicle Technologies 

U.S. Department of Energy
Washington, DC

SPE Automotive Composites Conference and 
Exhibition (ACCE)

MSU Management Education Center 
Troy, MI

September 16, 2008

Challenges and Opportunities for
Automotive Composites

Materials Technologies

Presenter
Presentation Notes
(Self-explanatory)



Materials Technologies

Outline

• The Automotive Lightweighting Imperative

• The Candidates (with emphases on 
composites)

• Thoughts on the Future

Presenter
Presentation Notes
This presentation will cover the automotive lightweighting imperative, the candidate automotive lightwieghting materials, and conclude with some thoughts on the future. 

I would like to recognize my co-authors, Dr. Joe Carpenter of the US Department of Energy, Naiyi Li of the Ford Motor Company, Richard Osborne of General Motors Corporation, Dr. Bob Powell also of GM, and Dr. Philip Sklad of the Department of Energy’s Oak Ridge National Laboratory.  
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Bottom Line

• Despite the recent prices of fuel, the auto 
industry will not beat a path to the 
composites’ door.

• Composites will have to earn a niche 
probably on bases of performance and 
safety.

Presenter
Presentation Notes
(Read verbatim)

I would like to recognize my co-authors, Dr. Joe Carpenter of the US Department of Energy, Naiyi Li of the Ford Motor Company, Richard Osborne of General Motors Corporation, Dr. Bob Powell also of GM, and Dr. Philip Sklad of the Department of Energy’s Oak Ridge National Laboratory.  
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Presenter
Presentation Notes
The challenges facing the world in the automotive sector have been recognized for decades, namely, urban pollution, growing petroleum consumption, and climate change.

While urban pollution remains a problem in the developing world, it has largely been reduced in the developed world and the technologies are well in-hand.  

Thus, growing petroleum consumption and concomitant global climate change remain challenges for transpsortation.




Materials Technologies

0

5

10

15

20

25

30

1930 1935 1940 1950 1960 1965 1970 1973 1975 1980 1985 1990 1991 1993 1994 1996 2000 2010 2020 2030 2040 2050

Annual World Oil 
Production

(Billions of Barrels)

Estimates of Remaining Oil Reserves

0

0.5

1

1.5

2

2.5

3

3.5

4

1996 2050

B
ill

io
ns

 o
f V

eh
ic

le
s

Industrialized
Nations
World

Projected Growth in
Light-Duty Vehicle Registrations

Can We Sustain Increasing Consumption?

Presenter
Presentation Notes
As shown in the lower left, the U.S. Department of Energy predicts that the world’s inventory of light-duty vehicles will grow from about 800 million now to about 3.5 billion in 2050, most of the growth coming in the developing world, mainly China and India.  For example, the number of vehicles per capita in China is roughly where the USA was in the nineteen-teens, so the growth potential is obvious.

The rather complicated graph in the lower right are estimates by various groups as to how much conventional petroleum still exists in the Earth’s crust.  The best guesses seem to say about one trillion barrels, roughly the amount used since the dawn of the auto age in the late 1800s.

The figure at the top is a guess as to when the world’s oil production of conventional petroleum will peak.  The best guesses say about 30-40 years.  A few authorities say it may already be occurring. 



0

200

400

600

800

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

V
eh

ic
le

s p
er

 T
ho

us
an

d 
Pe

op
le

Industrialized Pacific

Western Europe

Developing Asia
Latin America
Former Soviet Union

Mid-East

Eastern Europe

Africa
China

U.S.

U.S. Historic

China, with 13 vehicles per 1000 people, is where the U.S. was in 1913

Global Growth in Transportation Is 
Accelerating the Demand for Oil

Presenter
Presentation Notes
This simply illustrates the growth potential in developing countries like China and India.
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Presenter
Presentation Notes
That one-trillion barrel figure for conventional petroleum figure is shown in the second bar from the left.  By “conventional petroleum” I am referring to that which is available in fairly concentrated deposits in the Earth’s crust and is accessible by conventional drilling and pumping.

As shown in the two bars to the right, it is estimated that there is twice that amount available in the Alberta tar sands and the oil shales in the USA, mostly in Colorado.    These are referred to as “uncoventional petroleum.”

The point is that, even with the rising demand and the decline of production for conventional petroleum, there should be ample petroleum available for at least this century. 
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Source: H. H. Rogner, “An Assessment of World Hydrocarbon 
Resources,” Annual Review of Energy and Environment, 1997.

World Fossil Fuel Potential

Presenter
Presentation Notes
This slide says essentially the same thing and adds that, beyond the known reserves of conventional and unconventional petroleum, there are enormous supplies of other fossil fuels that could be tapped for transportation fuels.  

The world’s population is now about 6.5 to 7 billion persons and is expected to increase over the next 50 to 100 years to about 9 to 10 billion and then plateau …  mainly due to increased prosperity which usually results in a lowered birth-rate.  The amount of fossil energy in this slide is enough for all ten billion to sustain for about 5,000 years an energy usage per capita typical of the one-billion or so persons in the developed world today.

The question of course, is whether the world could tap and burn all that and still have a livable planet. 
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Presenter
Presentation Notes
This slide illustrates that even is the world abandons fossil fuels as an energy source, there is enough renewable energy – wind, solar, hydro, geothermal, biomass -  potential for those 10 billion to live at the current developed-world energy usage intensity.

And, this does not even count the other, but controversial, energy source – nuclear - which in the form of fusion is probably virtually unlimited for the life of the planet.  

  



U.S. Petroleum Production and Consumption, 1970-2030

Sources: Transportation Energy Data Book: Edition 26 and projections from the Annual Energy Outlook 2008.
Notes: 
• The U.S. Production has two lines after 2005. The solid line is conventional sources of petroleum. The dashed line adds in other inputs -- ethanol and liquids from coal. 
Historical petroleum production includes crude oil, natural gas plant liquids, refinery gains, and other inputs, which include liquids from gas, liquids from coal, and alcohols, 
ethers, petroleum product stock withdrawals, domestic sources of blending components, other hydrocarbons, and natural gas converted to liquid fuel. 
•The sharp increase in values between 2005 and 2006 are the result of the data change from historical to projected values.
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Presenter
Presentation Notes
In 1989 the transportation sector petroleum consumption surpassed U.S. petroleum production for the first time, creating a gap that must be met with imports of petroleum.  By the year 2030, transportation petroleum consumption is expected to grow to 18 million barrels per day; at that time, the gap between U.S. production and transportation consumption will be 7.5 million barrels per day. The highway mode is expected to account for the largest growth in petroleum use, with light truck and heavy truck petroleum usage growing the fastest.



Materials Technologies

HISTORY

• 1970 (to present) – In response to environmental  movements of the 1960’s, 
the Clean Air Acts established standards for criteria emissions (carbon 
monoxide, hydrocarbons, nitrogen and sulfur oxides, and particulates) from 
transportation vehicles and other sources. 

• 1975 to 1986 - Energy Policy and Conservation Act of 1975 established 
Corporate Average Fuel Economy (CAFÉ) standards for light-duty 
vehicles.  Raised in 2007 (2016 target).

• 1993-2002 – The Partnership for a New Generation of Vehicles (PNGV) 
between eight US government agencies and “Big Three” automakers, 
indicated that high-fuel efficiency (33 km/l) family autos are probably 
technically viable at a slight cost premium (15%?) through use of alternate 
power plants (mainly diesel-electric hybrids), advanced design and 
lightweighting, probably spurred automotive technology worldwide, and 
provided model for government-industry cooperation.

Presenter
Presentation Notes
The USA has been addressing these issues for more than thirty-five years.

(Read this and the next slide verbatim)  
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HISTORY - continued

• 2002 -- PNGV transitioned by President Bush to FreedomCAR with more 
emphases on fuel-cell vehicles, all varieties of light-duty vehicles (“CAR” stands 
for Cooperative Automotive Research, not “car”) and limited to USCAR and DOE.
-- Twenty-First Century Truck (21CT) Initiative also formed aimed at heavy-duty 
vehicles.  

• 2002-2008 – President Bush rejects Kyoto Treaty on economic bases but pledges 
large R&D efforts to provide technological solutions to climate change (e.g., U.S. 
Climate Change Strategy, 2/14/07; G-8 announcement, 5/31/07; speech, 4/16/08 ). 

• 2003 – FreedomCAR expanded to include the Hydrogen Fuels Initiative, becomes 
FreedomCAR and Fuels Initiative, to explore technologies for producing and 
delivering hydrogen for transportation and other uses (the “hydrogen economy”).  
Energy-supply industry joins.  International Partnership for the Hydrogen Economy 
formed.  

Presenter
Presentation Notes
(Read verbatim)



Presenter
Presentation Notes
I recently saw this slide from Alan Taub’s talk at TMS in February 2007, which struck me as an interesting juxtaposition of my bureaucratic view of the same era with his from an OEMs perspective.  

In the 1990s, the era of “global hyper-competition” dawned. 

The growth of the global industry as well as a greater number of major global manufacturers led to more models being offered in each market and, inevitably, to dramatically fewer units per model compared to the much high numbers produced in earlier decades. 

In the U.S. and Europe, for example, the industry is rapidly approaching 400 entries, up from under 300 in the mid-1990s – a 25 percent increase in ten years. In China, the shift is even more striking, with the number of entries forecast to quadruple to over 250 entries by 2010. 

With more entries, sales per entry are trending downward in the more mature markets like the U.S. and Europe, moving from above 50,000 in 1995 to closer to 45,000 units today. And while sales per entry are on the rise in the emerging markets, reflecting rapid growth in these areas, the only developing country where sales are expected to top 40,000 per entry by 2010 is China.



Source: http://www.fueleconomy.gov

Presenter
Presentation Notes
This schematic of the energy losses in a typical road transportation vehicle using an internal-combustion engine is enlightening as to how we can go about reducing the usage of petroleum-derived fuels.

At the far left, an obvious thing to do is to use something else.   That is what the current push on ethanol and the R&D on hydrogen are about.

The next thing is to use another conversion device with lower losses, which is what the R&D on fuel cells is about.

Hybridization with an electric motor addresses the standby and idling losses.

Current transmission systems are pretty efficient, so little can be done about the driveline losses.

Aerodynamic drag can be addressed by the design of the vehicle and the rolling resistance by the design and materials of the tires.

What is left is the inertia which is where lightweighting comes in.

In addition to the vehicle, changes in the road design and traffic and in the operator of the vehicle can also help.
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• 6-8% (with mass compounding) increase in fuel 
economy for every 10% drop in weight, everything 
else the same

or

• Offset the increased weight and cost per unit of 
power of alternative powertrains (hybrids, fuel cells) 
with respect to conventional powertrains (Alice in 
Wonderland syndrome)  

Effects of Automotive Lightweighting

Presenter
Presentation Notes
Thus, these are the two main ways in which lightweighting affects the efficiency of a vehicle.

The current rule of-thumb is that for every 10% drop in weight of a component or assembly, there is about a 5% increase in the fuel economy.  In addition, because of the weight drop, other components like the engine, transmission, suspension and brakes can also be downweighted giving another 1 to 3% gain for an overall gain of 6 to 8%.  This is called “mass compounding.”

The second effect is to enable the use of the alternative powertrains like hybrids and fuel cells which are, at least in the initial stages of their development and deployment, heavier and more costly per unit of power than the internal-engine-based powertrains they replace.   That is, if the new vehicles are to come close to the performances and prices of the conventional vehicles, the structures of the vehicles will have to be lighter.   Said another way, without the ligthweighting, the consumers will likely not buy the vehicles with the more fuel-efficient powertrains.
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Drivers for Lightweighting

• Performance 
• Increasing “customer value” while

staying within Corporate Average Fuel Economy 
(CAFÉ) limits (offset)

• Potential of sustained, high (?) prices of fuel.
• The hybrids and hydrogen-fueled fuel-cell 

vehicles.

Presenter
Presentation Notes
So, here are the current drivers for lightweighitng.

The first bullet says “potentially higher prices of fuel” because even today’s high prices for fuel do not seem to be much of a driver for lightweighting … yet.  I do not think anyone really knows at what price of fuel will the imperative for lightwieghitng really kick in. 

The last point is illustrated on the next slide.  



Light-Duty Vehicle Trends

Source: Light Duty Automotive Technology and Fuel Economy Trends: 
1975 through 2004, U.S. Environmental Protection Agency, April 2004.

Adjusted Fuel Economy by Model Year
(Three-Year Moving Average)

Weight and Performance by Model Year
(Three Year Moving Average)

Presenter
Presentation Notes
The average weight of the North American light-duty vehicles has increased by about 20% since the 1980s where it was a a low after the oil shocks of the 1970s …  mainly as result of downsizing as opposed to downweighting.

The increase in the weight since the 1980s has resulted from several factors including government-mandated safety and emissions features but mainly due to customer preferences for larger and more powerful vehicles with added creature-comfort features like sound systems.

The fact that the automakers have been able to maintain fuel economy over this period is actually quite remarkable.  They have been able to do this through a combination of technical advamces including lightweigthing.  This is what I was alluding to in two sldie back by the “Alice in Wonderland syndrome,” namely, that they have had to run twice as fast just to stay in place.

 

 



Source: Retrieved from the American Petroleum Institute web site on July 29, 2008 
http://www.api.org/aboutoilgas/gasoline/upload/PumpPriceUpdate.pdf

Presenter
Presentation Notes
In the U.S. the prices of fuel have shown a long, sustained decline in real dollars.  Note that the lowest price ever was in 1999.  The two major spikes have occurred in the late 1970 to early 1980s and recently.  What will the future bring?
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Presenter
Presentation Notes
The unconventional oils and alternative fuels are not that much more costly than conventional petroleum.  What is shown here are actual costs, not prices. 
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Presenter
Presentation Notes
(Self-explanatory)
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Barriers to Lightweighting

• Historically low prices of fuel.
• Higher costs of lightweighting materials.
• Lack of familiarity with them.
• Sunk capital in metal-forming technologies.
• Lack of large automotive composites and magnesium industries  
• Preferences for large vehicles.
• Perceptions of safety.
• Recycling (plastics).
• Alternative fuels such as non-conventional petroleum, biofuels and 

electricity.  
• Alternative propulsion systems such as hybrids and fuel cells.

Presenter
Presentation Notes
Here are some of the major barriers to the increased use of these lighter weight materials.

Bullets three and four are probably most important to composites which represent a major paradigm shift for the OEMs away from metals.

The sixth barrier is currently receiving a lot of attention as the US Congress raised the CAFÉ standards.  For years, the notion persisted that the heavier the vehicle the safer it is.  Now, the thinking seems to be turning to the larger the vehicle the safer, and lightweighting offers a way to lower weight without sacrificing size and thus safety. 





Challenge

• “Steel is for cars, aluminum is for airplanes, and plastics are for toys”

– Francois Castaing, Chief Engineer, Chrysler Corporation, 1995

AAT

Vehicle Systems

Presenter
Presentation Notes
(Self-explanatory)
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Lightweight Material Material 
Replaced

Mass Reduction 
(%)

Relative Cost 
(per part)*

High Strength Steel Mild Steel 10 (25?) 1 (<?)
Aluminum (AI) Steel, Cast Iron 40 - 60 1.3 - 2
Magnesium Steel or Cast Iron 60 - 75 1.5 - 2.5

Magnesium Aluminum 25 - 35 1 - 1.5

Glass FRP Composites Steel 25 - 35 1 - 1.5

Carbon FRP Composites Steel 50 - 60 2 - 10+

Al Matrix Composites Steel or Cast Iron 50 - 65 1.5 - 3+

Titanium Alloy Steel 40 - 55 1.5 - 10+

Stainless Steel Carbon Steel 20 - 45 1.2 - 1.7

Weight Savings and Costs for Automotive 
Lightweighting Materials

•Includes both materials and manufacturing.

Ref:  William F. Powers, Advanced Materials and Processes, May 2000, pages 38 – 41.

Presenter
Presentation Notes
Here are the candidate lightweighting materials with their approximate mass reduction potentials and cost penalties.  The cost penalties are mainly a combination of increased cost of the basic materials compared to normal or mild steel and the cost of manufacturing the materials into automotive components and structures. 

Of these the major contenders are the high-strength steels, aluminum, magnesium and comolsites.  Al matrix composites, titanium and stainless steels are minor contenders.  
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Presenter
Presentation Notes
New advanced high-strength steels like dual-phase, complex phase, transformation-induced plasticity and martensitic steels began appearing in the 1990s and their use as lightweighting materials has increased this decade.  This increase is expected to continue in the coming years.  Research is now turning to steels with high strengths and ductilities typical of the expensive “super steels” like the austentic stainless and twinning-induced plasticity steels but with costs more like the those of the emerging advanced high strength steels. 



Automotive Aluminum Applications and 
Product Forms 

Aluminum 
Closures and 

Inner Body parts

•AA5052, 5454, 
5754

Aluminum Body 
Components – Extrusions

•AA 6061
35% weight reduction /  
reduction in part count

Aluminum Outer 
Body Panels and 

Closures

•AA 6009, 6111, 
6022

Aluminum Powertrain 
Castings

•A319, A356, A380

Aluminum Condenser 
and Radiators

•AA1200, AA3005

Presenter
Presentation Notes
Aluminum is the most mature lightweighting material, mainly in powertrain applications. 



Presenter
Presentation Notes
The range of architectures that have been used on aluminum-intensive vehicles, for example, is due to the fact that aluminum is highly amenable to alternate manufacturing processes.



Mg opportunities: Lightweight “Up & Front”

Presenter
Presentation Notes
Magnesium has emerged in this decade as a contender mainly due to price drops in the raw material.  Though its usage is still very low, it is expected to increase in applications involving lightening the front and tops of vehicles.  



Mg opportunities: Lightweight “Up & Front”

Presenter
Presentation Notes
It is even being looked at for powertrain applications.



Presenter
Presentation Notes
Reinforced polymer-matrix composites have been used in production vehicles for a long time as outlined in this book.  



Advantages of Composites in the Advantages of Composites in the 
Automotive IndustryAutomotive Industry

• Weight:  Reduction of 20%-40+% (versus steel)

• Styling flexibility:  Deep draw panels not possible  
stamped in metal 

• Tool Investment:  40%-60% save in part tooling vs steel

• Part Consolidation: Reduced assembly costs and time 

• Customer Satisfaction: Resistance to corrosion, 
scratches, dents, and improvement in damping and NVH

• Safety:  Highest specific energy absorption of all major 
structural materials

Presenter
Presentation Notes
The advantages shown here in red are probably the most important for composites.  Weight reduction results in increased customer satisfaction due, among several things, to increased performance and fuel economy.  Increased safety is a potential for composites marketing.  Performance and safety are two aspects of major value to automotive composites and probably should be emphasized. 



SportTrac Box Inner - SMC vs. Steel Cost 
Comparison
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Case Study -Composite Pickup Boxes

Customer Advantages
• Improved scratch and dent resistance
• Features and functionality (e.g. power 
points, storage, etc.)
• Improved entry/egress
• Tie down/rack systems (improved 
methods to secure cargo)

Ford SportTrac (70K), Toyota Tacoma (170K), Honda Ridgeline (100K)

OEM Advantages
• Total program cost savings (x-over 70K)
• 4X capital investment reduction
• Design and styling flexibility
• Part integration, reducing assembly and 

tooling costs
• 25% weight savings over steel
• Ease of prototyping

Presenter
Presentation Notes
The box in the lower left emphasizes the point that composites are often the lower cost option at lower production volumes.



Presenter
Presentation Notes
(self-explanatory)



Composites in the Automotive IndustryComposites in the Automotive Industry 
(Distribution of NA Usage)
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Presenter
Presentation Notes
Composites are already used extensively in North American vehicles.  About 25 pounds average per vehicle. 
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Presenter
Presentation Notes
Here is the schematic of where the various lightweighting options stand.  SMC body panels are used in high volume, but mainly on an as needed basis.  Carbon fiber composites are emerging in high-end vehicles.  



Materials Technologies

• Glass-fiber-reinforced polymer-matrix composites (PMCs) will 
compete for “as-needed applications” with Al and Mg for high- 
volume models (> 50-100K per annum).

- Natural fibers may challenge glass fibers. 

• Carbon-fiber-reinforced PMCs will find limited use in high-end, 
low-volume models (<50K per annum).

• Advent of lower (than aerospace) cost and performance carbon 
fiber could open a new era for composites in high-volume 
applications.

Trends in Automotive Composites

Presenter
Presentation Notes
Briefly, these are some of the major tends in their usages.

(Read verbatim.)





Aston Martin VanquishAston Martin Vanquish

Carbon fiber composite transmission tunnel, braided ACarbon fiber composite transmission tunnel, braided A-- 
pillar, front end crash structure (400pillar, front end crash structure (400--800 units/year)800 units/year)

Presenter
Presentation Notes
(Just show)



Ford GTFord GT

Carbon fiber composite rear deck lid and seat (4500 units total)Carbon fiber composite rear deck lid and seat (4500 units total)

Presenter
Presentation Notes
(Just show)



2006 Z06 Corvette 2006 Z06 Corvette 

Carbon fiber fenders, wheel house, and Carbon fiber fenders, wheel house, and floorpanfloorpan (7000 units/year)(7000 units/year)

Presenter
Presentation Notes
(Just show)



2006 Dodge Viper2006 Dodge Viper

Carbon fiber LH/RH fender/sill supports, LH/RH door Carbon fiber LH/RH fender/sill supports, LH/RH door 
inner reinforcements, windshield surround reinforcement inner reinforcements, windshield surround reinforcement 

(2000 units/year)(2000 units/year)

Presenter
Presentation Notes
(Just show)



BMW M3 CSLBMW M3 CSL

Carbon fiber roof (3000 units/year)Carbon fiber roof (3000 units/year)

Presenter
Presentation Notes
(Just show)



2005 Mercedes Benz2005 Mercedes Benz 
SLR McLarenSLR McLaren

Carbon fiber intensive vehicle (500 units/year)Carbon fiber intensive vehicle (500 units/year)

Presenter
Presentation Notes
(Just show)



Presenter
Presentation Notes
This slide again makes the point about multi-materials vehicles, but I threw it in because of its historical perspective.  Note how in the early days of the auto industry, lightweight materials like wood and aluminum dominated because the engines of that day had low power so the bodies had to be light.  But, for various reasons, they were quickly replaced.  Are we seeing a similar trend in reverse? 



1977 Model Year

Iron and Regular Steel

74%

Hi/Med Strength Steel
3%

Polymer/Composite
5%

Aluminum
3%

Magnesium
0% Other

15%

2004 Model Year

Iron and Regular Steel
62%Hi/Med Strength Steel

12%

Polymer/Composite
8%

Aluminum
9%

Magnesium
0.3%

Other
9%

Materials in a Typical Family Vehicle

(Source: American Metal Market)

Presenter
Presentation Notes
The materials substitution in this era is evident in this slide.  Lighter weight materials like aluminum, polymers, polymer composites and high-strength steels have replaced some of the heavier iron and regular steels as well as zinc and copper.



Audi A2 (AlAudi A2 (Al--Intensive)Intensive)

Presenter
Presentation Notes
The transition to other lightweighting materials over the last twenty years is illustrated here.  A point to not is in the BMW, namely, that in the future it is expected that vehicles will be much more mixed in their material usages. 

Over the last 50 years, passenger car body structures have moved from all mild-steel sheet construction to mixed materials – a transition that also has been enabled by advanced manufacturing technologies. In the1990s, the development of aluminum vacuum die casting, extrusion, and welding/joining technologies – along with the creation of special cast aluminum alloys such as AURAL-2 and Magsimal 59 – were key enablers for aluminum-intensive vehicles like the Audi A8/A2, Acura NSX, and Jaguar XJ. 
Over the same timeframe, the steel industry has made significant advances in steel alloys. Many advanced high-strength steel (AHSS) grades were developed for automotive applications, including high-strength low-alloy (HSLA) steel, dual-phase steel (a mixture of primarily soft ferrite and hard martensite, possibly with some bainite), and transformation-induced plasticity (TRIP) steel with very high tensile strength (600 MPa) and elongation (36 percent). In many cases, these steels offer only slightly less mass reduction compared to aluminum but at a fraction of the cost. AHSS has made significant inroads, with application in many light vehicles such as the BMW 7-Series and Lexus LS430. 
GM’s Epsilon body structure is a high-volume global architecture represented by the Chevrolet Malibu in North America. Introduced in 2003, this was the first GM vehicle that made extensive use of advanced high-strength steels. The body structure used in GM’s current midsize cars (Malibu, Pontiac G6, and the new Saturn Aura) includes five percent HSLA and 12 percent dual-phase steels. It is expected that the body structure for future-generation midsize cars will contain 35 percent dual-phase and 8 percent martensite steels. 
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Presentation Notes
The Chevrolet Corvette Z06 already embodies this vision.  And, other models from other manufacturers do the same.  In addition to a lightweight aluminum frame (at 129 kg, 30 percent lighter than the steel frame it replaced), the Corvette Z06 also uses many advanced materials such as a first-in-industry magnesium engine cradle, magnesium steering column, steering wheel and brake module support bracket, carbon fiber floor pan (with a “unique in the industry” sandwich structure), front fenders and wheelhouses, and titanium valves and connecting rods. 
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T a b le  3 .  M a te r ia l U se  in  P N G V  V e h ic le s  ( lb s .)

M a te r ia l 1 9 9 4  B a se
V e h ic le P 2 0 0 0 E S X 2

P la s t ic s 2 2 3 2 7 0 4 8 5
A lu m in u m 2 0 6 7 3 3 4 5 0
M a g n e s iu m 6 8 6 1 2 2
T it a n iu m 0 1 1 4 0
F e r ro u s 2 1 6 8 4 9 0 5 2 8
R u b b e r 1 3 8 .5 1 2 3 1 4 8
G la ss 9 6 .5 3 6 7 0
L e x a n 0 3 0 2 0
G la ss  f ib e r 1 9 0 6 0
C a rb o n  F ib e r 0 8 2 4
L ith iu m 0 3 0 3 0
O th e r 3 9 1 1 9 3 2 7 3
T o ta l W e ig h t 3 2 4 8 2 0 1 0 2 2 5 0

     S o u rc e : D u c k e r  1 9 9 8

Material Use in Some PNGV Concept Vehicles

Presenter
Presentation Notes
Exactly what the mix will be is anyone’s guess.  These were two examples from Ford (the P2000) and Chrysler (ESX2) in concept vehicles in the PNGV program.  



Holistic Vehicle Efficiency ApproachHolistic Vehicle Efficiency Approach

Combined synergistic technologies
– Body and chassis of lightweight materials
– Small flex-fuel engine in a hybrid system
– Advanced batteries and/or capacitors

Toyota 1/X Concept (Prius mock-up)
– 33% weight
– 50% fuel consumption
– ‘Plausible’ application of carbon fiber 

reinforced plastic (CFRP)
• Benefit from Lexus LF-A sports car 

development and Toray’s increased 
production for the aircraft industry

– 500 cc engine (could be) adapted from 
available (hybrid) motorcycle technology

– Plug-in hybrid with Li-ion battery

KSH

KSH

Presenter
Presentation Notes
The Toyota 1/X is a possible game-changer.  Its size is comparable to a mid-size like a Camry or Prius, but the curb weight is only about 1,000 lbs (420 kg.), mainly due to its carbon-fiber-reinforced polymer-matrix composite body and chassis.   It would get about 100 miles per gallon.  It would just need a motorcycle engine.   Toyota says, however, that the main reason for use of the carbon-fiber-reinforced polymer-matrix composite is safety.  Nissan and Honda have recently announced plans to develop carbon-fiber composite applications.  
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(… barring some major shifts in politics or economics)

• Steel will predominate for high volume (numbers) models.

• Mg, Al and plastics will compete.

• The lighter weight materials like Mg and carbon-fiber 

composites will find extensive use in lower-volume niche 

vehicles mainly for performance reasons.

• The ultimate factors on adoption will likely be economic and 

political.
(most predictions of the future turn out to be wrong.)

Future 

Presenter
Presentation Notes
My general thoughts on the future are these.

(read verbatim)

Thank you. 
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http://www.eere.energy.gov

Bringing you a prosperous future where energy 
is clean, abundant, reliable, and affordable

Office of Energy EfficiencyOffice of Energy Efficiency 
and Renewable Energyand Renewable Energy

Presenter
Presentation Notes
If you would like more information on the DOE automotive programs, please access this website. 

http://www.eere.energy.gov/
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