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XChangers

MAJOR CHANGE IN THE GLOBAL TRUCK INDUSTRY

The past few years have seen major changes in the structure of the global truck industry.
Considerable consolidation has taken place, creating a number of truly global competitors seeking
to get superior performance through economy of scale benefits. While the industry has strived to
reduce the operational variety of its product offerings around the world, the whole industry has
suffered a cyclic downturn from which it is only now recovering. Concurrent with the prevailing
global economic conditions, truck makers must look at the emerging developing markets for any
significant long-term growth. The developed markets, although highly cyclic, only account for a
small proportion of the long-term growth of the industry, and by 2010 the developing countries of
Asia and Eastern Europe are forecast to account for some 25 percent of global demand. Against
this dynamic strategic background, truck manufacturers strive to make their product ever more
competitive for the customer, and they must work within an increasingly legislative environment.

Legislation and Customers Drive Engine Development

Fundamental to the future of the truck industry, its efficiency
and its environmental performance is the progress of
engine development. Although this can be said to have
always been the case, it is now more important than ever.
The reasons are twofold and reflect the nature of both
the industry’s customer base and the competitive
environment:

Firstly, the customer is demanding continuous
improvements in fuel economy; the level of customer
loyalty to a given truck brand is diminishing, particularly
amongst the large logistics operators. The haulage industry
today across most of the developed world considers the
truck as a piece of equipment much as it would a machine
tool or conveyor system. Cost of ownership rather than
purchase price is the deciding factor on which vehicle to buy. The most important
component in the cost of ownership equation is engine efficiency.

The second issue driving the industry is the legislative environment, which for two
decades now has been dominated by progressively more stringent emissions standards.
In the developed markets of Europe, North America and Japan the challenge of meeting
different but ever tightening emissions standards has been technologically difficult thus
far. However, the next decade will need some real technology advances if the industry
is to maintain its record of rising to the challenge and meeting the standards. Furthermore,
much of the developing world is now implementing emissions legislation imported from
Europe and the US more quickly than was the case a few years ago. Because of this,
advances that enable Euro IV and V, and EPA 2007 to be met will quickly be implemented
to meet upcoming standards in India and other developing nations.
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CHARGE AIR COOLERS - AT THE HEART OF DEVELOPMENT

Crucial to the performance of modern diesel engines is turbocharging and a key to maximising the
benefits available through this technology is intercooling using Charge Air Coolers (CACs). The use of
turbocharging enables better power outputs and the CAC allows this power to be produced with more
efficiency by reducing the temperature of air charge entering the engine and thus increasing its density.

As such a fundamental component within the engine, developments in CAC technology have a unique
role to play in meeting the difficult development targets over the next decade.
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The Charge Air Cooler and its Role in the Modern Diesel Engine

Modern trucks use turbocharged diesel engines because of their exceptional fuel economy, power and
durability. A Charge Air Cooler (CAC) is an integral part of any turbocharged diesel engine — an engine
using compressed intake air for improvement in engine efficiency. The CAC is located between the
turbocharger and the engine air inlet manifold. The purpose of a CAC is to reduce the air inlet temperature
thereby increasing air density and giving an increase in engine efficiency. Typically, the CAC will cool
air moving at high velocity from 200°C to 45°C, operating in a difficult environment of both physical and
thermal shock loading and constant vibration.
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Fig 2. NOx and particulate emissions standards for heavy-duty
diesel engines, US, EU and Japan



The US Environmental Protection Agency
(EPA) standards for 2007 represent a
90% and 95% reduction in particulate
matter (PM) and NOXx, respectively. By
comparison, the 2004 standards
represent only a 50% reduction based
on today’s standards. The 2007 emission
standards include PM reduction to 0.01
g/bhp-hr, and NOx reduction to 0.20
g/bhp-hr.

Over the same time frame Japan is also
implementing stringent new emissions
legislation, and the truck industry needs
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Existing CAC Technology is a Limiting Factor in Clean Engine Technology

To meet the forthcoming emissions legislation around the world, manufacturers
have needed a comprehensive review of engine design and are examining
closely a number of options including exhaust after treatments and improvements
in fuel quality. However, a major contribution to meeting these increasingly
stringent standards will come from improving the fuel delivery and mixing
process and air intake design. A number of emerging strategies to meet the

to develop technology to meet these new standards also call for Exhaust Gas Recirculation (EGR) (see figure 3).

legislative barriers at a pace rarely seen

before. The use of EGR will lead to higher boost pressures for intake gas mixtures.
In turn, this will lead to a higher charge air temperature after the compressor.
This means that the CAC will need to withstand increased thermal and
mechanical loads approaching the limits of the existing technology.

Existing CAC technology uses
aluminium alloys that at increased
temperatures and thermal stress levels
are approaching performance areas
in which they will fail. The aluminium
construction of CACs is one of the
limiting factors causing problems with
the adoption of engine technology such
as EGR to meet the emissions
standards of the future. Furthermore,
to enable the current generation of
aluminium CACs to be used, an
additional pre-cooler is needed, and
this requires a second intercooler with
all the associated problems of
additional cost and packaging
considerations.
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Fig 3. Exhaust Gas Recirculation (EGR)

Alternatively, new materials technology
in the form of CuproBraze® CACs can
be used, providing a more efficient
engineering solution in terms of both
cost and performance.

Existing Aluminium CACs Fail at an Alarming Rate

Even without the increased performance requirements demanded by new
emission standards, existing aluminium CACs fail at an alarming rate.
Published reports estimate that the average life of a CAC is currently about
3,500 hours. This indicates that as many as 100,000 CACs fail annually in
the United States alone.

Thermal cycling of aluminium creates weak spots in the aluminium tubes,
which cause the CAC to fail. The CAC must be able to withstand increasing
pressure and temperature. These higher temperatures and pressures will
cause an increasing amount of aluminium CACs to fail, and as the limitations
of aluminium as a material are approached, this situation is becoming
unacceptable.
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Many costly problems can and do arise from leaking
or damaged CACs. Incomplete combustion results in
a loss of engine power and unburned fuel in the exhaust
gases can cause loss of power, increased emissions,
increased fuel consumption and increased exhaust
temperatures leading to excessive engine wear and
other damage. This in turn elevates exhaust
temperatures, which will lead to premature exhaust
manifold failure.

Lack of boost density also leads to increased cylinder
wall temperatures and thus premature failure of piston
rings and valves, and increased overall engine block
temperatures. CAC leaks can also cause turbocharger
over-revving and failure due to insufficient backpressure.

The high failure rate of the current generation of CACs
is primarily due to the shortcomings of aluminium as
an engineering material for this application. The
increasing demands of new emissions standards and
better engine performance mean that the truck industry
must turn its attention to new CAC technology.

CUPROBRAZE: A NEW GENERATION OF CACs

Charge air coolers made from a combination of brass and copper, manufactured by using new
CuproBraze technology, can cope easily with the increased temperatures and pressures associated
with the next generation of truck engines.

CuproBraze is a revolutionary, new technology for manufacturing radiators and heat exchangers from
brass and copper for the tubes and fins respectively, using a special brazing alloy of copper, tin, nickel
and phosphorus. CuproBraze has been developed by the International Copper Association (ICA) and
is being implemented by members of the CuproBraze Alliance.

Besides producing more environmentally friendly radiators/heat
exchangers, CuproBraze has been widely acclaimed as being
cost-effective. Copper is among the most environmentally friendly
materials available for use in vehicle manufacture and can
be easily recovered for recycling. The thermal properties of
CuproBraze are far superior to those of aluminium and it is
applicable to a wide variety of heat exchangers, such as radiators,
oil coolers, charge air coolers, condensers and evaporators.

Current
Temperature
Range

Temperature

A CuproBraze CAC can operate at temperatures as high as 290°C
without metallurgical problems such as creep and fatigue affecting
performance or causing failure.

Tensile Strength (MPa)

The average inlet temperature in current charge air coolers is
190°C. However, to comply with new emission standards around
the world, the industry expects the average inlet temperature to
reach 246°C. As the physical properties of aluminium such as
tensile strength deteriorate rapidly above around 150°C, a situation
further aggravated by thermal cycling between 150°C and 200°C,
the truck industry needs to turn to the copper technology of
CuproBraze (see figure 4).

Temperature (°C)

Fig 4. Tensile strength versus temperature for aluminium and brass,
illustrating the superior high-temperature properties of brass tube.
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"CuproBraze technology takes advantage of copper’s superior conductivity and our
advanced copper technology increases the capacity of the charge air cooler to
dissipate heat," says Anthony Lea, Vice President of the International Copper
Association. "These features provide automotive manufacturers with the technology
to address the current and future emission standards in the US and EU."

CuproBraze technology is licensed by the International Copper Association (ICA) to
qualified manufacturers, and as the technology is increasingly demanded by the
automotive industry as a whole, CuproBraze manufacturing plants are being installed
throughout the world.

CuproBraze Technology will Play a Vital Role as the Technology of Choice for Advanced Cooling Systems

Today, the development of engine technology has reached a watershed and one of the limiting factors to technological
improvement is the current generation of CACs. Most manufacturers agree that the technology for engine cooling
needs to undergo major changes in order to comply with the stringent emission standards.

r

CuproBraze technology takes advantage of copper’s superior conductivity and our advanced

copper technology increases the capacity of the charge air cooler to dissipate heat.
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CACs are a critical component of turbocharged diesel engines, and key
to unlocking the benefits available through this technology. The existing
CAC technology, based on aluminium, has proved inadequate due to
inherent material performance limitations at high temperatures. This means
that to perform reliably, two aluminium intercoolers are needed, which is
both costly and causes difficulties with space and placement. A single
CuproBraze intercooler is a more cost effective solution.

Whatever type of clean truck engines are developed in the next few years,
CuproBraze technology is likely to play a vital role as the technology of
choice for advanced cooling systems.

For more information about CuproBraze, free literature and technical tips, A publication of the
you can look up the website of the CuproBraze Alliance at:

www.cuprobraze.com

If you have any questions or requests for information, you can email to:
info.cuprobraze@cuprobraze.com

Disclaimer

The information in this brochure is obtained or derived from sources believed to be accurate. The CuproBraze Alliance does not guarantee the accuracy or completeness of the information nor shall it be
liable for any errors in or omissions from the information or actions taken in reliance thereon.



