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Raising The Bar
Through Partnership
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Adrnane Brown

Presidert and CEQ

Honeywell Transportation Systems
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wid-wide turbocharging capabi

TURBO TECHNOLOGIES REDEFINE PERFORMANCE STANDARDS
PARTNERSHIPS LEVERAGE OPTIMUM COMPETITIVE ADVANTAGE
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Audi AB 4.2 TDI
Engine Specifications

* Engine layout - V8

* Displacement - 4134cm?3

¢ Maximum Power - 325hp @ 4000rpm
¢ Maximum Torque - 650Nm @ 1600rpm

L.
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Garrett® GT17 VNT™

BMW 745d

Engine Specifications

* Engine layout - V8

¢ Displacement ~ 4423cm?3

¢ Maximum Power - 300hp @ 4000rpm
» Maximum Torque - 700Nm @ 1750rpm

Garrett® GT17 VNT™

notve

Mercedes S 420 CDI

Engine Specifications

* Engine layout - VB

¢+ Displacement ~ 3006cm3

s Maximum Power - 314hp @ 3800rpm
¢ Maximum Torque ~ 730Nm @ 1800rpm

Garrett® GT17 VNT™




THIRD GENERATION VNT™ TURBO BOOSTS FLAGSHIP Vés
A PERFECT MATCH FOR DIESEL PARTICULATE FILTERS

ghlights Raising the Bar

DPF Technology

Diesel has been a key driver for CO,, emssions reduction over the
Turbocharger Specifications past 10 years, but now maor technological advances are bang
o Gay ® Twin Turbo GT17 YNT™ 379 Genaration made to deliver even cleaner engines

« Controlled by Rotary Blectronic Actuator (REA)

Diesel Particulate Filters reduce emissions of particulates almost
Turbocharger Key Benefits 1o zero. This progress in after-treatment technologies, particularty
through DPF, enables diesel engines 1o reach ultra low levels of

¢ Engineered for higher exhaust ( nperatures emissions that are 5 times lower than the ones required for Euro IV

¢ Meets stringent requirements linke

Filters (DPF) Such devices make for cleaner diesel cars - particularly when

combined with advanced turbo technologees that can work wathin

the higher temperatures demanded by DPF

Boosting the latest generation flagship V8s
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Garrett® GT17 VNT™

Ford Focus 1.8 TDCI
Engine Specifications \
* Engine layout - 4 in line -

Ll

* Displacement - 1753cm?3
o Maximum Power - 115hp @ 3700rpm B

* Maximum Torgue - 266Nm @ 1800rpm

Turbocharger Specifications
» Garrett® GT17 VNT™ 3% Generation
» Controlled by Rotary Blectronic Actuator (REA)

Turbocharger Key Benefits
» Enables engine downsizing

First VNT™ 379 generation turbo with REA
on a 1.8 liter engine

Garrett® GT22 VNT™

BMW 330d

Engine Specifications

 Engine layout - 6 in ine

» Displacement ~ 2097cm?3

¢ Maximum Power - 231hp @ 4000rpm
o Maximum Torque - 520Nm @ 1750rpm

Turbocharger Specifications
¢ Garrett® GT22 VNT™ 3™ Generation
» Controlled by Rotary Electronic Actuator (REA)

Turbocharger Key Benefits
¢ Ultimate low end torque

¢ Engineered for higher exhaust gas temperatures
¢ Meets stringent requirements linked to DPF

Making driving fun while protecting the environment
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Garrett® GT17 VNT™
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VW Passat 2.0 TDI 170 DPF

Engine Specifications

¢ Engine layout - 4 in line

¢ Displacement - 1868cm?2

& Maximum Power - 170hp @ 4000rpm
¢ Maximum Torque - 370Nm @ 2000rpm

Turbocharger Specifications
o Garrett® GT17 VNT™ 39 Generation

Turbocharger Key Benefits
¢ Best-in-class power output for the 2.0l engine class
¢ Meets stringent requirements linked to DPF

A key boosting technology and DPF enabler

Garrett® GT20 VNT™
Volvo S60

Engine Specifications

 Engine layout - 5 in line

¢ Displacement - 2401cm?3

¢ Maximum Power - 185hp @ 4000rpm
* Maximum Torque - 400Nm @ 2000rpm

Turbocharger Features
* Garrett® GT 20 VNT™ 3 Generation
¢ Controlled by Rotary Blectronic Actuator (REA)

Turbocharger Key Benefits
¢ Increased peak torgue and rated power
¢ Meets stringent requiremenits linked to DPF

Delivering increased torque and enhanced driveability



Kia Rio
(Pride Diesel in Korea)

Engine Specifications

s Engine Layout - 4 in ine

s Displacement - 1493cm3

¢ Maximum Power - 111hp @ 4000rpm

o Maximum Torgue - 240Nm @ 2000rpm

Turbocharger Specifications
* Garrett® GT15
» Thermo-decoupied turbine housing

Turbocharger Key Benefits
s Compact design

¢ Torque and maximum power
output iImprovement Garrett® GT1544V

Hyundai Elantra
{(Avante XD Diesel in Korea)

Engine Specifications

* Engine Layout - 4 in ine

o Displacement - 1483cm?3

* Maximum Power - 103hp @ 4000rpm
o Maximum Torgue - 240Nm @ 2000rpm

Turbocharger Specifications
¢ Garrett® GT15
¢ Thermo-decoupled turbine housing

Turbocharger Key Benefits
* Compact design
¢ Torgue and maximum power outputl Improvement

Providing great fuel economy and vehicle driveability



NEW PLANT ACCELERATES HIGH GROWTH PLANS FOR INDIA
TURBO TECHNOLOGIES FOCUSES ON EXPANSION IN INDIA

The Indica from Tata Motors the world harging lechnology has an extramely mportant

booster e
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The Ultimate
Bearing Performance



From awrplanes through racecars to skate boards - transportation
owes much 1o the versatile ball bearing due to its low-friction ad-
vantage. In the 80s, Honeywell engineers began adapting it for use

on Garrett® turbochargers.

Simple in concept, the design was n effect revolutionary. The Garrett
ball bearing is commonly called a “carindge,” which brings together
a pair of angular contact ball bearings onto a common outer race.
in one elegant, holistic assembly, the Garrett™ ball bearing cartndge
eliminates the need to have both radial and axle bearings, as has
been the case for the commonly-used journal bearings. The ball
bearings are capabie of handiing high thermal and mechanical load
as well as extreme speed while providing efficient distribution of

lubncaton

in 1988, the Garrett® ball bearing T2 turbo made its debut on
Nissan Motors' Siva gasoline engine, slarting a trend that has
grown into a cuit in the US and Japan among car aficionados for
Garrett® ball bearing turbochargers. In 1991, Nissan adopted Garrett®
ball beanng technology with a TO4S turbocharger in the IMSA
(international Motorsport Association) GTP Championship, winning
the race from 1988 10 1991. The technology went on 1o leave its
mark indelibly in races such as CART and Le Mans, and has now
become standard n World Rally and Le Mans due to its proven

rekability and performance.

The first commercial dhesel ball bearing turbo was developed for
the 1997 Nissan Diesel PF6T engine

*Compared 1o journal bearing, ball bearing technology prowdes a
significant reduction in friction by replacing a shding action with a
roliing mechanism - resulting in a faster response during the rev-up
of the engine,” said Wayne Waszikewcz, Dector of Commercial
Vehicle Product Engineering, Honeywel Turbo Technologies. “The
design is also extremely reliable and durable. ”

Since a ball bearing turbo requires less than half the oil flow of a
nomal turbo, it dramatically reduces the possibility of damage due
to oil leakage. The facl that a ball bearing turbo can handle all kinds
of loads makes it ideally suited for racing and other performance
demanding apphications.

Honeywell engineers in the US are currently working on customs-
zing ball bearing technology for a high volume commercial vehicle
engine program aimed at meeting 2007 US emissions standards
while making the engine more responsive and fuel efficient. At the
same time, ball bearing technology is also beng considered for
commercial vehicle apphications in China, where contaminated lube

remams a concerm.

Garrett” Ball Bearing Racing 1

Higher Standards



PEOPLE CENTERED CULTURE REAPS REWARDS
QUALITY AND PRODUCTIVITY EARN TOP SUPPLIER ACCOLADE

Be Proactive




Be Successful

Alkoku, based at Nagoya in Japan, has been supplying compres-
sor wheels to Honeywell since 1998, and recently received a top
supplier award in recognition of defect-free quality, 98% on time
delivery and 20% year on year productivity improvements. it is
this performance that has earned the company ‘premier’ supplier
status for the las! two years

Alkoku believes that the secret of its success lies in its approach
to business, which is founded on a public commitment that the
company should exist in harmony with its employees, empowering
them to take initiatives and be proactive

Empowerment is much more than a state of mind at the Alkoku
Alpha Corporation - it's at the heart of a business ethos that’s deli-
vering benchmark standards in quality and customer senice

This culture encourages a spirit of innovation and enables people
to focus on the needs of customers — and the results speak for
themselves.

The supply of fully-forged and machined aluminium compressor
wheels 10 Honeywell has grown from 1481 units in 2000 to over
100, 000 units in 2005. Initially, Alkkoku suppled Honeywell's race
division but then came an opportunity 1o manufacture compressor

wheels for the commercial desel segment. Gradually, the partnership

developed to a point where the company now ships to the US,
Brazl and Japan, with Europe and other Asian countries soon 1o follow

Max Kanamaru, Senior Managing Director at Aikoku, says that
employees are true management partners

“*Our business employs people who share a common purpose,
who are masters of their jobs, who thrive as team members and
who demonstrate pride and responsibility in thes work.”

Alkoku's success is reflected in its nigorous approach to quality
control and in its nvestment in advanced manufacturing technolo
gees for the Honeywell production line, including automatic measu-
rement systems and robotics. The team supporting Honeywel
comprises 40 people integrated from engineering, manufacturing
and sales.

Concludes Mr. Kanamaru: “We do not see ourselves as passive
pariners - our responsibility is to meet our targets but we should
also go further by suggesting innovative ways of improving proces-
ses, in areas such as concurment engineering, so that we add vailue
both to Honeywell and 10 their customers.”

boostermagazne 13




HONEYWELL THINKS INSIDE AND OUTSIDE THE BOX
TECHNOLOGIES REFLECT A LANDSCAPE OF EXTREMES

I'he Asian

From the sophistication of Japan’'s automotive sector to the
enormous opportunities opening up in China, Asia is a regi-
on of true diversity. Flexibility is the prerequisite for success
in Asia, where market conditions reflect the full dynamics of
the global automotive industry.

Q: You have worked in both Europe and the US - how is Asia
different from those two regions in terms of automotive trends?
A: Asia 18 a region of extremes, from the sophistication of Japan
and Korea through to the emerging opportunities in China, with

Paolo Carmassi
Honeywel Turbo Technologies’ countries such as Malaysia, Indonesia and Incka also at varyng

Vice President and General stages of development. Asia is a much broader landscape than
either Europe or the US. The challenge it presents makes it a fun

Manager, Asia, assesses the

state of play. place for me 10 be in.

Q: In the area of boosting, what are the major automotive trends?
A: Japan 18 much more akin to Europe - with a mature dome-

stic marketplace and an aggressive goal of exporting overseas.
Likewise, Korea is on a similar path but perhaps two or three
years behind. in China, the domestic industry is focused mainly on
heavy-duty trucks, moving towards ight-duty trucks and leading
eventually to passenger cars.

booster: v
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SUV'S LAUNCH THIRD GENERATION VNT™ INTO ASIA
UPRATED PERFORMANCE BOOSTS MARKETING DRIVE
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TURBO TECHNOLOGIES TRANSCEND BOUNDARIES
HONEYWELL ADDS VALUE TO FAR EAST CUSTOMERS

Japan

Thinks Global, Acts Local

Woridwide businesses increasingly require giobal support - so
when Japan's automotive manufacturers focus on the European
market, they tum to major partners like Honeywell for key enabling
technologes

Honeywell's Japan operation has a significant track record in
innovating the future ~ from the Garrett® ball bearing T2 turbo in
the Nissan Silvia gasoline engine in 1988 to the first Garrett® ball
bearing turbo for commercial diesel in 1997

But business never stands still. Now there's a new challenge for
Japanese manufacturers - the diesel segment in Europe. The ques-
tion may be as simple as whether water-cooled or air-cooled center
housings are right for Europe, but Honeywell not only has the expe-
rience 1o provide the answer... but also 1o deliver the technology.

The current priorty for Japanese OEMSs is the launch in 2007 of vehic-
les using Honeywell's third generation Garrett®™ VNT™ turbocharger.

*Our strength lies in our ability to tallor services 10 our local custo-
mers while allowing them to benefit from our worldwide capabiities
and competencies,” says isao Tahara, General Manager of
Honeywell Turbo Technologies in Japan. “Our global account teams
work closely with each customer to add value in areas such as
product developrment, application engineering, product launches
and on-gong support

*Ouwr customers in Japan are demanding shorter development lead
time - 18 months now compared to 36 months four 1o five years
ago. Critically, we are able 10 leverage advantage by using our
global expertise and industry knowledge and offering direct support
in Europe to meet the requirements of partners such as Toyota,
Honda and Nissan.”

But in the end, it's Honeywell's portiolio of innovative technolo-
@es that adds greatest value. Indeed, according to Mr. Tahara,
forward-looking Japanese car makers are already testing some of
Honeywell's latest turbocharging technologies,




SHANGHAI TECHNOLOGY CENTER COMPLETES GLOBAL RESOURCE
CUSTOMERS SHARE BENEFITS OF ‘SUNRISE’' SUPPORT

Round the World

L

o ’

Honeywell has officially opened its Shanghai Technology Center, While the opening of the facility is another milestone in the tech-
the largest turbocharger research faciity n Asia nological legacy of Honeywell's Turbo Technologies business, f is
just one aspect of Honeywell's automotive presence n China. The
The research center employs 200 engineers and technicians company has operated a turbo manufacturing facility in Shanghai
working in core engineering competencies including structure and since 1994, producing nearly two milkon turbochargers in the last
fatigue, aerodynamics, rotordynamics, vibro-acoustics, metallurgi- eleven years. With growing domestic demand for diesel engine
cal and product engineering. A test lab facility will focus primarily trucks in China, Honeywell expects to produce more than 550,000
on turbocharger performance and refiabidity testing. turbos this year 10 meet the needs of ils customers

With the addition of this state-of-the-art Shanghai research center,
Honeywell Turbo Technologies’ giobal engineering network - with
technical centers also in Europe, North Armerica, and Japan - is
now capable of delivering round-the-clock service to its automotive

customers around the world.



Round the Clock




EMISSIONS

Regulations

Drive Clean Diesel

INTERVIEW W. ADDY MAJEWSKI

W. Addy Majewski, the creator and editor of DieselNet.com,
an online information service focused on clean diesel engi-

nes and diesel emissions, is an engine emission technology
consultant based in Canada. Booster magazine recently in-

terviewed Mr. Majewski on the drivers and trends of world-

wide diesel emissions regulations.

What are the historical trends regarding emissions regulations?
Early emissions regulations, such as those introduced in the US

in the 1970's, focused on emissions of carbon monoxide and
hydrocarbons from gasoline engines. By the 1990's, the priorities
had shifted, and the control of particulate matter (PM) and nitrogen
oxides (NOx) emissions - mainly from diesel engines - became the
focus of new ermissions legisiation.

I's my view that environmental prornties will gradually shilt rom
exhaust emnissions (o the emission of greenhouse gases (GHG),
and to energy supply. This in turn will stimulate the development of
more energy-efficient powertrains, including those utilizing advan-
ced diesel engines.

Why is energy supply a factor behind diesel emissions regu-
lations?

The imited production capacity of crude ol and natural gas will be-

come a serous imiting factor for the world's fossil fuel dependent
economy. The “peak oi” year (1.e., the maximum supply year, after
which the production will no longer satisfy demand) is predicted
by some 10 occur as early as 2008-2010. The worid's ol and gas
fields are dechning in production at an average rate of 4 to 6% per
year, while the demand is growing al an estimated 1.7% per year.
As a result, energy conservation becomes imperative.

20 boostermagazne

You mentioned greenhouse gases. How is climate change
related to emissions regulations?

increased usage of diesels, as witnessed in European Union
countries, helps reduce fuel consumption and CO; emissions. This
results in increased PM and NOx emissions. But PM emissions can
be controlled with little adverse impact on fuel economy, although
more progress needs to be made in NOx reduction technologes.

In the US, climate change factors still have little impact on shaping
environmental policies. GHG reduction regulations for ight-duty
vehicles have been adopted in California, but are facing legal
challenges.

How do health concerns impact diesel emissions regulations?
Based on the medical research evidence, particie poliution has
been recognized as an Ncreasingly Senous PUbC Nealn 1ssue. AS
a result, diesel emissions standards are being adopted worldwide
thal require the use of particulate fiters on practically all types of
new diesel engines.

in terms of NOx, it has been associated with the formation of pho-
tochemical smog and troposphernc ozone. As a result, it has be-
come one of the major targets among regulated diesel emissions.
However, since 100 stringent NOx standards result in poorer fuel
economy and increased CO», future NOx emissions imits will likely
be balanced with the CO; emissions reduction targets in countries
focused on reducing GHG emissions.






Record Breakers

It was a race that rewrote the hestory books. Tom Kristensen, in the The success was no surprise 1o Honeywell Motorsports b

NAger,

Garrett® boosted Audi R8, clamed his 7th win in 24 hours of Le Mans, Doug Miliken, “From the moment we began working together on the

fing the last six races in succession. Kristensen's victory also engine program, Audi showed an extraordinary commitment and de

capped a record of six consecutive wins for the VW group at Le Mans — termination to win the race. Audi prides itself, as a brand, on its qualit

one for Bentley and five for Audh. and refiability, and sees Le Mans as a fantastic way of communicating

in doing 80, he became the most successful driver in the hstory of the

event - and all this despite new regulations imiting the power available Now Audi is looking 1o its next generation of racecar, due 10 debut at

to the team Le Mans in 2006. There's speculation about whether they will follow
the Peugeot route, which is coming to Le Mans in 2007 with a turbo

The rule changes introduced by the ACO (Autormobile Club de desel racecar

L'Ouest) me

t the teams running older cars, such as Audi, had 1o

it the mavamum arflow 10 the engine, S0 reducing the power avas "But one thing is certain, they won't come to the race without an
lable in the case of the Audi by 30hp engine that is proven, .. and a potential race winner,” says Doug

In addition, the team had to accommodate 50kg of ballast. Audi took In fact, there is speculation that diesed technology will encourage othe
the strategic decision to work within the new rules rather than build a OEMs to enter the Le Mans arena, as the manufacturers prove not
hybrid car or develop a new engine. just the durabiity and fuel efficiency of this technology, but its ability tc

outperform gasoline engines

At first, the pundits’ concerns over a lack of power seemed justified,

but in the end the regulations actually enhanced the Audi durability .

and the team brought home yet another stunning victory.

o — e e s S AR e . T __ R =

B Audi Sport
North America
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Power with Durability

At Le Mans engne cont 9 wal
ons offer a vanety of strategies
for acheving the maxamum
allowable airflow. These con
figurations bias one or two of
the three ndependent vanab
es thal determine maxamum
arflow displacement volume
enging speed and ar inlet

density

The airet restictions introdu
ced at Le Mans challenged
engineers at Audi to maxmize

the engine boost benefits of

their turboch

ged engines
within the new specifications

sel by the organizers.

TI.’[,".K_":]_".“}:"(; ar

10 debver n,r]:_ by

mance with s

nternal mertia loadng because

the smaller. and therefore qt

ter, reciprocating components

are operating at lower speeds

Excerpt frorn SAE Techn
cal Paper #2002-01-3362
authored by Doug Miliken,

Honeywel.
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Ron Lummus -

In His Own Words

Ron Lummus learned his trade
racing VWs, and had been win-
ning multiple championships
and setting records all over the
worid in the previous 15 years.
But when he was offered the
seat in the Garrett® racecar he
was presented with a whole

new set of challenges.

“I've raced all my life, but even
for me the first time we raced
the car was very special.

“Jumping behind the wheel

of something that weighs
2,250ibs where all the steenng
and horsepower is laid through
the front wheels is an arm-
wrestiing expenence and takes
a surprising amount of finesse.

“What amazes me is that the
team achieved so much in
such a short space of time

- but then everything that
Honeywell gets involved in is
done with enormous professio-
naksm. Smart people make the
difference.”




Media \Watch

Turbo achieves wonders for diesel cars, which, after winning over European drivers, are
becoming popular in other parts of the world. For gasoline engines, the trend points at
GDI combined with turbochargers. Here is a selection of the latest quotes in the media.

“Turbochargers have become a virtually universal

L, . __ feature of modern car diesel engines, giving them
b .f.a‘_—’ ' far superior performance than their slow (and smelly)
lF -’j’,;m/ (g | predecessors and at last allowing diesels to match
S - {,. Al — almost - petrol cars for pace while providing up to

| > Vnana ¥ 30 percent better fuel consumption.”
———— | " FT

“We are convinced that the future of diesel is just
beginning,”

“Diesels have an advantage over gasoline- electric
hybrid powertrains because they are less expensive
and less complex to build. And they deliver about
the same fuel economy gains as a hybrid.”

desy e

Automotive News

“Better fuel economy and lower emissions from
gasoline direct-injection engines are getting closer.”

K. May 2

AutoWeek

“A key part of the new engines is turbocharging,
which lets smaller, lighter engines deliver the same
power as larger engines.”

Europe




