FACT SHEET XXL SCHAEFFLER

FORMULAE 2016/2017
ABT Schaeffler Audi Sport

v >y
Champions!

The ABT Schaeffler Audi Sport
team celebrates winning Formula E
electric racing series championship
title with Lucas di Grassi
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Editorial

Cutting edge technol-
ogies, discipline, team
spirit, courage, determi-
nation, experience and
fortune — this and much
more finally brought
our ABT  Schaeffler

i Y
a / j‘ Audi Sport squad the
Jorg Walz long-awaited  Formu-
Vice President la E championship title.
Communications and Sch ler has b
Marketing Schaeffler chaeffler has been ex-
Automotive clusive technology part-

ner to the team since the
creation of this innovative racing series. We under-
take pioneering work in the field of electromobility
and provided the key component in the champion-
ship winning race car — the drivetrain for the ABT
Schaeffler FEO2.

Formula E was mocked occasionally at its birth.
Virtually silent racing cars — that can’t possibly be
motorsport. In the meantime, the majority of critics
have fallen silent. The series offers not just thrilling
racing in the center of megacities around the globe,
it is now moving increasingly into the focus of au-
tomobile manufactures and the global public away
from trackside. Because it is in touch with the latest
trends. We are proud to be a crucial part of this ex-
citing project once again in the forthcoming years.

A review of the previous three seasons, everything
you need to know about the technology, our team
and our drivers as well as short reports covering
every race of the season past are found on the fol-
lowing pages. Have fun!
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Welcome
to the

Electric, in city centers throughout the world -
this is Formula E. Forget everything that you
knew about motorsport before now, and
experience the world of the first fully-electric
international racing series

Formula E simultaneously offers various unique
motorsport features. The most obvious: in con-
trast to conventional combustion engines (as
used in the DTM) or hybrid powertrains (as used
in the WEC) the race cars are powered exclu-
sively by electricity. Development of the elec-
tric motor as well as the gearbox and relevant
control software is free. Schaeffler is responsi-
ble with the team for the entire drivetrain. From

future!

the outset a successful combination that was
ultimately crowned with the 2016/2107 cham-
pionship title. The energy is supplied by a near
320 kilogram battery, which is standard for all
teams, located at the rear of the car.

Second unique feature: Formula E does not
stage its races on permanent race tracks, but
exclusively on temporary circuits in the cities. In
this way, motorsport comes to the fans and not
viceversa. The unusual and attractive venues are
made possible by the low noise level of the cars
and zero emissions. Even the electricity required
to charge the batteries is produced directly on
location using an Aquafuel glycerin generator.
The venues are unique in the motorsport world:

Electrifying Team ABT Schaeffler Audi Sport

Buenos Aires, Paris, New York, London and
Beijing are just a few examples of the megacities
on whose roads Formula E cars race.

Manufacturer involvement
on the increase

Electromobility plays an increasingly larger
role in the automotive sector. An ever growing
number of manufacturers use the opportunity to
presenttheirown brandsina “charged” environ-
ment like Formula E. In the coming 2017/2018
season, Audi takes over the defending champi-
on’s entry and changes the name to Audi Sport
ABT Schaeffler. In the subsequent season, BMW
also enters Formula E as works team, Porsche
and Mercedes-Benz follow a year later. [ ]
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2014/2015 season

Electricity and motorsport — this concept has appeared every
now and again. More than 100 years ago, it wasn’t at all clear
that the combustion engine would lead the race. The first car
that broke the 100 km/h barrier was the “La Jamais Contente”
from 1899 - a rolling battery with a torpedo-shaped design
and e-machine. In recent years, hybrid racecars competed at
Le Mans, like the Panoz Q9 GTR-1 Hybrid from 1998 and the
Audi R18 e-tron quattro and Porsche 919 hybrid each winning
on three occasions. Formula E goes one step further in its de-
but 2014/2015 season: for the first time a pure electric pow-
ered single-seater race series is held worldwide in the biggest
megacities on this planet, with a Fédération Internationale de
'Automobile FIA title in which high-profile teams and drivers
compete against one another. ABT and Schaeffler from day one
have been doing pioneering work in this racing series that will
establish itself as a widely noticed sports stage and develop-
ment laboratory for electric mobility. [
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First time In June 2014, the Audi Sport ABT Formula E team completes its first
test kilometers for the forthcoming season in Donington, England. The still
entirely “naked” racer uses a standard chassis (Spark/Dallara), standard motor
(McLaren) and standard electronics

What a start Lucas di Grassi wins the first ever Formula E race. Following his
victory in Bejing, the Brazilian also celebrates five more times on the podium. In
a thrilling title fight, which runs all the way to the final, he must ultimately settle
for third overall

Clearly visible Schaeffler is an integral partner of the project

Here’s to a good cooperation In mid-August, about one month before the
season starts, ABT announces the cooperation with Schaeffler as exclusive
technology partner. Schaeffler Chief Technology Officer Prof. Peter Gutzmer (left)
and team boss Hans-Jiirgen Abt upon signing the contract
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Final standings drivers’ championship

P Driver Pts

1 Nelson Piguet junior (BR)
NEXTEV TCR

2 Sébastien Buemi (CH)
Team e.dams Renault

3 Lucas di Grassi (BR)
Audi Sport ABT

4 Jérdme D’Ambrosio (B)
Dragon Racing

5 Sam Bird (GB)
Virgin Racing

6 Nicolas Prost (F)
Team e.dams Renault

7 Jean-Eric Vergne (F)
Andretti Autosport

8 Antédnio Félix da Costa (P)
Amlin Aguri

9  Loic Duval (F)
Dragon Racing

10 Bruno Senna (BR)
Mahindra Racing
11 Daniel Abt (D)

Audi Sport ABT

Final standings teams’ championship

P Team

1 Team e.dams Renault
2 Dragon Racing

3 Audi Sport ABT



2015/2016 season
v I

2016 PARIS ePRIX
Nt

i .
® g e

191 %

: Runner-up Lucas di Grassi (left) missed the
Lol championship title by just two points. Here in Paris he
s ~ celebrates one of his three victories of the season
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2015/2016 season
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New race car Presentation of the new ABT Schaeffler FEO1 race car with Schaeffler
Chief Technology Officer Prof. Peter Gutzmer, the two drivers Lucas di Grassi and
Daniel Abt as well as team boss Hans-Jiirgen Abt (from L to r). Resplendent in the
background the new ABT Schaeffler Audi Sport team logo

N

Local cheers In Berlin of all places and in front of his home crowd Daniel Abt finishes
second to claim his best Formula E result so far

w

Schaeffler know-how As the team’s exclusive technology partner, Schaeffler develops
a unique electric motor and shapes the race car’'s complete drivetrain comprised of
motor and transmission

4 Winner di Grassi and Abt third in Long Beach For the first time in Formula E, both ABT
Schaeffler Audi Sport team drivers stand together on the podium
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Final standings drivers’ championship

P Driver

1 Sébastien Buemi (CH)
Renault e.dams

2 Lucas di Grassi (BR)
ABT Schaeffler Audi Sport

3 Nicolas Prost (F)
Renault e.dams

4 Sam Bird (GB)
DS Virgin Racing

5 Jéréme D’Ambrosio (B)
Dragon Racing

6 Stéphane Sarrazin (F)

Ve i) (RorTav [ W Season two sees the dawning of a new era. Al-
7 Daniel Abt (D)

ABT Schactfler Aud Sport though the familiar chassis and standa.lrd ba.t-
8 Loic Duval () tery are used, the rule makers make drivetrain
Dragon Racing development free. From now on, the teams use

9 Jean-Eric Vergne (F) their own versions of E-motors, transmissions
DS Virgin Racing

10 Nick Heidfeld () and power electronics. E-mobility pioneer
Mahindra Racing Schaeffler contributes the expertise for the
drivetrain in the new ABT Schaeffler FEO1 race
car. The motor power in practice is increased
from 170 to 200 kW and from 150 to 170 kW in
& feam the race — the additional energy that the driv-
1 Renaulte.dams . T
2 ABT Schaeffler Audi Sport er can deploy via the FanBoost is increased to
3 DS Virgin Racing 100 kilojoules. Lucas di Grassi and Daniel Abt
again occupy the monoposto cockpits. [ ]

Final standings teams’ championship
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Formula E has long since developed into an established
force in motorsport. Even better still: in July 2017, with Final standings drivers’ championship
Audi, BMW, Mercedes-Benz and Porsche four big German P Driver Pts
automobile manufacturers announce their works entries. 1 Lucas di Grassi (BR) 181

In 2016/2017, the governing body leaves the proven
2 Sébastien Buemi (CH) 157

technical and sporting aspects as good as untouched. Renault e dame
ABT Schaeffler Audi Sport competes for the third succes- 3 Felix Rosenquist (9) 127
sive time with the driver-duo Lucas di Grassi and Dan- Mahindra Racing
iel Abt. With twelve races, the calendar includes more 4 Sam Bird (GB) 122
events than ever before. m DS Virgin Racing

5 Jean-Eric Vergne (F) 117
TECHEETAH
6 Nicolas Prost (F) 93
Renault e.dams
7 Nick Heidfeld (D) 88
1 The goal of our dreams At the highly dramatic season Mahindra Racing
finale in Montreal, Lucas di Grassi dislodges defending 8 Daniel Abt (D) 67
champion Sébastien Buemi from the championship lead
and becomes Formula E champion 9 José Maria Lopez (RA) 65

2 Visit from on high Georg F. W. Schaeffler, Shareholder and DS Virgin Racing
Chairman of the Supervisory Board of Schaeffler AG, keeps 10 Stéphane Sarrazin (F) £
his fingers crossed on location for the ABT Schaeffler Audi TECHEETAH
Sport team at the penultimate race weekend in New York

Final standings teams’ championship

P Team Pts
1 Renaulte.dams 268
2 ABT Schaeffler Audi Sport 248

3 Mahindra Racing 215
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Show colors The ABT Schaeffler FEO2 is sporting ' J < ﬁ
the Schaeffler motto “Mobility for tomorrow.” At \ v
the company’s home event in Berlin, hundreds of »

employees cheer on from the grandstands
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High-tech for the
race track

The ABT Schaeffler FEO2 is a purebred racer packed with high-tech. While most of the
components, including the battery and the entire aerokit, are identical for all contenders,
Schaeffler and ABT have developed the entire powertrain

18-inch wheels with Michelin control tires Hydraulic dual-circuit braking system,

(same tread as for production cars) adjustable brake force distribution

Length 5,000 mm
Width 1,800 mm

Height 1,250 mm
Weight min. 880 kg Practice and Qualifying 200 kW (270 hp)
including driver Races 170 kW (231 hp) plus FanBoost

Standardized steering wheel with paddles for shifting
and recuperation, controls for various engine settings
and a display for all key information

Developed by Williams
Advanced Engineering, charging
time: approx. 45 minutes

o CHAEF

r‘nﬁl.l.fr.ry dor tmOTRNTr el

three-speed transmission

Specification carbon fiber-
aluminum chassis from Dallara

Adjustable front and
rear wing

Optimized
suspension
with increased
stiffness and
improved
kinematics

Electric motor ABT Schaeffler MGU 01+,

Video
The powertrain of the
ABT Schaeffler FE02

15
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Top team performance
ABT Schaeffler Audi Sport
is in contention for victory
in every race

The basic concept for the powertrain of the ABT Schaeffler FEQ2
remains identical to last year. For the 2016/2017 season, the

engineers focused on improving many details

ABT Schaeffler Audi Sport heads off on the
Formula E tour around the world with a power-
train that has been improved in many aspects.
ABT Schaeffler MGUO1+ — even the name
makes it clear that the powertrain is based on
the combination of the electric motor and trans-
mission from the successful season two model.

The engineers of the exclusive technology
partner, Schaeffler, have focused on further im-
proving the torque and drive efficiency. More-
over, the weight has been further reduced. The
transmission features three gears and has also
been further optimized in its efficiency and
gearshift times.

Looking ahead

At the start of the fourth season in Decem-
ber 2017 in Hong Kong a new era dawns for

2,225

kilometers have been covered by the
the twelve races of the 2016/2017 se

the team after being taken over by Audi. At the
German home event in Berlin in June 2017,
the automobile manufacturer and Schaeffler
agreed a three-year cooperation to further
develop the drivetrain. “The saying ‘Never
change a winning team’ is probably never
more pertinent than it is today,” explained
Prof. Peter Gutzmer, Vice Chairman of the
Board and Chief Technology Officer of Schaef-
fler. “We are already in the middle of testing
for the next season.” |
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Astrongteamin the cocl

In Lucas di Grassi and Daniel Abt the squad of Hans-Jiirgen Abt has its dream
team filling the cockpits of the two Formula E race cars. The experienced Brazilian
and youngster Daniel Abt are not only fast and technically adept but perfectly
harmonize with each other off the race track as well

:.,t;|lj’l|-.1'i l'r-ll

2005
2006
2007

2008

2009

2010
2013
2014

2015

2016

2017

1st in Macau GP
Formula 1 Test

2nd GP2 series,

Formula 1 test driver

3rd GP2 series,

Formula 1 reserve driver
3rd GP2 series,

Formula 1 reserve driver
Formula 1

3rd in Le Mans 24 Hours
2nd in Le Mans 24 Hours,
4th WEC

4th in Le Mans 24 Hours,
3rd FIA Formula E

3rd in Le Mans 24 Hours,
2nd FIA Formula E

1st FIA Formula E

Lucas di Grassi I_]_
Highlights

Vita
Date of birth August 11, 1984
Place of birth Sao Paulo (BR)

Domicile Monaco (MC)
Height 1.79m
Weight 75 kg

@ lucasdigrassi.com.br
Kl lucasdigrassiofficial
¥ @LlucasdiGrassi
lucasdigrassi

/
== Daniel Abt :)6

Highlights

2007

2008
2009
2010
2011

2012
2013
2014
2015

2016

2017

2nd ADAC Kart
Championship

8th ADAC Formula Masters
1st ADAC Formula Masters
2nd ATS Formula 3 Cup
4th FIA Formula 3
International Trophy,

7th Formula 3 Euro Series
2nd GP3 series

GP2 Series

GP2 Series, FIA Formula E
1stin Le Mans

24 Hours (class),

11th FIA Formula E

19th ADAC GT Masters,
7th FIA Formula E

8th FIA Formula E

Vita

Place of birth Kempten (D)

Domicile Kempten (D)
Height 1.79m
Weight 70 kg

@ danielabt.de
E abtdaniel
¥ @Daniel_Abt
daniel_abt
@ AbtDaniel

p

Date of birth December 3, 1992

19




A tradition

o mnovatlon

ABT Sportsline — the world’s leading tuner of vehicles from the Volkswagen Group and
successful motorsport team in the DTM. Together with Schaeffler, the Allgdu-based squad
enthusiastically tackles a new motorsport challenge in Formula E

ABT Sportsline is one of the most successful
motorsport teams in Germany and Europe. Its
history in racing dates back almost 70 years and
began with initial victories scored by Johann Abt
in the 1950s. The first recorded success took
place in a dirt track race, followed by victories
and titles in touring car, sports car and formula
racing. 2009 has gone down in the company’s

history as the most successful year to date: Timo
Scheider won the DTM, Christian Abt the ADAC
GT Masters in the Audi R8 and youngster Daniel
Abt was victorious in the ADAC Formula Masters.
Previously, in 2007, Schaeffler and ABT had
jointly celebrated success as well: with the logos
of LuK, INA and FAG on his A4, Mattias Ekstrom
won his DTM title number two.

Hall of Fame Success not only in single-seater racing

Founded as a smithy in 1896, the ABT
company has been continually developing
ever since. Just one thing has never changed:
the family still runs the company with about
170 employees and partners in 50 countries
around the world. CEO Hans-Jlirgen Abt now
represents the fourth generation at the helm.
For ABT Sportsline, the commitment in Formu-
la E also marks a return to the roots, as the
team celebrated success in formula racing
as far back as in the early 90s — among oth-
ers, with Ralf Schumacher in the cockpit
back then. |

Moments

Johann Abt (t 2003), father of Hans-
Jirgen and Christian Abt, becomes
European Touring Car Champion

The STW Championship marks the
first major title for Christian Abt
and the team

Sporting the logos of the
Schaeffler Group, Mattias Ekstrém
becomes DTM champion

Christian Abt, Timo Scheider and
Daniel Abt clinch three titles in a
single year

ABT, Schaeffler and Lucas di Grassi
win the Formula E title
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On and off the

A Formula E season is a world tour. All the

information, facts, results and anecdotes from
the nine race weekends as well as a glance at the

respective mobility situation at the venues
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Setting an example

Hong Kong

More than seven million people scurry around the densely-packed precincts of
Hong Kong. And yet, according to a study by the American business consultancy

Arthur D. Little, the city is leading the way in urban mobility b sipi

U
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5 minutes
on foot to the next station in
Hong Kong’s congested urban

center. At peak hour, the trains
run every 90 seconds on ten lines

of people use public transport — or 92 percent
including pedestrians~ -~

i - - = i —

Urban planners and builders in Hong Kong
face many obstacles such as mountains, val-
leys and bodies of water, as well as extreme
climatic fluctuations and cash-strapped resi-
dents. 7.1 million people live in an area cov-
ering just 1,100 square kilometers — that’s
6,400 people per square kilometer. By com-
parison, the ratio in Hamburg is around 2,300.
Moreover, around 50 million tourists visit
Hong Kong every year.

A perfect local ic transport system

Only eight the population use

bikes or private arge European cit-

orti nts to 40 to 70

pita in Hong

tudy with 73

Europe and

00 vehicles. The

eat is an almost
rt (LPT).

ratio is a

perfect s
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Hong Kong =

The star of local public transport is the sub-
way. In congested areas, the next station is no
more than five minutes away on foot. The close-
ly-meshed network of the public bus system is
reinforced by a range of private providers — mini-
buses. The vans do not run to a fixed timetable
and their routes stretch predominantly from one
side of the city to the other. A shout lets the driv-
er know when passengers want to hop on or off.

But even an exemplary example of urban
mobility like Hong Kong also has its weak
points — namely car sharing, bike sharing and
cycle paths. The fact that the push bike is al-
most non-existent as a means of transport is
again due to the high population density. Side-
walks and roads are packed with people, taxis
and buses. Bike paths don’t exist. Many Hong
Kong Chinese don’t even know how to ride a
bike as it was never part of their upbringing at
home or at school. ]

Mastered Hong Kong is a pioneerin
overcoming challenges in urban mobility

“‘llllljti“
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#11 Lucas di Grassi

Exciting races in megacities and fans who
stand shoulder to shoulder with their idols -
Formula E celebrates a successful opening in
Hong Kong. Just as the previous season ends,
the current one starts with the “eternal fight”
between reigning champion Sébastien Buemi
and Lucas di Grassi. After qualifying things
don’t look much like a head-to-head duel.
Di Grassi stranded 19th on the grid due to a
mishap, Buemi tackles the race from fifth pla-
ce. A safety car phase towards the middle of

“This second place

feels like a win”

the race opens the opportunity for teams to
deploy different strategies regarding the man-
datory pit stop. Di Grassi is the first driver to be
called into the pits. A good decision. In the se-
cond half of the race, the Brazilian sprints up to
second place. Team mate Daniel Abt was more
unlucky: on the first lap he was hit by several
competitors and was consequently called into
the pits by the stewards to repair the rear wing.

Later he must retire his car early. [

27

Hong Kong E&

Race
P Driver Time
1 S.Buemi (CH) 53m 13.298s
2 L.diGrassi (BR) +2.477s
3 N.Heidfeld (D) +5.522s
4 N. Prost (F) +7.360s
5 A.Félix da Costa (P) +17.987s
6 R.Frijns (NL) +21.161s
7 ). D’Ambrosio (B) +28.443s
8 0. Turvey (GB) +30.355s
9 M. Engel (D) +30.898s

10 S.Sarrazin (F) +31.734s

Laps 45

Pole position N. Piquet jr., 1m 03.099s
Fastest race lap F. Rosenqvist, 1m 02.947s
#FanBoost . Lopez, S. Buemi, L. di Grassi

“That was not

races make up the 2016/2017
Formula E season. In the first two

the start to the - &
S Sl
hoping for” § ’;’ =

#66 Daniel Abt &CHEEF};LH

Hong Kong Central Harbourfront Circuit I 1,860..

Track length

32 km/h C.

Slowest turn
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A city of
ontrasts

With the express train to Casablanca or by horse-drawn carriage through the pedestrian
zone - mobility in Marrakesh, “The Pearl of the South”, offers many facets

y onem
, which
ountai

The Kingdom of Morocco has the most de-
veloped railway network in North Africa.
Marrakesh, the country’s fourth-largest city
with just under a million inhabitants, has
an important function with its central loca-
tion. The clean, state-of-the-art tradition-
ally oriental styled railway station is a real
highlight. Though the timetable can change
spontaneously, the trains can take people in
all directions around the country, which is
about the size of Spain, even faster.

In Marrakesh, locals and tourists have
a wide range of opportunities to travel. The
urban bus network is widely branched and
cheap to use. It is recommended to negoti-
ate a price with a taxi driver beforehand.

(200 Moroccan dirhams) is the cost of an hour’s carriage

ride through the old town of Marrakesh

29

Adventurers plunge themselves into
Marrakesh’s traffic with rental cars. Cy-
clists, mopeds and cars creep along at
walking pace. Outside of the center it is
possible to travel faster. But be careful
when driving in the dark: there is often a
lack of road lighting in the countryside,
and not all road users travel with head-
lights here.

Decent Alternatives

The most traditional means of trans-
port in Marrakesh are the horse-drawn car-
riages. Especially in the angular alleyways
of Medina, the old town, the agile horse
and cart proves to be not only a tourist at-
traction but convenient transport too. =

r ” :I
‘ 907 km

total length of the railway
Morocco. In Germany
4 l 6 kilometers

ol




At the Formula E premiere in Africa, Daniel Abt scores his first
points of the third season. After qualifying in a good sixth posi-
tion, the German also finishes the race in sixth place — around
five seconds behind his team mate. With twelfth place in qua-
lifying, Lucas di Grassi initially fails to show his full potential.
In the race, however, he is one of the main protagonists and
picks off his previously better placed rivals one-by-one to lea-
ve them trailing in his wake. Within the 33 race laps he moves
up to fifth place and in doing so cements second place in the
drivers’ classification. Formula E bids farewell for a near three
month winter break. u

“We’ll attack again after

- the winter break”
".,__scmsr'r;,

=

#66 Daniel Abt

continents now host a
Formula E event. After North
America, South America,
Europe and Asia, Africa was
added thanks to the event
in Marrakesh

Marrakesh Il

Race
P Driver Time
1 S.Buemi (CH) 47m 40.840s
2 S.Bird (GB) +2.547s
3 F. Rosengvist (S) +7.195s
4 N. Prost (F) +11.586s
5 L. diGrassi (BR) +13.771s
6 D.Abt(D) +18.233s
7 0.Turvey (GB) +21.710s
8 ).Vergne (F) +28.011s
9 N.Heidfeld (D) +33.699s

10 ). Lopez (RA) +33.863s

Laps 33

Pole position F. Rosenqvist, 1m 21.509s
Fastest race lap L. Duval, 1m 22.600s
#FanBoost D. Abt, S. Buemi, L. di Grassi

Circuit International Automobile Moulay El Hassan I 2,971.

Track length
\

—
1Y
e
S ]
5 4
¢.. 105 km/h
1 _! Fastest turn
s

" 50 km/h

Slowest turn . J_ =]
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~swsCenterpiece Located in the heart of Buenos
Aires is Avenida 9 de Julio, one of the main
traffic arteries of Argentina’s capital
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Argentina’s capital Buenos A{é_g"i:_tpf;—ésses
with a flexible approach to urb{g’ y

3 4
L5
\ | S
Y

A populationsof 2.9 million does not exactly
make Buenos Aires rank dmong the world’s
most.populous cities. Notably, though; the
“Portefios,” as the citizens of Argentina’s
capital call themselves, live in an area of
merely 202 square kilometers. Consequent-
ly, with a population density of 14,308 {:e?f
idents per square kilometer, Buenos Aires
surpasses megacities such as Sdo P

’ __(7,400) and Mexiko City (6,000).

Traffic in the “capital of tango” is ty-
pical of ‘metropolitan areas: chaotic_and
noisy. Tourists are well-advised toi\%id
gettingactivelyinvolved in itinrental cars.
The city buses called “Colectivos” offer
the best means of public transportation.
The 150 lines operated by private compa-
nies are heavily frequented due to cheap
tickets, an extensive network and schedu-
led all-night service. On the downside, the
city suffers from considerable air and noise

ticket in Buenos Aires,
expressed in euros

pollution which is actuallyin stark contrast
to its name — Buenos Aires — which means
“good air.” A public transit alternative to
avoid the ubiquitous traffic jams is the
“Subterrdneos” subway system that was
opened in 1913 and operates six lines co-
vering a total distance of 52.3 kilometers.
Graffiti and sculptures enhance the natural
drabness of quite a few metré stops. Tou-

“rists should beware, though, that none of

the cars areair-conditioned.

Enhancement of urban lifestyle

The risk of getting lost while-trying to
move around Buenos Aires has-been mi-
nimized by the “BA-C6mo llego”-app. The
navigator indicates the optimum route on
a smartphone. New in the city, though re-
latively widespread already, are rental bike
stations..However, exploring the surroun-
dings-on'a‘bicycletakes a little courage as
not'every street has bike lanes. [ ]

5 cents

is the cost of a bus or train

Buenos Aires ==




“That was a very good

race, even though it was

only third place after the

pole position”

#11 Lucas di Grassi

Buenos Aires is, in
addition to Berlin,

the only venue to have appeared
on the race calendar in all three
Formula E seasons

After his strong performance in the Buenos
Aires ePrix, Lucas die Grassi consolidates his
position as number two in the drivers’ field.
At noon he is delighted about his first pole
position of his Formula E career. In the race,
the Brazilian initially wins the start, but drops
back to fifth place in the following laps. With
his team’s perfect pit stop and an overtaking
maneuver, he still claims third place and a po-
dium finish. Daniel Abt’s grid positon for the
race is significantly worse: after the German
touched the barriers in qualifying, the mecha-
nics must put in a night shift to repair the ABT
Schaeffler FE02. Due to the mishap only 16th
on the grid is possible. With his courageous
race Abt moves up to ninth place and adds an-
other two points to his account. [

Race

P Driver Time

1 S.Buemi (CH) 45m 45.623s

2 J.Vergne (F) +2.9965s

3 L. diGrassi (BR) +6.921s

5 N.Piquetjr. (BR) +9.770s An aCtlon

7 D.Abt(D) +35.801s paCI(ed Crazy

9 0. Turvey (GB) +37.111s race’ great fun
10 J. L RA 38.206

) topez (&) To5.anes #66 Daniel Abt

Laps 37

Pole position L. di Grassi, 1m 09.404s
Fastest race lap F. Rosenqvist, 1m 09.467s
#FanBoost L. di Grassi, S. Buemi, D. Abt

Circuito de Puerto Madero

@ 205 km/h
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Buenos Aires =

obility. f

912,480m

Track length

Top speed

45 km/h Cur

Slowest turn

160 km/h C.

Fastest turn



36

A picturesque view Behind the
skyline of Mexico City towers the
mighty Popocatépetl volcano

ative minds

‘needed

arteries during rush hour in Mexico City

Schaeffler has 3 production sites in

-

In terms of mobility, there’s one thing that
prevails in Mexico City — chaos. But there’s
hope: initial strategies are beginning to
alleviate the megacity’s major problem

There are 3 2 0

is the average speed at which vehicles travel on major traffic -___veh@les per 1,000 residents in

" Mexico City. At themoment, the.
' registration rate of new vehicles
h as the birth rate

Mexico. The most recent one in the state of
Puebla was inaugurated at the end.of 2015

José Castillo once described the urban por-
trait of Mexico City as huge, looking pretty
chaotic and certainly being selfish. The Mex-
ican Harvard professor is a renowned expert
in the fields of urban planning and mobility.
Together with his team he has developed a
system that gathers and analyzes real-time
traffic data in Mexico City, for which he re-
ceived the prestigious Audi Urban Future
Award in 2014 that recognizes mobility solu-
tions for cities.

But in the case of Mexico City, a single
good idea is not enough. 20 million people
live in the metropolitan area and nearly nine
million in the core of the city. More than four
million passenger cars, 120,000 taxis, 28,000
buses and tens of thousands of trucks travel
daily in and around Mexico’s capital — these
are the facts. And the result: it takes the
300,000 commuters nearly three hours per
day to get to work in the business districts,
according to the “IBM Commuter Pain Index.”
This means every one of them spends abouta
month per year caught in a traffic jam. There
are no alternatives to passenger cars available
to commuters. As a result of the privatization
of the Mexican railroad system, service on all
passenger train lines from and to Mexico City
was discontinued in 1996.

37

Mexico City

By contrast, the situation in the center
looks better. Local residents and tourists can
choose from a variety of options available in
a well-developed public transit system: radio
taxis, buses or the metro with a total of 195
stations.

Unusual approaches

So, what options are available now
to master the great chaos? According to
José Castillo, there is no single, all-en-
compassing solution, as mobility is made
up of numerous factors for which equal-
ly diverse solutions must be found and
coordinated. A very creative project was
launched last year. The nearly five kilo-
meter long cable car service “El Mexica-
ble” with its two cableways and 190 cars
carries some 3,000 passengers per hour
across Ecatepec de Morelos, one of the
most populous districts of Mexico City.
Whereas other big cities are on a des-
perate hunt for additional parking space,
Mexico City has more than enough. The
total of 6.5 million parking places for pas-
senger cars account for 42 percent of the
entire developed area. The government
now intends to reduce them, particularly
at locations where public transit has been
well-developed. |
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In Mexico, the ABT Schaeffler Audi Sport team experiences an
emotional roller coaster. In qualifying Daniel Abt appears to
take the second pole position of his Formula E career. Don’t ce-
lebrate too early: the stewards subsequently determine the tire
pressure is slightly too low in the profiled all weather race tires
and move the German to the back of the grid. Lucas di Grassi,
who starts from 15th, is also found towards the back of the
field. In the race, the Brazilian initially survives a shocking mo-
ment when he is hit by another car and must pit to change the
rearwing. Last place. The team calls him in for the pit stop alrea-
dy on the 18th of 45 laps. Afterwards, di Grassi demonstrates
his superb handling of the car and energy management to cross
the finish line in first place. Daniel Abt produces an equally im-
pressive comeback drive: the tragic qualifying hero scores im-
portant points for seventh place after starting 18th. [

“Points were the goal —
we achieved this and reduced
our losses as a result”

#66 Daniel Abt

The number of pos
up by Lucas di Gras
Abt in Mexico
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“The best race of '-’lFr:.z;,
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Mexiko City B-l

Race
P Driver Time
1 L.diGrassi(BR) 56m 27.535s
2 J.Vergne (F) +1.9665s
3 S.Bird (GB) +7.480s
4 M. Evans (N2) +9.770s
5 N.Prost (F) +9.956s
6 ). Lopez (RA) +10.631s
7 D.Abt (D) +11.694s
8 A. Carroll (GB) +13.722s
9 N.Piquetjr. (BR) +14.156s

10 E. Gutiérrez (MEX) +15.717s

Laps 45

Pole position O. Turvey, 1m 02.867s
Fastest race lap S. Buemi, 1m 03.102s
#FanBoost S. Buemi, L. di Grassi, D. Abt

[2,093.

Track length

» 170 km/h

Fastest turn

T14 T6

50 km/h ¢

Slowest turn

® 205 km/h

Top speed

SLoW
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Small and precious

Monaco’s traffic suffers from lack of space.
The best way to get around is on foot.
Those who can afford it use boats and helicopters

The Cote d’Azur in deepest blue, the sun shi-
ning bright — Monaco can literally be called a
paradise. The yellow press likes to refer to it
as a “haunt of the rich and famous.” After the
Vatican, the principality on the French Mediter-
ranean coast is the smallest state in the world,
covering an area of a mere two square kilome-
ters. So, it’s no wonder that all of the hot spots
can best be reached on foot. Five bus lines and
numerous taxis are available as well. However,
with 19,000 inhabitants per square kilometer,
the principality also has the highest popula-
tion density in the world. Consequently, traffic
conditions in Monaco, particularly during rush
hour, are extremely tense — so, it’s a “haunt of
the fastest” only on the Formula 1 and Formu-
la E race weekends. Especially during these ma-
jor events, the streets are frequently clogged al-
though traffic conditions for passenger cars and
trucks are generally tense. So, it’s advisable to

just park your own car immediately after arri-
ving in Monaco, especially since the city-state
has a rule of only admitting vehicles registered
in Monaco itself or in the French Departement
Alpes-Maritimes to the oldest and — in terms of
population — smallest district Monaco-Ville.

-

o

e
There are several ways to travel to and from

Monaco: on the highway, by train or — obvious-
ly for those enjoying the privilege — on a luxu-
ry yacht berthed in one of the most important
marinas, Port Hercule or Port de Fontvieille.
Very popular with the wealthy population as
well is the helicopter shuttle from the nearby
Nice airport.

An insider’s tip from Lucas di Grassi

Lucas di Grassi is a proud resident of Mo-
naco. The Brazilian campaigner of Team ABT
Schaeffler Audi Sport lives a mere 100 meters

" He, too, advises against exploring the pla
he now calls home using motorized vehicles.

“Traffic here may really be chaotic at times. So,

why not explore the area on your own two feet?
There’s so much to see and experience. When-
ever!’min a hurry | just grab my longboard be-
cause | can even get around on it a lot faster
than by bus or taxi.” [

Electrically mobile Monégasque Lucas di Grassi knows *

- Moy how to quickly get from A to B in the principality

< -_ % e £ iy -»

Monaco wm
—

per day is the price of a berth

S fora 100-meter yacht at Port

Hercule in the high season

8(C _ -

public elevators, moving ’r"
walkways and escalators I 2]

help overcome elevation ot f'"" y _ 2 "'f"
gain in Monaco e e

Also conceivable
as a means of

transportation " ~ .
in Monaco ;
At CES 2017 in Las | i
Vegas, Schaeffler -I-:,:,j.’ q

showcased the
prototype of an
electric kickboard




Monaco ™=

o Race
It’s great to see Driver Time

L] ! P

fesu ltS N the that we are on the pace as SN s
o 3 o far as speed is concerned. o et GR) ooris
: It’s reassuring” o romenqunt Tioasoe
_ #66 Daniel Abt & & Cuntnes (050 ra29ee
. v e 9 N.Prost (F) +35.6675
> — = . 10 M. Evans (N2) +38.410s

rre— Laps 51

Pole position S. Buemi, 53.313s
Fastest race lap S. Bird, 53.822s
#FanBoost S. Buemi, L. di Grassi, S. Sarrazin

==

=

meters long is the Circuit
de Monaco and is therefore
the shortest track on the
2016/2017 Formula E race
calendar
In his adopted home Monaco, Lucas di Grassi stages a thrilling
duel with his rival Sébastien Buemi in the Formula E title fight.
In qualifying the Brazilian and Swiss are almost on an equal
footing. Buemi takes pole position from di Grassi by only two
and a half tenths of a second. In the race the fans in the pa-
cked grandstands enjoy equally nail-biting action. For 51 laps
the two opponents battled hard. At the checker di Grassi is
beaten by a mere 0.32 seconds — the closest finish in the en-
tire Formula E season. Daniel Abt also has nerves of steel:
starting from ninth place, the youngster keeps a cool head in
the opening lap turmoil to finish seventh at the finish for the
third time in succession. [

Circuit de Monaco P I 1 ,765 m

Track length

Top speed

130 km/h €.

Fastest turn

“That was a fantastic battle*
again today — both in
qualifying and the race”

#11 Lucas di Grassi

40 km/h C.

Slowest turn

43
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tically no parking places. Plus, ther
tinually clogged “Boulevard Périphérique.” The
35-kilometer ring road routes traffic around Par-
is and into the metropolis — and is undersized in
spite of its eight lanes (in both directions).

Traffic in Paris not only puts a strain on the
nerves of those caught in it but, above all, on
the environment. In winter 2016, a huge cloud
of smog robbed the “city of love” of its charm.
Motorized traffic in Paris and the 22 surround-
ing communities was restricted for several days.
Only vehicles with license plate numbers ending
in specified digits were allowed to be used.

Those who’d like to contribute their fair share
to environmental protection in Paris use public
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= To a driver who is unfamiliar with the city, Paris
poses a challenge. Obscure routing of streets,

g = tfaffic jams galore, huge traffic circles and
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transportati

operated a

ground, the bus networl
ban center is the Métro’s counterpart. The open-
top hop-on hop-off double-decker buses that
can be used to explore Paris are more of a tourist
attraction than an effective means of transporta-
tion. Street cars provide another alternative.

Paris is a paradise and role model in terms
of vehicle sharing as well. A public bike rental
system has been in existence since 2007, with
stations to be found practically every 300 me-
ters. The same principle applied to automobiles
is called “Autolib’,” which makes 3,000 electric
cars available for rent in the Paris metropolitan
area. No less a figure than the mayor of Paris

she had a 3.3-kilometer section of the street
on the right bank of the Seine River closed
to traffic. These and other actions have been
successful, according to the city administrati-
on, which says the number of vehicles trave-
ling in the center has dropped from 43,000 to
36,000. The introduction of an electric tram
bus between Gare de Lyon and Pont du Garig-
liano to the tune of 35 million euros is another
one of Hidalgo’s forward-thinking projects. m

b
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18,000

bicycles at 1,300 stations are
available to customers of the
Paris bike sharing system
“Velib””
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Race
P Driver Time
1 S.Buemi (CH) 59m 41.125s
2 ). Lopez (RA) +0.707s
3 N.Heidfeld (D) +2.043s
- r — 4  F.Rosenqvist (S) +2.621s
St - .1____?:______——— E 5 N. Prost (F) +3.521s
= = » » / e 6 R Frijns (N +7.9995
3 1 | f_""_--- | 7 N.Piquetjr. (BR) +32.420s
= i ]ll]_llls I've seena IOt’ bl,# M 8 T.Dillmann (F) +32.929s
e ’ H 9 M. Evans (N2) +33.3695
- - I COUldn t belleve : 10 S.Sarrazin (F) +34.051s
what happened Laps 49

Pole position S. Buemi, 1m 02.319s
Fastest race lap S. Bird, 1m 02.422s
#FanBoost S. Buemi, L. di Grassi, D. Abt

#66 Daniel Abt

11,920

Track length

Circuit des Invalides

= 120 km/h

Fastest turn

45 km/h

. . . Slowest turn
When Formula E makes its second outing in Paris, the team

gets caught out by the set-up and suffers a setback in the title
fight. Forthe first and last time this season both Lucas di Grassi
and Daniel Abt score no points. For many laps, the German at
least looks on course to score a few points in France. Abt makes
some fantastic overtaking moves to move up from 16th on the
grid to sixth place before an error with the battery management
system stops his car half a lap before the finish while follow- - .rr‘ﬁ

ing the safety car. Misadventure, misfortune and mishap for di | ! /“"".:l
Grassi: difficult qualifying and 13th on the grid, a collision in “Forget it and
the race, a drive-through penalty and finally an accident that

leads to early retirement. [ ] look forward”

#11 Lucas di Grassi

points is the deficit t
championship leade
this season is it larg

® 190 km/h

Top speed
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Typically
erman

Germans are said to be tidy and thorough: a stereotype which, at least, is confirmed when looking
at urban mobility in Berlin, the country’s capital that has a reputation of being a very lively place

With a population of about 3.5 million, Berlin
“only” ranks in position 58 of the world’s cities
with at least one million inhabitants — but with-
in Germany, the federal capital is the country’s
major metropolis, followed in second place
by the port city of Hamburg with a population
of about 1.8 million. In terms of mobility, Ber-
lin is at the republic’s forefront in several re-
spects as well.

1.7 million registered vehicles travel on
Berlin’s public road network covering a total of

Panoramic view The Television Tower
on Alexanderplatz on the right, and |
the Berlin Cathedral on the river Spree

in the background on the left 1]

5,400 kilometers, with 77 kilometers of federal
“autobahns” alone being routed through the
city: a heavy burden on humans and nature.
The city has taken a constructive approach
particularly to addressing the latter issue: by
imposing speed limits. In Berlin, in terms of
direction of travel, there are 164 kilometers
of main traffic arteries where speed at night is
limited to 30 km/h for noise protection. On an
additional 372 kilometers, the maximum per-
missible speed is 30 km/h during the day for
safety reasons. This means that 17 percent of

‘l-"'“"“l_nnn.m,
A WL mam

the main streets and roads have speed limits  more than 3,100 stops and a network
of 30 km/h at least some of the time. Transpor-  length of some 1,900 kilometers —
tation Senator Regine Giinther would like to in-  which roughly equates to the distance
troduce additional 30 km/h zones in order to  between Berlin and Moscow.
further reduce harmful emissions.
Prompting transformation

In spite of the large number of passen- New Mobility Berlin — this is the
ger cars in the city, Berliners cover four in ten  name of a promising initiative. The
distances on foot or on bicycles. Accordingly, project analyzes and supports the
non-motorized ways of getting around town rollout of e-mobility solutions in Ber-
are highly important. Since 2001, 340 new lin’s neighborhoods in combination
pedestrian crossing installations such as “ze-  with new types of space utilization
bra-marked” crosswalks have been created in  concepts and mobility offerings.
Berlin. Cyclists by now are able to use more The objective is to sustainably up-
than 1,000 kilometers of bikeways. These ac- grade residential areas by means
tions have produced a measureable effect, as  of innovative mobility concepts.
residents are now running more of theirerrands  Residents are to be motivated to
on foot than by carin downtown Berlin. deregister their cars and to instead '

use a mix of car sharing, cargo bi-

Those preferring to be “chauffeured” in  cycles, pedelecs and similar types
Berlin use public transportation. Verkehrsver-  of transportation. Berliners have
bund Berlin-Brandenburg (VBB) with some already had opportunities to fa-
30,000 square kilometers is one of Europe’s  miliarize themselves with these
largest transportation associations in terms  alternatives during various weeks
of area covered. Regional trains, commuter dedicated to the promotion of this
trains, the subway, streetcars and buses have  campaign. [

it

i S
production sites and four research
and development centers are

operated by Schaeffer in Germany

per year on road construction and on
maintenance and energy costs incurred for

the city’s road network
errands per day on average are run by
every.Berliner in public areas, with about

70 minutes spent in traffic
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Race 1 Race 2

P Driver Time P Driver Time
1 F. Rosengvist (S) 53m 19.661s 1 S.Buemi (CH) 56m 02.155s
2 L. diGrassi (BR) +2.232s 2 F.Rosenqvist (S) +7.1955 “] think that
3 N.Heidfeld (D) +4.058s 3 L.diGrassi (BR) +10.862s
4 ). Lopez (RA) +13.638s 4 D.Abt(D) +13.631s togeth er with -
5 N.Prost (F) +19.068s 5 J.Lopez (RA) +20.324s e -
——= 6 D.Abt (D) +19.799s 6 ). Vergne () +20.751s Mexico the ===
= s s e = S e = 7 S.Bird (GB) +20.0655 7 S.Bird (GB) +21.9595
= .:____ e - 7 —— T 8 J.Vergne (F) +20.689s 8 N.Prost (F) +22.155s atmosphere

9 M. Engel (D) +39.030s 9 0. Turvey (GB) +34.949s

g “’m delighted about two good races 10 0.Turvey (GB) +40.9855 10 N. Heidfeld (D) +35.8145 in Germany

F Laps 44 Laps 46

#66 Daniel Abt

and plenty of points”

Pole position L. di Grassi, 1m 08.312s
Fastest race lap M. Evans, 1m 10.224s
#FanBoost L. di Grassi, D. Abt, S. Buemi

Pole position F. Rosenqvist, 1m 08.208s
Fastest race lap M. Engel, 1m 09.509s
#FanBoost S. Buemi, L. di Grassi, D. Abt

is the best”

#11 Lucas di Grassi

Cheering fans, autographs by the hundred, selfie requests,
here a slap on the back, there a hello — home race feeling in
Berlin. Avery special event for the technology group Schaeff-
ler. Thousands upon thousands of fans - including 400
Schaeffler employees in their own grandstand — enjoy thrill-
ing overtaking moves and fantastic comeback drives. And
all this in two races. Lucas di Grassi celebrates twice on the
winners’ podium after claiming a second and a third place
despite having broken fibula — an injury he sustained just T6
before a benefit football match. Team mate Daniel Abt enjoys
his strongest weekend of the season to date with sixth and
fourth in front of his home crowd. |

Tempelhof Circuit I 2 ’ 277 m

50 km/h €.

Slowest turn

Track length

140 km/h C..

Fastest turn

Formula E action for the second time around the Berlin airport
Tempelhof. In the previous season, a race track was constructed
in the center of the German capital

190 km/h &

Top speed
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London. So, the million r s, ne
million in the me itan area and the 50 mil-

lion tourists per year can consider themselves -

lucky. In New York, many people seek to enjoy
‘a wide variety of activities in many different

,A-: J_alaces. A well-functioning range of transporta-

BT

~ tion is a requirement for this. In terms of local -

public transportation, the U.S. megacity de-
serves top ratings. The Subway is fast and air
~conditioned, and the fares are very low. Some
-6,000 cars operating on 27 lines carry 4.5 mil-
~ lion passengers per day back and forth between
nearly 500 stations. The Subway’s counterpart
-above ground is an equally well developed sys-
tem of bus services. Two million passengers per
~ day use the 4,000 buses operating on 235 lines.

_Aclassic in the streets and practically a symbol
of the city is the “Yellow Cab,” a taxi that can

._ lcles are reglste@_d_\outh—t-héfw

_Commission, |whnch‘-

destination within the five boroughs 6fM

tan, Brooklyn, Queens, BronxandSta’ggnIslah
as well as Nassau County, Wes
and Newark Airport. The N

Brooklyn Bridge and Statue of Liberty by

Avoiding collapse

Like those in practically any big city, the pub-
lic streets in New York are bursting at the seams
from an avalanche of passenger cars. Accommo-
dating more and more vehicles in less and less
space — Mayor Bill de Blasio views autonomous
mobility as the solution to this major challenge.
Small, electric vehicles that are practically in
motion all the time are intended to help reduce
petroleum consumption and CO, emissions, and

New York

o=

(LOOO—J 00,000 %

of income per year are necessary to
lead a normal life with some variety
in New York, which makes the city
one of the most expensive places to
live in the world

manufacturing locations and three research
and development centers are operated by

Schaeffler in the United States

is the fare per single trip on the
New York Subway. Passengers

- pay with the “MetroCard,”
__a plastic magnetic stripe card
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Electrifying suspense in the “Big Apple”: Formula E is the first
eversingle-seater series to bring motorsport into the very heart
of New York. The fans around the Brooklyn Circuit are not disap-
pointed. In two eventful races, Lucas di Grassi reduces, in the
absence of Sébastien Buemi, the gap in the drivers’ standings
from 32 to just ten points. The championship leader competes
at the same time in the World Endurance Championship (WEC)
at the Nirburgring. In the first race, di Grassi moves up from
tenth on the grid to take fourth, a day later the Brazilian battles
from ninth to fifth position. Daniel Abt roles to a halt through no
fault of his own while running third half a lap before the finish
on Saturday. [

“We didn’t have the speed this

weekend to win races. But we made

s the best out of the opportunities

that came our way”

#11 Lucas di Grassi

30 km/h

Slowest.turn

was all Daniel Abt

needed for the fastest

lap of the race — the

second in his Formula

E career

“It’s hard to swallow

. 140 km/h

Fastest turn

New York =

Race 1
P Driver Time
1 S.Bird (GB) 52m 29.275s
2 J.Vergne (F) +1.354s
3 S.Sarrazin (F) +4.392s
4 L. diGrassi (BR) +6.155s
5 L.Duval (F) +8.428s
6 0.Turvey (GB) +8.952s
7 P.Gasly (F) +9.321s
8 N.Prost (F) +10.036s
9 R.Frijns (NL) +11.019s
10 A. Carroll (GB) +12.073s

Laps 43
Pole position A. Lynn, 1m 03.296s

Laps 49
Pole position S. Bird, 1m 02.285s
Fastest race lap D. Abt, 1m 03.898s

11,953

Track length 3

ATLANTIC BASIN

® 200 km/h

Top speed

PIER 11

Fastest race lap M. Engel, 1m 03.883s
#FanBoost D. Abt, ). Vergne, L. di Grassi

Race 2
P Driver Time
1 S.Bird (GB) 58m 09.388s
2 F. Rosengvist (S) +11.381s
3 N. Heidfeld (D) +12.319s
4 P.Gasly (F) +12.355s
5 L. diGrassi (BR) +23.451s
6 N. Prost (F) +30.470s
7 T.Dillmann (F) +41.862s
8 ). Vergne (F) +52.292s
9 R. Frijns (NL) +1m 00.475s

10 J. D’Ambrosio (B) +1m 12.659s

#FanBoost N. Heidfeld, D. Abt, L. di Grassi

55
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Scenic setting A view of
Montreal’s skyline across the - Ny MOI’I treCl[ ﬂ
Saint Lawrence River. Formula E | Eie
stages its races in the heart of
the city, not on the Formula 1
circuit on its outskirts

In the current “Future of Urban Mobility” index
published by Arthur D. Little, Montreal ranks
behind New York as North America’s second-
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In terms of urban mobility, Montreal, in addition to exemplary
public transportation, has a plan to promote electric vehicles and a
well-developed network of bicycle paths

LR RN Bl ot

_ inhabitants, the N_brth \

most advanced city in terms of mobility

lometers, Canadaji
try in the wofld, 3 :
home to only 36.5 Million people and ha
merely two cities with more than §ne mil
nerican countr
y-populated nati
For comparison: the United States is a
thousand square kilometers smaller but
ten times as many inhabitants and nine cit
with a population of more than one million.

Montreal is regarded as one of Canada’s
most interesting cities. The French-speaking
metropolis is located in the south-west of the
province of Quebec on the Tle de Montréal.
Due to its location on an island, Montreal
can only be reached by land via 24 bridges
and three tunnels. In urban transit, the sub-
way, Metro Montreal, operated by Société
de transport de Montréal (STM), stands out
in particular. Seven lines covering a total
distance of 69 kilometers provide daily ser-
vice to 1.1 million passengers, making Metro
Montreal the most heavily frequented subway
in Canada. An equally well developed bus
network complements local public transpor-
tation. Daily, 1.4 million commuters use the
197 daytime and 23 nighttime lines of the
city. Places in the metropolitan area can be
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traffic, Quebec
le. The Climate
Change Action Plan launched in 2013 provides
for a 20-percent reduction of greenhouse gas
emissions by 2- 20 versus 1990. Subsidies to
encourage the use of electric vehicles, among
other things, are to help achieve this aim. The
government has appropriated 420 million dol-
lars for this purpose, targeting the number
of fully electric and plug-in-hybrid vehicles
to have reached 100,000 within the space of
three years and as many as 300,000 by 2026.

A paradise for bikes

Passenger car or local public transporta-
tion — in most big cities, people have only this
limited choice to get from A to B. In Montreal,
though, there’s another viable option: the bicy-
cle. In the “Copenhagenize Bicycle-friendly Cit-
ies” index, Montreal has been ranking in the top
20 for many years without fail. Since 2009, its
bicycle path network has been extended from
400 to 750 kilometers. The city is also home
to “BIXI Montréal,” a continually growing bike
rental service. One in two Montreal residents
uses a bicycle at least once a week, according
to the “Vélo Quebec” non-profit organization. m
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Race 1
P Driver Time
1 L.diGrassi(BR) 56m 55.592s
2 J.Vergne (F) +0.350s
3 S.Sarrazin (F) +7.869s
4 D.Abt(D) +8.592s
5 S.Bird (GB) +8.913s
6 N.Prost (F) +10.058s
. L] 7 M. Evans (N2) +10.457s
7] L . 8 R.Frijns (NL) +15.8365
We had three fabulous years o F Rosenquist© vi67es
10 T.Dillmann (F) +19.320s

Laps 35

Pole position L. di Grassi, 1m 22.869s
Fastest race lap L. Duval, 1m 24.536s
#FanBoost L. di Grassi, J. Vergne, S. Buemi

Race 2
P Driver Time
1 J.Vergne (F) 54m 12.606s
2 F. Rosengvist (S) +0.896s
3 ). Lopez (RA) +4.468s
4 S.Bird (GB) +7.114s
5 N.Heidfeld (D) +21.933s
6 D.Abt(D) +24.444s
7 L. diGrassi (BR) +24.855s
8 S.Sarrazin (F) +26.038s
9 J.D’Ambrosio (B) +28.282s
Exciting races, pure drama, happy end for the ABT Schaeff- 10 T Ditimann () +28:5915
Laps 37

ler Audi Sport team and Lucas di Grassi — the final of the
2016/2017 Formula E season proves to be one hundred per-
cent worthy of the name. Arriving with a deficit of ten points,
di Grassi turns the tables in his favor. On Saturday the first
bang: pole position for the Brazilian, while his title rival
Sébastien Buemi only starts from twelfth place. Thanks to a

Pole position F. Rosenqvist, 1m 22.344s
Fastest race lap N. Prost, 1m 23.444s
#FanBoost L. di Grassi, D. Abt, S. Buemi

comfortable lights to flag victory, di Grassi scores 25 points The number of times
and takes the lead in the standings. In the twelfth and final - and therefore the most Montreal Formula E Street Circuit 2 745 "
race of the season a seventh place is enough for him to secure frequent of all Formula E TracI?length
the championship spoils. In the final analysis, di Grassi’s lead drivers — Lucas di Grassi
over Buemi is 24 points. As a result, to win the title the ABT stood on the podium. This 0 LFURRE 7]
Schaeffler driver can even do without the 22 points from New corresponds to a rate of - -
York. Team mate Daniel Abt also impresses with fourth and 60 percent in 33 race starts T
sixth positions in Canada. [

110 km/h ‘¢ | % 195 km/h ©

Fastest turn : Top speed

T2

“Thanks to everybody: family, Ts v
friends, team and partners. y

| think it was my best season so far
with great battles and races”

T6

% 50 km/h

#66 Daniel Abt Slowest turn
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Eternal ice? Formula E made a strong and spectacular
statement in Greenland against global warming

ectacular

statement against

In an unparalleled event, Formula E, Schaeffler and Lucas di Grassi have
made a strong statement against global warming. In his Formula E car,

the Brazilian turned laps on a glacier in Greenland

“Global warming is an issue that affects us all.
The electric mobility can and will continue to
play an important role against climate change
in the future,” says Schaeffler’s CTO, Prof. Peter
Gutzmer. “We regard Formula E with its innova-
tions and new ideas as a driving force for mobil-
ity of the future and hence we were pleased to
support this spectacular event.”

In conjunction with the Greenland govern-
ment and environmental activists as well as
teaming up with other partners such the Mone-
gasque Prince Albert Foundation and the Univer-
sity of Southampton, the event required careful
planning so that it could be implemented with
the least possible input. Stunning images have
attracted huge interest worldwide with around

" “] was shocked

to see how tfmndscape
M changes through
- global warming”

aw

~,

Lucas di Grassi

Formula E champion in the
ABT Schaeffler Audi Sport
team (right) together with
a E CEO Alejandro Agag

three million visitors on YouTube alone. The im-
ages also provided footage for a 48-minute doc-
umentary which was premiered on the occasion
of the international climate change conference
held in Marrakesh at the same time as the ePrix.

Global warming challenge

“The Greenland region is such a peaceful
place. | was shocked to see how the landscape
changes through global warming,” says Lucas
di Grassi. “This experience gives me a com-
pletely new understanding of the challenge we
face and what Formula E can contribute.” [ ]
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Unknown territory The Formula E car
is lowered onto the glacier
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How does the battery work, why is data analysis so
important? What are the buttons for on the steering
wheel? In the series “Tech Talk” ABT Schaeffler Audi
Sport gives answers and a look behind the scenes
of Formula E and the team
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Philosophy, requlations
and changes for the
2016/2017 season

#What makes Formula E so special?

Formula E is the world’s first all-electric
motor racing series. Its objective is to demon-
strate the potential of sustainable mobility.
With the competitive spirit inherent to engi-
neers, teams and drivers in motorsport, sus-
tainable and ambitious racing is contested in
major cities around the world witnessed by a
wide public. Based on a race car that was de-
signed by renowned racing companies such as
Dallara, Williams, McLaren and Michelin for the
2014/2015 debut season, the technical scope
for development afforded to teams, suppliers
and manufacturers has gradually expanded
each season.

#What are the basics?

Formula E races are contested on spe-
cially designed street courses in some of the
world’s biggest cities. Visitors are treated to an
extremely entertaining support program, which
brings them closer to the drivers and their ve-
hicles, for instance in the eVillage of the pad-
dock, than has been the case until now in tra-
ditional motor racing. Currently, about halfway
into the race the drivers switch to a second race

car with a fully charged battery. In both halves
of the race competitors must not only pay at-
tention to turning the fastest lap times, but
also watch energy consumption. For the race,
each carhas 170 kW of power (ca. 231 hp) and
28 kWh of energy available. In free practice and
qualifying 200 kW (272 hp) is permitted.

#What is FanBoost?

Formula E fans can vote for their favor-
ite driver via the social media platforms Twit-
ter and Instagram, in the Formula E app and
on the Formula E homepage www.fiaformulae.
com, “earning” the race drivers an additional
power boost in the second half of the race. The
three drivers with the most votes receive an ex-
tra 30 kW, which they can call up individually
at the press of a button. Votes can be cast until
six minutes into the race. FanBoost is without
equal in worldwide motor racing.

#Why is Schaeffler involved in the FIA
Formula E series?
Formula E is the perfect platform for the world-
wide technology group, Schaeffler. Prof. Pe-
ter Gutzmer, as Schaeffler's Chief Technology

SCHAEFFLER

Officer responsible for the Formula E campaign,
says: “Electric mobility as a whole, which in-
cludes hybrid solutions and electric driving,
will largely determine the future of mobility,
especially in the world’s big cities. For years,
Schaeffler has supplied innovative technolo-
gies, products and concepts towards mobility
for tomorrow. For us, Formula E is a key com-
mitment and is ideal for our company and our
engineers.”

#What is Schaeffler's role with ABT
Schaeffler Audi Sport?

Schaeffler and ABT Sportsline are responsible
for the development of the entire powertrain —
namely, the electric motor and transmission
with the rear suspension including software
and wiring. For the inaugural season, the en-
tire grid fielded identical cars. In season two,
the governing body gave teams the freedom to
individually configure and develop their own
powertrains. This is precisely the field in which
Schaeffler’s technological expertise can be uti-
lized in the ABT Schaeffler Audi Sport team.

#How does the future of Formula E look?

A key factor for Schaeffler’s involvement
in Formula E is the long-term, sustainable strat-
egy of the FIA World Automobile Association.
Right now, Formula E is the ideal platform for re-
search and development at Schaeffler. The ongo-
ing latitude, details of which have already been
approved for season five such as an increased
power output of 250 kW in practice and 200 kW
in the race, provides clearly defined objectives.
Sustainability, another important topic for
Schaeffler, is also defined in this roadmap. It is
the guiding principle towards an ecologically bal-
anced footprintin Formula E with solutions foran
automotive future based on renewable energy.

#What’s new in the 2016/2017 season?
A new front wing ... 150 kW instead of
100 kW energy recovery, thus 50% more recuper-
ation via a mechanical brake in the electric mo-
tor ... new and lighter control tires from Michelin
which offer more energy efficiency in the rolling

Tech Talk

resistance and heat up faster ... only one extra
point for the fastest lap (instead of two) ... Robo-
race, a demonstration of completely autonomous
race cars ... Jaguar joins the Formula E action. =

Race day

I 0s.00 Free Fractlce 1 i Y
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available energy: 28 kWh

Car change
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maximum power 170 kW

Car #2

available energy: 28 kWh
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maximum power 200 kW
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Electric powertrains

High Voltage

Electrifying world class

motorsport

#What makes Formula E as a racing se-
ries with electric drive so special?
Itis the first professional global racing series that
exclusively uses electric drive. As a result, the
races can take place in the city centers of large
metropolises, for which racing series using com-
bustion engines would not be granted a permit.

#How does a battery work?

Atoms consist of neutrons and positively
charged protons in the nucleus. The outer shell
of the atom consists of negatively charged, or-
biting electrons. By means of a chemical reac-
tion, a deficiency of electrons is produced at
the positive pole of a battery, and an excess at
the negative pole. This state, called voltage and
measured in volts, does not “please” the nuc-
leaus of the atom, the ion or the electrons. The
electrons begin to move from the minus pole to
the positive pole in order to restore a balance
a current starts to flow. The more the electrons
move, the stronger the current, which is mea-
sured in amps. On the positive pole, electrons
are always cleared away so that the voltage is

maintained. A depleted battery loses voltage
and, as a result, will not work anymore.

#What kind of batteries are used?

They are produced by Williams Ad-
vanced Engineering (WAE), a sister company of
the Williams Grand Prix Formula 1 racing team.
Lithium-ion batteries are being used, just like
conventional smartphone batteries — but with
an elaborate cooling system for each individ-
ual cell. For comparison: the pure lithium-ion
cells of the Formula E battery weigh 200 kg (to-
tal battery 320 kg), which corresponds to the
batteries in 300 laptops or 4,000 smartphones.
The resultant engine performance in Formula E
is limited to 200 kW (272 hp) in the qualifying,
while a maximum of 170 kW (231 hp) is cur-
rently allowed in the race. The maximum volt-
age of the battery is about 700 volts, the usable
energy is limited to 28 kWh. A very simple com-
parison: 280 individual 100 watt incandescent
bulbs can be illuminated with the amount of
energy in the battery of a fully charged Formu-
la E race car for one hour. Or you could drive

SCHAEFFLER

with this on a usual motorcycle with 28 kW
power (equivalent to about 38 hp) for exactly
one hour at “full throttle.” Compared to gaso-
line, this corresponds to the energy volume of
about three liters. The greatest challenges in
the design of the Formula E batteries are their
cooling, durability and robustness for use in
racing cars that are exposed to many forces. In
addition, Williams must ensure that equality
of opportunity is ensured by “equal” batteries
for all drivers at all times. In two years’ time
(2018/2019), McLaren Applied Technologies,
a sister company of the F1 racing team McLar-
en, will supply the new generation of batteries.
These are supposed to provide twice as much
energy with the same dimensions and thus
make the usual vehicle change in the middle of
the race obsolete.

. #How are the batteries charged?

In line with the philosophy of Formula E, to see
electric mobility as an essential step towards
a more environmentally conscious and sustain-
able use of energy on our planet, the energy for
race cars on the race track comes from a sus-
tainable source of energy. This is achieved by
the British company Aquafuel Research Ltd.,
which has modified conventional diesel gen-
erators to be transported in containers to the
races around the world and deliver the electrici-
ty for the 40 racing cars with virtually zero-emis-
sion glycerol as the source of energy. Aquafuel
has a patent on this principle. In fact, it has
been shown that the transparent and tasteless
glycerin not only protects the generators better,
but also burns more efficiently. The battery of a
Formula E racing car is fully charged in this way
within roughly 45 minutes.

l #ls there energy recovery?
Yes, the motor in the back can also be used as
a generator. Now 150 kW of energy recovery is
possible — up to now it was 100 kW. A strate-
gic tool that drivers can use with an intelligent
driving style.

l #Which kinds of electric drives are
available in Formula E?
As the exclusive technology partner, Schaeffler
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developed the powertrain for the ABT Schaeffler
FEO2 together with ABT Sportsline. The ten For-
mula E teams have opted for different solu-
tions. ABT Schaeffler Audi Sport combines an
electric motor with a three-speed transmission.
However, there are also teams that use only
one or two gears and thus two electric motors
ora “larger” one.

l #1s Schaeffler researching and develop-
ing other electromobile drives?
With more than 85,000 employees in 50 coun-
tries worldwide, Schaeffler is one of the world's
leading companies in drive technology. Elec-
tromobility includes purely electric driving as
well as hybrid solutions as a combination of
two drive technologies. Schaeffler, with a wide
product range, offers a large variety of solu-
tions for the automotive industry, ranging from
micro hybrid (12 volts), mild hybrid (48 volts)
to high-voltage (»200 volts) concepts in the
form of full or high-voltage plug-in hybrids and
range-extender variants. [

This is how
it works ...

An electric motor

The electrical energy of the battery is converted
into mechanical energy to power the rear wheels
via drive shafts. While there are different types of
electric motors, they all use power from a magnetic
field. The rotor and/or stator are fed with electric
~ current, which generates this magnetic field. Now
- e currentin the statoris always switéhed precise-

||th
‘ly‘ way that rfuses i’ts magnetic field with the
|\ 1 and South Poles tt} behave in exact opposi“-‘

to the rotor’s magnetic field, thus }epellingth#
ngthe (ptorto turn aﬂlittle farther. ‘
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Sustainability in Formula E

Sustainability as the central driver and promo-  particularly important factors. This is where
tion of eco-conscious “mobility for tomorrow”  the race drivers can play a part as well, plus
plays a key role in the series’ philosophy and,  provide valuable input to the engineers — also
specifically, in the formulation of its Sporting  forthe development of electric powertrains for
and Technical Regulations. A few examples are  road-going vehicles.

listed below:

Energy

Calendar of events and logistics The trackside energy for the race cars comes
The calendar of events has been designed so  from a sustainable source. Aquafuel Research
that race cars and equipment can be transport-  Ltd., a UK-based company, has modified con-
ed to the majority of the venues by truck, train ~ ventional diesel generators for this purpose so

N\ O tO rS p O rt Wit h a C l e a r or ship and only to a few of them by aircraft —a  that they supply the electricity for the 40 race

responsibility that has been assumed by logis-  cars with near-zero-emission glycerin as the en-

fo C u S O n t h e u ture tics partner DHL. ergy source.
Races in the hearts of cities Tires

Formula E events are held on temporary circuits ~ The specification tire has been designed as a
#How is sustainability defined? is electric, autonomous and connected,” says set up in the hearts of major cities. Motorsport  hybrid tire, so that it works on both a dry and a
Hans Carlvon Carlowitz may be regarded  Alejandro Agag, the CEO of FIA Formula E. “This comes directly to the spectators and not vice = wet track. The tires last for the full race day and
as the originator of the term. According to von  is a revolution. Formula E is going to shape versa. Formula E actively encourages the use  are subsequently recycled.
Carlowitz, a mining administrator, the amount  the way we are going to drive our cars in the of public transportation to attend the races and
of wood cut in a forest should be limited to that ~ future.” Formula E, in a manner of speaking, provides no dedicated parking facilities. Roborace
which the forest could naturally regenerate —a  defines itself as a high-tech laboratory in which During the races, evolutions of fully autono-
maxim he advocated as far back as in the 17th  world-class international companies drive in- Vehicle development mous race cars are created and presented to
century. The verb “to sustain” means to “keep  novations in concert and in competition with The regulations provide for further develop-  the spectators.
up or prolong,” so in a broader sense, the prin-  each other in order to accelerate the develop- ments to be made by the participating teams,
ciple of sustainability ensures that a natural ment and production of clean forward-thinking vehicle manufacturers and technology corpo-  Catering
system is preserved for a long time. Applied to  technology. Formula E’s philosophy is “think rations only in areas where this makes sense.  Attention is paid to sustainability in catering
present-day political, economic and environ-  global and act local.” The popularity of Formu- As a result, updates of aerodynamics are pro- — activities for race personnel and fans as well,
mental activities, this translates into striving la E might help boost sales of electric vehicles hibited and the racing chassis is identical for  the keywords being: local, seasonal, vegetari-
for conditions in which future generations will by an additional 77 million in the next 25 years, all teams. Innovations in the area of the pow-  an, vegan, organic and fair trade.
not be disadvantaged in fulfilling their needs  according to a study by Ernst & Young. ertrain (electric motor, inverter, transmission
compared to those living today. Based on this, and control electronics) as well as the cool- = Post-race activities
there are various approaches to defining sus- #What are further aims? ing system and rear suspension are definite- = Together with its partner Chargemaster Formula
tainability, all of which have in common that it Formula E aims to become the world’s ly required and essential to success as well. = Einstalls ten charging stations for electric vehi-
is always focused on the present and the future  first CO,-neutral racing series. Even at this Battery management and driving style are cles at every venue that remain in the city.
and that resources should be protected — par-  point, it has received multiple sustainability
ticularly those that are not renewable.? awards. The 2016 finale in London was certified . one
according to ISO 20121 - the highest standard Sustalnablllty at SChaeﬂ:ler
#How does Formula E position itself in  for sustainability in the events sector. The few
terms of sustainability? large-scale events to have achieved this include .
Formula E has set itself the goal of being a role ~ the 2012 Olympics in London, the 2016 Olym- A vital component of corporate culture
model for sustainability and to enhance public  pics in Rio, the French Open tennis tournament Long-term profitable growth is not possible without a comprehensive commitment to sustainability - that is

: : re £ B . P why sustainability at Schaeffler is important across the entire value chain, including Research and Development,
awareness of this BN, As the world’s first ful and the 2016 UEFA AT Champlonshlp in Purchasing, Production, Logistics, Marketing, Sales and Aftersales. With sustainability anchored in its corpo-

ly electric raCing series, it is a pioneer in mo- France. All races are intended to prOgresswely rate DNA, Schaeffler has been linking its business success with acting responsibly toward the environment,
torsport. “The future of transport and mobility ~ become certified according to this standard. = people and society.

Sustainability

1Sources: www.nachhaltigkeit.info, Wikipedia
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#What’s the car’s name?

Daniel Abt doesn’t take pleasure in
christening a race car: “Especially when the
names are those of women. My race cars have
never had any names.” So, the German’s two
ABT Schaeffler FEO2 are simply called by the
chassis numbers assigned to them by their
manufacturer, Spark: 34 and 52.

#ls there a favorite car?

“Absolutely, it’s clearly 52,” says Daniel
Abt, laughing, although he can’t really explain
the reason for his preference. “It feels like this
car handles better and it’s easier for me to
achieve a fast lap in it — even though | obvious-
ly know that, actually, both cars are identical.”
So it’s clear that Chassis 52 is also the car Abt
drives in qualifying.

#How painfulis it so see the beloved 52

being damaged in a crash?
Accidents in one of the practice sessions above
all mean one thing: extremely hard work for the
mechanics. That’s why they’re the ones Daniel
Abt thinks of first. “One of the first thoughts that
cross my mind after a crash goes to my guys in
the pits,” he says. Especially in Formula E there’s
extremely little time between the sessions, plus
temperatures are often extreme — and in spite of
this they pull it off again and again.”

#How can a race driver tell that his car

is perfectly prepared?
It’s not the car itself, but all the stuff going on
around it. “When | arrive at the pits | can im-
mediately sense what the story is,” says Daniel
Abt. If the mechanics and engineers project
cool, professional composure, the racing pro
knows everything’s in top shape. Another good
sign: the way the 34 and 52 look. “Even though,
of course, it really says nothing: | get good vi-
brations when the red and the Schaeffler logos
shine and sparkle.”

#How comfortable is the car? Can you
get bruised in it?
Very much so! “A single-seater is never comfort-
able - especially if you’re pretty tall like | am,”
says Daniel Abt. Elbows and knees always take
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a beating. “The car change in Formula E is par-
ticularly challenging. Although during the race
and because of all the adrenaline | don’t notice
it, ’ll always find a sore on my leg at night that
| got in the heat of the action.”

#Does the relationship between car and

driver continue at home?
Ifitwere up to Daniel Abt, it definitely would. “We
have a museum in Kempten but, unfortunately,
the only one of my cars in it is my Formula Mas-
ters winning car.” But the youngster wouldn’t be
happy just looking at the cars anyway: “The cool-
est thing would be if every car was ready to run
and you could drive around the house a little on
weekends,” dreams Daniel Abt. [ |

During a Formula E round a car change is mandato-
ry. The reason is that the capacity of the battery — a
little more than 28 kilowatt hours — does not yet suf-
fice for a full race. Timing of the car change is up to
the teams but for strategic reasons the pit stop stage
is usually within a few laps of the race’s midpoint. A
minimum time from entering and exiting the pit lane
is prescribed to ensure that the drivers are perfectly
ckled up. Sensors onthe harness wrll be checkmg |

i off d putit back on, ad/ust the harnesses and
e the dr/ver up again — aI( w1thm a fewseconds.
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Steering wheel

FUll Cont > ' = oo, & Control center

provides guidance

Th e CO Ckpit “k .' : \ ‘ : _ : | | 1 Screen change on display

X - g 2 Adjustment to remaining laps
4 : ~ : P, 4 =4 3 Activation of selected functions
' 3 ' 4 Team radio

5 Transmission neutral

6 Brake settings

7 Adjustment to remaining laps

8 Reverse gear

9 Speed limiter full course yellow

10 Speed limiter pit lane

11 Output adjustment selector

12 Discretionary function

13 Upshifting

14 Activation of FanBoost (additional power)

15 Downshifting

16 Recuperation

Dr. Simon Opel
Director Special Projects
Motor: s at Schaeffler

IR

“The steering wheel itself is identical for all
teams — however, we can customize the func-
tions of all the controls and the display,” ex-
plains the Brazilian. “Every team, and some-
times even every driver, has their own ideas or -
wishes in this respect.” £ Dr. Opel, can Formula E races be won thanks to the this he needs the large number of functions and indicators

w b

numerous functions on the steering wheel? on his high-tech steering wheel. When he normally applies

A constant eye on energy consum ption Yes, in Mexico, we just witnessed this with Lucas di Gras- the brake, the interaction between the brake and recupera-

. . si’s sensational victory. He switched cars long before the tion is automatically controlled. However, he has two other
Besides the standard functions found on any race’s midpoint, which was far too early to have a chance influencing factors which he can control on the steering |
motorsport steering wheel, there’s one that’s with the energy left in the battery against his rivals who wheel. One is that at the end of the race — when the battery ‘
particularly important in Formula E: the one that changed later. Clearly, Lucas profited from another | gets verywarm — he has to readjust the brake balance |

safety car period and from another driver who slowed /| (rota cqntrol knob 6) because the intensity of recupera- ; |
3‘ i tlon chqnges which means that the brakmg eﬁ‘ect viathe =
the strateglcally bold dec:s:on to stop early an our very rEChargIHg of the battp:ry dlmmlshes ‘The other and Lucas

helps keep an eye on energy consumption. “The
display shows us the respective state of charge
and we can manually adjust the number of laps
in order to have the maximum amount of ener- . sensitive driving Style.whlch he optimized usi
gy per lap recalculated,” says di Grassi. Another Schaeffler on YouTube W functions on the steering wheel.
exclusive feature of a Formula E steering wheel: Race drivers explain modern Sui* What did he have to do?

the paddle to activate the FanBoost. [ ] motorsport steering wheels [BlxEE T




Energy management

Clever

Lucas, after your victory in Mexico, you said
that this has arguably been the best race in
your career. How did you feel being the hunted
on so many laps who even had to fear running
out of energy in the end?

Well, this wasn’t the first time for me to be in a
Situation like that — the one at the season open-
er in Hong Kong was similar. However, thanks
to our simulations with the team we were really
well prepared for any contingency and had a
precise strategy. Plus, | managed to drive very,
very efficiently, particularly on the last laps. To
some extent, my performance even surpassed
the computer’s optimum simulation. That really
surprised us and — as so often in Formula E — we
learned something again. Obviously, the team
and | were absolutely euphoric when we held
the trophy in our hands.

Could you explain what possibilities in terms
of energy management you have as a driver in
arace?

Driving very efficiently is of paramount impor-
tance. In each of my two race cars, | have exactly
28 kilowatt hours of energy available. Assum-
ing that | have to drive 28 laps on this amount
before switching cars this means that | can con-
sume exactly one kilowatt hour per lap. So, now
I have to get around the circuit on this energy

In Formula E,
efficient energy

is totally crucial
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as fast as possible ... This includes a sensitive
approach to driving because you can drive fast
and waste energy in the process or drive fast
while making efficient use of this energy. My car
provides me with various ways to influence this.
Every braking event produces energy which can
be used to charge the battery — this is called re-
cuperation. When | brake using the foot pedal
part of the energy is automatically recuperated,
about ten percent of the entire braking energy.
This ten percent is very important because | can
directly use it again for acceleration on the next
long straight. In addition, | have a lever on the
steering wheel that | use for braking strictly via
the electric motor and for very efficient recuper-
ation. Good energy management is a successful
combination of driving style, vehicle setup and
race strategy.

How can you practice and perfectly prepare for
this?

We prepare before the events because in For-
mula E practice, qualifying and the race all take
place on the same day. Computers assist us
with the initial basics. And as drivers we then
Sit in the team’s simulator to fine-tune all the
details. It may take two or three days or even
longer to optimize the suspension and the pow-
ertrain setup in terms of energy management
for all possible scenarios.

Are your team and your race engineer of any
help to you during the race? After all, you have
all the data on your display ...

They’re a big help. During the race, they give
me pointers and recommendations precisely
for the important items and keep an eye on en-
ergy management together with me. This has
a major influence on my driving style and the
settings | select from the various options on the
steering wheel.

As a race driver, doesn’t the fact that you have
to use energy as efficiently as possible instead
of just driving flat-out bother you?

No, it doesn’t. Even in conventional race cars
— whether they’re powered by gasoline or
diesel — you only have a limited amount of fuel
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you can use. This is also the case at Le Mans, for
example, where the LMP1 race cars as hybrid
vehicles have to efficiently manage a specified
amount of electrical energy and fuel energy.
And off the race tracks, this applies to personal
mobility using road cars as well. We’d like to,
and have to, get from A to B as efficiently as
possible. In the development of these technolo-
gies, Formula E with its regulations and strong
focus on energy management is a great help.

This has clarified a lot, but the question re-
mains of how exactly, in this car, you’re able to
do something that others drivers don’t achieve
quite as precisely. What’s your secret?

If there was one, I’d like to keep it to myself ... m

Efficient powertrain

The development of the highly efficient powertrain in
the ABT Schaeffler FEO2 is the result of the coopera-
tion between Schaeffler and ABT. The development
objectives were to achieve an electric motor deliver-
ing high torque and high efficiency in combination
with a transmission enabling short shift times

for the three gears considered to be the optimum
choice. In addition, the development was focused on
lightweight design and lowering the center of gravity
to the extent possible and on optimum tuning of the
power electronics for the interaction of the motor, the
transmission, the mechanical and the electric brake
via the electric motor (recuperation). Last but not
least, system management — i.e. the software — is
the key to success in an electric powertrain. Software
adjustments are the only modifications the regula-

tions permit during the season.
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The uppermost, green curve shows the respective gear
used.

|\ The blue curve shows the steering angle The greater the
_upward slope, the more pthe driver steers to the r/ght the
The curves displayed on the screen at first  stakestothem are greaterthan those relating to transmission — is only permitted for other rea-

glance look like stock charts that sometimes  mundane matters of money. The lines show the dings such as battery temperature. {
rise briskly, rarely stagnate for long, but fre-  steering angle, brake pressure, speed orthe po- " - ‘”“ li
quently drop dramatically. Yet when Daniel Abt  sition of the “gas” pedal. Plotted in color on a Projecting the charts either on a laptop G
and Lucas di Grassi look at these charts the  black background, they indicate where the two screen or plotting them in a printout takes ‘
campaigners of Team ABT Schaeffler Audi Sport about ten minutes. “Even a quick first glance : m;Jﬂﬁiﬁfﬂ‘}’éﬁfﬁm L"’;Sopu‘jm’:f‘gggtm”/’he” ‘
either lose or gain time. They can make the dif- at the data shows if any major issues like se- Hw ,)érhe,,augysg}, Wmatener’gy,sbe Lgrecuperated [
Wire tapping The data from the car is read after each ference between victory and defeat. vere over- or understeer occurred,” says Alves. H .J ‘
practice session . In the next step, Daniel and Lucas’s best laps “Thls‘curveplots brake pressure.\When Jcarlsrunmng
40 megabytes in a race are visually superimposed — this allows the fa rfthedrlver/ﬂableto‘makeheawe se of the brake,
. s . | e downforce is being generated and the whee?
“We glean about 40 megabytes of data drivers to immediately see where their team ‘ ¢ lock as fast. When the driver brakes on ente,@a
from an entire Formula E race,” says system mate accelerates earlier, brakes later or drives ‘tu prakeforcear;creaseﬁ H \ |
engineer Rui Alves. At that time, though, the a different line. J |
data serves only to follow up on the previous osmoof.t as_e i
and to prepare for the next commitment. “Far “Particularly due to the short time we have ! , .
more important are the analyses we provide on track in Formula E, taking a look at the data e ’
to the drivers between practice sessions,” is worth a mint,” says Daniel Abt and Lucas di
says Alves. For this purpose, the ABT Schaeff- Grassi confirms: “Sometimes you’re a little lost
ler FEO2 is quickly connected to a network on a new race track. That’s when a direct com-
cable at each pit stop to download the data. parison and a “best of” from our database often
The use of telemetry — in other words radio help you return to the racing line quickly.” ]

This is



Portrait Daniel Abt
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Home

For sure, it's where my family and friends are
and that means it’s not necessarily tied to a par-
ticular place. For me, home is where the people
are that are important to me. And in my case,
that happens to be the Allgdu region — even if |
wouldn’t mind a different place ... (laughs)

Friends

For me, the most important thing in life — and |
can really get sentimental about that — is being
surrounded by really good, close friends. Peo-
ple you can confide in, with whom you can have
fun and who are there when things aren’t going
so well for a change. | think that’s something
we’re all looking for. And I’'m really happy to
have a few good guys around me ...

Always packed in my suitcase

Clearly: my camera! What used to be just a hobby
has since turned into a lot more. Now | wouldn’t

call my YouTube channel my second line of work,
but we take it seriously and we’re working on it
very professionally. | just enjoy taking my follow-
ers with me behind the scenes — by the way on
Instagram and Snapchat, too. All these projects
were inspired by the fact that there is so much
more to show than what can be seen on TV. So we
can bring people everywhere closer to to the ac-
tion around the clock and | can share my thoughts
with them directly. This is more intense and per-
sonal than a “normal” television interview.

My favorite tech toy

High on my listis my new drone, although | don’t
actually use it every day. My MacBook and my
Sony PlayStation are even higher on my list.

From Formula E, this is what I’d like to
have in my road car

In Formula E, we’re currently showing how
sporty electric power can be. Four of our

SCHAEFFLER
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e-motors — one on each wheel - that would
be great.

From a road car, this is what I’d like in a
Formula E race car

An air conditioning system would be nice now
and then. In some races it gets extremely hot
in the car.

In terms “mobility for tomorrow,” what
should Schaeffler invent in this pursuit?

A fully automatic drone that would convenient-
ly fly you to any destination on Earth — that
would be a great invention. [ ]
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Portrait Lucas di Grassi
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Home

To me, means being with my family and
friends — no matter where.

Why only yellow cars of the Audi brand?

At the moment, they’re all yellow. The R8 was
originally black, but | had it wrapped. The next
RS 6 will be green. The idea behind it: my Brazil-
ian helmet colors.

Toys with electric motors

I’ve got four or five electric bicycles, plus
electric skateboards and hoverboards, and
two e-scooters. I’m also developing an e-bike
together with partners in Brazil. I’'m highly
interested in micromobility, just like in arti-
ficial intelligence in self-driving cars. I’d like
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to stay up to speed in these technologies and
understand how quality can be improved. I’'m
involved in Formula E’s Roborace project as
well.

Is electric mobility underrated?

Not underrated. People are now quickly starting
to understand what it’s all about. It’s a little like
in the early days of television. Everyone knew
it would become a big thing, but it takes time
for a large number of people to change their
ways. Fear plays a part in this. You ask yourself:
“Is this really better?” But electric mobility will
catch on much faster than predicted. Take For-
mula E for example: I’ve been involved in it for
five years. At first, nobody, for even a second,
believed in races with electric cars.

Best Formula E moment

There’ve been quite a few. Mexico was great: in
last place twice in the race and then winning it
in the end. My pole in Berlin with a broken leg
and an advantage of a thousandth was special,
too — even though I didn’t know at the time that
it was a fracture.

If not a racer, what would you be?

I don’t race and then go to the beach. I race, earn
money with it and then invest it. So, I’d either
be an entrepreneur or an engineer or an inven-
tor. I’'m a guy who always seeks competition. |
can’t lose. That makes me better as a racer and
would probably be my character in any other line
of work, too. Ultimately, what matters in any of
these areas is being the best, being surrounded
by the best people and extracting the most out of
yourself and your projects. That also distinguish-
es them from the world of art where everything is
subjective. So, I’d never have become an artist.

Talking about “mobility for tomorrow,”
what should Schaeffler invent for it?

Wellin that case, I’d like to have a very efficient
hybrid airplane that could fly autonomously or
semi-autonomously. [ ]
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An electric circuit

Motorsport has always been a driver of developments that subsequently make their way

into production vehicles. This now applies to electrified powertrains as well. In the FIA World
Endurance Championship (WEC) with Le Mans as its highlight, high-tech hybrid race cars are
pitted against each other and in Formula E, all-electric single-seaters are. For Schaeffler, both
racing series have become pioneering test beds for future technologies

“The commitments in the WEC and in Formu-
la E have been helping us gain a better un-
derstanding of the environment and systems
of electric mobility,” explains Prof. Peter
Gutzmer, Schaeffler’s Chief Technology Offi-
cer. Be it in terms of systems knowledge, the
development of new materials, recuperation
(recovery of braking energy) or thermal man-
agement — these are important findings which

also advance the Schaeffler technology group
aside from racing with respect to ideas, vi-
sions and technologies for networked mobil-
ity for tomorrow. Schaeffler has significantly
increased the size of its development team for
electric vehicle components and new mobility
concepts within a short period of time and is
working at full stretch on sustainable mobility
solutions. Six examples ... [ ]

E-bike
On bicycle expressways, powerful pedelecs — with Schaeffler hardware and software
on board — provide a particularly fast and eco-friendly means of transportation for
shorter distances. Branded as SCHAEFFLER VELOSOLUTIONS, the company offers an
extensive and innovative product range.

See also: www.schaeffler-velosolutions.com

Electric car

Schaeffler’s electric axles (pictured) help make traffic noise in inner cities a thing of
the past, moving forward with a wide product range from Herzogenaurach. In this
context, Schaeffler has developed an innovative modular system for electric axles in
various configurations and build levels.

Bio hybrid
The innovative and compact mobility solution for urban areas not only provides
weather protection but, featuring four wheels including an electric pedelec drive,
high driving stability and ample stowage space. In spring of 2016, Schaeffler
unveiled this design and development concept that met with positive response
around the globe.

E-board

In addition to its handy dimensions, this ideal means of transportation for short
distances in urban areas boasts hydraulic brakes and a range of 25 kilometers. At
CES in Las Vegas in January 2017, Schaeffler showcased this prototype. Integrated /A
in the board is a battery that drives the rear axle via an electric motor. The e-board “.‘
is controlled using a stick with an ergonomically shaped handle.

Robot taxi

Self-driving buses with integrated wheel hub motors (pictured) from Schaeffler could
provide a means of demand-based zero-emissions short-range public transportation
in the future. All the drive components except for the battery are completely installed
in the wheel. They include the electric motor, power electronics, the brake and the
cooling system. eWheelDrive makes all-new drive concepts possible.

Hybrid vehicle

Hybrid components will continue to make conventional IC engine based =t qﬁ 2
powertrains more efficient. Schaeffler offers solutions across the entire range - _— -

of electrification potential — from the 48-volt hybrid to the plug-in hybrid for ) =,
various mounting positions to all-electric axles that assist the IC engine or serve

as the sole short-term source of propulsion.
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1972 The limits
to growth

Electric mobility means drive from a fixed elec-
tricity supply — trams, trains, trolley buses. But
gasoline-power comes under pressure. The 1972
Club of Rome “limits to growth”: finiteness of
resources. 1974 oil crisis. The industry responds
with rudimentary electric drives: a BUW 1602
forthe 1972 Olympics only has 32 kW (43.5 hp).
In fleet tests, the electric transporters from
Mercedes and VW, equipped with the batteries
that were still very heavy in those days and with a
capacity of approx. 22 kilowatt hours, merely had
a range of 60 to 80 kilometers. And the electric
models of Opel, Mercedes and VW in a large-scale
project on the German island of Riigen are based
on existing cars. This is the wrong path.

Fast

1899
Electrifying
beginnings

The car picks up speed. The first car to exceed

100 km/h: the electric race car “La Jamais Con-
tente” made by Camille Jenatzy. That was 1899, the
same year that the Baker Motor Vehicle Company
began to build electric cars. Fully electric or hybrid
drive from Ferdinand Porsche for the Lohner
electric vehicle. The same idea with the Mercedes
Eléctrique and Mercedes Mixte. Up to 1939, Detroit
Electric models with more than a 100-kilometer
driving range. Around the turn of the century

there were more electric cars on the road than
combustion ones. Only with the improvement of
performance, range and gas station networks do
petrol-powered vehicles take over.

currents

From the early alternative via public transport and back into the automobile:
electric cars have enjoyed a rapid history spanning more than 100 years and

are only now coming of age
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1996
Tailored for
the future

Two things are needed: 1) A paradigm shift. In 1996, General
Motors is the first major manufacturer to offer a car specifical-
ly designed for electric drive. Around 1,100 units of the EV1
are produced. Its cw value: 0.19. It reaches 130 km/h with a
range of around 250 km using 26.4 kWh from a nickel-metal
hydride battery. 2) A technological leap, based on lithium-ion
batteries from Sony. With these batteries, Tesla joins the

car industry in 2008 with a roadster; 200 km/h top speed,
350-kilometer range. In Japan, the Mitsubishi i-MiEV has
been rolling off the assembly line since 2009. Today, there are
many electric cars, and Schaeffler is a sought-after partner.

1997 Attractive alternatives?

The bridging solution comes from the hybrid drive using the combustion engine and electricity.

Toyota makes the breakthrough in 1997: the Prius is a million-seller. Electric drive is also possible without

a battery: hydrogen and oxygen generate electricity in a fuel cell that drives the car. In 2003, a Mercedes
A-class F-Cell is the world’s first fuel cell passenger car to go into small-scale production. Since 2015, Toyota
has produced the hydrogen model, Mirai.

Motorsport

The milestones of electric mobility in racing: in July 2009, the first victory.for a McLaren-Mercedes with
hybrid drive in Formula 1. In June 2012, the first Audi win with diesel-electric drive at Le Mans. In Sep-
tember 2014, FIA Formula E is launched as the first race series with electric drive. Schaeffler is one of

the pioneers with the ABT Schaeffler Audi Sport team. June 2015 heralds the first averall victory of Rhys
Millen’s electric race car against petrol-powered vehicles at Pikes Peak. September2016: world record for
electric drive by Venturi with 549 km/h in Bonneville.
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Mobility for tomorrow
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For Schaeffler, innovation has been part of its corporate DNA since the foundation
of the company. It is based on lateral and interdisciplinary thinking

Schaeffler is known as an innovative leader  wherever things are in motion — and motion
delivering a wealth of technologies that make also means mobility. The challenges facing
automobiles more fuel-efficient, environmen-  mobility of the future are immense. That’s why
tally friendly, and safer, as well as products for ~ Schaeffler is committed to its holistic “mobility
trains, aircraft, wind turbines, and many oth-  for tomorrow” concept, geared to finding sus-
er industrial sectors. Schaeffler can be found tainable solutions for the world of tomorrow. =

Mobility for tomorrow Under this

concept, Schaeffler concentrates on

four focus areas: environmentally

friendly drive systems, urban mobility,

interurban mobility and energy chain &




ABT Schaeffler Audi Sport
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