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Nabern - the technology center for Fuel Cell Systems. Since 1997, all
activities for the development of Fuel Cell Systems have been concentrated
at the Nabern location near Kirchheim-Teck.
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Company position on the market, products and activities

NuCellSys GmbH - The Fuel Cell System Company - is a 100% Daimler AG
company is the worldwide leader in the development and manufacturing of
fuel cell systems for automotive applications. Within the Fuel Cell Alliance
between Daimler, Ford, and AFCC (Automotive Fuel Cell Cooperation),
NuCellSys is responsible for system engineering and design, component and
software development, system testing, manufacturing, integration and
validation.
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Major milestones of the Company’s history

Daimler-Benz and Ballard started initial co-operations in the early 90°s and in:

Ievcin da Alaaca em prol de Desersoldeenio da « & SR of e Fuost Cal Alifance.

Cetula & Combustivel

0% panaHicg handaram & empiea dob hoe cHl
Efines [dra o desernohamento de astemas
Enmplanos 0 i & combesvel

& The pavimers fownd five company ol el cef engines’
for dve development of complede Fuel Call Spsienms.

Ferd Mator Comany Se junla 4 Aliania « & Fond Mok Gomypary joias the Alance

dbb muda de nome para “REELLES AEmpresa de =
Sistenas de Cilula a Combustivel

w G Cledrtpas ale Aame o WLELESS - The Fosd Dell
Empine Campany”

® (nfagation info Balard Power Spsfines o fiwe course 6f
an Aliancs restacionmg

integracao denim da empresa Balamd Power Syslams «
deved o i Lma re-estriduracae oa Alanga

Dairmier & Ford fBazem uma int-venture @ assumemo =
negocis oe desenvwolimento de sistamas de c2lula a
combue™al fundands & ‘NuCalSys GmbH A Empresa
e Sistamas oe Celula 3 Comimssbval’

» Jmmipr and Fovd imhe ovey Bhe sysiemn busioess and
foowd NuCellSys Gmbl = T Fowd Call Sysfam
Campany” as 3 jeinf venfum.

& vl and Fond dmhe over the Avtonoiive slaclk
Chwsaon busimsas fromm Halland Powear Sysfems and
o ARG - Anfamative Foel Cof Caoperstion 59 8
ot vanire,

Dadmiler @ Fovd fazem wma nove joint-ventura g =
assumem 8 Dhieko o2 Stack da Batland Power Syslams
fundandn a AFCC Cooparacho da Célule 3 Combustival

Aatomotiva

Dairdar assume T % da Noodlgs « ® [Faumiar take pear e 1O0% share i Vecedsys



M Brasilien Fuel Cell Hybrid Bus NUCELLSVS

THEC FULL CELL S5YSTLM COMPANY

NuCellSys Achievements in mobile applications
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Project Organisation & Communication (Workpackage 3.1)
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- commercial issue =Pl - NUJUCLCLLSVS
- technical issue m L HYDROGENICS
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/ES Elerropavulo BALLARD

A JOINT VENTURE OF DAIMLERCHRYSLER AND FORD MOTOR COMPANY

THE FUEL CELL SYSTEM COMPANY

PM/Sales Manager

(Guido Bunzel / M.S.Panik)

Project Team

»| Process Engineering itvasperl < Marcopolo
(T. Rdsch) J
- technical information Project Team
CAD Engineering - technical meetings
(T. ROSCh/R.CWIk) - data exchange
_ - timing (schedule) ﬁ Information
\ Electrlc_aI/CQntroIs - experience exchange exchange
Engineering

(6. Bunzel/R Baven _SIEMENS _

» Mechanical Engineering Suppliers

(T. Résch/C.Schmierl)
MES DEA
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Work Break Down Structure
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Fuel Cel System
Hydrogen Fuel Cell System Modular (2 Systems)
Energy Management System

Battery Managemeant Systerm

Vehicle Systermn Controller

DC To DC Converter

eXchange Control Unit

High Voltage Bus (vehicle)

High Valtage Bus Fuel Cell System

Low Voltage Bus

Emergency Power OFf

& Condtion

Power Steering

Heat System

Work Package

Description, respectively the WP-Nr. will be find
in the document | UNDP WBS Description

@ evtu

CONSORTIUM
@ uarcoroLo
@ o
@ BaLisrDAG
@ eaLLarD N,
@ SEMENS
@ STURRT
@ EFRI
@ PETROBRAS

ien Fuel Cell Bus

| B i

| zome Jrevi [BRA/OS/G32

WBS l Date: 08.05.2005
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Work Package Responsibility (NuCellSys)

ELECRIC-FUEL CELL
HYBRID SYSTEM

[3.1

ENERGY STORAGE ELECTRIC PROPULSION ELECTRIC GENERATION
SYSTEM SYSTEM SYSTEM
[3.1.1 [3.1.2 [3.1.3
) Simulation Fuel Cell Systems
Battery System Design EMS/BMS/FCS y
HY80-M
Bt ]3.1.2.1 B.1.3
 p— 1 S —
Battery Interface Energy Management
Clarification Controler (DICO) FRLIEY ARCerRance Ty
B.1.1.9 B.1.2.2 13.1.3.2
Battery Management i erification Testin
System (BMS) Traction Maotor q
B33 B:1.2:3 B.1.3.3
3 -
Traction Inverters / XCu
Induction box (Gateway FCU1/2-VSC)
B.1.2.4 3.1.3.4
Energy Management FCS-Optimisati
ptimisation
System (EMS) Dual-Strategy
B.1.2.5 8.1.3.5
1 e ——— |
DCDC-Management -
FCS_Bus-HV-Bus Eoa-nnling
B.1.2.6 3.1.3.6
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Brake Resistors

FCS-Documenation

B.1.24

B.1.3.7

| r————— r—
Auxillary Motor 1/2 Packaging FCS
B.1.2.4 3.1.3.8
L :
Power / Sa'gnal cables Service/Maintenance
{Inverter & Motors) support - training
]3.1.2.9 13.1.3.9
: T Data for
Wiring Diagramm CAD Packaging
[3.1.2.10 [3.1.1.10

Wiring FCS to Venhicle

13.1.3.11

e

Fuel Cell Stack Modules

[3.1.3.12
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System architecture and scope of work for WP3.1

WP3.1

Energy Storage System

WP3.1.1

#2214

413

f{lii

f.f34"h

#3 I'D

#150

Cooling System

#3540

#3520

#3510

#3560

#3550

. Siemens ELFA Drive System DICO-Cortrolor 3110
: D-CAN 120
E ELFA |Invertert ELFA |Inverter2
E T - 30
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E & ‘ ‘ 5;* ‘
: @ e DCDC
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H Mot1 A1 AxZ  Mot2 :
. : &40
: ------------------------------------ # rm ------------------------------------------
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Vehicle Control System veU-controler
e #420
Diriver Information
system @ @
Bus Safety Control HZ/High-voltage #430
DCDC (1224%) System G ok Fault
12y n E;gft:;quntro\ :iiﬁg_smtw 410
Cooling Control ‘_pumps.-‘valves.-'sensnrs
24\ FCs fans #450
DC/DC (750/24V)
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S006-7 00
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CAN legcmﬂkﬂl DC/DC converter

CEN 5 LET1930 y
HY&0 Fuel call I
System DC/DC conyerter Traction Drive
%3 _ DC/AC Inyerter
1
Enerdy Storage

12024y DC/DC
conyerter

- High Voltage Bus

—— CAN-Communication
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Fuel Cell System Interface clarification

H2 Storage Ass'y

[[l]] Flame
resistor (Thc)

Air intake
manifold
|X| Ej Silencer
............ Filter (particle,
Water = contamination)
. = >
De-bubbleline E] [_ Knock-out 59 _& a Shut off
(Specification No.18) 'ﬁ - 9 g = g Valve
. [0} i g 2 (=] @ s
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Pump | :
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LT loopin

(Specification No. 4)

All Interfaces was clarified during the
project phase with the local partner Tutto
to get the systems in operation regarding
the requirements
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Dnve CyC|e Generatlon Sao Paulo Corridor

100.00
G90.00 — Steigung
. - 5.009%
The EMTU Corridor profile 50.00 ’
was taken to generate a drive
. 0.009%¢
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- - 2 (
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-15.00%
30.00
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Caracteristics of the EMTU Corridor - CARACTERISTICS OF THE EMTU CORRIDOR - SECTION CARACTERISTICS OF THE EMTU CORRIDCR - SECTION
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S, ey

EMTU Corridor profile
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Bus Rear Packaging of the Fuel Cell Hybrid components

3.1.1 Electric Energy Storage System (MES-DEA)
3.1.2 Electric Propulsion System (Siemens)
3.1.3 Electric Generating System (NuCellSys/Ballard
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0= dols siebmas de célula 3 combustial

HY 20 mostrados ma figura abalo consstem
0o saquinies sub-modulos:

1. Giack da Calua 3 Combustial

2. Gelama oe Caluls 2 Combustiel

3. Unidada da DistribulgAn da Poténcla

4. Unidade da Controk

5. Unidade da Maonttoramanto e Intarface
com o Stack

6. Bomia te Amefecimanio oo Alta Voitagem
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Inclination in envirome ntal chamber Vibration testin operation Electromagnetic compatibility test

Verfasser | Datei, Version, Revision 13/7/2009 5‘1‘ 16 L‘ L"



M Brasilien Fuel Cell Hybrid Bus NUCELLSVS

THEC FULL CELL S5YSTLM COMPANY

Tsta o skfama g9 sl 8 combushies)
na marasmanss oom Inelnasi

Fus] ] Sypstam Bt I ﬂuﬂﬁmjiﬂs
W 18

Verfasser | Datei, Version, Revision 13/7/2009 EE 17 E‘E



M Brasilien

Fuel Cell Hybrid Bus

NJUCLCLLSYS

THEC FULL CELL S5YSTLM COMPANY

Technical data

Type

Capacity

Rated Energy

Open circuit voltage
0-15% DOD

Max. regen. voltage
Min. op. voltage

Max. discharge current
Cell Type / N” of cells
Weight with EMI

Specific energy without EMI
Energy density without BMI

Energy 2 h discharge
Peak power

2/3 OCV, 30s,335°C
Specific power
Power density
Ambient temperature
Thermal loss

at 270°C internal temperature

Coaling
Heating time
Periphery

Z37-310-ML3C-64 Z37-620-ML3C-32 Z37-310-ML3P-T6 Z37-620-ML3P-38

unit
Ah
kWh

N
W
W
A

kg
Whikg
Whi
KWh
kW

Wikg
Wi
i
W

h

ZEBRAP charger recommended

54
19.8

310
372
206
224

ML3C / 240
207
96
156
17.8

36 DOD 20%

32
19.8

620
744
412
112

ZEBRA? Battery

Z37

174
284
40 to +50
<120

air

76
235

310
372
206
224

24 h at 230 VAC

BMI, Fan

ML3P/240
207
113
186

21

36 DOD 70%

28
23.5

620
744
412
112

System Specification of Energy Storage
System

The energy storage system for the bus
consists of 3 NaNiCl batteries, also
called ZEBRA battery, which are
integrated into the Electric Fuel Cell
Hybrid Bus System. The batteries are
supplied from MES-Dea a Swiss
company. The batteries in the Fuel Cell
Hybrid System have to fulfil the
following functions:

Assist Fuel Cell Systems to meet
instantaneous power requirements.

Store regenerative braking energy

Reduce Fuel Cell System transient
operation

Improve overall power train efficiency
Battery System Design (Specification)

The ZEBRA battery is a high energy
battery, with 3 ZEBRA Z37 modules
providing 108 kW of peak power.
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Component overview (WP 3.1.2)

Large Drives
Traction

7 & 8 Phase Inverter 9003.02/03 or 9004 Reactor cifEllit
Current: 170 A cont. / 300 A peak Current: 2x120 A cont. / 300 A peak
Power: 2 x 120 kVA cont. / 175 kVA peak.  Power: 2 x 120 kVA cont. / 175 kVA peak.

1/ 2 x 60 kW Chopper Phases

Drive Motor 1PV5135/5138
DICO Power: 67/85 k\W cont.

Auxiliary Motor 1PV5131
Power: 25k\W cont. / 65 Nm cont.

Cable-set

Weight without cable 760kg
A&D LD T O7 /hck /28.10.04 LNDP Pres 041108.ppt 3/7

Preliminary
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Fuel Cell System Manufacturing and Integration

Manufacturing 24hTest

Airmodule

Airmodule Systemmodule Acceptance Test —> gration from Ballard

Manufacturin Systemmodule Stackmodule Integ-
—> g — y
*i‘@gﬂ‘-" — o Tee o

Build and test of ) — Fuel Cell System
Fuel Cell System Integration into Bus @ Tutto FCS wiring/electronics Testing (FAT)
Facilities
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Resume of Phase |

Nucellsys was impressed to see how professional the
Team worked together.

The progress of Integration and Testing was very good
and successful

The local partner Tutto has now a very good experience in
fuel cell hybrid technology.

Bild von Technical

Busteam
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