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Method Powertrain Development @centn

System Requirements Concept definition Development and Validation

Customer : : : Powertrain Design and Testing and
. Drive Cycle Simulation o
Requirements concept Development Validation

3 -
LS 3

Intercity / urban Analyse vehicle Fuel Cell * Design criteria Roller
Speed Altitude performance Battery * Modular design dynamometer
Efficiency Speed Efficiency, Electric Motor tests
Legal conditions Vehicle specs power, lifetime, Operation Real Life
costs Strategy Operation

W

®
a HYTECHONOMY

HYPOWER




Method Powertrain Development

System Requirements > Concept definition Development and Validation

Customer Design and
Requirements
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Drive Cycle Development

Power Intercity / urban Analyse vehicle Fuel Cell * Design criteria Roller
Speed Altitude performance Battery * Modular design dynamometer
Efficiency Speed Efficiency, Electric Motor tests
Legal conditions Vehicle specs power, lifetime, Operation Real Life
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Tools for Optimisation

Roller dynamometer Longitudinal Design of
Tests Simulation Experiment

Testing under pre- Systematically varying

defined and In direction of motion input variables Concept definition > Development and Validation

reproducible boundary Variation of driving Minimizing number of —
H o ey e . esign an
conditions conditions (acceleration, simulation runs Development

Evaluation of breaking, inclination) Identify main influence == 3 -
y % ©ONET o many

performance (SoA) Variation of topology factors, quantify their o

Va“dation data and deSign parameter effectS and interactions +  Analyse vehicle 8+ Fuel Cell * Design criteria * Roller
Real-Life experience |dentify optimum
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*  Modular design dynamometer

tests

performance * Battery

* Efficiency, * Electric Motor
power, lifetime, * Operation + Real Life
costs Strategy Operation
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Simulation Target

/Goal

» |dentify optimal vehicle topology
(FC, battery and motor size)
N Identify optimal control strategy Y.

ﬂensitivity Analysis \ ﬁ)ptimisation

e |dentify main influence parameter # Minimize fuel consumption

on vehicle performance : Maximizing Power
* |dentify technical limitations -'j Maximize Lifetime

Under variation of boundary conditions, Minimize costs
Qontrol strategy and topology /
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Example & Boundary Conditions

Vehicle: H, Bus 12 m \

Battery System Electric Motor
30 kWh 2 % 125 kW Drive Cycle

HVAC Power

Inclination profile

Converter

Fuel Cell
Powertrain design

B) H,-Filling Station

Control Strategy

)

HYPOWER Source: Klell et. al: Wasserstoff in der Fahrzeugtechnik; 4. Auflage; 2018
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Optimisation

e Design of Experiment Study used to optimize consumption
* Variation of Drive Cycle & HVAC = Urban (25.9 km) vs. Intercity (43.9 km)

— Noinclination

— Passenger Load: curb weight, Battery SoC at start/end: 75 %
— Consumption includes charging of battery for SoC neutrality

Importance of H,-
consumption
optimization increase
at harsher driving
requirements

Significant increase in
H,-consumption
when charging time is
limited & HVAC
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H, Consumption [kg/100km]

H, Consumption - Simulation vs. Roller dynamometer Tests
Urban & Intercitiy Cycle; HVAC = 0 kW / 24kW

HVAC: up to 2.5x
30 % re higher

13 - 55 % difference due .
by opti

to optimisation target consumption
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Urban, HVAC=0 Intercity, HVAC=0

u Optimised (Efficiency) m Optimised (Power Reserve) = Roller Dynamometer Test
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Topology Variation Base Scenario

Fuel Cell Dominant % % Range Extender
E Charging Station

E-Motor E-Motor
Converter — Converter
Fuel Cell
Fuel Cell

H,-Filling Station H,- F|II|ng Station

Source: Klell et. al: Wasserstoff in der Fahrzeugtechnik; 4. Auflage; 2018 Fuel Ce"

70kwW 105 kW

V1: Actual system x x

V2: Battery dominant x
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Topology Variation

s
HVAC = 6.1 kW

* Base System
* Bigger Battery System
e Bigger Fuel Cell System

70 kW /30,4 kWh
70 kW / 60,8 kWh
100 kW / 30,4 kWh

H, Consumption - Topology/HVAC Variation
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Boundary Condition:
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Cycle: Intercity > 200 km, including
inclination

-
\S)

Fuel Cell operation for all
variations unchanged:

While Driving and Stops: 90% Full Load
70kW System - 63 kW;
100kW System = 90 kW

high-load requirements: 95% Full Load
HVAC =6.1 kW

[Enormous optimisation potential for}

H, Conusmption [kg/100km]
3

powertrain with bigger fuel cell or battery
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State of Charge [%]

Road Altitude [m]

SoC Range - Bus Limits - Puvac = 6.1 kW
——70kW-30.4kWh ——70kW -60.8kWh —— 100kW - 30.4 kW

\ M

Desired Velocity [km/h]
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SoC Range - Bus Limits - Puvac = 12.2 kW

TO po I Ogy Vari atio n —70kW - 30.4 kWh —70kW-60.8kWh ——100kW -30.4 kW

U T
4 - 5
HVAC = 12.2kW ) ww
e Base System 70 kW / 30,4 kWh

* Bigger Battery System 70 kW / 60,8 kWh
* Bigger Fuel Cell System 100 kW / 30,4 kWh

State of Charge [%]

H, Consumption - Topology/HVAC Variation
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HVAC =6.1 kW HVAC =12.2 kW

Road Altitude [m]
Desired Velocity [km/h]
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SoC Range - Bus Limits - Prvac = 24.4 kW

To p 0 I O gy Va ri at i 0 n —70kW - 30.4 kWh —70kW - 60.8 kWh —100kW - 30.4 kKW

HVAC = 24.4kW St - - | |
e Base System 70 kW / 30,4 kWh : _

* Bigger Battery System 70 kW / 60,8 kWh
* Bigger Fuel Cell System 100 kW / 30,4 kWh
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State of Charge [%]
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H, Consumption - Topology/HVAC Variation
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HVAC =6.1 kW HVAC =12.2 kW HVAC =24.4 kW

Road Altitude [m]
Desired Velocity [km/h]

more challenging conditions

[Fuel cell dominant system favorable at}
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Conclusion and Outlook @centn

| Conclusion Simulation results

* Inclination, HYAC-demand & control strategy have
significant influence on power & H, consumption (up to
60 %)

« Right sizing of battery & FC depend on requirements of
the routs

Potential of Toolchain

- Efficient optimisation (Power, H, consumption, lifetime)
 Easily applicable to other fuel cell vehicle types

« Significant reduction of simulation and development time
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