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Fuel Cell System Simulation for Heavy Duty Application

H, for Truck Mobility of Tomorrow

Transport Performance
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« Steady increase in transport performance « EU’s “Fit for 55” accelerates  Daily mileage peaks at 500 km/d
—>Need for fast measures to reduce CO, transformation in road transport —>Defossilisation of long haul trucks
-)) H, enables carbon free transport, especially for long ranges and non-road application
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Sources: Eurostat data browser: ROAD_GO_TA_TOTT; ICCT whitepaper 2021 “Total cost of ownership for tractor-trailers in Europe: battery electric versus diesel”



Fuel Cell System Simulation for Heavy Duty Application

System Simulation: A Way to Address the Targets
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-)) Simulation to determine optimal system & component specification
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Model Layout
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Fuel Cell System Simulation for Heavy Duty Application

Model Layout

* Class 5 Long Haul Truck

HV
: j . Fuel Cell 3x 120 kW (EOL)
Fc1 FC2 FC3 k""" Battery 51 kWhg,
' ! ' . Motor 350 kW,
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HV - * Ambient: 15, 25, 35°C

Generic HV Layout for a FC Truck

Fast Running Fuel Cell Truck Model:

. = « VECTO Long Haul
* Single FC System calculated § X 3 . VECTO Regional Delivery
«  Uniform power distribution > AT

» Real Drive (Brenner pass, Black Forest)

* Next Step: Module-wise optimization Sl |

-)) Scalable physical fuel cell truck model

5 | Thomas Friedrich & Felix Kleinheinz | CRAL.1 | 2022/10/24 m n H LE
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Model Layout
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-)) Detailed vehicle coolant circuit considering additionally the low temperature circuit
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*no AC circuit modelled, cooler bypass not displayed
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Model Layout

Air Subsystem

Bypass
Air Compressor
=P Air Filter »  Air Cooler > Humld_|f|er —
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- ----- Inverter E— Stack Cathode
: Motor yp Loop
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-)) FC system model covering all functional components

7 | Thomas Friedrich & Felix Kleinheinz | CRA1.1 | 2022/10/24 m n H LE



Fuel Cell System Simulation for Heavy Duty Application

Model Layout

Cathode Subsystem — Fast Running Model

Cathode Vol
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Ut Output
E Water generationin |
: erilneele i Fuel Cell Stack
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-)) Reduced complexity for integration into drive cycle simulation
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Model Results
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Model Results
Lifetime Load Extrapolation

GAMMA 4 ="‘é

TECHNOLOGIES MATILAB |
[\/ Simulation \ 4 Extrapolation: I
Ambient Temp % Results: 1.875.000 km
[\ Histogram Payload Factor:
Drive Cycle / Rainflowcount Low L | RefL | Max L
N . 20% | 50% | 30% [j>
Payload
Y / Ambient Temperature:
\ 15°C | 25°C | 35°C
Degradation M ’ 79% | 13% 8%
/
.)) Evaluation method?) covers various ambient impacts
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1) ATZ 2021: ,Cost-oriented optimization of fuel cell peripherals for use in heavy commercial vehicles*”
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Model Results

Air Massflow Compressor (single FC stack)

Long Haul Reference Load 15°C Ambient SoH 90% Lifetime Extrapolation
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.)) Covering multiple differing drive cycles to estimate component’s lifetime loads
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Influence of Hybrid Control Strategy
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Influence of Hybrid Control Strategy
Power Limitation

Efficiency curve

> 4
e

o IS

= Mt

= \\
17

>

7))

O

u | -

System Power

Limitation of output power @ 3x 140 kW Stack

1. 3x 140 kW stack power (100% of installed power)
3x 120 kW stack power (85% of installed power)
3x 100 kW stack power (70% of installed power)
3x 80 kW stack power  (55% of installed power)

H W
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Influence of Hybrid Control Strategy
Power Limitation

Efficiency curve 120 = 1200
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3x 80 kW close to SoC limit
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Influence of Hybrid Control Strategy
Power Limitation

Efficiency curve Fuel consumption
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System Power
= Qversizing leads to lower fuel consumption
» |ncreased stress for battery due lower fuel cell system power output

= Further improvement with stack specific control & ADAS expected

-)) Further improvements & high control complexity expected
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Summary
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= High complexity in system layout and power management for HD application
= MAHLE's fast running GT-Suite model allows simulation of system and component requirements

= System optimization will lead to further improvement in fuel consumption and range
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