Environment friendly

Storage & Distribution

—>H2 storage
—>Distributed by fuel
cell truck

—>Bio-Production

- Oxygen helpful for

environment Peak Carbon
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Hydrogen production

—>Electrolyze water
—>Fossil fuels

—>H2 used in truck
i ->Use in homes and
=) W@y industrial
) mﬂﬂﬂﬂniﬂ.
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BOSCH fuel cell system model customized based on Simscape

BOSCH fuel cell R&D

Detroit

Q

25t phase done,

test bench for BoP, stack,
system & sample line for
stack
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Stuttgart
Headquarters

0

Wuxi
Fuel Cell
Center

15t phase done,
system test bench
under calibration

Tokyo

Fuel cell competence :
Customer interface
Engineering
Application

Testing

Manufacturing

BOSCH



BOSCH fuel cell system model customized based on Simscape
BOSCH fuel cell component products

Hydrogen gas injector
(HGI)

Anode recirculation blower

(ARB)
mmm Hydrogen Subsystem
B  Thermal Subsystem
== Fuel Cell Stack Electric air
EEE  Air Subsystem Compr‘essor‘
mmm  Electric Powertrain

(EAC)
' Fuel Cell Control Unit
@ Anode Recirculation Blower
"' Hydrogen Gas Injection
e Electric Air Compressor Fuel Ce” Stack
@ Low Pressure Sensor
@ Middle Pressure Sensor
(») High Pressure Sensor
@ Air Mass Flow Sensor Pressure sensors
@ Temperature Sensor
H, Sensitivity Sensor .
® Air-mass & -flow
meter

2

H,0

Fuel cell control unit
(FCCu)
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BOSCH fuel cell system model customized based on Simscape

Fuel cell simulation challenge and solution

Counter measure

“gas— water — electricity — heat — force”

Flow Field
dudbuc

Gas Diffusion Layer

Basic tool Add on
3R Simscape
E@ ‘% Molibody Electrical Driveline Mlhphody Fluids
S ® & fa $=3

] Simscape

c Multi

@) domain
L \

o+
LU WN =0 Water transport Water transport equation Stack with original water

S know-how

E ->Hydraulic Permeation P: = J: Vi =~
N b ] @, > Electro-Osmatic Drag D: con = g
— Original ->Back Diffusion , __Pa
— : EW

((D] know-how s —>Thermo-Osmatic Drag

o \ 6 )
T) ( Increasing air flow Air pressure R h

S / / Optimization tool box
(Gl

- -_— —
4 A JAY * 8* @
| | F'arameter Response Sensitivity
Be small in terms Be large in terms P
Trade off Lower system Strength water of compressor  stack Estimator Optimizer Analyzer
efficiency drainage )
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BOSCH fuel cell system model customized based on Simscape
Multi domain challenge

Electrical potential ’ % Fluid state

->High calorific value and > Diffusion : Fick's law
low calorific value

- Activation loss

- Ohmic loss

- Concentration loss

Multiple gas @ Precise control

N2 permeation —>Air circle : pressure &flow
- liquid H20 and gas water decoupling

—>H2 Joule-Thomson effect
- 02 stoichiometry

—>Convection: Bernoulli equation

- Purge & drainage strategy
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BOSCH fuel cell system model customized based on Simscape
Multi domain challenge

Fit function . . .
o Customization-oriented

- customize fuel cell component template
based on customer requirement

Fit function

—electric/thermal/control library

JAr=E, 2 dl‘ LT

Conduction Head Convective Heat I fircke Tharmal
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BOSCH fuel cell system model customized based on Simscape
Parameter trade off challenge

Key messages

@ Insert test data and exclude useless
data

Conform parameter numbers being
optimized

Sweep the parameter range and
find out limitation value

Iteration based on the deviation
between test and simulation result

600
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= ) )
para!ter Parameter estimation tool box

Estimator

L- {% Expenrment plot liv
bt |
o 081
P
~ 2.Result convergence <1l

1 Renton Fcount bp Bt
Mesmize] |

1 » sox0
»

EstimatetBarame

1.0ptimize process




BOSCH fuel cell system model customized based on Simscape
GUI for efficiency improvement

Key messages

Input setting

- H2/Air side setting

- Current setting

Results display

- Display the performance curve

-> Support three area display

' Animation

—>Using arrow to show the water transport flow

—>Using gauge to show the inlet/outlet humidity
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Fuel cell App demo

eeeeeeeeeee ing H2 pressrue load curve ARB flow load curve
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X
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s o 2.5ystem performance

it Tow seting Air flow load curve

© flow sel(55) i

it inial status

ETl o B 1.Air input setting

Label2 FE swz0Es
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BOSCH fuel cell system model customized based on Simscape
Fuel cell system simulation roadmap

GUI for efficiency
improvement
Standard interface for system

Fuel cell system
integration

Integration of all the §itnulation

components into the system P "|" - -

and basic validation exa
Fuel cell component = 1
establishing S
Generate model based on i : o ‘
Simscape M language 5 +

. 3 SYSTEM
gy ‘ + .
: - - System Parameter
[y ‘ + estimation
. Optimize system parameter by
real system test data
Component
+ functionality test : T =

Check the component

‘ performance with real test data

leve System level Application level
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Engine performance

@ 128 w

Rated power

Cold start Fuel Ce” Englne

>60/50

Max system efficiency/normal

30 Kw/s

Dynamic performance




5 A

Expert Team Collaboration

_ _ o _ Always keep communicating by face to
Engineer discussion involve with
) face meeting and WebEx meeting.
lots of MATLAB modelling experts.

AE /1R T+

Capability Enhancement

RS

Technical Advancement

Familiar with system modeling by using

By using MATLAB simulation tool, the

advanced MATLAB simulation toolbox. . .
simulation technology of fuel cell move a

big step.
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