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 Why Digital Twins ?

 Example 1: Drivetrain Optimization and Calibration

 Example 2: “1000 times Real Time DGT" for
Energy Prediction to support
Fleet Logistics Planning




Hardware-centric development process
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Rightsizing of components: e.g.: Size of the Battery

Pre - calibration of several components like BMS, HVAC or VCU
for given vehicle missions

Functional tests according to requirements (high number)
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- Informed Trade-Off Decisions (e.g.: Barcelona cycle / 8 T vehicle):

Trade-Off | Optimization (New)
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-2 Informed Trade-Off Decisions (e.g.: Barcelona cycle / 8 T vehicle):

—> 864 kg High Density Battery
" tadeon | Optimzsion ew " merecion

o

28(

200 Wh/ kg 864 kg Battery

26( '; +

24000

O

o,
V)

(O
)

O
A
)
),
O
@,

oo
2000

18C
16C

2000 2200 2400 2600
Maximize Payload [kg]

Maximize Range [km]
[KWh/cy] [KkEuro] [%/cycle]

Range E-cons.

Energy Density 0.2 600 Battery Weight [kg]MOO

[kWh/kg Battery]
EUROPEAN
® CONGRESS
S SEVILLE
19-21 May 2025




Fleet Logistics and Planning SW needs situation dependent, reliable
Energy Consumption prediction = Much faster then realtime!

Validated SiL Digital Twin (slightly faster than real time only)

—> Data to train physical informed Neuronal Networks
Energy consumption = F(Vehicle, Mass, Route, Traffic, Weather)

—> provided to be called via the cloud
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E consumption
Reference [kWh]

Velocity [km/h]
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We see a shift towards SiL, HiL, Component- and Integration test beds

— All using proper Digital Twins.

A Standard is precondition for industrialization: FMI / FMU
+ Calibration Data Management as established for ECU-calibration.

Digital Twins are needed in Development and beyond SoP

Fast calculating 1000x Real Time DGT to Predict Energy consumption
IS an upcoming Future potential in order to reduce Fleet Operation Cost
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