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~We do now see that thermal systems in combustion vehicles were
oversized and that the controls were not sufficiently accurate®
— A consortium member
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Thermomanagement of electric vehicles z
Energy demand at -20°C in WLTP cycle SIVOLVER

ENERGY DEMAND DISTRIBUTION IN WLTP AT -20°C
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BEV Long Distance Capability Z3VOLVER
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BEV Long Distance Capability Z3VOLVER
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Redesign of Thermal Systems using Z
Systems Engineering _&HVOI.VER
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The Thermal System as Central Participant 7z
in Vehicle Operation KIVOLVER

MECHATRONICAL & THERMAL PATH
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Bosch Skateboard Platform :@EIVOLVER
Flexible Development Approach |
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Bosch Skateboard Platform

Thermal Design - Heat Pump Results at -7°C %VOLVER
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Bosch Skateboard Platform

Thermal Design — Heat Pump Results at -7°C '&HVOLVER

Benefit of HP usage @ -7°C (Example: cwA =1; 2400kg; fr=0,012; eta all= 80%) o Tests with PTC and heat pump were
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Heat Panels for fast Cabin Comfort (Ford) z
Hardware Integration &HVOLVER

0 Use Case: Parcel delivery service

o Frequent door opening cools the cabin
esp. in winter conditions

o Solution:
Heating panels for fast driver comfort

Low time constant - Immediate “ostion | setpom
comfort increase DoorTop | 40C
Door Side 60°C
Seat Head 40°C
Energy demand: ~250W Seat Arm aoc
Sun Visor 60"C
Dash Lower 60°C
Reduced hardware costs especially il | o
o | Floor Mat 50°C

compared to a heat pump system
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Heat Panels for fast Cabin Comfort (Ford) z
Analysis of Different Heating Measures KIVOLVER

o Different relevant load cases
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Tempgrature Dependent_ Efficencies ;?(CEIVOLVER
Electric Motor Characteristic Map
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Wahl, Alexander et al., Efficiency increase through model predictive thermal control of electric vehicle powertrains, Energies, 2022, 14
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Powertrain Thermal System Layout

System of Investigation KIVOLVER
General:

o For understanding the function behaviour
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Wahl, Alexander et al., Efficiency increase through model predictive thermal control of electric vehicle powertrains, Energies, 2022, 14
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Simulative Results 7z
As published in [1] KIVOLVER

(a) overall efficiency increase
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Simulative Results of Long Distance Trip z
Turin — Ceriale Roundtrip 350km KIVOLVER
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—>The savings reflect a distance increase of 10.5km on a 700km roundtrip
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Functional architecture for optimizing z
cabin climatization using predictive data KIVOLVER

acados

rI-Ieating,min rHeating,max

K IFreshAir,min IFreshAir,max /
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Vehicle Measurements for the Optimized z
Cabin Conditioning with CRF Validator 1 &HVOLVER
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Exemplary Measurement Results for the
CRF Validator 1

SPEED PROFILE 1 (HOME - WORK) | -10 °C

&3IVOLVER
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Evaluation of the new functionalities for 7
cabin conditioning WIVOLVER

SUMMARY

CRF VALIDATOR 1

o Savings range from 13.4 % to 32.3 % for cold ambient conditions for the auxiliary energy
consumption for specific measurements

o Lower savings potential on auxiliary level for hot ambient conditions (max. 6.4 % for specific
measurements)

o Main savings due to:
Utilization of recirculation rate
Improved control of the fan
More efficient operation of the compressor due to improved set points

o In average the following energy savings could be achieved (average of all measurements conducted):

Hot case (35 °C): 2.5 %
Cold Case (-10 °C): 1.3 %
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Conclusion &3VOLVER

Is Advanced Thermal Management An Enabler of Long Distance Capability?

o The thermal system has still the highest energy consumption after the powertrain
o Heat pumps have shown in the project to be an effective measure to enhance the range for highway drives
o For special use cases, heating panels can be advantegous over a heat pump

o Thermal system controls are an important contributor to future savings especially cabin conditioning
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