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Nevera Battery system

CONFIGURATION: 174S 40P STORED ENERGY: 120 kWh
PEAK DISCHARGE POWER: >1400 KW PEAK CHARGE POWER: >500 kW

Battery algorithms:
« State of Charge
+ State of Health

« State of Power
+  State of Energy

+  State of Safety

+ Stateof ....
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BMS (Battery Management System)

BMS master BMS slave

MCU

is0SPI isoSPI

UI Sensor BMS Slave 1

i

+  Specification of BMS Master Unit BMS Slave 2
+  Communication towards vehicle
*  CAN-FD support
* Handling of contactors
» Activation of pyrofuse .
*  Crash detection input BMS Slave N
*  HVIL control
*  Battery thermal runaway detection
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*  Specification of BMS Slave Unit
*  Up to 238 series connected cells (1000V in total)
» flexible number of temperature sensors
» flexible sampling rate
« flexible balancing current
e ASIL-D compliant
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PAST/PRESENT TOWARDS THE FUTURE

Discharge Power
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Dynamic predictive protection of the battery integrity of the electric vehicle
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Online computations

io [A] i: io [A] i: io [A] i: io [A]

2D CURRENT

Prediction horizon 10 seconds (calculating each 20 ms)
Calculating 1D,2D and 5D currents (current changes).
Higher dimension (D) allows higher currents .
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Test plaiform - Rimac Nevera &
. ﬁ@l ‘ Sensor signals - _
‘] Steering [ vDCU ‘ — iﬁ
J‘ _wheel & IV] — —
Accel pedal TORQUE ) . ok
) Brake pedal CONTROL - -

_
» 4 independent EMs (total power 1400 kW, total max torque 2360 Nm), single-speed gearbox, battery capacity 120 kWh 9

» Control software lives on the ECUs — the brain of the car -> controls all major vehicle components and vehicle dynamic behaviour,
thus defining the vehicle’s character and ,moods”

» Battery is being protected by the BMS, which communicates with VDCU, providing battery safe power limits and other relevant
battery states such as SOC, SOH and cell temperatures and voltages
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Battery cell models

Physics — based models

negative positive
electrode separator electrode
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Remember that all models are
wrong; the practical question is how
wrong do they have to be to not be

useful.
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RT Baitery Cell testing

BATTERY CELL TESTING
* 168 testing channels

* 14 Temperature Chambers

* 5 0il baths — calendar ageing
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RT Baitery Cell testing
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Machine learning based model of battery aging used in computational
geometry for on-line battery pack health protection

Acquiring laboratory
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Onginal data - Smoothed data - Pradiction 95% confidence interval
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THIS 1S YOUR MACHINE LEARNING SYSTET?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF UNEAR ALGEBRA, THEN COLLECT
THE ANSLIERS ON THE OTHER SIDE.

WHAT IF THE ANSLIERS ARE WRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.
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Target

 For each battery state (SoC, T, SoH), maximize performance (charging,
regenerative braking, discharging) while ensuring compliance with
safety thresholds and absolute operational and degradation limits.

Capacity trajectory

Cycles
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