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1 Research Objectives & Goal

Experimentally validating the SOH estimation model (previously designed)
and extending it to improve its generalization over a larger set of batteries.

Understand and define the reliability criteria for safe and conservative battery
operation in hybrid automotive applications.

Development of experimentally validated battery thermal model for the range
of operating battery state of charge (SOC)



J  Problem Definition

» The battery SOC should be monitored to ensure that the battery is operated within
the acceptable voltage operating range (20% - 80% SOC) of the battery.

» Accurate measurement of SOC is only possible if the SOH of the battery is known

» Conventional Neural network SOH estimation model generalizes poorly over a
larger set of similar batteries.

» In automotive hybrid applications, Lithium batteries are subjected to high peak
current during charge and discharge cycles.

» The temperature of the battery should be measured and regulated to ensure
efficient battery operation and to prevent thermal run away.



J  Experimentation

Elithion voltage (1PRO000) generic Arduino Mega for data collection from Temperature sensor (LM35) for battery
standard cell board for single cells voltage and temperature sensors

surface temperature measurement
terminal voltage meaasurement

Model / Cell Type: N 650G-HOANA
Cell Capacity: 3300mAh
Operating Temperature:
charge: 10~45°
discharge: -20~60°C
Standard Charging Current: 1.675 A
Norminal Voltage: 3.6V

The safe operation of the battery is
enhanced with the use of Elithion
(Lithulmate) BMS.
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Experimental Variables:

Aging charge current: 3.3A (1C-rate)
Aging discharge current: 10A (~ 3C-rate)
Operating Temperature: Room temp.

2-layer Autoregressive
exogenous (NARX) model
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.  Improving Generalization through PL-ELM

O The immaturity of the battery industrial production result in high discrepancy
across battery aging.

L A good model should generalize well across a large battery set
U A deterministic and stable PL-ELM model is designed to overcome the drift
problem associated with conventional neural network model
¢=H"y
where H™ is the generalized Moore-Penrose inverse matrix 1
m
Vi = Z of ,B(ijk)y(wjxk + bj) for 1<k <N
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Bwix) .. Bmxq) 2
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— : : : X
H; = : ' ' € RTT U The deterministic and low computational demand of PL-ELM
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positions it for online application.



J  Result of SOH estimation with PL-ELM

; i} Validation of PL-ELM model
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J Battery Thermal Model

=  Lumped Battery: This models the battery potential using the open circuit voltage and the derivative that
depends on SOC. The voltage loses are medelled based on Arrhenius theory.

Ecen1 = Eocv(SOC: T) + Nir T Nact T Nconc

= Heat Transfer in Fluids: This models the heat transfer and the temperature.
oT
pCpE+pCpu-|7T+ V-q =0Q
q = —kVT

The variations of internal energy in time are balanced by convection of internal energy, thermal
conduction, and additional volumetric heat sources.

discharge
charge

The model generalizes well at the
constant current load in the zone
of operation : 20% to 80% SOC.



Jd  Summary and Future Work

[ An In-house testbench has been built to experimentally validate the SOH estimation model
previously designed.

d SOH estimation model is designed with PL-ELM to enhance generalization across a larger set of
batteries. The model is validated experimentally using dataset from the literature.

O Thermal model is developed and experimentally validated with dataset from the developed
testbench

Future Work:

O The PL-ELM SOH model will be further validated with experimental dataset acquired from the
testbench.

O The thermal model will be extended to model a 48V, 1kWh battery pack and the model validated with
mild and aggresive profiles typical of the hybrid vehicles.

O Implementation of models in the control system that manages the torque request of hybrid vehicles



Publications:

State of Charge Estimation of Lithium Batteries for Automotive application with Artificial Neural
Network: 2019 Aeit International Conference of Electrical and Electronic Technologies for Automotive (Aeit

Automotive) - published July 2019

Energy saving from Electrification of cooling system: 2020 IDETC-CIE International Design Engineering
Technical Conferences & Computers and Information in Engineering Conference — accepted for publication
August 2020
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