Reliability and Performance Challenges
of Next-Generation Smart Power Battery
Management Systems for Electric
Mobility

[

Amirhossein Ahmadi the PhD's pitch

Supervised by:
Paolo S. Crovetti

Ly

life.augmented

PlEEEi-O Politecnico di Torino I E E E
oLl IEEE Student Branch

Advancing Technology
for Humanity

Student Branch



Contents: ]1;c>chD

the PhD's pitch

* Introduction to BMS

* The vertical interface

* DPI and BCI simulations

* Investigation of failure mechanisms

* Conclusion

2 3/15/2024 ’I @_/ Politecnico di Torino

IEEE Student Branch

life.augmented



¢ Lithium-ion (Li-ion) and Lithium-Polymer (LiPo) electrochemical battery packs

v High energy density
v" High power capabilities

** The presence of a

Battery Management System (BMS)
is essential

¥ Under the risk of life-threatening hazards
Due to:
Electromagnetic Interface (EMI)

** The most critical EMI susceptibility issues
are related to the vertical interface (VIF).
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VIF working principle:
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% Two different VIF structures are proposed the PhD's pitch
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VIF working principle:
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A differential, capacitively isolated, bi-directional communication at 4 Mbit/s

A proprietary protocol is adopted

v' Logic "1“: a positive differential pulse
followed by a negative one

v Logic "0“: a negative differential pulse
followed by a positive one

v Anidle time between each transmitted
bit
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Evaluation of the susceptibility to EMI itChD
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The DPl immunity level: Observing the maximum test
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Susceptibility level to EMI itCHD
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DPI Simulation Results BCI Simulation Results
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v Aclear correlation between the DPI and BCl simulation results

v" More susceptible to low-frequency EMI

v" For VIF#1 the DPI (BCI) failure level is as low as 0 dBm (73.5 dBmA)
v' For VIF#2 the DPI (BCI) failure level reaches 27.5 dBm (101.9 dBmA)
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Dint: The mean value of the comparator input differential
signal exceeding the threshold voltages

TL
fTF |vin_Vth| dt
ITL — TF|

AInt =

DSig: The distance between VthP (VthM) and the maximum
(minimum) of the signal during a low (high) pulse

DIdl: The minimum distance between the signal and the
thresholds (VthM, and VthP) during the idle time

v' the closer the parameters are to zero, the closer the
transmission is to a failure condition
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Conclusion itCHD
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Imbalances in the structure and/or rectification phenomena
in the ESD protections

Conversion of common mode into differential mode
interference

ifferential mode component of the received signal at the
put of the comparators is corrupted by EMI

r the parameters are passed, comparators operate
hat the output digital bit is correctly generated

are being done focusing on the mechanisms
DM conversion
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Thank you for your attention
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