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Toépicos a serem abordados

d Por que o BMS é necessario?

[ Funcoes do BMS;

J Arquiteturas de BMS;

) Estrutura interna.
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Por que o BMS ¢é necessario?
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Fonte: S. Park et. al.. “Review of state-of-the-art battery state estimation technologies for battery management systems of stationary energy storage systems”.
Journal of Power Electronics. 2020.
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Por que o BMS ¢é necessario?
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Funcionalidades do BMS

“A battery management system (BMS) turns a collection of dumb
cells into an intelligent and safe battery pack.” Lithium Balance.
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Fonte: J. V. Barreras et. al. “Fuse and Switch Box Design, Modeling and Characterization in HIL Simulation Environment for BMS Testing” International Conference

on Sustainable Mobility. Applications (SMART2015), 2015
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Funcoes detalhadas

Manage the battery

Fonte: J. V. Barreras. “Practical Methods in Li-ion Batteries for Simplified Modeling, Battery Electric Vehicle Design, Battery Management System Testing

and Balancing System Control “. PhD Thesis. Aalborg University
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Arquiteturas de BMS
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BMS slave
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Exemplos de BMS
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Exemplos de BMS

Current sensor HALL 400

1l

- Traction battery (GND)

(To motor controller and charger)

Cell 128

Cell 127

Continue 10 next cells
(12910 192

+ Traction battery (GND)

(To motor controlier and charger)

23/02/2021 Prof. Allan Fagner Cupertino



4

CEFET-MG

LE ACOPI

Power Electronics, Drives and Industry Applications

Balanceamento das tensoes das células

Prof. Allan Fagner Cupertino
afcupertino@jieee.org

23/02/2021 Integracdo de ESS no SEP 1



Exemplo — Desbalanceamento das tensoes
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—|— 225V
oV

135V LiPo
I 84V 8.4V
— 221V —~ ~
T 219V 42V 3.3V
___2.20 VvV = ==
____@ 5 B
—L 42V 49V
— 221V
—L ~ Qv ~ oV
— 219V
ov

Fonte: D. Andrea. ¢

‘Battery Management Systems for Large Lithium-Ion Battery Packs”. Artech House. 2010.
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Exemplo
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— Desbalanceamento das tensoes
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Fonte: D. L. Stroe. “Storage Systems based on Lithium-Ion Batteries for Grid Support and Automotive Applications.” PhD Course. Aalborg University. 2018
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Estratégias de balanceamento
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Fonte: J. V. Barreras et. al. “Multi-Objective Control of Balancing Systems for Li-Ion Battery Packs: A Paradigm Shift?”” Vehicle Power and Propulsion
Conference. 2014.
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Estratégias de balanceamento
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Fonte: J. V. Barreras et. al. “Multi-Objective Control of Balancing Systems for Li-Ion Battery Packs: A Paradigm Shift?”” Vehicle Power and Propulsion
Conference. 2014.
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vuv T

Vov = Overvoltage (OV) detection threshold range
AVoyn = OV detection hysteresis program step

Fonte: Sihua Wen. “Cell balancing buys extra run time and battery life” Texas instruments. 2009.

Balanceamento de tensao ou de estado de carga?
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Balanceamento de tensao ou de estado de carga?

J Balanceamento por tensio

> Hstratégia: medicdo da tensdo de cada célula;

» Simples e melhor para situacdes em que as células sdo similares;
» Ruim para certas quimicas.

d Balanceamento por SOC

> Hstratégia: Estimar o estado de carga de cada célula, capacidade e energia
consumida pelo BMS;

» Melhor para células com impedancias diferentes;

» Maior complexidade.

Fonte: J. V. Barreras et. al. “Multi-Objective Control of Balancing Systems for Li-Ion Battery Packs: A Paradigm Shift?”” Vehicle Power and Propulsion
Conference. 2014.
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Métodos de balanceamento

Miéximo — energia Médio — absorcao e injecao

Strong

SOC

Weak
SOC
Weak
Strong

Cell1 Cell2 Cell3 Cell 4 Cell1 Cell2 Cell3 Cell4

Minimo — absorcao de poténcia Abordagem ativa — autoregulacao

SOC
Weak
SOC
Weak
Strong

Strong

Cell1 Cell2 Cell3 Cell4 Cell1 Cell2 Cell3 Cell 4
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Balanceamento dissipativo

Charger BMS
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Fonte: A. Rufer. “Energy Storage: Systems and Components," CRC Taylor & Francis Group, 2018.
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Balanceamento ativo baseado em capacitores
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Fonte: A. Rufer. “Energy Storage: Systems and Components," CRC Taylor & Francis Group, 2018.
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Monitoramento

Over -
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Exemplo de software de monitoramento

' Diagnostic Sof

File Tools Help

Status Pack data Connection
System status Errors and wamings S0C Current Voltage | @ o ‘rl
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2 a o o [ omv Q@ omv | OmV | [
3w |
0 0 0 o 0 0 0 o 0 Highesttemp. Lowesttemp. Average temp.
e MAINS MAN. Chage Prech Disch EworlED Fan " oc N oc | Q
relay  relay  enable relay  enable Control Fl.eh'y
Graph view || System setlings | |/0 settings | Battery Model | Local cell settings | Cell data | Cell resistance | OCVModel |
Version Waming levels
BMCU | 2000004064003 | SuB 20000 GA.as.d.ch [ CAN Settings High cel vokage “38R0mV
SN | BMCUboot | 6| SUBboot | 6| Charger Low cel voltage 2900mv
. D2A —ep i
Global cell sttings T"d"e‘ charge current — High cell temperature 50°C
Cell over voltage I Trickle charge temperature Low cell temperature 5°C
Cel overshoot window oy IR sl A High LMU temperature 0°C
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‘ 4. Chievge vokage 325V .
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Char ger window s
— o Lin -
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EneE Pack
. o High BMCU supply voltage 15V
Number of LNUs 732 Initial total capacity 100 Ah Low BMCU supply vok 3y
i 250 W su age
Sturt rosistance __ 0ud Calcuiated total capacty 100 A s
Cument offset {mA) OmA State of 0% Low SOC 10%
:'fe::ge e T::d 5{; f Farallel strings ! Cell temperature
M”‘ S — Max. discharge curent 10A Min. charge tempersiure oC
rlmunS:':d'ugetrn: ShJ Max. regen. cument 05A Max. charge temperature D°C
Current nt -
- st “ Max volt diff (charge) 3% Min. discharge temperature o'c
Sal s theck sty (ke Obi Max vol dff (discharge) 0% - 0'C
Max. discharge temperature
Ready |

Fonte: Lithrum Balance Diagnostic Sottware
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Voltage / V

Fontes:

Exemplo de software de monitoramento
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