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Critério de falha

d Quando a bateria atinge o final da sua vida (EOL)?

d Definicio usual: perda de capacidade de 20% ou aumento de 100% na resisténcia
interna;

d Estado de satde (State of Health — SOH):

C R
SOHcap = 7+ 100 SOHpes = —+ 100

d Conceito: baterias de segunda vida!!!
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Abordagens para determinacao de vida util

Increased complexity,

Reduced complexity but more accurate

Y Y

P CEFFLINE ONLINE
A Performance-degradation
(pure lifetime)
Throughput Counting Cycle Counting Electrochemical Equivalent Electrical

Circuit

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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Modelos offline — Apenas tempo de vida!

d Baseado no cilculo do dano incremental da bateria;

d Utilizados tipicamente na etapa de planejamento e projeto;

d Modelo de performance nao é incluido;

d Menor complexidade com o preco de ter uma menotr precisio;

1 Classificacio:
» Modelos com entradas em Ah ou Wh (Modelo de Schiffer);
» Modelos de contagem de ciclos (Rainflow).
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Modelos com entradas em Ah ou Wh

d  Computa a degradacgio ao longo do tempo;

d  Modelos teérico-empiticos sao empregados;

d Considera os valores instantaneos de corrente entregue para as baterias;

d Fatores de correcao para fendbmenos que aceleram a degradacio;

Zw(t) )] Zw(t + At) = Zw(t) + L aisch_pat (£)] - fsoc (t) - facia(t) - At

Cdeg (t) — Cdeg,fimit - €Xp [CZ ' (1 B m o
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Modelos de contagem de ciclos

d Baseado na caracterizaciao dos ciclos;

d Modelos empiricos do tempo de vida sio empregados;

d Consideracio 1: A ordem do carregamento nao afeta o tempo de vida;

d Consideracio 2: O acimulo de dano é independente do nivel do estresse;

d Regra de Palmgren-Miner:

n
1
LC = —
T Np
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Funcionamento do algoritmo Rainflow

0s
SL
00T

Cycles:
B-C-B’ DOD=25%
E-F-E DOD=10%
el G-H-G’ DOD=10%
A-D-I DOD=70%
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| = DOD
10 25
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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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Modelos online

d Combina o modelo de vida ttil e o modelo de performance;

d Considera a variacio dos parametros ao longo da vida da bateria;

d Exemplo: estado de carga varia com a degradacao!

d Mais preciso que os modelos offline;

1 Classificacao
» Modelos fisico-quimicos;
» Modelos baseados no circuito equivalente.
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Modelos fisico-quimicos
d Modela as propriedades fisicas dos eletrodos e eletrdlito,

d Modelagem precisa da degradacio;

d Problemas:
» Requer conhecimento da fisico-quimica da bateria;
» Conhecimento de mais de 50 parametros!

Vis) 1 faU. 1 aU_ 1 \1 oy A—-
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MODEL PARAMETERS FOR 6 AH Li-ioN HEV BATTERY

Parameter

Thickness [cm|

Particle radius [cm)

Solid phase Li diffusion
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Active matenial volume
fraction

Solid phase conductivity
[S/em])

Charge transfer resistance
1€ em’]

Maximum solid phase
concentration [mol cml]
Stoichiometry at 0% SOC
Stoichiometry at 10X% SOC
Electrolyte volume fraction
Bruggeman toruosity
exponent
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Electrolyte phase Li” diffusion
° 3

coefTicient [em/s]
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conductivity [S/cm|

Average electrolyte
concentration [mol/cm)

Li" transference number
Electrode plate arca lcn\:|

Fotl contact resistance (2 cnl:l
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Equilibrium Potential [V]
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Negative Positive
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R, <107 <107
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U ad 1.0s, 0.1¢,
R, 7.4 988
3 v 3
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o D =26xI10", 1»:' sDe’
K= 158, expr0 85(1000¢, )" '),
A.‘f,' I e
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{ 10452
Ry 20
{ (@) =800229+5064780 125780 °
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0 4601 6expll 5 (0 b6 - @)
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Fonte: K. A. Smith. “Model-based Electrochemical Estimation and Constraint management for Pulse Operation of Lithium-Ion Batteries.” IEEE Trans. Control

Systems Theory. 2010.
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Modelos baseados em circuitos equivalentes

Cp(Age)
Ro(Age) A {z: s
] o DCR(Ag
— i Rp(Age) @ s Viat
@' Vit OCV(Age) .
OCV(Age) L, « .
< o
CPE;(Age) CPE,(Age)
N N
Ly(Age) > >
A
R(dge) | Mi89 Rodgd) |

@, —  — == v,
OCV(Age) L.

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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Condition

Complexity
Computation
Time

Parametriz.

Output

Transfer to
other
chemistry

Comparagao de abordagens

Cycle Counting

Reduced

Reduced

Medium

Data-sheet

RUL

No

Lifetime Modelling Approach

Throughput

Counting

Reduced

Reduced

Reduced

Data-sheet

RUL

No

Electrochemical

High
High

Very High

Complex lab.
measurements

RUL, SOH,
Voltage

Yes

EEC
Medium
Medium

High

Lab.

measurements

RUL, SOH,
Voltage

No

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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Modelo de vida util para baterias de chumbo acido (1)

Current requirement

dt dt
. Battery parameters
‘ &
Pd’Qd i ———————— ...... .................... i
| DBattery terminal Voltage (Performance) Model
Battery i voltage ! I
P Q | Shepherd Equation
Energy sy
Storagg System l

Calculation of factors: SOC,
time at SOC, commosion rates,
etc

:

Ageing (Lifetime) Model

Impact of factors on
parameters

................................................................. v

I Remaining Cﬁpacih_.r !‘ Calculation of Remaining
| ! Capacity

C<08xCy € >0.8xCy

End of Lifetime < p! Change in Parameters

Fonte: H. Bindner et. al. “Lifetime Modelling of Lead Acid Batteries”. Rise National Laboratory. 2005.
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Modelo de vida util para baterias de chumbo acido (1)
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1
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Fonte: H. Bindner et. al. “Lifetime Modelling of Lead Acid Batteries”. Rise National Laboratory. 2005.
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Modelo de vida util para baterias de chumbo acido (2)

Battery
Temperature
Current Battery
Parameters
7\
Voltaée and

SoC calculation

v

Aging Model
Corrosion and
Degradation

U

Remainingc Update of
Capacity Parameters

Fonte: J. Schiffer et. Al. “Model prediction for ranking lead-acid batteries according to expected lifetime in renewable energy systems and autonomous power-
supply systems”. Journal of Power Sources. 2007.
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Fonte: R. Dufo-Loépez et. al. “Comparison of different lead—acid battery lifetime prediction models for use in simulation of stand-alone photovoltaic systems”.

Applied Energy. 2014,

1.8
1.6
14
1.2

0.8
0.6

04
02

Exemplo de utilizagao do modelo (2)

SoC ——Cremaining
sm—=Cdeg = ----- Ccorr

End of
simulation

lifetime: 5.8yr \

5 End of real
lifetime: 6.2 yr

SoC —— Cremaining End of
simulation

lifetime: 4.4 yr

Year

End of real
lifetime: 5.1 yr
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Modelo de vida util para baterias litio-ion

1 1
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Fonte: D. L. Stroe. “Lifetime Models for Lithium Ion Batteries used in Virtual Power Plants”. PhD Thesis. Aalborg University. 2014
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Modelo de vida util para baterias litio-ion
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Fonte: D. I. Stroe. “Lifetime Models for Lithium Ion Batteries used in Virtual Power Plants”. PhD Thesis. Aalborg University. 2014
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Modelo de vida util para baterias litio-ion

SOC=100% === === m— e e e =
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Fonte: D. I. Stroe. “Lifetime Models for Lithium Ion Batteries used in Virtual Power Plants”. PhD Thesis. Aalborg University. 2014
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Modelo de vida util para baterias litio-ion
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Fonte: D. I. Stroe. “Lifetime Models for Lithium Ion Batteries used in Virtual Power Plants”. PhD Thesis. Aalborg University. 2014
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