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0. Esquema

1. Explicar modelo dinamico, térmico y de envejecimiento.

2. Obtener datos de ensayos
* Dos sets de datos, para parametrizar y para validar
 WebPlotDigitizer

3. Parametrizar modelo de envejecimiento (minimos cuadrados)
e Calendar primero y luego cycling
e Tratar datos para las ecuaciones
* 1y 2sepueden hacer también para el modelo dindmico y térmico

4. Incluir parametros en el modelo

e Validar con el segundo set de datos

* Envejecimiento si las condiciones de operacion no son constantes
Explicar modelo
Incluir parametros en el modelo
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1. Modelo dinamico

= Ecuacion de tension de circuito abierto:

» Discharge Model (i* > 0)

ﬁ{ir,f:k__f]:Eg—K-Q?“-E:ﬁ—h’-ngr-fr+ﬂ-exp{—3-fr)

+ Charge Model (i* < 0)

ﬁ._(ir.,f*._f]:Eg—K-ﬁ-.-'*—K~Q£_?ir-ir+A-exp(—B-ir}

i*is the low-frequency current dynamics, in A.
E, is the constant voltage, in V. i is the battery current, in A.
K is the polarization constant, in V/Ah, or polarization resistance, in Ohms. i I8 the extracted capacity, in Ah.

( is the maximum battery capacity, in Ah.

A is the exponential voltage, in V.

B is the exponential capacity, in Ah~',
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2. Modelo térmico
" Generacion de calor:
, dE .
H=(Ey—FE)-i+T- Fraa (Roum + Rpor) - i
4!

H is the heat generated [W]
E' is the cell voltage [V]
T is the cell temperature [K]

dF /dT is the change of the equilibrium potential with temperature (varies with SoC)
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2. Modelo térmico
= Liberacion de calor:
dTl’ 1 1
Hx~m-c,- + AT =T+ E-0-(T*—TyY = Royr = ——
P dt  Rour ( ) | ) h- Ar

m is the mass of the cell [kg]
¢p s the specific heat capacity of the cell [J - kg™t - K1
h is the convective heat transfer coefficient [W - m™2 - K71

Ar is the external surface area of one cell [m?]

B H - Royr + T B H - Royr + 1
1—|—'T?1'CP'ROUT-S 1+t - s
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V 4 [J
2. Modelo térmico
= Ensayos Routyttermica:
N /N
Tiyfrmememenenes 2 Ti1 =T+ 10 °C Tobeeeees Ty =To+10°C
Battery : -1 Battery
Temperature (°C) ' ; (Ti-Ta)e™ +T, Temperature (°C)
Tiz """""" i """""""""""
Ambientair T T = 25°C! ; Ambient air T,
Temperature ' ; Temperature
(°C) : : (°C)
" N 2
Battery v \\.’/ : Battery
Voltage (V) ! _ : Voltage (V)
Battery a : i Battery
Current (A) 0A : Current (A) _—
i - N o S
0 t i < »it, : R
tc * Time (s) 0 b Time (s)
(a) (b)
t3 3
T — T, - [1— (") — T - e(-7)
te =12 — 1. Ry, =
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2. Modelo térmico

<y e

Tecnologias, operacion y aplicacion del
almacenamiento de energia en sistemas eléctricos

=  Dependencia de los parametros de |la ecuacidn de circuito abierto con la

temperatura:
dF
Eo(T) = Eo(To) + a7 (1" —1o)
(z'(
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3. Modelo de envejecimiento
QZOSS = ((1_ . 'T2 + b . T + C') . E(d'T+E")'C‘?"ate . 44/1 + f . EQ-SOC' . EthT . f;’

(Q1oss 15 the total lost capacity [%)]

a, b, c. d, e, f, g, and h are parameters dependent on the battery chemistry |-]
T is the battery temperature [K]

C'rate 18 the charge/discharge rate [-]

Ah is the Ah flown through the battery [Ah]

t is the time in days [day]
= is the power law factor [-], which can take values between 0.5 and 1
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