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Equivalent Circuit Model of a Lithium-lon Battery Cell

SOC-dependent parameters

R, (t) =R,a- eRLb-g(t) + R.c
Cm (t) = Cna . eCNb-o(t) + Cnc

t€{S,TS,TL} , x € {TS, TL}

Ria, Rib, Ric, Cra, Cup, Ckc are identified beforehand based on experimental data.
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Equivalent Circuit Model of a Lithium-lon Battery Cell
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Equivalent Circuit Model of a Lithium-lon Battery Cell

Open-circuit voltage

voc(o(t)) = vo - e 4 gy + vy - a(t) +va-o(t)? +us-o(t)?

vo, v1, V2, Vs, v4, v5 are identified beforehand based on experimental data.
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Equivalent Circuit Model of a Lithium-lon Battery Cell

Output equation

vr(t) = voc(o(t)) — vrs(t) — vre(t) —ir(t) - Bs (o(t))
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Equivalent Circuit Model of a Lithium-lon Battery Cell

Nonlinear expression for the open-circuit voltage

voc(o(t)) =wo - et 4 vy + vz - 0(t) +va - 0(t)? +vs - o(t)*

Quasi-linear expression for the open-circuit voltage
Boc(a(t)) =noc (a(t)) - o(t)

= Uoc(a(t)) — Vo — V2

_ (m : % + g+ s o(t) + vs - aQ(t)) o (t)
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Equivalent Circuit Model of a Lithium-lon Battery Cell

Quasi-linear output equation

Y(t) = "UT(t) = Voc (t) — UTS (t) — UTL (t) — iT(t) . Rs(t)

Quasi-linear input-independent output equation

y (1) =y (@) +ir(t) - Rs(t)

= Y0C (t) — ’UTs(t) — 'UTL(t)
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State-Space Representation

State vector and measurement
x(t) = [o(t) vrs(t) wvre()]”
y'(t) = vr(t) +ir(t) - Rs(t)
Quasi-linear, continuous-time state-space model
x(t) = A (a(t) - x(t) + b (a(t)) - in(t)

y () =c" (o(t) - x(t)

Purpose of the quasi-linear representation: to make linear state observers applicable.

Set-based i ification of the op ircuit voltage istic of battery cells aiming at detecting aging effects
M. Lahme — Carl von Ossietzky Universitéat Oldenburg, Department of Computing Science (Group: Distributed Control in Interconnected Systems)



[Jnlversltat
Oldenburg

State-Space Representation

A (o(t)) b (o(t))
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Interval Observer

Goal Bound the true value, so that x < x < X

Prerequisite | choose initial condition so that %, < xo < Xo

observer system matrix has a Metzler structure (monotonicity condition)

Metzler matrix

All off-diagonal elements are non-negative.
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Interval Observer

This interval observer is based on two Luenberger observers.
- one observer to estimate the upper bound
- one observer to estimate the lower bound

Example of a Luenberger observer
)A(:A)A(‘i’bLT‘i’H(Ym*?)
=A -%+b-ir+H: (ym—c’ -X)

=(A-H-c¢") %4+b-ir+H yn
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Interval Observer

0 0 0
A(et)= [0 —lazz] 0 | ,c"(o(t)=[+len] -1 -1] ,H
0 0 —|a33‘
—hy e h1 h1 * >0
A—H.CT: _h2'|011| _|(122|+h2 h2 o >0 «
—hs - [c11] hs —|ass| + h3 >0 >0
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Interval Observer

0 0 0
A(o(t)) = |0 —lax| 0 , el (o(t) = [+len| -1 -1] ,H
0 0 —|a33\
7h1 . |C11| hl hl * 2 0
A-H-c" = |-ha-en| —laz|+h ho Z | >0
—hs - [c11] h —lass| + hs >0 >0

H=[n 0 0] withh >0
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Pre-identified system parameters y
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Battery nonlinear — quasi-linear

Pre-identified system parameters
v % o
pa A N 2 X |2 ~ & s |1 YOC
w X = Aox + bip + Hy?, Jlloc =3+ X + X3+
_ LA Y| 5=3% fod — =
Ao=A-HCc[Ao; Ay &=5% I~ |voc € [2oc ; Poc]
S X7F o~ .2 .= ]%c G5
= X = Aox + biy + Hy;, o 'Uoc:y*+Y2+Y3 OE[Q, U]
Ao=A-HCec[Ao: Ao+ =% Lo,
<0 >0 >0
Ao(1), Aolo(t)) = | 20 <0 >0
>0 >0 <0
with H=[ 1 0 0]
where h; >0
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Interval Observer-Based State Estimation
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Identification procedure

Estimation result based on the interval observer

V o; € [04],3 Poc,; € [foc,;] st Poc,; = oc(as), j =1,...,
Poc(a(t)) doc(o(t))
A A
~ ~N

- o(t) = o(t)
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Simulation result

estimate true

open-circuit voltage doc(o(t)) in V
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