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A major problem in battery management systems (BMS)
is the determination of the state of charge (SOChe
battery [1]. On the one hand, the SOC is important
information for the user in order to estimate thmaining
working time of the device, i.e. it is an important
psychological factor, e.g. in the context of rammgiety

in electric vehicles. On the other hand, the knogte of

the SOC is important for the management of theebatt
since many systems are sensitive to deep discharge
overcharge. These states of extremely high or tvo |
SOC can lead to irreversible damage in the baf&ry

Current strategies for determining the SOC alffesu
drawbacks [1]: discharge tests are not online apple;
Coulomb counting needs continuous re-calibratiodh ian
sensitive to side reactions; measurement of OCEMF
need long rest times before they can be applied;
impedance spectroscopy is cost intensive and tenper
sensitive; artificial neural networks need intengianing
with a similar battery; Kalman filters need large
computing capacities, a suitable battery model and
determination of initial parameters. Therefore elable
method for the direct measurement of SOC is ddsirab

The idea of this work is to use the change of the
paramagnetic properties of the lithium during cleaagd
discharge to determine the SOC. In the literature,
numerous examples of the application of nuclear
magnetic resonance (NMR) spectroscopy, a similar an
related method, for the measurement of lithium ion
batteries can be found.

In order to establish a relationship between magnet
susceptibility and SOC a multiscale susceptibititgpdel
was coupled with an electrochemical model.
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Figure 1: Lithium distribution in the positive electrode as
function of state-of-charge.

The multiscale susceptibility model describes the
relationship between magnetic susceptibility amdcstire
(e.g. porosity, particle size, Li distribution) afLiFePQ
battery. The electrochemical model describes thetsire
(especially the Li distribution) as a function @6.

The multiscale susceptibility model consists of a
molecular level model to describe the susceptybidit
Li,FePQ for various lithium content x. This relation is
used in the particle scale of the model to desctitee
susceptibility of a single electrode particle. Atet
negative electrode the intercalation of Li into prie
particles is described. At the positive electrodegphase
separation between a Li-rich phase and a Li-deglete
phase occurs [3] which is modeled with a core-shell
approach.

On the electrode scale of the model, the suscépdibiof
the single particles are combined to describe tfestéve
susceptibility of the whole electrode as a functadnLi
distribution. The Li distribution is determined bgn
electrochemical model of the battery as a functidn
SOC, as can be seen in Fig 1.

The electrochemical model uses an established fwanke
of Newman et al. [3] with an additional simplified
shrinking-core model of the particles of the positi
electrode.

This core-shell structure leads to an interestipstdresis
effect. If the electrode is charged from a fullgaharged
state, the Li-enriched particles are depleted flibimum.
Thus, they have a Li-rich core with a Li-depletdttls
surrounding them. If a fully charged electrode is
discharged, the Li-depleted particles are enriclvéd a
Li-rich shell, i.e. the phases of the core-shelicture are
reversed. This behavior leads to a hysteresis & th
magnetic susceptibility as function of SOC, as s&en
Fig. 2.
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Figure 2: Magnetic susceptibility of a LiFePO4 battery as

function of state-of-charge.
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