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Structural phase transition is caused by lithium intercalation/extraction

FePO, + LiT + e~ = LiFePO,

a-phase B-phase



Charge-Discharge Cycle of LFP
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Fig. by A. Khandelwal, et al, JPS 2014



Discharge Model of LFP (by Srinivasan and Newman 2004)

cs 4 (r,t) - - - concentration of lithium ion
in positive electrode
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Assumption : a-phase is equilibrium

cs,+(r,t) = csa forr € (0,7p(1)).



Discharge Model of LFP (by Srinivasan and Newman 2004)

cs 4 (r,t) - - - concentration of lithium ion
In positive electrode
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Assumption : a-phase is equilibrium

cs 4 (1,t) = csa forr € (0,rp(t)).
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Discharge Model of Negative Electrode

cs,—(r,t) - - - concentration of lithium ion
in negative electrode
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Mass Conservation of Total Lithium

Lemma
Total amount of lithium-ion

Rp — R
ni(t) = A_/O > cs,—(r, t)r2d7“—|—A_|_/O P cs. 4 (7, )r2dr,

3€S,iLi

3 fori e {—,+}, is conserved, i.e., %nu(t) —0.
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where A; =



State Estimation for Phase Transition Positive Electrode

Measurements - - - css (1) ‘= cs 4-(Rp 4,1), 7p(t),
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State Estimation for Phase Transition Positive Electrode

Measurements - - - css (1) := cs 4-(Rp 4,t), 7p(t),

Observer

Ocs + Ds 4 0 | 50cs
t) = ’ t
ot (r.t) = r2 or [r or (r. )

+P(rp(t),) |ess 4 () — cs 4 (Rp 4,1)]
CE\JF(TD(??) t) =cg,
t) = — jn4+(t)
+Q(rp()) |css 4+ (t) — cs 3-(Rp 4, 1)),

Ds a

The gains P, Q are derived via backstepping design for moving boundary PDEs.



Theorem The observer with gains

Prp(1),7) = Dy 4 X2 21 (1)s(t) 22
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Q(rp(t)) =

where
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() = \/X ()2 - 112,

makes the observer error system glo. exp. stable in
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State Estimation for Negative Electrode

Measurements - - ¢ 4 (Rp4.1), 7p(t), 2 (rp(t), t)




State Estimation for Negative Electrode

Measurements - -+ cs +(Rp +,t), rp(t), %(Tp(t),t)
Observer
OCe _ De _ 0 Ocs _
e ; (r. D] + P-(rp(0)cs 4 (7 4.1
+ F (rp(1)) S+(7“p(t) ),
aCS‘(o t) =
Ocs _
Ds == (Rp,—t) = = jn—(t) + Q- (ro(1))cs 4 (Fp 4. 1).

with the gains (P—, F, Q—) designed to conserve 7 ;(t) achieves ¢s — — cs —



Simulation Test of Voltage Plot
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Our simulation A. Khandelwal, et al, JPS 2014



Simulation of SoC (State-of-Charge) Estimation
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Simulation of SoC (State-of-Charge) Estimation
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Future Work

e State estimation of two-phase (i.e., « phase is dynamic)

e State estimation without rp(¢) (phase boundary radius)

e State and parameter estimation



