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Technology for Lower Limit Prediction of Lithium-ion Batteries Performance after Degradation
Employing Diffusion Process Model
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A model for predicting lower limit performance
including variation terms was constructed to help
achieve performance after durability testing of
products equipped with lithium-ion batteries. To
predict degradation, the model formula includes two
types of stochastic variables: random effects multiplied
by the battery durability degradation trend term,
and a diffusion process in which variation expands
proportionally with time. Parameter optimization was
conducted by the maximum likelihood method aided
by the Markov Chain Monte Carlo method. As a
result, the lower limit performance after degradation,
which had conventionally been predicted based on 12
months of measured durability data, was successfully
computed based on only four months of durability
data. It was also demonstrated that prediction of
lower limit performance, which previously required
the two pieces of information of the predicted
typical performance values after durability testing
and performance variation during durability, could be
achieved with just one piece of information by using
the proposed model.
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Estimation of lower limit performance by conventional and proposed methods
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where
n() = t°
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Table 1 Three types of degradation formulas with
variation terms
Independence Time
ltems of degradation | dependence Formula
trends of variation
Measurement Yes No X(©) = An(0),6p) + &
variation € =~ N(0,0%)
Interindividual Yes Yes dX(t) = u(n(t), 0)dn(t) + ogdW (n(t))
variation W) - N©O,n())
Model No Yes dx(t) = A x u(n(t), 8)dn(t)
variation A= N(0,97)

Table 2  Six types of model formulas with
combinations of variation terms

Measure- Inter-
M’f"del ment individual S":/I Model formula
0- variation | variation variation

M1 o X(6) = A(n(t),8,) + &

M2 o AX() = u(n(©), 0)dn (L) + opdW (n(®))

M3 @) e} dX (1) = A% u((©), 80)dn(6) + apdW (1(2))
X)) =Y(®) +e€

M4 O O Y (©) = p(n(0), 80)dn () + oW (n(0))
X)) =Y®) +e

M5 o O O ay(t) = A x u((t), 0,)dn(t) + apdW(n(e))
X)) =Y®) +e

M6 O o ¥ (®) = A% u(n(®), 0)dn(t)

n(®) = t,t>0,b>0,A~N(up, 07 ), 1z > 0,0 > 0,W(n()) = N(0,n(t)), e~ N(0,68), 0. >0

Table 3 List of trend model formulas

No. Model Formula Numpgr of
coefficients
5
(i) Linear Z a; X X; +ao 6
=1
Li S
" inear
(i) . . Zalxxl+z Z a;j X X; X Xj +ag 16
+ interaction & s
5
(i) | Quadratic Za +Zal X X+ aq 1
i=1
5
ag; X X +za. X X; +
) uadratic Z P
(iv) Q . i=2 i=1 21
+ interaction
Z Z a;; X X; X Xj+ag
1si<js5

X;: SOC; X,: Temperature; X5: ASOC; X,: I-charge; X5: I-discharge
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AM(@),00) = a(bo,t) X n(t) (2)
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w € R,

g, >0,
aé>0,
0§>0,

Z, = UiAAi(eo)AAi(eo)T +Q;,

Q= o4 x diag(Anl.) + azF,

1 -1 0 0 0 0
-1 2 -1 0 0 0
0o -1 2 -1 0 0
F=|10 0o -1 2 -1 0
0 0 0 -1 2 0
0 0 0 0 -1 2

AX = (AXy, -+, AX,)T,

AX; = (AXiq, -+, AXipm,) s

AX; ;= (Xt ) — Xi(tij-1)),

X)) & wLi ORItk A AR

A4;(60) = (Ai1 (B0), -+, Aim (60) ),
A4;,;(6) = a(Bo, ti)){n(ti) = n(tij-1)}
a(8o, ti )i, ¥ i OWEHe 1251 5 HILIEERE
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Anij =n(t;) —n(tij-1) = tfj - til?j—l
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o -1 2 -1 0 0
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Fig. 4 AIC results of each model
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dX(8) = 1 x u((0), 8o)dn(t) + apdW (n(t))
u(m(t), 8y)dn(t) = (a,SOC + a,Temp + a,,SOC? +

a,Temp? + ay)dn(t) (7)
n(t) = t*
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Fig. 6 Histograms of Z values after standardization
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