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Battery Management

In Li-ion batteries a BMS is © An accurate SOC determination is critical
requwed © Specially challenging in HEVs
© Battery state diagnosis is © A wide variety of dynamics must be modelled
a key point (SOC, SOH) according to accelerations and decelerations
|
Vv

State diagnosis algorithms T CELL

MODEL
Advanced techniques for
accurate estimation

© Necessity of a battery

model

© Low voltage error

© Valid in all SOC and temperatures
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Introduction

© Compare the main characterization techniques for obtaining a cell model.
© Propose a cell model suitable to be used in state estimation algorithms.

© Validate the performance of the model using experimental tests with real
profiles.
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Characterization of the cell model

42 ---- e e e

4.4 ; T T T T T T T T
Statics sub-model e Dicharse

© OCV-SOC relationship
© Use of look-up tables

© Requires:
— Hysteresis modelling
— Dependence with

temperature
Dynamics sub-model
© Which model must be used? o :Specific nmel structu%with |
© How characterize it? each fechnique |
— Time domain identification —4_0' :Comparedf%i\ccordi ng tothe | .
i i
— Frequency domain identificati | Lesults. " _ — ' — | V cell

AOC‘ﬂSC@E?rimental validation with 40 =
e . .

Statics sub-m 0
ﬁ%‘N‘GM‘h‘I’Oﬂ'CE— T1
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Characterization of the cell model

Time domain characterization

© Second order Randles model

© Parameters fitted according to the
time response of the cell

t(s) x 10*
© Use of least squares technique S
© 20A, 10 s discharge pulses at 252C N N SO N S SN S SR
2 IR
© Test required at different SOCs R Y SR O S I O O O O SO B
1.432 1.434 1.436 1.438t(;.)44 1.442 1.444 1.446 1).(4:1-;34
_ I
Veen (k +1) = OCV(SOC(k +1)) —RoI(k+1)-[Vgei(k) e R
Ts Ts

+RI(k)(1— e Rlcl)] [Vre2(k) e a7 + Ry I(k)(1— e RZCZ)]
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Characterization of the cell model

Relevant considerations

© The compensation of the OCV variation due to the small changes in the SOC
during the tests is essential (0.8% SOC-> 4.7 mV)

V measured
Compensated OCV variation

’’’’’’

1.432 1.434 1.436  1.438 1.44 1.442  1.444 1.446
t(s) 4

| | | | |

| 1 | | | | L
1.432 1.434 1.436 1.438 1.44 1.442 1.444 1.446
t(s) X 104

I (A)
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Characterization of the cell model

Time domain characterization drawbacks

© Sensitive to initialization and changes in the length of the set of samples
© Dependence on the width of the used pulses in the characterization

© Variable parameters between different characterizations, making difficult
the result comparison and the data interpolation

I (A)
> 8
o
v
I(A)
8
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Frequency domain characterization 05T 1  100.0% 506

——+—94.6% SOC
—+— 89.3% SOC
e e -+ 83.9% SOC

_ 4+ 78.5% SOC
N T\ 73.2% SOC
: --%--67.8% SOC
-+ 62.5% SOC
- % 57.1% SOC
-+ 51.7% SOC
-~ 4 - 46.4% SOC
--%--41.0% SOC
—+*— 35.7% SOC
-~ 4+ 30.3% SOC
—+— 25.0% SOC

© Cell impedance measured at several sl
frequencies

© Requires EISin all SOC and
temperature range

- 4 —

-imag{Z} (mQ2)

© Circuit elements adjusted to the
measured impedance

ik i i i i
0.8 1 1.2 1.4 1.6

-~ 19.6% SOC
real{Z} (mQ)
R1
WW
Ro CPE2

—MWW— —))—
CPE1

+ ) o
)' ZCPE:W’ O<a<l1

OCV(SOC)
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Characterization of the cell model

Frequency domain characterization

© The inductive behaviour at high frequencies is negligible
© The dynamics represented in the R;//CPE, can be also neglected

Z=R+

o)
(I-w)a (R=Rp+Ry)
© The CPE can be approximated using a Foster structure

T [ heemm )

AIA{A% AIA{AEA) ABIA *ff \
R vvvy Yvvy Yvvy 5 |

Ca B Co T ¢ B | Ees A

+ H ' ' + 5

OCV(SOC) V cell 2f-- Y ‘ - et Gt |

- |y o I | )
*/ 77777777777 T

- i 12 14 16 18 2

reaI{Z}' (mQ)
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Frequency domain characterization advantages

© Easy to obtain a high order model

© Accurate representing a wide range of dynamics

© Less variable parameters between different
characterization tests

© Suitable for linear interpolation

Frequency domain characterization drawbacks

© Time and equipment required

© Reconnections of the cell to the EIS equipment can produce a
variation in the impedance

Modelling of Li-ion Batteries Dynamics using Impedance Spectroscopy and Pulse Fitting: EVs Application
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zarcn A

Proposed combined methodology »
© Requires EIS and pulse tests
© Capable of modelling a wide range of

frequencies
© Test repeated over all SOCs

Allows

@ Validation in time domain
© Correction of the internal resistance
value

© Simple to calculate the dependence of
the internal resistance with current
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Experimental validation

Considerations

Q Tests with a 40 Ah NCM Li-ion cell

© Results of the combined
methodology

© Model can be directly used for an
open loop SOC estimation

© Equivalent SOC error

IK4-IKERLAN storage laboratory

SYSTEM
(CELL)

Discharge
| | | | | | | Charge
42F - —A-——+ - —— —— -t - -F--d-- -t T T

| | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100
SOC (%) €«—>
SOCerror
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Experimental validation
C/2 Pulses from 10 s to 900 s all SOC
© 25°¢C

© Low voltage error

© Low equivalent SOC error

SOC coulomb counting (%)

SOC error (%)
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C/2 Pulses from 10 s to 900 s all SOC

25 2C
© Low voltage error

© Low equivalent SOC error
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FUDS cycles @ 252C VB —

Experimental validation

© less than 12 mV error i ” L 2=
© Increasing offset error by e ol ol Dl
hysteresis effect in OCV 0 o ‘1 s ; s

© Low equivalent SOC error B e S o
L, R

-
o
o

S 575 real
'g 80 el i : M ft I I model

S = w8 n iy ' Ao
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Conclusions

© 2 existing characterization methodologies analyzed and compared

© A combined methodology has been proposed

© Model validated in all SOC range and for different dynamics using pulses and
FUDS driving cycles

© Suitable for a real time estimation in a BMS (Can be used in a closed loop
algorithm like EKF)

Future lines

© Validate the model at varying temperature and with other cell
chemistries (LiFePO4)

© Analyze the degradation effect in the model parameters

© Integrate the model in a closed loop estimator for SOC and SOH

Modelling of Li-ion Batteries Dynamics using Impedance Spectroscopy and Pulse Fitting: EVs Application
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