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Systematic Approach of Internal Parameters for Equivalent Electrical-Circuit
Modeling(EECM) of a LiuTisO1p(LTO) cell

Pyeong-Yeon Lee', Chang-O Yoon!, Jin-Hyeong Park', and Jonghoon KimT

Abstract

This study introduces a systematic approach to selecting the internal parameters applied to the equivalent
electrical—circuit model (EECM) of a lithium titanium oxide (Li4Ti5012; LTO) rechargeable cell. Based on the
dynamic characteristic of the cell, a simplified EECM consisting of an open-circuit voltage (OCV), an ohmic
resistance, and an RC ladder is fabricated. To select the internal parameters of a simplified EECM,
experiments on discharge capacity, OCV, and discharge/charge resistances are performed using hybrid pulse

power characterization and direct current

Internal

resistance (DCIR) measurements over the full

state-of-charge (SOC) range. The experimental results of the LTO rechargeable cell highlight the importance
of correct selection of internal parameters that can reduce EECM errors. This study clearly provides
experimental procedures, internal parameters results, and EECM guidelines for adaptive control-based SOC

estimation for LTO rechargeable cells.
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Fig. 1. Equivalent electrical circuit modeling(EECM).

Fig. 2. LTO rechargeable cell(YJ1865T).

TABLE I
DETAILED SPECIFICATION OF THE LTO BATTERY

Item General parameter
) Typical 1.30Ah
Rated capacity o
Minimum 1.25Ah
Nominal voltage 2.4V
constant current 1.30Ah
Standard charge
cut-off voltage 2.8V
. constant current 1.30Ah
Standard discharge
cut-off voltage 15V
Fast charge 6.5A(5C)

Maxi i A
a?qmum continuous 13A(10C) 39A(30C)
discharge current < bs

Operation temperature charge 0~45°C

range discharge -30~70°C
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Fig. 3. CC-CV(constant current-constant voltage) method.
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TABLE I
PARAMETERS OF SOC 90% ~102(DISCHARGE)

SOCI%] | RiLQ1 | Ry [Q] | Ri+Ryp;([Q]
90 0.015869 0.03418 0.05005
80 0.018311 0.032959 0.05127
70 0.01709 0.029297 0.046387
60 0.01709 0.026856 0.043946
50 0.01709 0.026856 0.043946
40 0.020752 0.024414 0.045167
30 0.019532 0.029297 0.048829
20 0.019332 0.026856 0.046387
10 0.020752 0.028077 0.043829
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TABLE III
AVERAGE SLOPES OF SOC 90~10[%]
SOC [%] Average slope
90 0.1792
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TABLE IV
DCIR MEASUREMENT AND PULSE POWER
CALCULATION IN THE ENTIRE SOC RANGE(SOC 10 ~90%)

SOC[%] DCIR[ Q)] Power[W]
10 0.039026 32.73996
20 0.032873 3544185
30 0.032910 38.58183
40 0.030014 42.20805
50 0.029786 4251594
60 0.030367 41.73605
70 0.030420 41.63558
&0 0.029090 4357512
90 0.025120 4447560
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