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A Study on Battery Simulator Including Aging and Dynamic Impedance Model

Jong-Hak Lee!, Soo-Bin Kim? Sang-Keun Oh® and Seung-Ho SongT

Abstract

This paper presents the implementation and control methods of a battery simulator. The proposed battery
simulator can emulate the dynamic characteristics of any actual battery using the second RC ladder model of
the equivalent circuit. Moreover, it can emulate the variation of impedance, which is the result of the change of
battery characteristics due to the aging effect. The parameters of the battery simulator can be derived from the
sequence of tests of the actual battery or only from the data supplied by the battery manufacturer. Proposed
methods for the battery simulator are tested by extensive experiments. Test results show that the proposed
battery simulator can emulate not only the dynamic characteristics but also the aging effects of the actual

battery in real time.
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Fig. 1. Diagram of typical battery simulator.
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TABLE 1
APPLICATION OF BATTERY MODELS TO EXISITING
BATTERY SIMULATORS

Application of
Fammei Model Simulator Research
Voltage oCcvV
Impedance R(DCIR), R-RC,
Internal Circuit R-RC-RC ...
Aging X
Current 05C, 1C
External
Temp. X
TABLE II

TARGET BATTERY MODEL OF
BATTERY SIMULATOR

Battery Model

Voltage OoCcvV
Current 0.5C
Impedance R-RC-RC
. Capacity Fading
Aging .
Impedance Rising
Temp. X
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Fig. 2. Impedance spectrum of the lithium battery.
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Fig. 4. Battery voltage variation due to battery characteristics
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Fig. 5. Equivalent circuit according to change of battery
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Fig. 6. Variation of ohmic resistance (R0) and diffusion
resistance (R1) according to aging.
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Fig. 7. Variation of diffusion capacitance according to aging.

TABLE I
SPECIFICATION OF THE TARGET BATTERY FOR TEST

Specifications of Battery Module

Nominal Capacity 17 [Ah]
Nominal Voltage 50 [V] (cell 14s)
Max. Voltage 58 [V]
Min. Voltage 46 [V]
Max. Charging Current 05 [C]
Max. Discharging Current 1.0 [C]
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Fig. 8 Waveform of battery discharge test.
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Fig. 11. Waveform of battery OCV measurement test.

TABLE IV
OCV VOLTAGE BY SOC OF BATTERY MODULE

SOC [%] 874 80 70 60 -
OCV [V] | 5760 56.6 64.7 53.3 -
SOC [%] %0 40 30 20 10
OCV [V] | 5230 | 51.28 | 50.78 | 5038 | 4968
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Fig. 21. Circuit diagram of the battery simulator.

TABLE. VI
BATTERY SIMULATOR PARAMETER

Parameter Value

DC Input Voltage Vin 80 [V]
Battery Voltage Vo 46~58 [V]

Nominal Current 17 [A]
Filter Reactor 1765 [uH]
Filter Capacitor 1062 [uF]
Switching Frequency 40 [kHz]
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Chi square
1 Cycle
110 Cycle

vs R-RC-RC Modeling
0.0023
0.0034
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Fig. 30. Battery simulator output voltage at each cycle.
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Fig. 31. Battery simulator output voltage variation at each
cycle.
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