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Average Modeling of Switched-Passive-Network

Research Motivations

Simulation Results

Conclusions

 Average models for the SC-E and SR-E are proposed to assess the performance of the equalization method.

 Average model-based simulation reveal a similar voltage profile with the real time simulation system.

 Average model-based method just requires 1 min. to finish the simulation of 3h long equalization process.

Summary

 Equalizer is required to eliminate the cell inconsistency.

 Simulation is the first step in the development process of the equalizer.

 Traditional simulation software cannot simulate a long equalization process
due to the limitation of memory.

 Average modeling of the switched-passive-network is proposed to simulate the
equalizing process of a large capacity battery pack with the advantages:

 It can be applied for a long equalization process.

 It only requires a short execution time to finish the simulation.

 It shows the similarity in term of equalization performance to the real-
time simulator.

Average impedance of Switched-Capacitor equalizer

http://eccl.ulsan.ac.kr

Average modeling – The concept

 Real-time simulator system (RTSS) can simulate the equalization process of the
battery accurately and vividly.

 RTSS has a limit number of core that limit number of components in the
simulation.

 RTSS is quite expensive that prevent its popularization.

 Traditional simulation software as PSIM or Plecs cannot simulate a long
equalization time due to the limited memory of PC.

 Capacity of the battery can be scaled-down but the operation of equalizer
becomes not correct.
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 Switching components is replaced by average model.

 Switched-capacitor and switched-resonance equalizers can be emulated by an
impedance unit.

 Operation principle of average model and the actual equalizer are similar.

 Apparent power of the equalizer:
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 Apparent power also can be
calculated by:

𝑆 = 𝐼௖_௥௠௦
ଶ 𝑍ௌ஼, (4)

 Average impedance of SC-E
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 When D1 = D2 = D and 𝝉𝟏 = 𝝉𝟐 = 𝝉,
Zsc becomes
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Average impedance of Switched-Resonance equalizer

 Similar to SC-E, average impedance of SR-E is calculated by
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TABLE 1: SIMULATION SETUPS

SC-E SR-E

Real-time 

simulator

fs = 20kHz

C = 2200uF

R = 0.1Ω

D = 0.45

fs = 15kHz

C = 200uF

L = 0.47uH

R = 0.1Ω

Avg. Imp. 

on PSIM
ZSC = 0.45Ω ZSR = 0.36 Ω

Init SOC SOC1,2,3,4 =70, 80, 95, 85
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Switching cells and its average models: (a)switched-capacitor equalizer; (b) switched-r
esonance equalizer. 
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Simulation results of the average model vs real-time simulator: (a) real-time

simulator of SC equalizer; (b) average model of SC equalizer; (c) real-time

simulator of SR equalizer; (d) average model of SR equalizer

 Average model is implemented on PSIM for 4 series
battery string and is compared with a RTSS.

 Voltage profile of average model and RTSS are similar.

 Average model just requires 1 min. to simulate 3h long
equalization process while RTSS took 3h.


