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Research Motivation – Cell inconsistency

Cell inconsistency in series battery connection

The characteristics of battery cells are so different that it may causes:

Reduction of the available capacitance

Possible over-charging and over-discharging to the battery cells

Battery equalizers are required to solve address the cell inconsistency issue. 

*By virtue of energy regenerative scheme, active balancing methods have a higher efficiency.
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Research Motivation – SPN Equalizer

Switched passive-network equalizers (SPN-E) utilize one inductor (SI-E), one capacitor 

(SC-E), or one LC resonance circuit (SR-E) as an energy tank to transfer energy from one cell 

to the others.

Operation principle of the SPN-E is similar in terms of concept.
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Research Motivation – Long Term Simulation

 In simulation, SPN-E requires a very high sampling 

rate (Ex: 1us).

 Require a huge memory and computation capability.

 Three common solutions for a long term simulation:

 To replace the battery cell by a capacitor

 To reduce the capacity of the cell

 Circuit parameter is changed that the operation of the 

equalizers is dissimilar to the actual application.

 Simulation results become useless! 

 To utilize a real-time simulation system (RTSS)

 Quite expensive that just a few lab. can afford to use. 
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Unified Average Model

 Switching elements in the simulation can be replaced by an average model.

 Sampling rate can be significantly reduced to shorten the execution time.

 An unified average model (UA-model) is proposed to emulate the equalization process.

 Two controlled current sources are used to reflect the charge transfer process between 

the two battery cells.

 Whole day equalization process can be simulated just in 1 minute.
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 Average equalization current of the cells:

Equivalent resistance and power loss:

Unified Average Model of SC-E
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Unified Average Model of SI-E

 Inductor current:

 Average equalization current of the cells:

Equivalent resistance and power loss:
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 Average equalization current of the cells:

Where

Output equivalent resistance and power loss:

Unified Average Model of SR-E
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Application of UA-Model to Performance Assessment
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 One UA-model block represents one equalizer circuit for 2 adjacent cells.

 Topology configuration decides the number of UA-model blocks.
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Performance Verification – RTSS versus UA-model
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RTSS (Typhoon HIL 602+) UA-Model on circuit simulation software (PSIM)

 Switching model of the equalizer is implemented

on RTSS.

 UA-model is implemented on PSIM software.
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Performance Verification – RTSS versus UA-model
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 Performance of the equalizers on RTSS and UA-model are similar.

 UA-model just requires about 60s to simulate 3h’s equalization process. (Cf. RTSS needs 3h.)
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Performance Verification – RTSS versus UA-model
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 Performance of the equalizers on RTSS and UA-model are similar.

 UA-model just requires about 60s to simulate 3h’s equalization process. (Cf. RTSS needs 3h.)
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Performance Verification – RTSS versus UA-model
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 Current profile of the cells illustrate the charge exchange between them during the equalization.

 Amplitude of average equalization current equals to the averaged value of the switching current.

 Behaviors of the equalizers in two simulation platforms are the same.
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Equalizer Performance Assessment Under Different 
Initial Condition – Use Case of UA-Model
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 Cell-inconsistency in series battery string is randomly.

 Performance of the equalizers should be similar under various voltage distribution.

 Circuit parameters and control scheme are the same in every simulation for a fairly comparison.
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Equalizer Performance Assessment Under Different 
Initial Condition – Use Case of UA-Model
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Conclusion
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 A unified average model of the switched-passive-network equalizer is proposed to

assess the equalizer performance in the long-term operation.

 The proposed UA-model can be implemented for the most promising topology
configurations such as SI-E, SC-E, and SR-E.

 The comparison between the simulation results on PSIM software and real-time
simulation system only revealed a minor difference.

 The execution time of the overall simulation is significantly reduced.

 UA-model is a powerful tool for the equalization development in terms of:
theoretical analysis verification, comparative study of various topologies,

performance assessment under various initial conditions, etc.
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