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Abstract

Motivation

Theoretical operation analysis Verification

❖ Improved high-speed battery SOC adjustment algorithm is proposed for a

new 2nd life battery.

❖ SOC-levels of the cells can be equalized and adjusted to a predefined level.

❖ Operation time is just a half of the conventional uni-directional method.

❖ Energy loss during the process is reduced to 50% by co-operation algorithm.

❖ Algorithm is simple enough to be implemented in the popular low-cost MCU.

❖ Full-duplex power flow accelerates equalization speed, reduces processing

time and energy loss.

Conclusion

Website: http://eccl.ulsan.ac.kr/
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❖ Key operation concept:

➢ Processing time of individual cells is

optimized based on the charge transfer

calculation.

➢ Switch-matrix and bi-directional

converter are controlled to exchange

energy from cell to pack and vice versa.

➢ Bi-directional operations of the pack

charger and bi-directional balancing

process of the equalizer are

coordinated.

Principles of operation of bidirectional cell-

equalizer: a) pack-to-cell, b) cell-to-pack.

❖ Requirements of SOC calibrator:

➢ SOC level must be adjusted to under

30% before the shipping.

➢ SOC level need to be aligned an

arbitrary level for the maintenance.
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❖ Both methods can adjust the SOC level of the pack to the target point of 25%

within equalization.

➢ For processing time optimization, Ttotal has the minimum value of 3.2h when S

equals 0.3

➢ Proposed method only requires 3.2h to finish the calibration process while the

conventional method operate 6h (same as when S=6 ).

➢ Energy loss of the conventional and the proposed methods for the simulation are

2.54Wh and 1.28Wh, respectively.

❖ Simulation is implemented by PSIM with a 20-cell battery (18650-3.6V/2.9Ah)

connected in series.

➢ Initial SOC levels of the cells are varied between 30% and 60%.

➢ Amount of charge transfer of the ith

battery cell
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➢ Polarity of the balancing current of

the ith cell

➢ Weighted sum of the processing time

SMi

Celli

Cell1

Celln

SM1

SM2

SM(i+1)

SM(n+1)

SR1

SR2

SR3

SR4

SEn

Bi-directional

Cell-equalizer

Pack-

charger

IpIc

Ibal

AC Line

SMi

I1

Ii

In

Configuration of the system.

Processing time according to S

Relationship the energy 

loss Eloss and the total 

processing time Ttotal

Optimizing curve for 

the total processing 

time and S.

➢ Processing time considering coulombic loss of the ith cell
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➢ Total energy loss, Eloss, of the n-cell battery pack

➢ Weighted sum, S, can be the optimized parameter to be adjusted the SOC level.
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❖ Charge Transfer Calculation:

and

❖ Future trend – Necessity of SOC calibrator equipment:

➢ Energy equalization and SOC adjustment features

➢ SOC-set-point freedom

❖ Concept of SOC adjustment:

➢ Bi-directional pack-charger transfers energy between DC bus and BESS.

➢ Bi-directional cell-equalizer transfers between battery pack and cells.

❖ Proposed method features:

➢ SOC-set-point freedom

➢ Twice faster than the traditional method

➢ 50% energy loss reduction than the traditional methods
❖ Processing time is strongly dependent

on S

➢ Strong positive S causes a higher

Ttotal since the cell-equalizer is mostly

operated in the pack-to-cell mode

(pack-charger prevails).

➢ Strong negative S results in a higher

Ttotal since the cell-equalizer is mostly

operated in the cell-to-pack mode

(pack-discharger prevails).
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Feature comparison of the conventional and proposed method

Features Conventional method Proposed method

Number of steps Number of cells in pack Number of cells in pack

Energy flow direction 

in equalization
Uni-directional Bi-directional converter

SOC-set-point 

freedom
Yes Yes

Balancing feature Yes Yes

Processing time 

optimization
No Yes

Energy loss reduction 

optimization
No Yes
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