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Background Proposed Modular 

Equalization System

Operation Analysis

Star-Connected Phase-Shift Switched 

Capacitor Converter (PS-SCC)

 Small switch count—switches shared by PS-SCC and TI-RMV

 Good scalability—system can be arbitrarily extended

 Inherent constant current characteristics of both PS-SCC and TI-RVM with open-loop control

 Direct power transfer among modules by star-connected PS-SCC

 Small switch count—switches shared by PS-SCC and TI-RMV

 Good scalability—system can be arbitrarily extended

 Inherent constant current characteristics of both PS-SCC and TI-RVM with open-loop control

 Direct power transfer among modules by star-connected PS-SCC

Experimental Results

TI-RVM

Tapped-Inductor Resonant

Voltage Multiplier (TI-RVM)

Cell voltage imbalance leads to

 Risk of over-charging and -discharging

 Premature deterioration

 Reduced chargeable/dischargeable energy

Conventional Modular Equalization System

Star-Connected PS-SCC

Component Value

QH, QL Dual MOSFET, IRF7341, R on  = 50 mΩ

Tapped

Inductor

MSD1514-273MEB, N 1 :N 2  = 1:1

L kg  = 1.0 µH, L mg  = 27.2 µH

Lr 2.1 µH

Cb Ceramic Capacitor, 9.4 µF

Cr Film Capacitor, 470 nF

C1–C6 Ceramic Capacitor, 47 µF

DH, DL Schottky Barrier Diode, RB496EA, V f  = 0.4 V

Cout1–Cout6 Ceramic Capacitor, 660 µF

Lm1–Lm3 4.7 µH

Cm1–Cm3 Ceramic Capacitor, 47 µF

Gate Driver IRS2184S

Component List

Prototype for Six EDLCs

• fs = 100 kHz

• fr = 264 kHz
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Waveforms

Output Characteristics

TI-RVM
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------ Calculation
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Output Characteristics

Current vs phase-shift angle

PS-SCC Equalization Test

Theoretical Waveforms of Basic PS-SCC

 Three EDLC modules, each

consisting of six cells with 400 F

  = 45º for PS-SCC

 Severely mismatched initial voltages

(some cell voltages were zero)

Experimental Setup

EqualizedEqualized

EqualizedEqualized

EqualizedEqualized

EqualizedEqualized
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Star to  Transformation

Star to  Transformation for PS-SCC

Mode I Mode II

Mode III Mode IV

Equivalent Circuit (Basic PS-SCC)

Equivalent Circuit (-Connected PS-SCC)
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Constant Current
(Independent on Input 

Voltage)

Constant Current
(Independent on Input 

Voltage)
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Operation Modes of Basic PS-SCC
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Equivalent to Three 

Basic PS-SCCs

Equivalent to Three 

Basic PS-SCCs
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Theoretical Waveforms

Mode 1 Mode 2 Mode 4 Mode 5
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 " #�$% #� & � 1 �� Ieq is independent on cell voltages

and can be constant at a given VM
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Operation Condition

Resonant Frequency

Characteristic Impedance
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 Small switch count

 Good scalability

 Suitable for large-scale systems

Benefits

 Collective power conversion loss due to adjacent module equalization

 Excessive large current might flow in module equalizers when module

voltages are significantly mismatched

Drawbacks

Notional System Architecture

All module and cell

voltages were equalized

without excessive currents

All module and cell

voltages were equalized

without excessive currents

Novel modular equalization system with

 Direct power transfer capability among modules

 Inherent constant current characteristics

Research Objectives

Cell Voltage Equalization NecessaryCell Voltage Equalization Necessary


