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Overview Prior art and research gap Modeling Method Experimental validation

Conclusions

➢EV DC fast charging architecture.

➢Includes energy storage and renewable

resource integration.

➢Modular and scalable structure.

CHB DAB Findings and gaps from the previous work
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➢The state-of-the-art method fails at

no-load due to control saturation.

➢The proposed method is effective

throughout the operating range.

➢Steady-state power balancing is

retained.

Voltage Balancing Control Method

➢ Direct connection to MV grid.

➢ Compact and galvanically

isolated.

➢ Implementable with commercially

available components.

➢ Easily scalable.

➢ Complicated control

approach.

➢ Voltage balance among

series-connected CHB

➢ Power balance among

parallel-connected DAB.

Advantages Challenges

Decoupled averaged circuit model

2-cell SST circuit schematic

Reference frame transformation

Per-cycle circuit averaging
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2. ොݒ௢ = Ƹଓ௢1 + Ƹଓ௢2 ܼ௢

Linearization around the

operating point

Linearized small-signal equations

SST

AFE DAB

1. MV grid tracking

2. Power quality

3. Maintenance of AFE DC

link

4. Voltage sharing of

series-connected cells

1. Maintenance of Output DC

bus.

2. Power sharing of parallel

connected cells.

Control functions needed in a CHB-SST

Method Steady-state power 

balance

Voltage balance at 

rated loads

Voltage balance at 

light loads

State-of-the-art
×

This work

Research questions

1.Why does the state-of-the-art method

fail at light loads?

2.Can an alternate method achieve light

load voltage balancing?

Parameter Value

Interconnection 

voltage

220 V (l-n), 60 

Hz

Rated Power 800 W

Number of cells per 

phase

2

Rated power per cell 400 W

Output DC link 

Voltage

200 V

AFE DC link 

Voltage

200 V
1. Proposed method at rated load

2. Proposed method at no-load

3. SOA method at no-load

Proposed method,

rated load

Proposed method,

light load
SOA method, 

rated load

➢ Experimental results agree well with

the analysis and simulations.

߂ ෝ݉ௗ௞ Balancing mechanism

Initial condition: ݒௗ௖1 < ௗ௖2ݒ Parameter Value

Interconnection voltage 1200 V (l-n), 

60 Hz

Rated Power 50 kW

Number of cells per phase 2

Output DC link Voltage 800 V

AFE DC link Voltage 800 V

Rated load voltage balancing No load voltage balancing
➢ Based on CHB

controls.

➢ Control saturation

during no-load

operation.

Voltage Balancing Control Method Balancing mechanism

Rated load voltage balancing

t2

No load voltage balancing

➢ Based on DAB

controls.

➢ Voltage and power

balance across the

loading range.

Simulation system parameters

Experiments conducted for validation
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