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Predictive Current Control
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• Circuit diagram of a three phase bi-directional inverter.
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Predictive Current Control

• Derivation Steps
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Predictive Current Control
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• General Form of the Control Laws

and

T0 = T-T1-T2.
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Predictive Current Control
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Predictive Current Control

• Six regions for three-phase line currents
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Predictive Current Control

• Control laws for Grid-Connection Mode  
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• Complementary control laws for rectification mode 
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Predictive Current Control
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Experimental Results

(iR, iS and iT: 10A/div; time: 2ms/div)

(a) with (9 kW) (b) without (9 kW)

considering wide inductance variation

(Grid-Connection Mode)

iTiSiR
iTiSiR

• Wide Inductance Variation Test
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Experimental Results

(iR, iS and iT: 10A/div; time: 2ms/div)

(a) 10 kW (b) 9 kW

considering wide inductance variation

(Rectification Mode)

iTiSiR

iTiSiR

• Wide Inductance Variation Test
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Experimental Results

(iR, iS and iT: 10A/div; time: 2ms/div)

iTiSiR iTiSiR

(a) 7kW   (b) 500 W

Current distortion at low power level

 Mid-point Current Sampling  Smooth Region Transition

 Current Interleaving  Duty Splitting
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Current Improvement
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Experimental Results

• with ramp carrier signal & 

multiple sampling 

• with triangle carrier signal & 

mid-point sampling

(a) (b)

(iR, iS and iT: 1A/div; time: 2ms/div)THD = 10.6 % THD = 6 %

500 W at Grid-Connection Mode

iR iS iT iR iS iT
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A/D sampling & conversion

Region transition

Duty calculation

Duty-update
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leg switching 

Duty match

PWM output

Inductor current 
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Current Improvement

 Smooth Region Transition

earlier turn-off desired time duration
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Experimental Results

• Measurement• Simulation
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low peak current ripple

high ripple

high peak current ripple

low ripple

Experimental Results

• With current interleaving

(a) (b)

iR iS iT iT
iR iS

(iR, iS and iT: 2A/div; time: 2ms/div)

• Without current interleaving

800 W at GC Mode
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Current Improvement

bi-duty PWM

uni-duty PWM

Current Zero-crossing

inductor current 
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of uni-duty

 Duty Splitting
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Experimental Results

• uni-duty PWM • bi-duty PWM

(a) (b)

id,bi = 1.6Aid,uni = 2.3A

(iR, iS and iT: 2A/div; time: 2ms/div)
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Conclusions

 This paper has derived the predictive current 

control laws to

 accommodate wide inductance variation, and

 reduce core size.

 Mid-point current sampling (with symmetric carrier 

signal) can improve current distortion.

 Current interleaving approach can be adopted at 

high power levels to reduce peak current ripple.

 Duty splitting approach: the bi-duty PWM can 

reduce current displacement at current zero 

crossing.


