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Why the electric car? 

 Improves fuel economy 

 Reduces carbon emissions 

 HEV vs PHEV 
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Electric Car Examples  
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Outline 

 Brief Summary of Project 

 Functional Description 

• System Block Diagram 

• Performances Specifications  

 Battery Testing and DSP 

 Results   
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Project Summary 

 PFC Circuit (Power Factor Correction) 

 Bidirectional Converter 

 Battery Testing Circuit  

 DSP Programming   
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System Block Diagram 
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Why do we need PFC? 

 Improves the efficiency of the system  

 PHEV should control PFC  

 Increase the amount of real power and reduce 
reactive power 

 Use switch-mode boost converter 
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Power Factor Waveforms 



Designing The PFC Circuit  

 Re-made PFC Circuit 

 Modified power diode 
to MOSFET 

 Replaced Bridge 
Rectifier  

 Circuit was tested 
using a IR2110 

 

 

 

9 



Control PFC Circuit 
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Transfer Function (PFC) 
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Power Factor Correction 
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PFC PSIM Results 



PFC Simulink Model 
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PFC Results  
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Why use a gate driver? 

 Used as a medium between PWM output from the 

DSP and input from the high power circuit  
 DSP does not supply enough voltage 

 Gate driver physically switches the transistor  

 Has it’s own power supply to effectively output at 
a higher voltage 
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IR2110 Gate Driver Layout 
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Testing With IR2110 

 Previous group recommended IR2110 

 Used to test battery, bi-directional, and PFC 

 No Isolation  
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Testing With IR2181 

 Similar problems to the IR2110 

 The high side would not properly output 

 Was hard to isolate circuit  
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HCPL-3180 Gate Driver 

 Easier to use due to 
being optically 
isolated 

 Ideally suited for high 
frequency driving of 
power MOSFETS 
(2.5Amp) 

 One gate driver is 
used per MOSFET 
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MOSFET 

 IRFP460A N-Type  

 V_DS = 500V 

 I_D = 20A 

 55ns Rise Time  

 High speed power 
switching 
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Bi-directional Converter 
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Designing The Bi-Directional Converter 

 Redesigned from 
previous group’s 
project 

 Replaced the power 
diode with a MOSFET  

 Circuit was tested 
using a HCPL-3180 
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L equations and C equations 
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Buck Transfer Function  
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Buck Transfer Function Response  
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Buck  Voltage Controller Equations 
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Buck  Voltage Controller Equations 
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Buck  Current  Controller Equations 
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Buck  Voltage Controller Equations 
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Battery Specs for Low and High Voltage 

 7.4V  

 3000 MilliWatt Hours 

 51.8V 

 10Amp-Hours 

 Max Discharge Rate 
40A 



Battery Model 
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Battery Discharging Rate 
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Battery Testing Circuit 
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Battery Testing Circuit 

 IR2110 used as gate driver 

 G4PC30UD IGBT used 

 20ohm resistor used for small scale 

 100ohm resistor used for large scale 
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IGBT 

 G4PC30UD IGBT used 

 V_CES = 600V 

 V_CE(on) = 1.95V 

 @V_ge = 15V, I_c = 12A 

 Optimized for high operating frequencies  



Battery Testing Small Scale 
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Small Scale Results 
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Comparison of Discharging Rate 
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Discharging Rate of 51.8V Battery 
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Equations 
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Saft Model 
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Saft Model 
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Charging  
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Flow Chart with buck  
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Simulink Model  
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 Full Buck System  
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 Designing the Voltage Sensing Circuit  

48 



 Current Sensor  
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DSP Board Specs 
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Why use DSP? 

 Fast, reliable, and 
Ideal for controlling 

 Generates a pulse 
width modulated 
signal 

 Voltage values are 
calculated by DSP 
algorithms  
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Overall System Design 
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Results 
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Completed Work  

 Battery Testing 

 Bi-directional and PFC Redesigned  

 Buck Charging model 
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Future Work 

 PCB Designing  

 Discharge the battery through an inverter 

to run a variable load 

 Build a protective structure for the battery 
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