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OutlineOutline

�� Brief Summary of ProjectBrief Summary of Project

�� Functional Description, System Block Functional Description, System Block 

Diagram, and Performance SpecificationsDiagram, and Performance Specifications

�� Battery Testing Results and DSPBattery Testing Results and DSP

�� Schedule and MilestonesSchedule and Milestones
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Project SummaryProject Summary

�� PFC Circuit (Power Factor Correction)PFC Circuit (Power Factor Correction)

�� Battery Testing CircuitBattery Testing Circuit

�� DSP ProgrammingDSP Programming

�� Bidirectional Converter Bidirectional Converter 
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Figure 1: High Level System Block 

Diagram

System Block DiagramSystem Block Diagram
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Figure 2: PFC Boost Converter with 

Controllers

Power Factor CorrectionPower Factor Correction



6Figure 3: PFC Outputted Waveforms

Power Factor WaveformsPower Factor Waveforms
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Battery Specs for High and Low VoltageBattery Specs for High and Low Voltage

�� 7.4V7.4V

�� 3000 3000 MilliWattMilliWatt hourshours

�� 51.8V51.8V

�� 10Amp10Amp--hourshours

�� Maximum Discharge Maximum Discharge 

Rate 40ARate 40A



8Figure 4: Battery Testing Circuit 

Battery Testing CircuitBattery Testing Circuit
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Battery Testing CircuitBattery Testing Circuit

�� IR2110 used as Gate Driver IR2110 used as Gate Driver 

�� G4PC30UD IGBT usedG4PC30UD IGBT used

�� 20 ohm resistor used for Small Scale20 ohm resistor used for Small Scale

�� 100 ohm resistor used for Large Scale100 ohm resistor used for Large Scale



10Figure 5: Battery Discharing Rate Plot

Battery Discharging RateBattery Discharging Rate



11Figure 6: DSP Program Flow Chart

DSP FlowchartDSP Flowchart



12Figure 7: Small Scale Battery System 

Battery Testing Small ScaleBattery Testing Small Scale



13Figure 8: Discharing Rate Plot (7.4V)

Small Scale ResultsSmall Scale Results
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Figure 9 & 10: Experimental Vs. 

Theoretical Plot

Comparison of Discharging RateComparison of Discharging Rate



15Figure 11: Discharging Rate (51.8V)

Discharging Rate of 51.8V BatteryDischarging Rate of 51.8V Battery



16Figure 12: Voltage From 51.8V Battery

Voltage Voltage 



17Figure 13: Current from 51.8V Battery

CurrentCurrent
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Figure 14: PFC Boost Converter and 

Boost Converter

BiBi--Directional ConverterDirectional Converter



19Figure 15: Sensing Circuit Design 

Designing the voltage sensing circuitDesigning the voltage sensing circuit
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Figure 16: Lining Zhou's DC-AC 

Converter 

Possible Approach to DesignPossible Approach to Design

�� Taken from Florida State Taken from Florida State 

UniversityUniversity’’s Lining Zhous Lining Zhou

�� Build power circuit on one Build power circuit on one 

side and control on the otherside and control on the other

�� Layered Approach Layered Approach 

�� Prototype levelPrototype level

�� DCDC--AC Converter AC Converter 
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Figure 17: Bridge Diode Rectifier 

(MCC25010-RH)

Updated Parts List Updated Parts List –– Bridge Diode Rectifier Bridge Diode Rectifier 

--Replacing NTE5328 with Replacing NTE5328 with 

MCC25010MCC25010--RHRH

--Max RMS Bridge Input Voltage = Max RMS Bridge Input Voltage = 

800 V800 V

--Surge Overload Rating = 400 A Surge Overload Rating = 400 A 

(Peak)(Peak)

--Average Forward Current Average Forward Current 

(TC=+55C, IF(AV) = 25A)(TC=+55C, IF(AV) = 25A)
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Figure 18: Voltage Regulator 

(LM1117T-3.3/NOPB)

Updated Parts List Updated Parts List –– Voltage RegulatorVoltage Regulator

�� Change from LM1117TChange from LM1117T--

5.0/NOPB to LM1117T5.0/NOPB to LM1117T--

3.3/NOPB3.3/NOPB

�� Previous regulator not in stock Previous regulator not in stock 

or not compatible or not compatible 

�� Vin = 15VVin = 15V

�� VoutVout = 3.3V= 3.3V



23Figure 19: Gate Driver (IR2181)

Updated Parts List Updated Parts List –– Gate DriverGate Driver

�� Change IR2110 to IR2181Change IR2110 to IR2181

�� Fully operational to +600VFully operational to +600V

�� Gate drive supply range from Gate drive supply range from 

10 to 20V10 to 20V

�� 3.3V and 5V input logic 3.3V and 5V input logic 

compatible compatible 

�� Can drive two Can drive two IGBTIGBT’’ss



24Figure 20: Gate Driver Diagram

IR2181 Gate Driver LayoutIR2181 Gate Driver Layout



25Figure 21: IR2181 Setup Diagram 

IR2181 Setup IR2181 Setup 

�� Isolate the DSP board from Isolate the DSP board from 

the power circuitthe power circuit

�� OptocouplerOptocoupler connects to connects to 

both High and Low sidesboth High and Low sides

�� General design that will used General design that will used 

towards our system towards our system 
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Figure 22: Overall System Design for 

Project

Overall System DesignOverall System Design



27Figure 23: Battery Protection Bag

Battery Safety Battery Safety 

�� Battery can be dangerousBattery can be dangerous

�� Need sufficient safety when Need sufficient safety when 

testingtesting

�� Battery safety equipmentBattery safety equipment

�� Bags, enclosures, glasses, etc. Bags, enclosures, glasses, etc. 



28Figure 24: Updated Schedule 

Remaining Updated Schedule Remaining Updated Schedule 

Week 12: Week 12: Large Scale Testing/Final ImplementationLarge Scale Testing/Final Implementation

Week 11:Week 11: Large Scale Testing/Final ImplementationLarge Scale Testing/Final Implementation

Week 10: Week 10: Small Scale Testing Small Scale Testing 

Week 9: Week 9: Small Scale Testing/Bidirectional Circuit BuildingSmall Scale Testing/Bidirectional Circuit Building

Week 8: Week 8: DSP Design/Bidirectional Circuit BuildingDSP Design/Bidirectional Circuit Building

Week 7: Week 7: DSP Design/Interfacing Circuit BuildingDSP Design/Interfacing Circuit Building

Week 6: Week 6: DSP Design/Interfacing Circuit BuildingDSP Design/Interfacing Circuit Building
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GoalsGoals

�� Previous GoalsPrevious Goals

�� PCB DesigningPCB Designing

�� DSP DesigningDSP Designing

�� Battery TestingBattery Testing

�� Simulation of Full Simulation of Full 

SystemSystem

�� Implementation of Full Implementation of Full 

SystemSystem

�� New GoalsNew Goals

�� DSP DesigningDSP Designing

�� Simulation of Full Simulation of Full 

SystemSystem

�� Implementation of Full Implementation of Full 

SystemSystem

�� Battery Safety Battery Safety 



30

References References 

�� [1] N. Mohan, First Course on Power Electronics. Minneapolis: MN[1] N. Mohan, First Course on Power Electronics. Minneapolis: MNPERE, 2009 PERE, 2009 

�� [2] Daly, Matt, Renee Kohl, and Peter [2] Daly, Matt, Renee Kohl, and Peter BurrmannBurrmann. "Electric Vehicle Charger for Plug. "Electric Vehicle Charger for Plug--In Hybrid In Hybrid 

�� Electric Vehicles." PHEV: Plug in Hybrid Electric Vehicle ChargeElectric Vehicles." PHEV: Plug in Hybrid Electric Vehicle Charger. 26 Sept. 2011. Web. 24 r. 26 Sept. 2011. Web. 24 

�� Sept. 2012. Sept. 2012. 

�� [3] B. [3] B. BagciBagci, "Programming and use of TMS320F28I2 DSP to control and regulat, "Programming and use of TMS320F28I2 DSP to control and regulate power e power 

�� electronic converters," Master Thesis, electronic converters," Master Thesis, FachochschuleFachochschule Koln University of Applied Koln University of Applied 

�� Sciences, Cologne, Germany, 2003. Sciences, Cologne, Germany, 2003. 

�� [4] G. Mathieu, "Design of an on[4] G. Mathieu, "Design of an on--board charger for plugboard charger for plug--in hybrid electrical vehicle in hybrid electrical vehicle 

�� (PHEV)," Master Thesis, Chalmers University of Technology, (PHEV)," Master Thesis, Chalmers University of Technology, GGööteborgteborg, Sweden, 2009. , Sweden, 2009. 

�� [5] L. Zhou, "Evaluation and DSP based implementation of PWM app[5] L. Zhou, "Evaluation and DSP based implementation of PWM approaches for singleroaches for single--phased phased 

�� DCDC--AC converters," Master Thesis, Florida State University, TallahaAC converters," Master Thesis, Florida State University, Tallahassee, ssee, 

�� Florida, United States 2005. Florida, United States 2005. 

�� [6] M. [6] M. HedlundHedlund, "Design and construction of a bidirectional DCDC converter for, "Design and construction of a bidirectional DCDC converter for an EV an EV 

�� application," Master Thesis, Uppsala University, Uppsala, Swedenapplication," Master Thesis, Uppsala University, Uppsala, Sweden, 2010. , 2010. 

�� [7] Y. [7] Y. TianTian, "Analysis, simulation and DSP based implementation of asymmetr, "Analysis, simulation and DSP based implementation of asymmetric threeic three--level level 

�� singlesingle--phase inverter in solar power system," Master Thesis, Florida Stphase inverter in solar power system," Master Thesis, Florida State University, ate University, 

�� Tallahassee, Florida, United States, 2007. Tallahassee, Florida, United States, 2007. 

�� [8] Application Note AN[8] Application Note AN--978, http://www.irf.com/technical978, http://www.irf.com/technical--info/appnotes/aninfo/appnotes/an--978.pdf978.pdf

�� [9] http://www.nrel.gov/vehiclesandfuels/energystorage/pdfs/evs1[9] http://www.nrel.gov/vehiclesandfuels/energystorage/pdfs/evs17paper2.pdf 7paper2.pdf 

�� [10] M. Chen, [10] M. Chen, ““Accurate Electrical Battery Model Capable of Predicting Runtime Accurate Electrical Battery Model Capable of Predicting Runtime and Iand I--V Performance,V Performance,”” IEEE IEEE 
Transaction, Vol. 21, No. 2, June 2006.Transaction, Vol. 21, No. 2, June 2006.



31

Questions?Questions?


