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ABSTRACT

This engineering project presented demand controlling in EV charging
station using battery energy storage system ( BESS ). The purpose of the BESS is to
reduce demand charge that occurs when using power more than a contract power.
The BESS consisted of a battery pack, a bidirectional AC to DC converter and a
bidirectional DC to DC converter. During low demand the BESS is charged with the
power from the ¢rid, and when the demand is higher than the contract value the BESS
is discharged power to the grid. The output power of the BESS is controlled with Pl
controller in synchronous reference frame. To validate the effectiveness of BESS
controlling technique, PSIM was used to simulate with DSP F28335 microcontroller
target. The simulation results show that the power was transferred correctly between
grid and battery. In the case of EV charging station demand control, the BESS

successfully supplied the excess power to charging station to avoid demand charge.
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V, = =V; (2.12)
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Vq = Vi (—sinB) + Vg(cosb)
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Abstract

This engineering project presented demand controlling in EV
charging station using battery energy storage system ( BESS ). The
purpose of the BESS is to reduce demand charge that occurs when using
power more than a contract power. The BESS consisted of a battery pack,

a bidirectional AC to DC converter and a bidirectional DC to DC

converter. During low demand the BESS is charged with the power from
the grid, and when the demand is higher than the contract value the BESS
is discharged power to the grid. The output power of the BESS is
controlled with PI controller in synchronous reference frame. To validate
the effectiveness of BESS controlling technique, PSIM was used to
simulate with DSP F28335 microcontroller target. The simulation results
show that the power was transferred corectly between grid and battery.
In the case of EV charging station demand control, the BESS successfully

supplied the excess power to charging station to avoid demand charge.

Keywords: battery energy storage system, Demand charge
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#include

#include

<math.h>

"PS_bios.h"

typedef float DefaultType;

#define

GetCurTime() PS_GetSysTimer()

interrupt void Task();

DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType
DefaultType

DefaultType

fGblValpha = 0.0;
fGblVbeta = 0.0;
fGblvd = 0.0;
fGblvqg = 0.0;
fGblFreq_rad = 0.0;
fGbLUDELAY1 = 0;
fGbltheta = 0.0;
fGblidref = 0.0;
fGbligref = 0.0;
fGblid = 0.0;

fGblig = 0.0;
fGblnon = 0.0;
fGblinvert = 0.0;
fGblVaafterAD = 0.0;
fGbllcd = 0.0;
fGbllcq = 0.0;
fGblmultiple = 0.0;
fGblduty = 0.0;
fGblunitstep = 0.0;

fGbIUDELAY54 = 0;
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DefaultType fGblv54 = 0.0;
DefaultType fGblUDELAY2 = 0;

DefaultType fGblVv55 = 0.0;

interrupt void Task()

{

DefaultType fTI_ADC2, fZOH21, fTI_ADC2_1, fZOH22, fTI_ADC2_2,
fZOH23, fABC_AB1, fABC_AB1_1;

DefaultType fAB_DQ1, fAB_DQ1_1, fP44, fTF_D6, fP43, fSUMP10, fC3,
fSUMP11, fSUMP12, fC5;

DefaultType fCOMP6, fMULT14, fSUM13, fUDELAY1, fC22, fC28, fC25,
fTF_D17, fCOMP10, fC26;

DefaultType fSUM21, fP89, fMULT60, fSUM23, fC18, fSUMP23, fDIVD4,
fLIM7, fC21, fTF D1,

DefaultType fCOMP1, fC23, fSUM2, fP3, fMULT55, fC24, fC20, fSUMP22,
fDIVD5, fLIM2, fMULT56;

DefaultType fTI_ADC2._3, fZOH20, fTI_ADC2_4, fZOH19, fTI_ADC2_5,
fZOH3, fABC_AB2, fABC_AB2_ 1;

DefaultType fAB_DQ2, fAB_DQ2_1, fC7, fCOMP3, fNOT1, fP5, fMULTT,
fSUMS5, fMULT57, fP25;

DefaultType fTF_D2, fP24, fSUMP3, fSUM6, fSUMP1, fTI_ADC2_8, fZOH28,
fTI_ADC2_9, fZOH29;

DefaultType fTI_ADC2 10, fZOH30, fABC_AB3, fABC_AB3 1, fAB_DQ3,
fAB_DQ3_1, fP88, fSUMP25;

DefaultType fSUM1, fMULT58, fP27, fTF_D3, fP26, fSUMP4, fSUMS, fP6,
fMULT2, fSUM9, fP86;

DefaultType fSUMP28, fDQ_AB1, fDQ_AB1_1, fAB_ABC1, fAB_ABC1_1,
fAB_ABC1_2, fTI_ADC2_6;

DefaultType fZOH24, fP90, fP66, fDIVD1, fDIVD3, fDIVD2, fABS1, fDIVD6,
fMULT48, fVCC12;

DefaultType fMULT47, fSUM24, fP72, fTF D11, fP71, fSUMP15, fLIM5,
fTI_ADC2_7, fZOH31;



DefaultType fP81, fMULTA45, fSUM18, fP74, fTF_D12, fP73, fSUMP17,
fLIM3, fUDELAY54, fUDELAY2;

DefaultType fP91;
PS_Enablelntr();

fUDELAY1 = fGblUDELAY1,;

fUDELAY54 = fGbIUDELAY54;

fUDELAY2 = fGblUDELAY2;

fTI_ADC2 = PS_GetAcAdc(0);

fTI_ADC2 1 = PS_GetAcAdc(1);

fTI_ADC2_2 = PS_GetAcAdc(2);

fTI_ADC2_3 = PS_GetAcAdc(3);

fTI_ADC2 4 = PS_GetAcAdc(4);

fTI_ADC2 5 = PS_GetAcAdc(5);

fTI_ADC2 8 = PS_GetAcAdc(8);

fTI_ADC2_9 = PS_GetAcAdc(9);

fTI_ADC2_10 = PS_GetAcAdc(10);

fTI_ADC2_6 = PS_GetAcAdc(6);

fTI_ADC2_7 = PS_GetAcAdc(7);

fZOH21 = fTI_ADC2;

fZOH22 = fTI_ADC2_1;

fZOH23 = fTI_ADC2_2;

fABC_AB1 = 0.81649658 * (fZOH21 - (fZOH22 + fZOH23) /2.0);

fABC_AB1_1 = 0.70710678 * (fZOH22 - fZOH23); // uvw2ab
#ifdef DEBUG

fGblValpha = fABC_AB1;
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#endif

#ifdef DEBUG
fGblVbeta = fABC_AB1_1;

#endif

fAB_DQ1 = cos(fUDELAY1) * fABC_AB1 + sin(fUDELAY1) * fABC_AB1 1;

fAB_DQ1_1 = -sin(fUDELAY1) * fABC_AB1 + cos(fUDELAY1) * fABC_AB1_1;
// ab2dq

#ifdef DEBUG
fGblvd = fAB_DQ1;

#endif

#ifdef DEBUG
fGblVq = fAB_DQ1_1;

#endif

fP44 = fAB_DQ1 1 * (40.0/20000);

{
static DefaultType fIn = 0.0;
static DefaultType fOut = 0.0;
fTF D6 =1 * fP44 + 1 * fIn - (-1) * fOut;
fin = fP44;
fOut = fTF_Dé6;

}

fP43 = fAB_DQ1_1 * 0.04;

fSUMP10 = fTF_D6 + fP43;

fC3 = 0.03141592;

fSUMP11 = fSUMP10 + fC3;



#ifdef _DEBUG
fGblFreq_rad = fSUMP11;
#endif
fSUMP12 = fSUMP11 + fUDELAY1;
fC5 = 2*3.1415926;
fCOMP6 = (fSSUMP12 > fC5) ? 1: 0;
fMULT14 = fCOMP6 * fC5;
fSUM13 = fSUMP12 - fMULT14;
fGbLUDELAY1 = fSUM13;
#ifdef DEBUG
fGbltheta = fUDELAY1;
#endif
fC22 = 1.5*0.8;
fC28 = 3*0.8;
fC25 = 3999;
{
static DefaultType fIn = 0.0;
static DefaultType fOut = 0.0;
fTF D17 = 1 * fUDELAY2 + 1 * fIn - (-1) * fOut;
fin = fUDELAY2;
fout = fTF_D17;
}
fCOMP10 = (fC25 > fTF_D17) ? 1: 0;
fC26 = 1;
fSUM21 = fCOMP10 - fC26;
fP89 = fSUM21 * (-1);
fMULT60 = fC28 * fP89;

fSUM23 = fC22 - fMULT60;
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fC18 = 1e-6;
fSUMP23 = fAB_DQ1 + fC18;
fDIVD4 = fSUM23 / fSUMP23;
fLIM7 = (fDIVD4 > 2) ? 2 : ((fDIVD4 < -2) ? -2 : fDIVD4);
fC21 = 399;
{
static DefaultType fIn = 0.0;
static DefaultType fOut = 0.0;
fTF_D1 =1 * fUDELAY54 + 1 * fin - (1) * fOut;
fin = fUDELAY54;
fOut = fTF_D1;
}
fCOMP1 = (fC21 > fTF D1) 2 1: 0;
fC23 = 1;
fSUM2 = fCOMP1 - fC23;
fP3 = fSUM2 * (-1);
fMULTS55 = fLIM7 * fP3;
#ifdef DEBUG
fGblidref = fMULT55;
#endif
fC24 = -1.5%0.6;
fC20 = 1e-6;
fSUMP22 = fAB_DQ1 + fC20;
fDIVD5 = fC24 / fSUMP22;
fLIM2 = (fDIVD5 > 2) ? 2 : ((fDIVD5 < -2) ? -2 : fDIVD5);
fMULT56 = fLIM2 * fP3;
#ifdef DEBUG

fGbligref = fMULT56;
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#endif
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fZOH20 = fTI_ADC2_3;

fZOH19 = fTI_ADC2_4;

fZOH3 = fTI_ADC2_5;

fABC_AB2 = 0.81649658 * (fZOH20 - (fZOH19 + fZOH3) /2.0);
fABC_AB2_1 = 0.70710678 * (fZOH19 - fZOH3); // uvw2ab

fAB_DQ2 = cos(fUDELAY1) * fABC_AB2 + sin(fUDELAY1) * fABC_AB2_1;

fAB_DQ2_1 = -sin(fUDELAY1) * fABC_AB2 + cos(fUDELAY1) * fABC_AB2_1;

// ab2dq

#ifdef

#endif

#ifdef

#endif

#ifdef

#endif

#ifdef

#endif

#ifdef

#endif

_DEBUG

fGblid = fAB_DQ2;

_DEBUG

fGbliq = fAB_DQ2_1;

fC7 = 0;
fCOMP3 = (fSUM23 > fC7) 2 1: 0O;
_DEBUG

fGblnon = fCOMP3;

fNOT1 = IfCOMP3;
_DEBUG

fGblinvert = fNOT1;

_DEBUG

fGblVaafterAD = fZOH21;



#ifdef

#endif

#ifdef

fP5 = fAB_DQ2_1 * 0.00044;

fMULT1 = fP5 * fSUMP11;

fSUM5 = fMULT55 - fAB_DQ2;

fMULT57 = fSUM5 * {P3;

fP25 = fMULT57 * (150.0/20000);

{
static DefaultType fIn = 0.0;
static DefaultType fOut = 0.0;
fTF D2 =1 * fP25 + 1 * fIn - (-1) * fOut;
fin = fP25;
fOut = fTF_D2;

}

fP24 = fMULT5T;

fSUMP3 = fTF_D2 + fP24;

fSUM6 = fMULT1 - fSUMP3;

fSUMP1 = fSUM6 + fAB_DQ1;

fZOH28 = fTI_ADC2_8;

fZOH29 = fTI_ADC2_9;

fZOH30 = fTI_ADC2_10;

fABC_AB3 = 0.81649658 * (fZOH28 - (FZOH29 + fZOH30) /2.0);
fABC_AB3_1 = 0.70710678 * (fZOH29 - fZOH30); // uvw2ab

fAB_DQ3 = cos(fUDELAY1) * fABC_AB3 + sin(fUDELAY1) * fABC_AB3 _1;
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fAB_DQ3_1 = -sin(fUDELAY1) * fABC_AB3 + cos(FUDELAY1) * fABC_AB3_1;
// ab2dq

_DEBUG

fGblicd = fAB_DQ3;

_DEBUG



#endif

dqg2ab

fGbllcq = fAB_DQ3_1;

fP88 = fAB_DQ3 * (-0.5);

fSUMP25 = fSUMP1 + fP88;

fSUM1 = fMULT56 - fAB_DQ2_1;

fMULT58 = fSUM1 * fP3;

fP27 = fMULT58 * (150.0/20000);

{
static DefaultType fIn = 0.0;
static DefaultType fOut = 0.0;
fTF D3 = 1 * fP27 + 1 * fIn - (-1) * fOut;
fIn = fP27;
fOut = fTF_D3;

}

fP26 = fMULT58 * 0.8;

fSUMP4 = fTF_D3 + fP26;

fSUM8 = fAB_DQ1_1 - fSUMP4;

fP6 = fAB_DQ2 * 0.00044;

fMULT2 = fP6 * fSUMP11;

fSUM9 = fSUM8 - fMULT2;

fP86 = fAB_DQ3_1 * (-0.5);

fSUMP28 = fSUM9 + fP86;

fDQ_AB1 = cos(fUDELAY1) * fSUMP25 - sin(fUDELAY1) * fSUMP28;

fDQ_AB1 1 = sin(fUDELAY1) * fSUMP25 + cos(fUDELAY1) * fSUMP28; //

fAB_ABC1 = 0.81649658 * fDQ_AB1; // ab2uvw
fAB_ABC1_1 = -0.40824829 * fDQ_AB1 + 0.70710678 * fDQ_AB1_1;

fAB_ABC1 2 = -0.40824829 * fDQ_AB1 - 0.70710678 * fDQ_AB1_1;
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fZOH24 = fTI_ADC2_6;
fP90 = fZOH24 * 2;
fP66 = fP90 * (1.0/2);
fDIVD1 = fAB_ABC1 / fP66;
fDIVD3 = fAB_ABC1_1 / fP66;
fDIVD2 = fAB_ABC1_2 / fP66;
PS_SetPwm3ph1UvwSH(fDIVD1, fDIVD3, fDIVD2);
fABS1 = fabs(fSUM23);
fDIVD6 = fSUM23 / fABS1;
#ifdef DEBUG
fGblmultiple = fDIVD6;
#endif
fMULT48 = fP90 * fDIVDS;
fVCC12 = 2.089;
fMULT47 = fVCC12 * fDIVD6;
fSUM24 = fMULT48 - fMULTA47;
fP72 = fSUM24 * (3000.0/20000);
{
static DefaultType fIn = 0.0;
static DefaultType fOut = 0.0;
fTF D11 =1 * fP72 + 1 * fIn - (-1) * fOut;
fln = fP72;
fout = fTF_D11;
}
fP71 = fSUM24 * 20;
fSUMP15 = fTF_D11 + fP71,;
fLIM5 = (fSUMP15 > 3) ? 3 : ((fSSUMP15 < 0) ? 0 : fSUMP15);

fZOH31 = fTI_ADC2_7;
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fP81 = fZOH31 * 2;
fMULT45 = fP81 * fDIVD6;

fSUM18 = fLIM5 - fMULTA45;

fP74 = fSUM18 * (100.0/20000);

{

static DefaultType fIn = 0.0;

static DefaultType fOut = 0.0;

fTF D12 =1 * fP74 + 1 * fIn - (-1) * fOut;

fin = fP74;
fout = fTF_D12;
}
fP73 = fSUM18;
fSUMP17 = fTF_D12 + fP73;
fLIM3 = (fSUMP17 > 1.0) ? 1.0
PS_SetPwmd4RateSH(fLIM3);
#ifdef DEBUG
fGblduty = fLIM3;
#endif
#ifdef _DEBUG
fGblunitstep = fP3;
#endif
fGbIUDELAY54 = fCOMP1;
#ifdef DEBUG
fGblv54 = fP89;
#endif
fGbIUDELAY2 = fCOMP10;
fP91 = fSUM23 * (6250.0/1.5);

#ifdef DEBUG

: ((FSUMP17 < 0) ? 0 : fSUMP1T7);
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fGblV55 = fP91;
#endif

PS_ExitPwm1General();

void Initialize(void)

{
PS_SysInit(30, 10);
PS_StartStopPwmClock(0);
PS_InitTimer(0, Oxffffffff);

PS_InitPwm3ph(1, 1, 10000*1, (4e-6)*1.e6, 35544); // pwnNo,
waveType, frequency, deadtime

PS_SetPwm3phPeakOffset(1, 2, (-1), 1.0/2);

PS_SetPwm3ph1Adcintr(ePwmNoAdc, 1, 0);
PS_SetPwm3ph1Vector(ePwmNoAdc, Task);
PS_SetPwm3ph1TzAct(eTZHighImpedance);
PS_SetPwm3ph1UvwSH(O0, 0, 0);

PS_StartPwm3ph1();

PS_InitPwm(4, 1, 10000*1, (4e-6)*1e6, PWM_TWO_OUT, 35544);// pwnNo,
waveType, frequency, deadtime, outtype

PS_SetPwmPeakOffset(4, 1, 0, 1.0/1);
PS_SetPwmintrType(4, ePwmTrigAdc, 1, 0);
PS_SetPwmTzAct(4, eTZHighlmpedance);
PS_SetPwmd4RateSH(0);

PS_StartPwm(4);

PS_ResetAdcConvSeq();



PS_SetAdcConvSeq(eAdcCascade, 0, 1);
PS_SetAdcConvSeq(eAdcCascade, 1, 1);
PS_SetAdcConvSeq(eAdcCascade, 2, 1);
PS_SetAdcConvSeq(eAdcCascade, 3, 1);
PS_SetAdcConvSeq(eAdcCascade, 4, 1);
PS_SetAdcConvSeq(eAdcCascade, 5, 1);
PS_SetAdcConvSeq(eAdcCascade, 6, 1.0);
PS_SetAdcConvSeq(eAdcCascade, 7, 1.0);
PS_SetAdcConvSeq(eAdcCascade, 8, 1.0);
PS_SetAdcConvSeq(eAdcCascade, 9, 1.0);
PS_SetAdcConvSeq(eAdcCascade, 10, 1.0);

PS_AdcInit(0, 12);

PS_StartStopPwmClock(1);

void main()
{
Initialize();
PS_Enableintr(); // Enable Global interrupt INTM
PS_EnableDbgm();
for (;;) {
}
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