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ABSTRACT

This work deals with the design and development of high performance chargers for the light
electric vehicles (LEVS), i.e., electric two wheelers (E2WSs) and electric three wheelers (E3Ws).
Several desirable performance features of LEVs chargers from consumers, manufacturers, and
power suppliers’ perspectives are identified and correspondingly, novel LEV chargers have been
designed, analyzed, and implemented in this work. A comprehensive classification of LEV
chargers based on the direction of power flow (unidirectional or bidirectional), number of power
conversion stages (single or double stages), and need for isolation (nonisolated or isolated) is made
in this work. Notably, a wide range of supply and battery voltage conditions are considered when
designing and implementing all charger topologies to ensure a general purpose/single charging
solution for different classes of LEVs. In this work, the pros and cons of transformers are
comprehensively analyzed, and accordingly, different novel nonisolated charging solutions are
proposed for the LEV applications. In the proposed nonisolated LEV charging solutions, the
applicability of the transformerless gain adjustment techniques, is comprehensively analyzed to
achieve desired performance objectives under wide AC and DC side operating conditions. Further,
the impact of input-output current ripples on the filter size is explored in these charger topologies,
and some novel LEV chargers with continuous input-output current characteristics and low filters
size are proposed in this work.

Further, the feasibility of the bidirectional charging system for the LEVs is comprehensively
assessed in this work. Correspondingly, various novel bidirectional LEV chargers with grid-to-
vehicle (G2V), vehicle-to-grid (V2G), and vehicle-to-home (V2H) modes operational capabilities
are proposed for ensuring greater benefits to the LEVs consumers and power suppliers. Further,
the seamless mode transfer capability of proposed bidirectional LEV chargers under grid
disconnection and reconnection events, is critically analyzed, and correspondingly, a simple yet
robust control framework is formulated to achieve desired performance characteristics under
normal/abnormal operating conditions.

Notably, all the proposed unidirectional and bidirectional charger configurations are designed and
developed to realize improved power quality performance at the supply side and strictly comply
with set national/international standards while operating under defined operating conditions. Each
charger configuration’s operational analysis, design, and control are analyzed comprehensively,

considering wide operating conditions. Further, the overall performance of the proposed LEV

iv



chargers is validated through software simulation and hardware implementation, and the obtained
results are discussed in detail. Notably, the design, control, and overall performance objectives of
the proposed unidirectional LEV chargers are validated under various steady state and dynamic
operating conditions. Likewise, the bidirectional LEV chargers’ performance is analyzed under
G2V, V2G, and V2H mode conditions during normal/abnormal grid conditions and grid
disconnection/reconnection events. Finally, the AC and DC side performance of the proposed
unidirectional and bidirectional chargers are matched with set national/international standards to

justify their compliance as high-performance LEV charging systems.
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Simulated performance of FBLPOL PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 Vrms to 85 Vrws and (b) 220 Vrwus to
265 VRwms.
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Fig. 4.47.  Experimental performance of FBLPOL PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 Vrmsto 85 Vrus and (b) 220 Vrws to
265 VRwms.

Fig. 4.48.  Simulated performance of FBLPOL PFC AC-DC converter based LEV charger
under charging current dynamics from (a) 100% to 50% and (b) 50% to 100% of
Rated Condition.

Fig. 4.49.  Experimental performance of FBLPOL PFC AC-DC converter based LEV charger
under charging current dynamics (a) 100% to 50%, and (b) 50% to 100% of Rated
Conditions.

Fig.4.50.  Simulated supply side power quality performance of FBLPOL PFC AC-DC
converter based LEV charger at rated power condition and supply voltage of (a)
220V, (b) 265 V, and (c) 85 V.

Fig.4.51. Experimental validation of supply side power quality performance of FBLPOL
PFC AC-DC converter based LEV charger at rated power condition and supply
voltage of (a)-(c) 220 V (d)-(f) 250 V, and (g)-(i) 95 V.

Fig. 4.52.  Experimental validation of supply side power quality performance of FBLPOL
PFC AC-DC converter based LEV charger at low power conditions and supply
voltage of (a)-(c) 220 V (d)-(f) 250 V, and (g)-(i) 85 V.

Fig. 4.53.  Experimental performance of FBLPOL PFC AC-DC converter based LEV during
(a) Starting and (b) Stopping battery charging process at rated power condition.

Fig. 4.54.  Simulated Performance of BLSEPIC PFC AC-DC Converter based LEV Charger
Under Steady State Nominal Operating Condition () Vs, Is, Vbat, ibat, lpri, Vc1, Vc2,
iLiz, and iLi2 (b) Vs, Vs1, Is1, VD1, VD2, VDo, Do, VDb1aNd V2.

Fig. 4.55. Experimental performance of BLSPEIC PFC AC-DC converter based LEV
charger under steady state nominal operating condition (a) Vs, is, Voat, and ipat (b)
Ve, Ve, itiz, and icin (€) Vs, Vbz, and vz (d) Vsa, ipri, Voo, and isec.

Fig. 4.56.  Simulated performance of BLSEPIC PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 V to 160 V and (b) 220 V to 265 V.

Fig. 4.57.  Experimental performance of BLSEPIC PFC AC-DC converter based LEV
charger under supply voltage dynamics from (a) 220 Vrusto 150 Vrmsand (b) 220
VRrus t0 265 VRrws.

Fig. 4.58.  Simulated performance of BLSEPIC PFC AC-DC converter based LEV charger
under charging current dynamics from (a) 100% to 50% and (b) 50% to 100% of
Rated Condition.

Fig. 4.59.  Experimental performance of BLSEPIC PFC AC-DC converter based LEV
charger during charging current dynamics (a) 100% to 50%, and (b) 50% to 100%
of Rated Condition.

Fig.4.60.  Simulated supply side power quality performance of BLSEPIC PFC AC-DC
converter based LEV charger at rated power condition and supply voltage of (a)
220 V, (b) 265 V, and (c) 160 V.
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Fig.4.61.

Fig.4.62.

Fig. 4.63.

Fig. 4.64.

Fig. 4.65.

Fig. 4.66.

Fig. 4.67.

Fig. 4.68.

Fig. 4.69.

Fig.4.70.

Fig.4.71.

Fig.4.72.

Fig. 4.73.

Fig. 4.74.

Experimental validation of supply side power quality performance of BLSEPIC
PFC AC-DC converter-based LEV charger at rated power condition and supply
voltage of (a)-(c) 220 V (d)-(f) 260 V, and (g)-(i) 150 V.

Experimental validation of supply side power quality performance of BLSEPIC
PFC AC-DC converter-based LEV charger at low power conditions and supply
voltage of (a)-(c) 220 V (d)-(f) 265 V, and (g)-(i) 85 V.

Experimental performance of BLSEPIC PFC AC-DC converter-based LEV during
Starting of battery charging process at rated power condition.

Simulated Performance of BLPOC PFC AC-DC Converter based LEV Charger
Under Steady State Nominal Operating Condition (a) Vs, is, Vbat, ibat, Vc1, Vc2, and
iLo (b) Vs, Vs1, is1, Vs2, is2, Vo, and ipo.

Experimental performance of BLPOC PFC AC-DC converter-based LEV charger
under steady state nominal operating condition (a) Vs, is, Vbat, and ibat (D) Vs, Vc1, Vo,
and iLo (C) Vs1, Vs2, VDo, and iLo (d) Vs, Vs2, Vs1, and vpo.

Simulated performance of BLPOC PFC AC-DC converter-based LEV charger
under supply voltage dynamics from (a) 220 Vrms to 160 Vrms and (b) 220 Vrws
to 265 VRws.

Experimental performance of BLPOC PFC AC-DC converter-based LEV charger
under supply voltage dynamics from (a) 220 Vrwms to 160 Vrwvs and (b) 220 Vrws
to 265 VRrwms.

Simulated performance of BLPOC PFC AC-DC converter-based LEV charger
under charging current dynamics from (a) 100% to 50% and (b) 50% to 100% of
Rated Conditions.

Experimental performance of BLPOC PFC AC-DC converter-based LEV charger
under charging current dynamics (a) 100% to 50%, and (b) 50% to 100% of Rated
Conditions.

Simulated supply side power quality performance of BLPOL PFC AC-DC
converter-based LEV charger at rated power condition and supply voltage of (a)
220 V, (b) 265 V, and (c) 160 V.

Experimental validation of supply side power quality performance of BLPOC PFC
AC-DC converter-based LEV charger at rated power condition and supply voltage
of (a)-(c) 220 V (d)-(f) 250 V, and (g)-(i) 160 V.

Experimental validation of supply side power quality performance of BLPOC PFC
AC-DC converter-based LEV charger at low power conditions and supply voltage
of (a)-(c) 220 V (d)-(f) 250 V, and (g)-(i) 85 V.

Experimental performance of BLPOC PFC AC-DC converter-based LEV during
(a) Starting and (b) Stopping battery charging process at rated power condition.
Simulated Performance of BLMSPEIC PFC AC-DC Converter based LEV
Charger Under Steady State Nominal Operating Condition (a) Vs, is, Vbat, Ibat, Vc1,
Vcsi, Ves2, Lo, and isec, (D) Vs, sy, is1, Vs2, is2, Vpst, ipst, Vbs2, and ipso.
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Fig. 4.75.

Fig. 4.76.

Fig. 4.77.

Fig. 4.78.

Fig. 4.79.

Fig.4.80.

Fig.4.81.

Fig.4.82.

Fig. 4.83.

Fig. 4.84.

Fig. 5.1.
Fig. 5.2.
Fig. 5.3.

Fig. 5.4.

Experimental performance of BLMSPEIC PFC AC-DC converter-based LEV
charger under steady state nominal operating condition (a) Vs, is, Voat, and ipat (b)
Vci, Vest, Ves2, and o (C) Vost, Vbs2, ipri, @nd isec, (d) Vs, Vs1, Vs2, and Vpst.

Simulated performance of BLMSEPIC PFC AC-DC converter-based LEV charger
under supply voltage dynamics from (a) 220 Vrwms to 160 Vrms and (b) 220 Vrws
t0 265 VRwms.

Experimental performance of BLMSEPIC PFC AC-DC converter based LEV
charger under supply voltage dynamics from (a) 220 Vrmsto 160 Vrusand (b) 220
VRwms 10 265 VRws.

Simulated performance of BLMSEPIC PFC AC-DC converter based LEV charger
under charging current dynamics from (a) 100% to 50% and (b) 50% to 100% of
Rated Conditions.

Experimental performance of BLMSPEIC PFC AC-DC converter-based LEV
charger during charging current dynamics (a) 100% to 50%, and (b) 50% to 100%
of Rated Condition.

Simulated supply side power quality performance of BLMSEPIC PFC AC-DC
converter based LEV charger at rated power condition and supply voltage of (a)
220 V, (b) 265 V, and (c) 160 V.

Experimental validation of supply side power quality performance of BLMSEPIC
PFC AC-DC converter based LEV charger at rated power condition and supply
voltage of (a)-(c) 220 V (d)-(f) 250 V, and (g)-(i) 160 V.

Experimental validation of supply side power quality performance of BLMSEPIC
PFC AC-DC converter based LEV charger at low power conditions and supply
voltage of (a)-(c) 220 V (d)-(f) 260 V, and (g)-(i) 90 V.

Experimental performance of BLMSEPIC PFC AC-DC converter based LEV
Charger during (a) Starting and (b) Stopping battery charging process at rated
power condition.

Efficiency Versus Battery Current Graph for (a) FBLPOBB, (b) BLPOL, (c)
FBLPOL, (d) BLSEPIC, (e) BLPOC, and (f) BLMSEPIC PFC AC-DC converter
based LEV Chargers.

PBLCSC PFC Converter based Unidirectional Double Stage Non-isolated LEV
Charger.

FBLCSC PFC Converter based Unidirectional Double Stage Nonisolated LEV
Charger.

Equivalent Circuit of PBLCSC PFC AC-DC Converter based LEV Charger during
(a) Positive and (b) Negative Half Cycle of vs.

Operating Modes of PBLCSC PFC AC-DC Converter Based LEVs Charger within
a Switching Cycle (during Positive Half of vs) (a) Mode—P(l) {0 < ¢ < DsTs} (b)
Mode—P(11) {DsTs < ¢ < (Ds+Dp) Ts} (c) Mode—P(I1l) {(Ds+Dp) Ts< ¢ < Ts}
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Fig.

Fig.

Fig.

5.5.

5.6.

5.7.

5.8.

5.9.

5.10.

5.11.

5.12.

5.13.

5.14.

5.15.

5.16.

5.17.

5.18.

5.19.

5.20.

Switching Cycle Voltage/Current Waveforms of PBLCSC PFC AC-DC Converter
Based LEV Charger during (a) Positive and (b) Negative Half of vs.

Operating Modes of PBLCSC PFC AC-DC Converter Based LEVs Charger within
a Switching Cycle (Negative Half of vs) (a) Mode—N(l) {0 < # < DsTs} (b) Mode—
N(I) {DsTs < ¢ < (Ds+Dp) Ts} (c) Mode-N(I11) {(Ds+Dp) Ts < ¢ < Ts}.

(a)-(b) Operating Modes of HGB DC-DC Stage within a Switching Cycle (a)
Mode-1 {0 < ¢ < DpTs} (b) Mode-2 {D»Ts < ¢ < Ts}and (c) Switching Cycle
Voltage/Current Waveforms.

Equivalent Circuit of FBLCSC PFC AC-DC Converter based LEV Charger during
(a) Positive and (b) Negative Half Cycle of vs.

Operating Modes of FBLCSC PFC AC-DC Converter Based LEVs Charger within
a Switching Cycle (during Positive Half of vs) (a) Mode—P(l) {0 < ¢ < DsTs} (b)
Mode—P(Il) {DsTs < ¢t < (Ds+Dp) Ts} (c) Mode—P(l11) {(Ds+Dp) Ts < ¢ < Ts}.
Operating Modes of FBLCSC PFC AC-DC Converter Based LEVs Charger within
a Switching Cycle (during Negative Half of vs) (a) Mode—N(I) {0 < ¢ < DsTs} (b)
Mode—N(II) {DsTs < ¢ < (Ds+Dp) Ts} (c) Mode—N(I11) {(Ds+Dp) Ts < ¢ < Ts}.
Switching Cycle Voltage/Current Waveforms of FBLCSC PFC AC-DC Converter
Based LEV Charger during (a) Positive and (b) Negative Half of vs.

Control Block Diagram for PBLCSC PFC AC-DC Stage of Unidirectional Double
Stage Non-isolated LEV Charger.

Control Block Diagram for HGB DC-DC Stage of Unidirectional Double Stage
Nonisolated LEV Charger.

Variation of HGB Switch Duty Ratio at Different Vpa with and without Vpc
Variations.

Control Block Diagram for FBLCSC PFC AC-DC Stage of Unidirectional Double
Stage Nonisolated LEV Charger.

General Block Diagram for Software Modelling and MATLAB Simulation of
Unidirectional Double Stage Non-isolated LEV Chargers.

Test Bench Photograph for Unidirectional Double Stage Nonisolated LEV
Chargers.

Simulated Performance of PBLCSC PFC AC-DC Converter based LEV Charger
Under Steady State Nominal Operating Condition (a) Vs, is, Vbc, Vbat, ibat, Vc1, Vc2,
ILi1, ILi2, iLs1, and ics2 (B) Vs, Vs1, Vs2, is1, Vb1, Vb2, iD1, Vs3, Vbst, and Vps».
Experimental performance of PBLCSC PFC AC-DC converter based LEV charger
under steady state nominal operating condition (a) Vs, is, Vbc, and ipat (D) Vs, is, Vbat,
and ipat (C) Vs, Vs1, Vb1, and iix (d) Vs, Vs2, Vb2, and iLiz2 (€) Vs, Ve, Vez, and vpe (f) vse,
Vs1, Vb1, and Vo2 (g) Vss, Vbsi, ius1, and ics2 (h) Vbe, Vs3, Vbst, and Vpso.

Simulated performance of PBLCSC PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 Vrwms to 160 Vrms and (b) 220 Vrwus
to 265 VRrwms.
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5.21.

5.22.

5.23.

5.24.

5.25.

5.26.

5.27.

5.28.

5.29.

5.30.

5.31.

5.32.

5.33.

Experimental performance of PBLCSC PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 Vrwms to 160 Vrwus and (b) 220 Vrus
to 265 VRws.

Simulated performance of PBLCSC PFC AC-DC converter based LEV charger
under charging current dynamics from (a) 100 % to 50%, and (b) 50 % to 100 %
Conditions.

Experimental performance of PBLCSC PFC AC-DC converter-based LEV charger
under charging current dynamics (a) Rated to Half of Rated, and (b) Half of Rated
to Rated Conditions.

Simulated supply side power quality performance of PBLCSC PFC AC-DC
converter based LEV charger at rated power condition and supply voltage of (a)
220 V, (b) 160 V, and (c) 265 V.

Experimental validation of supply side power quality performance of PBLCSC
PFC AC-DC converter based LEV charger at Prated and vs of (a)-(c) 220 V (d)-(f)
160 V, and (g)-(i) 255 V.

Experimental validation of supply side power quality performance of PBLCSC
PFC based LEV charger at low power condition and vs of (a)-(c) 220 V (d)-(f) 250
V, and (g)-(i) 110 V.

Simulated Performance of FBLCSC PFC AC-DC Converter based LEV Charger
Under Steady State Nominal Operating Condition (a) Vs, is, Vbc, Vbat, Ibat, Vcf1, Vci2,
Ve, Ve, iLit, L2, iust, and ius2 (B) Vs, Vsi, ist, Vs, Is2, Vb1, b1, VD2, iD2, Vs3, Is3, VDst,
and Vps».

Experimental performance of FBLCSC PFC AC-DC converter based LEV charger
under steady state nominal operating condition (a) vs, Is, Vbc, and ipat (D) Vs, s, Vbat,
and ipat (C) Vs, Vs1, Vb1, and irir (d) Vs, Vs2, Vbz, and iLi2 (€) Vsi, Vb1, Vs2, and vpz (f)
Veit, Ve, Ve, and Ver () Vo, Vss, Vost, and Vpsz (1) Vss, Vost, iust, and iise.
Simulated performance of FBLCSC PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 Vrms to 160 Vrms and (b) 220 Vrws
to 265 VRrwms.

Experimental performance of FBLCSC PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 Vrms to 160 Vrms and (b) 220 Vrws
to 265 VRrwms.

Simulated performance of FBLCSC PFC AC-DC converter based LEV charger
under charging current dynamics from (a) 100 % to 50%, and (b) 50 % to 100 %
Conditions.

Experimental performance of FBLCSC PFC AC-DC converter based LEV charger
under charging current dynamics (a) Rated to Half of Rated, and (b) Half of Rated
to Rated Conditions.

Variable DC Link Voltage Control of FBLCSC PFC AC-DC converter based LEV
charger.
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5.34.

5.35.

5.36.

5.37.

5.38.

6.1

6.2

6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

6.9.

6.10.
6.11.

Simulated supply side power quality performance of FBLCSC PFC AC-DC
converter based LEV charger at rated power condition and supply voltage of (a)
220V, (b) 160 V, and (c) 265 V.

Experimental validation of supply side power quality performance of FBLCSC
PFC AC-DC converter based LEV charger at Prated and vs of (a)-(c) 220 V (d)-(f)
160 V, and (g)-(i) 250 V.

Experimental validation of supply side power quality performance of FBLCSC
PFC-based LEV charger at low power conditions and vs of (a)-(c) 220 V (d)-(f)
250 V, and (g)-(i) 110 V.

Efficiency Versus Power Graph for PBLCSC and FBLCSC PFC AC-DC Stages
under Wide vs and Power Range Condition (@ Vpc = 300 V).

Efficiency Versus Power Graph for HGB DC-DC Stage and PBLCSC/FBLCSC
PFC Based Charger at Rated Operating Conditions (i.e., VDC = 300 V, Vbatn =
60 V, Vs =220 V).

ILCSC PFC AC-DC Converter based Unidirectional Double Stage Isolated LEV
Charger.

MSCCSC PFC AC-DC Converter based Unidirectional Double Stage Isolated
LEV Charger.

ILCSC PFC AC-DC Converter Switching Devices Operating States within a
Switching Cycle during (a) Overlapped (b) Non-overlapped Inductor Current
Conditions.

Switching Equivalent Circuits of ILCSC PFC AC-DC Stage under Overlapped
Inductor Current Condition during (a) State-1 (b) State-I11 (c) State-111 (d) State-1V
(e) State-V (f) State-VI.

Switching Equivalent Circuits of ILCSC PFC AC-DC Stage under Non-
Overlapped Inductor Current Condition during (a) State-I (b) State-11 (c) State-I11
(d) State-1V (e) State-V (f) State-VI.

Waveforms across ILCSC PFC Converter’s Components under all Six Switching
Modes for Inductor Current (a) Overlapping (b) Non-overlapping Conditions.
(a@)-(b) Operating Modes of IPOC DC-DC Stage within a Switching Cycle (a)
Mode-1 {0 < ¢ < DpTs} (b) Mode-2 {DyTs < ¢ < Ts}and (c) Switching Cycle
Voltage/Current Waveforms.

Circuit Schematic of (a) Conventional CSC [40], (b) Modified CSC, and (c)
Proposed MSCCSC PFC AC-DC Converters.

Switching Cycle Equivalent Circuits of MSCCSC PFC AC-DC Converter (a)
State—I, (b) State—Il, (c) State—Ill, and (d) Switching Cycle Voltage and Current
Waveforms

Voltage Gain of Conventional CSC [40] and MSCCSC PFC AC-DC Converters.
Control Block Diagram for ILCSC PFC AC-DC Stage of Unidirectional Double
Stage Isolated LEV Charger.
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6.13.

6.14.

6.15.

6.16.

6.17.

6.18.

6.19.

6.20.

6.21.

6.22.

6.23.

6.24.

6.25.

Control Block Diagram for IPOC DC-DC Stage of Unidirectional Double Stage
Isolated LEV Charger.

Control Block Diagram for MSCCSC PFC AC-DC Stage of Unidirectional Double
Stage Isolated LEV Charger.

General Block Diagram for Software Modelling and MATLAB Simulation of
Unidirectional Double Stage Isolated LEV Chargers.

Simulated Performance of ILCSC PFC AC-DC Converter based LEV Charger
Under Steady State Nominal Operating Condition (a) vs, is, Vbc, Vbat, ibat, Vc1, Vc2,
iLi1, ILi2, Vs1, Vs2, Vb1, and vpz, and (b) vpc, Vbat, ibat, Vcic, Vcze, iLic, iLoc, Vse, Isc, VbDe,
and ipc.

Experimental performance of ILCSC PFC AC-DC converter based LEV charger
under steady state nominal operating condition (a) Vs, is, Vbc, and ipat (b) Vci, Vo,
ILi1, and iLi2 (C) Vs1, Vs2, iLit, and iLiz2 (d) Vs2, Vs1, Vb1, and Vp2 (€) Vsc, Vb, iLic, and iLec,
and (f) Vpc, Vcic, Vcac, and Vpat.

Simulated performance of ILCSC PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 V to 160 V and (b) 220 V to 265 V.
Experimental performance of ILCSC PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 V to 160 V and (b) 220 V to 265 Vrws.
Simulated performance of ILCSC PFC AC-DC converter based LEV charger
under charging current dynamics from (a) 100 % to 50%, and (b) 50 % to 100 %
Conditions.

Experimental performance of ILCSC PFC AC-DC converter-based LEV charger
under-charging current dynamics (a) 100%-50%, and (b) 50 %-100 % Conditions.
Simulated supply side power quality performance of ILCSC PFC AC-DC
converter based LEV charger at rated power condition and supply voltage of (a)
220V, (b) 265 V, and (c) 160 V.

Experimental validation of supply side power quality performance of ILCSC PFC
AC-DC converter based LEV charger at rated power condition and supply voltage
of (a)-(c) 220 V (d)-(f) 265 V, and (g)-(i) 160 V.

Experimental validation of supply side power quality performance of ILCSC PFC
AC-DC converter based LEV charger at low power conditions and supply voltage
of (a)-(c) 220 V (d)-(f) 265 V, and (g)-(i) 95 V.

Simulated Performance of MSCCSC PFC AC-DC Converter based LEV Charger
Under Steady State Nominal Operating Condition (a) Vs, is, Vbc, Vbat, ibat, Vc1, Vcsi,
Vcs2, L, Lo, Vs1, Vpst, and Vpsz, and (b) Voc, Vbat, Ibat, Vcic, Vcze, ILic, ILoc, Vsc, Isc, Ve,
and ipc.

Experimental performance of MSCCSC PFC AC-DC converter based LEV
charger under steady state nominal operating condition (a) vs, is, Voc, and ibat (b)
Vci, Vest, Vesz, and o (C) Vs, Vs1, Vosi, and i (d) Vs, Vs1, Vbsi, and Vps2 (€) Voc, Vcic,
Vcae, and Vpat, and (f) Vse, Vo, iLic, and iLec.
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6.32.

6.33.

6.34.

7.1
7.2.
7.3.

74.

7.5.

7.6.

Experimental performance of MSCCSC PFC AC-DC converter based LEV
charger under Wide Operating Range Condition, Vs, Is, and Vpc, when (a) Vs = 85
Vrms & Vpc =400V, (b) Vs =85 Vrms & Voc =200 V, (¢) Vs =265 Vrus & Ve
=400V, and (d) Vs = 265 Vrvs & Vpc =200 V.

Simulated performance of MSCCSC PFC AC-DC converter based LEV charger
under supply voltage dynamics from (a) 220 V to 160 V and (b) 220 V to 265 V.
Experimental performance of MSCCSC PFC AC-DC converter based LEV
charger under supply voltage dynamics from (a) 220 Vrmsto 160 Vrusand (b) 220
VRwms 10 265 VRws.

Simulated performance of MSCCSC PFC AC-DC converter based LEV charger
under charging current dynamics from (a) 100 % to 50%, and (b) 50 % to 100 %
Conditions.

Experimental performance of MSCCSC PFC AC-DC converter-based LEV
charger under charging current dynamics (a) 100 % to 50%, and (b) 50 % to 100
% Conditions.

Simulated supply side power quality performance of MSCCSC PFC AC-DC
converter based LEV charger at rated power condition and supply voltage of (a)
220 V, (b) 265 V, and (c) 160 V.

Experimental validation of supply side power quality performance of MSCCSC
PFC AC-DC converter based LEV charger at rated power condition and supply
voltage of (a)-(c) 220 V (d)-(f) 265 V, and (g)-(i) 165 V.

Experimental validation of supply side power quality performance of MSCCSC
PFC AC-DC converter-based LEV charger at low power conditions and supply
voltage of (a)-(c) 220 V (d)-(f) 250 V, and (g)-(i) 85 V.

Loss Analysis and Efficiency Analysis of (a) ILCSC PFC AC-DC Stage, (b)
MSCCSC PFC AC-DC Stage, and (c) IPOC DC-DC Stage at Rated Operating
Conditions.

ASIC Converter based Bidirectional Single Stage Nonisolated LEV Charger.
ASISEPIC Converter based Bidirectional Single Stage Nonisolated LEV Charger.
Operating Modes of ASIC Converter Based Bidirectional LEVs Charger during
(@) G2V (b) V2G (for positive half of vs) and (c) V2G (for negative half of vs).
Switching Cycle Operating Modes of ASIC Converter Based Bidirectional LEVS
Charger during G2V Mode Operation (a) Mode-G2V (1) (to < ¢ < #1) (b) Mode—
G2V (I) (tz < £ <) (c) Mode-G2V (I1I) (t2 < t < t3).

Switching Cycle Operating Modes of ASIC Converter Based Bidirectional LEVs
Charger during V2G Mode Operation (Positive Half of vs) (a) Mode-V2G (P1) (to
< t<t) (b) Mode-V2G (P2) (t1 < # <22) (€) Mode-V2G (P3) (t2 < t < t3).
Switching Cycle Voltage and Current Waveforms for ASIC Converter Based
Bidirectional LEVs Charger during (a) G2V and (b) V2G (Positive Half of vs)
Modes of Operation.
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Fig.

Fig.
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7.8.

7.9.
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7.11.
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7.13.

7.14.

7.15.

7.16.

7.17.
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7.19.

7.20.

Operating Modes of ASISEPIC Converter Based Bidirectional LEVs Charger
during (a) G2V (b) V2G (positive half of vs) and (c) V2G (for negative half of vs).
Switching Cycle Operating Modes of ASISEPIC Converter Based Bidirectional
LEVs Charger during G2V Mode Operation (a) Mode-G2V (I) (to < ¢ < t1) (b)
Mode-G2V (1) (t1 <t <t2) (c) Mode-G2V (Il1) (t2< ¢t <t3).

Switching Cycle Operating Modes of ASISEPIC Converter Based Bidirectional
LEVs Charger during V2G Mode Operation (Positive Half of vs) (a) Mode-V2G
(P1) (to< t <#1) (b) Mode-V2G (P2) (t1 < ¢ <t2) (c) Mode-V2G (P3) (t2 < ¢ < t3).
Switching Cycle Voltage and Current Waveforms for ASISEPIC Converter Based
Bidirectional LEVs Charger during (a) G2V and (b) V2G (Positive Half of vs)
Modes of Operation.

Control Block Diagram for Bidirectional Single Stage Nonisolated LEV Chargers.
General Block Diagram for Software Modelling and MATLAB Simulation of
Bidirectional Single Stage Nonisolated LEV Chargers.

Proof-of-Concept Test Bench Set-up for Bidirectional Single Stage Nonisolated
LEV Chargers.

Simulated Steady State Performance of ASIC Converter-based Bidirectional LEV
Charger during G2V Mode Operation (@) Vs, Is, Vbat, ibat, iLi, Vc1, iLst, and ics2 (b) vs,
Vs1, Is1, Vss1, Vss2, iss1, Vsat, isa1, Vsaz, isa2, Vsa3, and Vsas.

Experimental Steady State performance of ASIC Converter based Bidirectional
LEV charger during G2V Mode Operation (a) Vs, Is, Vbat, and ivat (b) Vs, s, iLi, and
vci (C) Vsst, Vss2, iLst, and is2 (d) Vs, Vst, Vss1, and Vsso.

Simulated performance of ASIC Converter based Bidirectional LEV charger
during G2V Mode Operation under (a)-(b) vs dynamics from (a) 220 Vrwms to 160
Vrms and (b) 220 Vrws to 265 Vrws and (¢)-(d) inat dynamics from (c) 100% to
50%, and (d) 50% to 100% Conditions.

Experimental performance of ASIC Converter based Bidirectional LEV charger
during G2V Mode Operation under (a)-(b) vs dynamics from (a) 220 Vrws to 160
Vrms and (b) 220 Vrms to 265 Vrus and (c)-(d) inat dynamics from (c) 100% to
50%, and (d) 50% to 100% Conditions.

Simulated supply side power quality performance of ASIC Converter based
Bidirectional LEV charger during G2V Mode and supply voltage of (a) 220 V, (b)
160 V, and (c) 265 V.

Experimental validation of supply side power quality performance of ASIC
Converter-based LEV charger during G2V and supply voltage of (a)-(c) 220 V (d)-
(f) 160 V, and (g)-(i) 255 V.

Simulated Steady State Performance of ASIC Converter based Bidirectional LEV
Charger during V2G Mode Operation (a) Vs, is, Vbat, ibat, iLi, Vc1, itst, and ics2 (b) Vs,
Vs1, Is1, Vss1, Vss2, Iss1, Vsa1, Isa1, Vsa2, Isa2, Vsa3, and Vsad.
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Experimental Steady State performance of ASIC Converter based Bidirectional
LEV charger during V2G Mode Operation (a) Vs, is, Vbat, and ipat (b) Vs, is, iLi, and
vci (C) Vss1, Vss2, ust, and its2 (d) Vs, Vsi, Vsst, and Vss2 (€) Vsa1, Vsa2, Vsas, and Vsaa.
Simulated performance of ASIC Converter based Bidirectional LEV charger
during V2G Mode Operation under (a)-(b) vs dynamics from (a) 220 Vrwms to 160
Vrms and (b) 220 Vrus to 265 Vrus and (c)-(d) inat dynamics from (c) 100% to
50%, and (d) 50% to 100% Conditions.

Experimental performance of ASIC Converter based Bidirectional LEV charger
during V2G Mode Operation under (a)-(b) vs dynamics from (a) 220 Vrws to 160
Vrms and (b) 220 Vrwus to 265 Vrws and (¢)-(d) inat dynamics from (c) 100% to
50%, and (d) 50% to 100% Conditions.

Simulated supply side power quality performance of ASIC Converter based
Bidirectional LEV charger during V2G Mode and vs of (a) 220 V, (b) 160 V, and
(c) 265 V.

Experimental validation of supply side power quality performance of ASIC
Converter-based LEV charger during V2G and vs of (a)-(c) 220 V (d)-(f) 165 V,
and (g)-(i) 255V.

Simulated Steady State Performance of ASISEPIC Converter-based Bidirectional
LEV Charger during G2V Mode (a) Vs, is, Vbat, ibat, iLi, Vci1, iust, and is2 (b) Vs, Vst,
Is1, Vss1, Vss2, Iss1, Vsal, Isa1, Vsaz, Isa2, Vsa3, and Vsas.

Experimental Steady State performance of ASISEPIC Converter based
Bidirectional LEV charger during G2V Mode Operation (@) Vs, is, Vbat, and ipat (b)
Vs, Is, iLi, and vci (C) Vsst, Vss2, iLst, and ics2 (d) Vs, Vst, Vss1, and Vsso.

Simulated performance of ASISEPIC Converter-based Bidirectional LEV charger
during G2V Mode Operation under (a)-(b) vs dynamics from (a) 220 Vrws to 160
Vrmsand (b) 220 Vrws to 265 Vrus and (¢)-(d) ibat dynamics from (c) 100% to 50
%, and (d) 50% to 100 % Conditions.

Experimental performance of ASISEPIC Converter-based Bidirectional LEV
charger during G2V Mode Operation under (a)-(b) vs dynamics from (a) 220 Vrws
to 160 Vrms and (b) 220 Vrus to 265 Vrws and (¢)-(d) ibar dynamics from (c) 100
% to 50 %, and (d) 50% to 100% Conditions.

Simulated supply side power quality performance of ASISEPIC Converter based
Bidirectional LEV charger during G2V Mode and vs of (a) 220 V, (b) 160 V, and
(c) 265 V.

Experimental validation of supply side power quality performance of ASISEPIC
Converter-based LEV charger during G2V and vs of (a)-(c) 220 V (d)-(f) 165 V,
and (g)-(i) 250 V.

Simulated Steady State Performance of ASISEPIC Converter-based Bidirectional
LEV Charger during V2G Mode (a) Vs, is, Vbat, ibat, iLi, Vc1, iLst, and ics2 (b) vs, Vst,
Is1, Vss1, Vss2, Iss1, Vsat, Isa1, Vsaz, Isa2, Vsa3, and Vsa4.
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7.33.

7.34.

7.35.
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7.37.

8.1.
8.2.
8.3.

8.4.

8.5.

8.6.
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8.10.

Experimental Steady State performance of ASISEPIC Converter based
Bidirectional LEV charger during V2G Mode Operation (@) Vs, is, Voat, and ipat (b)
Vs, Is, iLi, and Vcy (C) Vss1, Vss2, Iust, and ics2 (d) Vs, Vs1, Vss1, and Vss2 (€) Vsat, Vsa2, Vsa3,
and Vsaa.

Simulated performance of ASISEPIC Converter-based Bidirectional LEV charger
during V2G Mode Operation under (a)-(b) vs dynamics from (a) 220 Vrwms to 160
Vrms and (b) 220 Vrus to 265 Vrus and (c)-(d) inat dynamics from (c) 100% to
50%, and (d) 50% to 100% Conditions.

Experimental performance of ASISEPIC Converter-based Bidirectional LEV
charger during V2G Mode Operation under (a)-(b) vs dynamics from (a) 220 Vrws
to 160 Vrmsand (b) 220 Vrws to 265 Vrms and (¢)-(d) ibar dynamics from (c) 100%
to 50%, and (d) 50% to 100% Conditions.

Simulated supply side power quality performance of ASISEPIC Converter-based
Bidirectional LEV charger during V2G Mode and vs of (a) 220 V, (b) 160 V, and
(c) 265 V.

Experimental validation of supply side power quality performance of ASISEPIC
Converter-based LEV charger during V2G and vs of (a)-(c) 220 V (d)-(f) 165 V,
and (g)-(i) 255 V.

FBLBSEPIC Converter based Bidirectional Single Stage Isolated LEV Charger.
FBLBL Converter based Bidirectional Single Stage Isolated LEV charger.
Equivalent Circuit of FBLBSEPIC Converter based Bidirectional LEV Charger
during (a) Grid Connected Mode (G2V/V2G) and (b) Grid Disconnected Mode
(V2H).

Line Cycle Operation of FBLBSEPIC Converter Based Bidirectional LEV Charger
during G2V Operations (a) Positive, and (b) Negative Half Cycle of vs.

Switching Cycle Operation of FBLBSEPIC Converter Based Bidirectional LEV
Charger during G2V Operation (a) Mode — G2V(P1) (b) Mode — G2V(P2) and (c)
Mode — G2V(Ps)

Line Cycle Operation of FBLBSEPIC Converter Based Bidirectional LEV Charger
during V2G Operation (a) Positive, and (b) Negative Half Cycle of vs.

Switching Cycle Operation of FBLBSEPIC Converter Based Bidirectional LEV
Charger during V2G Operation (a) Mode — V2G(P1) (b) Mode — V2G(P2) and (c)
Mode — V2G(P3).

Switching Cycle Voltage/Current Waveforms of FBLBSEPIC Converter Based
LEV Charger during (a) G2V and (b) V2G Mode Operation.

Equivalent Circuit of FBLBL Converter based Bidirectional LEV Charger during
(@) Grid Connected Mode (G2V/V2G) and (b) Grid Disconnected Mode (V2H).
Line Cycle Operation of FBLBL Converter Based Bidirectional LEV Charger
during G2V Operation (a) Positive (b) Negative Half Cycle of vs.
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Fig.8.21.

Fig.8.22.

Fig. 8.23.

Fig. 8.24.

Switching Cycle Operation of FBLBL Converter Based Bidirectional LEV
Charger during G2V Operation (a) Mode — G2V(P1) (b) Mode — G2V(P2) and (c)
Mode — G2V(Ps)

Line Cycle Operation of FBLBL Converter Based Bidirectional LEV Charger
during V2G Operation (a) Positive and (b) Negative Half Cycle of vs.

Switching Cycle Operation of FBLBL Converter Based Bidirectional LEV
Charger during V2G Operation (a) Mode — V2G(P1) (b) Mode — V2G(P2) and (c)
Mode — V2G(Ps).

Switching Cycle Voltage/Current Waveforms of FBLBL Converter Based LEV
Charger during (a) G2V and (b) V2G Mode Operation.

Control Block Diagram for Bidirectional Single Stage Isolated LEV Chargers
during (a) G2V/V2G and (b) V2H Mode Operation.

General Block Diagram for Software Modelling and MATLAB Simulation of
Bidirectional Single Stage Isolated LEV Chargers.

Simulated Performance of FBLBSEPIC Converter-based Bidirectional LEV
Charger Under Steady State G2V Operating Condition () Vs, is, Vbat, ibat, Vci1, Vc2,
ipril, ipri2, Isect, and isec2 (D) Vs, Vs1, is1, Vs2, Is2, Vsot, Iso1, Vso2, and iso2.

Experimental Performance of FBLBSEPIC Converter-based Bidirectional LEV
Charger Under Steady State G2V Operating Conditions (a) Vs, is, ibat, and Vpat (b)
Vs, Vc2, Vc1, and Vipat (C) Vs1, Vs2, iprit, and ipri2 (d) Vso1, Vso2, isec1, and isec2 (€) Vs1, Vs,
Vso1, and Vsoe2.

Simulated performance of FBLBSEPIC Converter-based Bidirectional LEV
charger during G2V Mode and under (a)-(b) vs dynamics (a) 220 Vrms to 160 Vrws,
(b) 220 VRrws t0 265 VRrws, (€)-(d) ibat dynamics (c) 100% to 50% and (d) 50% to
100%.

Experimental performance of FBLBSEPIC Converter based Bidirectional LEV
charger during G2V Mode and under (a)-(b) vs dynamics (a) 220 Vrmsto 160 Vrws,
(b) 220 Vrws to 265 VRrws, (€)-(d) ibat dynamics (c) 100% to 50% and (d) 50% to
100%.

Simulated supply side power quality performance of FBLBSEPIC Converter based
Bidirectional LEV charger during G2V Mode at Prated and vs of (a) 220 V, (b) 265
V, and (c) 160 V.

Experimental supply side power quality performance of FBLBSEPIC Converter
based Bidirectional LEV charger during G2V Mode at Prated and vs of (a) 220 V,
(b) 265 V, and (c) 160 V.

Simulated Performance of FBLBSEPIC Converter-based Bidirectional LEV
Charger Under Steady State V2G/V2H Operating Condition () Vs, Is, Vbat, ibat, Vci,
Ve, dprit, dpri2, Isec1, and isec2 (D) Vs, Vs1, is1, Vs2, is2, Vsot, iso1, Vso2, and isoo.
Experimental Performance of FBLBSEPIC Converter-based Bidirectional LEV
Charger Under Steady State V2G Operating Conditions () Vs, is, ibat, and Vpat (b)
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Fig. 8.25.

Fig. 8.26.

Fig. 8.27.

Fig.8.28.

Fig.8.29.

Fig. 8.30.

Fig. 8.31.

Fig. 8.32.

Fig. 8.33.

Fig.8.34.

Fig.8.35.

Fig. 8.36.

Vs, Vic2, Ve, and Vbat (C) Vs1, Vs2, iprit, @Nd ipri2 (d) Vso1, Vso2, Isec1, and isec2 (€) Vsi, Vs2,
Vso1, and Vso2.

Performance of FBLBSEPIC Converter-based Bidirectional LEV Charger Under
Steady State V2H Operating Conditions (a) Simulation (Vs, is, ibat, and Vbat) and (b)
Experimental (vs, is, ibat, and Voat) Validation.

Simulated performance of FBLBSEPIC Converter-based Bidirectional LEV
charger during V2G Mode and under (a)-(b) vs dynamics (a) 220 V to 160 V, (b)
220 V to 265 V, (c)-(d) ivat dynamics (c) 100% to 50% and (d) 50% to 100%.
Experimental performance of FBLBSEPIC Converter-based Bidirectional LEV
charger during V2G Mode and under (a)-(b) vs dynamics (a) 220 V to 160 V, (b)
220 V to 265 V, (c)-(d) ivat dynamics (c) 100% to 50% and (d) 50% to 100%.
Simulated supply side power quality performance of FBLBSEPIC Converter based
Bidirectional LEV charger during (a)-(c) V2G Mode at Prated and vs of (a) 220 V,
(b) 265 V, and (c) 160 V, and during (d) V2H Mode at vs of 220 V.

Experimental supply side power quality performance of FBLBSEPIC Converter
based Bidirectional LEV charger during (a)-(i) V2G Mode at Prated and vs of (a)-
(c) 220 V, (d)-(f) 265 V, and (g)-(i) 160 V.

Simulated Performance of FBLBL Converter based Bidirectional LEV Charger
Under Steady State G2V Operating Condition (a) Vs, is, Vbat, ibat, Vct1, Vcr, iprit, ipriz,
Isect, Isec2, Ve, and iLo (b) Vs, Vs1, Is1, Vs2, is2, Vsot, Iso1, Vso2, and isoo.

Experimental Performance of FBLBL Converter-based Bidirectional LEV
Charger Under Steady State G2V Operating Conditions () Vs, Is, ibat, and Vpat (b)
Vs, Vcft, Ve, and o (C) Vst, Vs2, iprit, and ipri2 (d) Vsot, Vso2, isect, and isec2 (€) Vs1, Vs,
Vso1, and Vse2.

Simulated performance of FBLBL-based LEV charger during G2V Mode (a)-(b)
vs dynamics (a) 220 V -160 V, (b) 220 V-265 V, (c)-(d) ibat dynamics (c) 100% -
50% and (d) 50%-100%.

Experimental performance of FBLBL Converter based Bidirectional LEV charger
during G2V Mode and under (a)-(b) vs dynamics (a) 220 Vrwms to 160 Vrws, (b)
220 Vrws t0 265 Vrus, (€)-(d) ibat dynamics (c) 100% to 50% and (d) 50% to 100%.
Simulated supply side power quality performance of FBLBL Converter based
Bidirectional LEV charger during G2V Mode at Prated and vs of (a) 220 V, (b) 265
V, and (c) 160 V.

Experimental supply side power quality performance of FBLBL Converter based
Bidirectional LEV charger during G2V Mode at Prated and vs of (a) 220 V, (b) 265
V, and (c) 160 V.

Simulated Performance of FBLBL Converter-based Bidirectional LEV Charger
Under Steady State V2G/V2H Operating Condition () Vs, is, Vbat, ibat, Vcf1, Vcf2, Iprit,
pri2, Isect, Isec2, Vc1, and Lo, (D) Vs, Vs1, s, Vs2, is2, Vso1, iso1, Vsoz, and ise.
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Fig. 8.37.

Fig. 8.38.

Fig. 8.39.

Fig. 8.40.

Fig.8.41.

Fig.8.42.

Fig. 9.1.
Fig. 9.2.

Fig. 9.3.

Fig. 9.4.

Fig. 9.5.

Fig. 9.6.

Fig. 9.7.

Experimental Performance of FBLBL Converter-based Bidirectional LEV
Charger Under Steady State V2G Operating Conditions (a) Vs, is, ibat, and Vpat (b)
Vs, Vi1, Vet, and Lo (C) Vsi, Vs2, iprit, and ipri2 (d) Vso1, Vso2, isec1, and isec2 (€) Vs1, Vs,
Vso1, and Vsoo.

Performance of FBLBL Converter-based LEV Charger Under Steady State V2H
Operating Conditions (a) Simulation (vs, Is, ibat, and Vbat) and (b) Experimental (vs,
Is, Inat, and Vbat) Validation.

Simulated performance of FBLBL-based LEV charger during V2G Mode under
(a)-(b) vs dynamics (a) 220 V-160 V, (b) 220 V-265 V, (c)-(d) ibar dynamics (c)
100%-50% and (d) 50%-100%.

Experimental performance of FBLBL-based Bidirectional LEV charger during
V2G Mode and under (a)-(b) vs dynamics (a) 220 Vrms to 160 Vrus, (b) 220 Vrms
to 265 VRrwms, (€)-(d) ibat dynamics (c) 100% to 50% and (d) 50% to 100%.
Simulated supply side power quality performance of FBLBL Converter based
Bidirectional LEV charger during (a)-(c) V2G Mode at Prated and vs of (a) 220 V,
(b) 265 V, and (c) 160 V, and during (d) V2H Mode at vs of 220 V.

Experimental supply side power quality performance of FBLBL Converter based
Bidirectional LEV charger during (a)-(i) V2G Mode at Prated and vs of (a)-(c) 220
V, (d)-(f) 265 V, and (9)-(i) 160 V.

ASIBB BDC-based Bidirectional Double Stage Non-isolated LEV Charger.
Equivalent Circuits of ASIBB BDC-based Bidirectional LEV Charger during (a)
Grid to Vehicle (G2V), (b) Vehicle to Grid (V2G) and (c) Vehicle to Home (V2H)
Mode Operation

Switching Cycle Operating Modes of ASIBB BDC Under (a)-(b) G2V Mode (a)
Mode-G2V(l) (to < <) and (b) Mode-G2V(Il) (t1 < ¢ <) and (c)-(d) V2G/V2H
Mode (c) Mode-V2G(l) (to < 7 <t1) and (d) Mode-V2G(Il) (tr < ¢ < 1).

Switching Cycle Voltage/Current Waveforms of ASIBB BDC Under (a) G2V and
(b) V2G Mode Operations.

Control Architecture of Front-End AC-DC Stage of Bidirectional Double Stage
Non-isolated LEV Charger (a) Generation of Reference Grid Current (ig") during
G2V/V2G Modes, (b) Switching Logic during Mode Transition from G2V/V2G to
V2H Mode, and during Grid Synchronization (c) Structure of SOSOGI QSG based
FLL System.

Bode plots for (a) Inphase (vgp) to grid voltage (vg) and (b) Quadrature phase (Vgq)
to vg Transfer functions of Presented Second Order SOGI OSG at k1 = 1.56, k>
=3.11, and wg = 314.17.

Estimated Amplitude of vy under (a) Distorted Grid Condition (10% 3rd Harmonic
Content in vg) (b) DC offset Conditions (+15 V DC offset in vg), and (c) vq
Frequency Shift from 50 Hz to 47 Hz.
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Fig.
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9.8.

9.9.

9.10.

9.11.

9.12.

9.13.

9.14.

9.15.
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9.17.

9.18.

9.19

Estimated Frequency (wg) of vq under (a) Distorted Grid Condition (10% 3™
Harmonics in vg) (b) DC offset Conditions (+15 V DC offset in vg), and (c) vy
Frequency Shift from 50 Hz to 47 Hz.

Control Block Diagram for Back End DC-DC Stage of Bidirectional Double Stage
Non-isolated LEV Charger during (a) G2V/V2G and (b) V2H Mode Operation.
General Block Diagram for MATLAB Simulation and Performance Validation of
Bidirectional Double Stage Non-isolated LEV Chargers.

Simulated Performance of ASIBB BDC based Bidirectional LEV Charger during
Steady State G2V Mode Operation at (a)-(b) unity PF (Qq" = 0 kVar), (a) vg, ig,
VDC, Vbat, Ibat, IL, Pg, Qg, PL (D) VDc, Vbat, ibat, iLst, iLs2, Vs1, Is1, Vss1, Iss1, Vss2, Iss2.
Simulated Performance of ASIBB BDC based Bidirectional LEV Charger during
Steady State V2G Mode Operation at unity PF (Qq" = 0 kVar) Conditions (a) vg,
Ig, VDC, Vbat, Ivat, IL, Pg, Qg, PL, Pbat (D) Vbc, Vbat, Ibat, iLst, ILs2, Vs1, Is1, Vsst, Isst, Vss2,
Iss2.

Performance Validation of ASIBB BDC based Bidirectional LEV Charger during
Steady State G2V Mode Operation at (a)-(e) unity PF (Qq" = 0 kVar), (a) Vg, ig, Vbc
and ipat, (b) vg, ig, VDc, it, (C) Pg, Qg, P, Prat (d) Vst, iLst, iLs2, Vsst (€) Vbe, Vst, Vsst,
vss2, and (f) Lagging PF (Qg = +4 kVar), and (g) Leading PF (Qg = -4 kVar)
Conditions.

Performance Validation of ASIBB BDC based Bidirectional LEV Charger during
Steady State V2G Mode Operation at (a)-(d) unity PF (Qq" = 0 Var), () Vg, ig, Vbc
and ipat, and (b) vg, ig, Vo, iL, (€) Pg, Qg, PL, Pbat (d) Vs1, iLs1, ILs2, Vss1, (€) Vbc, Vst,
Vss1, Vss2, and (f) Lagging PF (Qq" = +4 kVar), and (g) Leading PF (Qg" = -4 kVar)
Conditions.

Performance Validation of ASIBB BDC-based Bidirectional LEV Charger during
Steady State G2V Mode Operation at (a) Vbat = 36 V and (b) Vbat = 240 V.
Performance Validation of ASIBB BDC-based Bidirectional LEV charger under
vs dynamics (a)-(b) during G2V Mode Operation (a) from 240 V to 220 V, and (b)
from 240 V to 265 V, and (c)-(d) during V2G Mode Operation (c) 240 V to 220 V,
and (d) 240 V to 265 V.

Performance Validation of ASIBB BDC-based Bidirectional LEV charger under
Change in ivat from (a) Rated to 50% of Rated and (b) 50% of Rated to Rated
Conditions during G2V, and from (c) Rated to 50% of Rated and (d) 50% of Rated
to Rated Conditions during V2G Mode.

Performance Validation of ASIBB BDC-based Bidirectional LEV charger under
Distorted Grid Conditions during (a) G2V and (b) V2G Mode Operation
Performance Validation of ASIBB BDC-based Bidirectional LEV charger during
Change in Grid Frequency (a)-(b) under G2V Mode from (a) 50 Hz to 47 Hz (b)
50 Hz to 53 Hz, and (c¢)-(d) under V2G Mode from (c) 50 Hz to 47 Hz (d) 50Hz to
53 Hz.
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10.1
10.2
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10.7
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10.10

10.11

Performance Validation of ASIBB BDC-based Bidirectional LEV charger under
G2V-V2G and V2G-G2V Mode Transition

Performance of ASIBB BDC-based Bidirectional LEV Charger Under V2H
Operating Conditions.

Experimental Performance of ASIBB BDC-based Bidirectional LEV Charger
during Grid Disconnection and Reconnection Condition.

MSEPIC BDC based Bidirectional Double Stage Isolated LEV Charger.
Equivalent Circuits of MSEPIC Converter based Bidirectional LEV Charger under
(a) Grid to Vehicle, (b) Vehicle to Grid, and (c) Vehicle to Home Mode Operation.
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