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Abstract: In hybrid electric vehicle (HEV), power
electronic interface and its control draws more attention
towards better utilization of energy sources. To this
purpose, an efficient hybrid switched-capacitor (SC)
bidirectional DC-DC converter is designed and interfaced
between the dual energy storage systems (ESS). A closed
loop controller is designed to regulate the power flow and
facilitate reverse power flow during regenerative braking.
The performance of the converter is analysed with respect
to power conversion efficiency, current ripple and
robustness to operate in both quadrants. Simulation is
carried out in MATLAB/SIMULINK environment to verify
and validate the performance of the system in various
operating modes.
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1. Introduction

Hybrid electric vehicles (HEV) are expeditiously
progressing as alternative power trains for green
transportation to the need of reducing polluting emissions
and fuel consumption of land transportation vehicles [1-2].
A hybrid electric vehicle combines one or more energy
storage  systems  with  supplementary  operating
characteristics to achieve load leveling or efficient power
flow management results in hybrid energy storage system
(HESS). In a HESS, one of the energy sources must be
responsible to supply the high power demand, transients
and the fast load fluctuations of the system characterized
by fast response time, high efficiency and lifetime.
Another energy source should be capable of supplying the
high energy demand of the system characterized with low
self-discharge rate [3]. Since HEV demands for high
energy density for long run and high power density for
acceleration and braking, the energy storage system should
offer both. Conventionally, batteries and fuel cells are used
[3-5] but recently, combined battery-ultracapacitor (UC)
system has become potential candidates for energy storage

system in HEV applications [6]. Battery together with
ultracapacitor makes an excellent HESS for electric
vehicle with high energy and power density, better
acceleration performance, controlled regenerative braking
and improves life time of battery by taking some stress off
by sharing the load current [7-9]. A hybrid arrangement
with a parallel combination of batteries and UCs, can
significantly reduce the volume and weight of the overall
HEV energy storage system [12].

There are different configurations to couple battery-
ultracapacitor (UC) system. The simplest way is the
passive configuration, which directly couples the storage
units. The advantages include simplicity and low cost
[10-11], while the drawback is inefficient utilization of the
storage units. An active configuration regulates transfer of
energy using power electronics interface. To this purpose,
high efficiency converter topologies with effective control
algorithms have been explored and continue to attract
researchers [13-14]. An efficient bidirectional DC-DC
converter (BDC) is necessary to interface the ultra-
capacitor and battery combination to control the power
flow [15]. Non-isolated topology is a suitable choice for
high power application systems and systems having size
and weight constraints [13-14]. But the most widely used
converter is the bidirectional Buck/Boost DC-DC
converter [15]. Due to its simple arrangement and few
elements, this traditional converter is considered one of the
most reliable bidirectional DC-DC converter. However
this conventional DC-DC converter suffers from space
constraint and has limitation with respect to gain [16].

Many approaches have been proposed to overcome
these drawbacks of the buck-boost BDC. In order to
increase the voltage conversion ratio, some attractive
solution of coupled-inductor-based BDCs has been
proposed [17]. In this aspect, a non-isolated bi-directional
DC-DC switched capacitor Luo converter has also been
preferred for high power HEV applications [18-19]. In
addition, it has low electromagnetic interference (EMI),



good regulation capability, ease of control , lower source
current ripple, , and continuous input current waveform, in
both buck and boost modes of operation, which are
essential for HEV application [20-22]. In this perspective
this work explores the suitability of an improved 4-
Quadrant switched capacitor converter (SCC) for HEV
applications and proposes a robust controller.

This paper is organized into six sections. The system
description is introduced in section 2 followed by
operating modes of 4-Quadrant switched capacitor Luo
converter in section 3. Section 4 presents the controller
design and in final section simulation results are presented
to validate the converter performance.

2. System Description

The integration of Battery/ ultracapacitor energy
storage system with non-isolated bidirectional dc/dc
converter provides efficient electric power train for hybrid
electric vehicle [10-15]. The block diagram of the electric
power train with hybrid energy storage system and traction
motor is shown in Fig.1. This electrical power train system
incorporates the parallel active configuration of
ultracapacitor and battery through a 4-Q switched
capacitor bidirectional DC-DC Luo converter. Using this
configuration, UC relieves high energy-density battery
unit from the peak power transfer stress due to its higher
specific power and efficiency [6-9].
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Fig.1. Block diagram of the electric power train with
HESS
A switched capacitor (SC) bidirectional DC/DC Luo

converter interfacing battery (HV) and ultracapacitor (LV)
iS a non-magnetic structure with the combination of
switches and capacitors [18]. Fig.2. shows the schematic
interface of Battery/UC modules using non-isolated
switched capacitor DC/DC Luo converter. The
combination of capacitors and switches results in voltage
lift/current amplification. The transfer of energy between
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Fig.2. Schematic of SCC with HESS [1]

high voltage (HV) side or the low voltage (LV) side is
controlled by charging and discharging of capacitors [20-
22]. In the proposed configuration, the HV side consists of
battery modules while the LV side consists of UC
modules. The value of internal resistance (Rpq) of battery,
internal resistance (Req) and equivalent capacitance (Ceq)
of UC are given in table I. Each switch consists of two
MOSFETs for bi-directional power flow.

A separately—excited DC motor is used as traction
motor [24-25]. The parameters of separately excited DC
motor are listed in appendix. To ensure smooth motoring
and braking operation, various control algorithms have
been proposed [23, 25-32]. However, as the power
electronic interface proposed in this work involves
capacitors, the existing control algorithms have been
suitably modified to control the power flow of the entire
system. The complete system schematic is shown in Fig. 3.

Table I. Parameters of circuit components

S.No Parameters Value

1 Capacitor of SCC
Capacitance 1000uf
Series resistance with capacitor 0.216Q

2 Battery Module
Nominal Voltage 250V
Internal resistance 0215Q
Rated Capacity 10Ah
Initial SOC 90%

3 UC Module
Rated Capacitance 1200F
Series resistance 0.58m Q
Rated voltage 125V
Initial VVoltage 110v
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Fig.3. Schematic of 4-Q improved SCC with ESS and traction
motor.
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3. Operating modes of the system

The improved Switched capacitor Luo converter can
operate in all 4 quadrants. In this paper, forward motoring
(quadrant 1) and forward braking (quadrant 1) modes are
described. The modes of operation for various conditions
are shown in table Il and the switching patterns
corresponding to various modes are given in table I11.

3.1 Forward Motoring Mode
In forward motoring mode (Load torque, TL >0), two
conditions are considered:

3.1.1 Condition I: Motor Power (Pm) < Load
Power (PL)

The Battery (HV) or the UC (LV) delivers power to
the motor depending upon their SOC level and the load
current requirement. Mode | corresponds to the power
flow from battery to motor, which is shown in Fig.4 (a).
Power flow from UC to motor is indicated by Mode 2 and
Mode 3, shown in Fig.4 (b) and (c). During Mode 2, the
capacitors (C1 and C2) are in parallel with UC and voltage
across the capacitor increases. During Mode 3, capacitors
(C1 and C2) get disconnected from UC and transfers
energy to the motor.

3.1.2 Condition II: Motor Power (Pm) > Load
Power (PL)
Under this condition, power transfer between the

HESS occurs depending on their SOC conditions, which
are mentioned in Table II. If battery is partially/fully
discharged and UC is fully charged, then UC modules
transfer its energy to battery. This operation provides
boost mode (voltage lift), which is represented by mode 2
and Mode 4. The mode 4 operation of boost mode is
shown in Fig.5. This mode uses voltage lift technique to
boost the voltage level form UC to battery.

Table Il Modes of operation for various conditions

S.No Quadrant Condition Power Transfer Modes of Operation
1 Forward Pu<PL
Motoring i) It = Thaiman & SO0Cha > S3O0Chayminy  Battery to Motor Mode I
TL=0
i) 11> Tpatimany & SOCuc>S50C 00 min UC to Motor TON - Mode 2
TOFF - Mode 3
Pp=PL

) SOCuc>> SOCha

&SO0Cue=30Cucman

& 8 chmCS chat-.'nax)

i) SO0Cam>>30C0e

& SO0Cha= SOChaiman

& SOCye<S OcUc.{M)

i) SOCun=SO0Coamin)

& 30Cuc= SOCucimin

1) 1" = Toanmin &
2 Forward SO0Cat <SOChattima)
Braking
TL=0 if) 1" > Toamin &

SOCye =8 OCU(;.[M)

i) SOCean =S0Chanme
SOCuc = SOCteimss

UC to battery TON - Mode 2
(Boost Mode) TOFF - Mode 4
Battery to UC TON - Mode 5
(Buck Mode) TOFF - Mode 6
HESS cut-off Mode 7

Motor to battery

Mode 9
Motor to UC TON - Mode §
TOFF - Mode 6

HESS cut-off Mode 10




Table I11 Switching patterns corresponding to various modes

Modes Of Status of switches
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Fig.4.Forward Motoring (a) Battery delivers power to motor (b) and (c) UC delivers power to motor
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Fig.6. Buck Mode (a) Capacitors are charged by HV side (b) Capacitors discharges to LV side

If the battery is fully charged and UC is partially/fully battery to UC.This provides buck mode of operation
discharged, then the energy transfer takes place from (current amplification), represented by mode 5 and mode 6



The buck mode of operation is shown in Fig.6 (a) and
6(b). During the buck and boost mode of operation, S16 is
ON to provide continous current flow to armature. If the
battery and UC modules are fully discharged, then switch
S16 is switched ON to provide path for the flow of
armature current and HESS are cut-off from the motor
terminal. This mode of operation is represented by mode
7, which is depicted in Fig.7.

3.2 Forward regeneration Mode

In forward braking mode (Load Torque, TL<0), the
UC or battery receives the regenerated power based on the
regenerated current and the SOC level. Mode 9 represents
the regenerated power flow from motor to battery and the
power flow from motor to UC is represented by mode 8
and mode 6. S15 conducts both during mode 8 and mode
6 to provide continous flow of armature current.
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Fig.7. Motor continues to run due to the flow of armature
current

Fig.8.(a) depicts the mode 9 operation and the mode 8
and mode 6 is shown in Fig.8(b) & (c). However, if both
the battery modules and UC modules are fully charged,
then switch S15 is switched ON and armature current
continues to flow through the armature, which is
represented by mode 10 and sources are cut-off, as shown
in Fig.8(d).
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Fig.8. Forward regeneration (a) Transfer of motor power to
battery
For reverse motoring (111 Quadrant) and reverse
braking (IV Quadrant) operation, the armature terminal of
the motor has to be reversed.

$3 L1 s12 +C2
£T 1 1L£T |H
B
+ I
:.J - =87
_ Mode 8
(b)
S1
B
$9 —_—>
4@; - D15
L ;
oy y (>

. ~
'T _(, 1 + - 1
= UC
- @ S15
‘r s13
S6 I—o Mode 6

(c)
‘. -
(d)

Fig.8. Forward regeneration (b) & (c) Transfer of motor
power to UC (d) Motor continues to run due to the reverse
flow of armature current

4. Controller Design

It is very important to manage the power flow
properly from and into the system to maximize the
benefits of the hybrid energy storage system. The
proposed control strategy aims for the energy management
of entire system, which is based on the load power
requirement, motor power and the SOC levels of hybrid
energy storage system. The parameters PL,Pm,TL, speed
and SOC status of battery and UC are used to calculate the
load current (I.),Regenerated current(l_*), allowable
current limit of battery and the allowable SOC levels of
HESS. It is assumed that the motoring or braking quadrant
is chosen based on the load torque (TL). When the load
torque, TL>0, the converter operates in motoring mode,
else operates in braking mode. The measurement of load
power and motor power is considered for the selection of
various modes of operation. If the Motor Power
(Pm) < Load Power (PL), battery modules supply their
energy to the motor side or UC modules supply their
power to motor side depending on the load current
requirement and SOC level of battery and UC. Under this



condition, three modes of operation are possible (mode 1,
mode 2 and mode3). Mode 1 represents the power transfer
from battery to motor terminal. Mode 2 and mode 3
contributes for the power transfer from UC (LV) to
motor.In case, if the Motor Power (Pm) > Load Power
(PL), the transfer of energy takes place between the energy
storage systems.

Fig.9. shows the flowchart of the proposed energy
management controller. Thus, buck or boost mode of
operation is possible depending on the SOC and voltage
level of energy storage systems. The buck mode of
operation (transfer of energy from HV to LV side) is
represented by mode 5 and mode 6. Mode 2 and Mode 4
present the boost mode of operation (transfer of energy
from LV to HV). Mode 7 indicates no power transfer

and UC

Read PL.TL.®.Pm,
Voltage,Current &
SOC of battery

between energy sources and conduction of S16 to provide
continous motor current. When the load torque, TL<O0, the
converter operates in generating mode which implies that
the transfer of power is from motor to the energy storage
systems. Depending upon the SOC level and regenerated
current, the motor transfers its braking energy to the
battery or UC modules. Mode 9 shows the transfer of
regenerated power from motor to battery and the mode 8
and 6 represents the flow of braking power from motor
terminal to UC. In mode 10, transfer of braking energy to
HESS does not occur. In order to track the desired speed
profile (drive cycle) for EV application, a speed controller
is designed and used to control the speed of the motor both
during forward motoring and forward regeneration mode,
which in turn controls the armature voltage of the motor.
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Fig.9 Proposed Power management controller



5. Simulation Results

The proposed system is simulated in MATLAB/
SIMULINK  environment. The proposed energy
management controller provides excitation to the BDC to
control the power flow. Fig.10 and Fig.11 shows the buck
mode operation.The SOC, current and voltage waveforms
of the battery (HV side) are illustrated in Fig10.

The SOC, current and voltage waveforms of the UC are
shown in Figll. The current and voltage waveforms in the
figures illustrate the fact that the SOC of the UC increases
while SOC of battery decreases. The boost mode of
operation assuming UC voltage of 125V(100% SOC) and
battery voltage of 175V( 50% SOC) is depicted in Fig.12
and Fig.13 respectively. From the Fig, it is observed that
the energy from UC is transferred to the battery.
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Fig.10.Buck Mode (a) SOC (b) current and (c) voltage waveforms of discharging battery (HV side)
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Under boost mode of operation, it is perceived that the
conversion efficiency depends on the nominal voltage of
battery. The relationship between nominal voltage of
battery and conversion efficiency is depicted in Fig.14,
which demonstrates the fact that the incorporation of UC
improves the conversion efficiency thereby extending the
life of the battery. Obtained efficiency of the proposed
system during forward motoring is shown below in Table
1. From the results, it is evident that the proposed power
management controller ensures energy transfer between
battery and UC. If the load torque (TL) is negative, then
the converter operates in regeneration mode due to the
reverse flow of armature current. It is assumed that the
depth of discharge of UC SOC is 20% and battery SOC is
30%. Then the transfer of regenerated power takes place
from motor to battery (HV side)/ UC(LV side) by
considering the SOC state of energy storage systems and
the regenerated current range.

Table Il Efficiency of the proposed system

Condition Forward Motoring Efficiency (%)
P.<P_ Battery delivers power to motor 95.2

UC delivers power to motor 71.8
P>PL Buck Mode 80

Boost Mode 77

In addition, the power management controller is
designed to control the speed of the traction motor. Fig.15
(a) presents the effect of variation in levels of motor and
load powers. This can be possibly achieved by varying the
load torque over a period of time as shown in Fig.15(b).
When Pm>PL, the control operation is either in buck or
boost mode (denoted by value=1). However when Pm<PL,
depending on the SOC level of energy sources and load
current requirement, power is fed to the motor by either
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Fig.15 (b) Variation of Load torque over a period of time
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Fig.14. Relationship between nominal voltage of battery and
conversion efficiency during boost mode.
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Fig.15 (a) Effect of variation in motor and load power
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UC or battery (status indicated by value=0). It is observed
that the SOC of battery is found to be higher than UC
SOC. Under this condition, the battery delivers power only
to the motor to maintain the reference speed of the motor
and the UC is not charging. The changes obtained in the
SOC level of both energy sources during this condition are
shown in Fig.15(c) and (d).
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Speed control of traction motor is a vital part of
HEV as the speed variations need to track the desired drive
cycle. The robustness of the proposed controller is tested
for a drive cycle and the speed profile and load current
profile is presented in Fig.16. The corresponding SOC
level of battery and UC are depicted in Fig.17.
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Fig.16 (a) Reference and actual speed profile (b) Load
current for the desired speed profile

From the fig.16, it is clear that the proposed
energy management controller ensures the comparison of
actual speed profile with the ideal speed profile, which
illustrates the effectiveness of the proposed energy
management and the converter configuration for hybrid
electric vehicle application.

APPENDIX
Motor Data:

Parameters Values
Armature voltage, V, 250V
Armature Resistance, R, 0.4822Q
Armature inductance, L, 0.006763 H
Motor Torgue Constant, K 1.8 N-m/A
Moment of inertia, J 0.2053 Kg-m?

Viscous Friction co-efficient, By, 0.007032 N-m-s
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Fig.17 (a) SOC level of UC (b) SOC level of battery

6. Conclusion

This paper presents the design and control of a
4-Quadrant switched capacitor Luo converter with dual
energy storage systems. A power management controller is
designed to ensure proper power flow of the entire system.
The proposed controller design improves the conversion
efficiency and ensures efficient power conversion in all
operating modes with reduced current ripple. In addition
the proposed controller regulates the traction motor drive
in accordance with the driving cycle. Simulation is carried
out in MATLAB/SIMULINK and the results indicate the
suitability of the controller and converter configuration
for hybrid electric vehicle applications.

References

1. C. C. Chan: “The past, present and future of
electric vehicle development”, Proc. IEEE 1999
Int. Conf. Power Electronics and Drive Systems,
vol. 1, pp. 11-13,July 1999.

2. Vladimir A. Kati¢, Boris Dumni¢, Zoltan Corba,
Dragan Milicevi¢: “Electrification of the Vehicle
Propulsion System — 4n Overview”, Electronics
and Energetics Vol. 27, No 2, June 2014, pp. 299
- 316.

3. T. Bocklisch: "Hybrid energy storage systems for
renewable energy applications”, Energy Proc.,
vol. 73, pp. 103-111, 2015.

4. K. Rahman et al.: "Propulsion system design of
battery electric vehicle", IEEE Electrification
Magazine, June 2014.

5. N. Mebarki, T. Rekioua, Z. Mokrani, D. Rekioua,
S. Bacha: “ PEM Fuel cell/battery storage system
supplying electric vehicle” International Journal



10.

11.

12.

13.

14.

15.

16.

of Hydrogen Energy, 41 (45) (2016), pp. 20993-
21005.

Burke, A.F., “Batteries and Ultracapacitors for
Electric, Hybrid, and Fuel Cell Vehicles”,
Proceedings of the IEEE, Vol. 95, Issue 4, pp-
806-820, April 2010.

R. Schupbach, 1. C. Balda: “The Role of
Ultracapacitors in an Energy Storage Unit for
Vehicle Power Management”, |EEE Vehicular
Technologv  Conference, Orlando, Florida,
October 2003.

G. Nielson and A. Emadi: “Hybrid energy
storage systems for high-performance hybrid
electric vehicles,” Proc. Vehicle Power and
Propulsion Conf., Chicago, IL, Sep. 2011, pp. 1-
6.

Haifang Yu, Shumei Cui and Tiecheng Wang:
“Simulation and Performance Analysis on an
Energy Storage System for Hybrid Electric
Vehicle Using Ultracapacitor” IEEE Vehicle
Power and Propulsion Conference, Harbin,
China, September 3-5, 2008.

Jian Cao,Ali  Emadi: “4 New Battery/
Ultracapacitor Hybrid Energy Storage System for
Electric, Hybrid, and Plug-In Hybrid Electric
Vehicles,” |EEE Transactions on power
electronics,vol. 27,n0.1,2012,pp.122-132.

Lijun Gao,Roger A. Dougal,Shengyi Liu: “Power
Enhancement of an Actively Controlled
Battery/ultracapacitor Hydrid ”, IEEE
Transactions on  power  electronics”,vol.
20,n0.1,2005, pp.236-243.

Changle Xiang , Yanzi Wang , Sideng Hu and
Weida Wang: “4 New Topology and Control
Strategy for a Hybrid Battery-Ultracapacitor
Energy Storage System”, Energies 2014,pp.

2874-2896.
H. R. Karshenas, H. Daneshpajooh, A. Safaee, P.
Jain, A. Bakhshai: "Bidirectional dc-dc

converters for energy storage systems", Chapter 8
in energy storage in the emerging era of smart
grids INTECH Open Access Book, Sept. 2011.

K. Tytelmaier, O. Husev, O. Veligorskyi, R.
Yershov, “4  Review of Non-lIsolated
Bidirectional DC/DC Converters for Energy
Storage Systems,” in Proc. of II International
Young Scientists Forum on Applied Physics and
Engineering, 10-14 Oct. 2016, pp. 1-7.

J.Dixon, 1.Nahshima, E.F.arcos: “Electric vehicle
using a combination of ultracapacitors and
ZEBRA battery,” |EEE Transactions, Industrial
Electronics, vol.57,n0.3, 2010, pp.943-949.
Amjadi.Z: “Power Electronics Intensive Energy
Management Solutions for Hybrid Electric
Vehicle Energy  Storage  Systems”  PhD
dissertation, Concordia University, June 2011.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

. P. Das, S. A. Mousavi, and G. Moschopoulos:
“Analysis and design of a non-isolated
bidirectional ZVS-PWM dc-dc converter with
coupled inductors,” |EEE Trans. Power
Electron., vol. 25, no. 10, pp. 2630-2641, Oct.
2010.

H. S. H. Chung, W. C. Chow, S. Y. R. Hui, and
S. T. S. Lee: “Development of a switched-
capacitor DC-DC converter with bidirectional
power flow,” IEEE Trans. on Circuits and
Systems, vol. 47, no. 9, pp. 1383-1389, Sept.
2000.

F. L. Luo and H. Ye: “Advanced DC/DC
Converters” Boca Raton, FL: CRC Press, 2004.
Zahra Amjadi and Sheldon S. Williamson:
“Digital Control of a Bidirectional DC/DC
Switched Capacitor Converter for Hybrid
Electric Vehicle Energy Storage System
Applications,” IEEE Transactions on Smart Grid,
Vol. 5, No. 1, January 2014.

Z. Amjadi and S. S. Williamson: “Prototype
design and controller implementation for a
battery-ultracapacitor hybrid electric vehicle
energy storage system,” |EEE Trans. Smart Grid,
vol. 3, no. 1, pp. 332-340, Mar. 2012.

Zahra Amjadi: “Power Electronics Intensive
Energy Management Solutions for Hybrid
Electric Vehicle Energy Storage Systems,” Ph.D.
dissertation, Concordia University, Canada,
February 2011.

M. B. Camara, H. Gualous, F. Gustin, and A.
Berthon: “Design and new control of DC/DC
converters to  share  energy  between
supercapacitors and batteries in hybrid vehicle,”
IEEE Trans. On Vehicular Technology, vol. 57,
no. 5, pp. 2721-2735, Sept. 2008.

F. Tazerart, Z. Mokrani, D. Rekioua and T.
Rekioua: "Direct torque control implementation
with losses minimization of induction motor for
electric vehicle applications with high operating
life of the battery,” International journal of
hydrogen energy, vol. 40, no. 39, pp. 13827-
13838, 19 October 2015.

A. Emadi, Y. J. Lee, and K. Rajashekara: “Power
electronics and motor drives in electric, hybrid
electric, and plug-in hybrid electric vehicles,”
IEEE Trans. on Industrial Electronics, vol.55, no.
6, pp. 2237-2245, June 2008.

Z. Amjadi and S. S. Williamson: “Power-
electronics-based solutions for plug-in hybrid
electric vehicle energy storage and management
systems,” |EEE Trans. Industrial Electronics,
vol.57, no. 2, pp. 608-616, Feb. 2010.

Ali Castaings, Walter Lhomme, RochdiTrigui,
Alain Bouscayrol: “Practical control schemes of
a battery/ supercapacitor system for electric
vehicle”, special issue: Energy Storage and



28.

29.

30.

Electric Power Sub-Systems for Advanced
Vehicles (Based on IEEE-VPPC 2014).2016,
Vol. 6, Issue. 1, pp. 20-26.

S. G. Wirasingha and A. Emadi: “Classification
and review of control strategies for plug-in
hybrid electric  vehicles,” IEEE  Trans.
Veh.Technol., vol. 60, no. 1, pp. 111-122, Jan.
2011.

M. Veerachary and N. T. Reddy: “Voltage-mode
control of hybrid switched capacitor converters,”
in Proc. Annual Conf. of the IEEE Industrial
Electronics Society, Paris, France, Nov. 2006, pp.
2450-2453.

M. Veerachary: “Control of switched capacitor
step-down buck converter,” in Proc. Annual Conf.

31.

32.

33.

of the IEEE Industrial Electronics Society, Paris,
France, Nov. 2006, pp. 2073-2076.

M. Veerachary and S. B. Sudhakar: “Peak-current
mode control of hybrid switched capacitor
converter,” in Proc. IEEE International Conf. on
Power Electronics, Drives and Energy Systems,
New Delhi, India, Dec. 2006, pp. 1-6.

F. L. Luo:“Luo converters, voltage lift
technique,” in Proc. |IEEE Power Electronics
Specialists Conf., Fukuoka, Japan, May1998, pp.
1783-178

F. R. Salmasi: “Control strategies for hybrid
electric  vehicles:  Evolution, classification,
comparison, and future trends,” |EEE Trans.
Vehicular Technology vol. 56, no. 5, pp. 2393—
2404, Sep. 2007.



