Proceedings of

INTERNATIONAL CONFERENCE ON COMPUTING, COMMUNICATION AND ENERGY SYSTEMS

(ICCCES-16)

In Association with IET, UK & Sponsored by TEQIP-II
29"-30", Jan. 2016

Paper ID: EE30

TWO STAGE BIDIRECTIONAL DC-DC CONVERTER FOR BATTERY HYBRID
POWER GENERATORS

Sonali M. Deshmukh

M.Tech student, Department of Electrical Engineering
Rajarambapu Institute of technology
Maharashtra, India.

Abstract— In this paper a two stage bidirectional resonant
dc-dc converter is introduced for battery hybrid power
generators. The bidirectional dc-dc converter consists of
two stage, one is series resonant converter and another is
non isolated half bridge dc-dc converter. The zero current
switching is applied to series resonant converter so that
magnetic components and EMI filters can be optimized.
The PI controller is used for non-isolated converter. The
high side voltage and low side voltage are regulated
efficiently due PI controller. The application two stage
bidirectional dc-dc converter is in uninterrupted power
system to provide additional power to critical ac loads. The
MATLAB simulation of step-up and step-down mode of
bidirectional dc-dc converter is provided validate
performance of proposed two stage bidirectional dc-dc
converter.

Keywords—Biditrctional dc-dc converter (BDC) ,Hybrid
power genertors, series resonant converter (SRC), Zero
current switching (ZCS), PI.

NOMENCLATURE
L, : Resonant Inductance
C; : Resonant Capacitance
f, : Resonant Frequency
Dy Ty, :On-Time duty cycle of SRC
fq :Switching frequency of the SRC.
fo :Switching frequency of non-isolated converter
Vu .High Side Voltage of BDC
A\ : Low side Voltage of BD
Iim Magnetizing current of SRC
IL : Low side current of SRC
ILr :Resonant current of the SRC
ISL : Low side current of SRC
VSH : High Side voltage of SRC
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VSL : Low side voltage of SRC
LKP : Primary side leakage inductor current of SRC
LKS : Secondary side Leakage Inductor Current of SRC

L INTRODUCTION

In recent years, the rate of power consumption in industrial
loads, residential load and different activities in IT companies,
banks, hospitals etc. has increased. The continuous power
supply is required in these facilities, so use of uninterruptible
power supply system, standby or emergency generator is
increased. In utility power failure these standby or generators
are used for backup power supply [1]. In the event of loss of
utility power these standby or diesel generator system fails to
supply loads when power generated by generator is less than
power required by loads. The generator systems are unable
counter sudden changes in loads so he power balancing
between generator and load is required and for this purpose
energy stored battery systems are required[3][4]. The
bidirectional dc-dc transfer required to exchange power
between battery system and rest of system.

As shown in fig. 1 the BDC is placed between high voltage
dc bus and low voltage bus. When generator power is less than
load then bidirectional dc-dc converter transfer power to
balance the ac load through battery discharging. When the
generator balances the load the BDC charges the battery.

Generator | potifier TT| Inverter 7| AC
System | ! — loads
BDC 1 Battery

Fig.1 Battery Hybrid Power Generator System

The BDC should provide a galvanic isolation and a high step
up/down voltage conversion ratio in the application where the
low-voltage battery is used. Typical topology candidates with
these requirements include half-bridge, full-bridge, and push-
pull pulse width modulation (PWM) converters [10], [11] ,
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dual active bridge (DAB) converters [12], [13], and two-stage
converters [14], [15]. The PWM converters usually
necessitate passive or active clamping on the low-voltage
side to clamp the surge voltage generated by the leakage
inductance of the transformer. The active clamping technique
makes the converter not only clamp the surge voltage, but
achieve zero-voltage switching (ZVS) turn-on of all the
switches. A drawback of the active clamped PWM converter
is high turn-off switching losses [16]. The DAB has a
modular and symmetric structure and can achieve ZVS turn-
on without auxiliary components. However, the DAB has
limited ZVS range and high-circulating currents for
applications requiring wide voltage variation. The ripple
current of the DAB converters is high and especially
problematic in the low-voltage applications [17]. Two-stage
converters consist of a non-isolated stage and an isolated
stage. Since the non-isolated stage is operated to regulate the
voltage and power flow, the isolated stage can be designed
with minimum components’ rating. Even though the power is
passing through two conversion stages, the two-stage
converter could achieve a higher efficiency especially in a
wide voltage range application [14], [15].

In this paper a two stage bidirectional dc-dc converter is
introduced with ZCS and PI controller. The BDC consists of
half bridge dc-dc converter and series resonant converter. The
ZCS reduces switching losses in converter. The zero current
switching is used to control series resonant converter. The PI
control is used to control non-isolated converter.

The section II describes the proposed two stage BDC. The
next section III describes modes of operation of SRC. The
section IV describes control strategy of BDC. In section V
simulation results are presented

II. PROPOSED TWO STAGE BDC

The two stage bidirectional dc-dc converter consist of
non-isolated converter and series loaded resonant converter. In
this the high side voltage is connected at non-isolated
converter. This non-isolated converter is used for controlling
either high-side voltage or low side voltage. The series
resonant converter is operated at fixed frequency. In first
stage, non-isolated converter converts DC-DC voltage. The
obtained DC voltage is then converted to AC voltage by half
bridge converter circuit. This ac voltage is step-downed using
transformer with turn’s ratio 5:1. The converted AC voltage is
then converted into DC voltage using full bridge rectifier
circuit. The zero current soft switching technique is used for
series resonant converter regardless of change in voltage or
load. The PI controller is used to control non-isolated
converter to regulate either high side voltage or low side
voltage.
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Fig.2 Two stage bidirectional dc-dc converter

III. MODES OF OPERATION OF SRC

The operation of SRC is based on fixed frequency and
fixed duty with minimum current and voltage rating. The ZCS
is applied to SRC to improve EMI filter. Modes of operation
and key-waveforms of series loaded resonant converter are
shown in fig.3, 4 and fig.5. The expression of angular resonant
frequency of SRC can determined by,

1
- 1
S (L) W
The expression of resonant inductance can be determined by,

Wy = 2nf. =

Im+n?Lks

Lr—L +— 2
r e s @

The expression of resonant capacitance can be determined by,
C.= C:v'i T C?‘E (3}

A. Mode I (t,-t))

In this mode switch 5z, and switch 5;5 are on. The on
time duty cycle is selected in such way so the low side current
becomes purely sinusoidal. The on time duty cycle should be
selected asD, T, = 0.3/f,.

The low side current can be expressed as

ml;
é’dc sin w,.t {1)

L) =

The voltage across L,, can be determined by

dig,
i@ =-n(n+L.SE)  ©

Therefore from (4) and (5) can be determined by

o, naVy nVp  malelpa.
E’L-ml'\-t}

B 2L,

= sinw,t (6
2wl Lm )’m“’" (©)
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Fig. 3 Mode I of SRC

The resonant current can then be obtained using (4) and (6) by

weVy nl ("’”"LF.'.BIL_dr wly g
2wyl Ly

2L 2n

i (D) J sinw,t  (7)

Neglecting voltage oscillation after turning ON of Sp,, the
voltage across low side switch Sy, at Mode I (t, —t;) is
expressed as,

diy,

vea (0) = 2V, + Lis o (8)
The turn-off voltage of low side switch can be obtained by,
- Wy Lygslp g
VsLoff (£) =2V, — - 5 (9)

It should be noted that Vg . should be greater than zero for
the proposed operation. Therefore, from (4) and (9) the
secondary side leakage inductance should be limited such as,

41
Lige = ——— (10)
W, 'FL,ric

B. Mode II (t;-t,)

In Mode II, Switch Sy, is turned OFF at t;, and turn-off
current of the high side switch, Isy o, becomes equal to the
peak magnetizing current I, ;. Since Ly, is made very large in
the proposed SRC, I Lm,pk is very small, resulting in
negligible switch turn-off losses.

The output capacitors of Sy; and Sy, are charged and
discharged, respectively by Ik, as shown in Fig. 3. The
charging and discharging operation may not be completed at
the end of Mode ILif I, ok is not sufficiently large, which may
lead to a nonzero turn-on voltage of high and low side
switches. The turn-on voltages of the high and low side
switches can be determined respectively by

ﬂ“erpRDde

(11)
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Fig.4 Mode II of SRC

Note that Sy, and Sy ; are turned ON with ZCS, but there exists
turn-on losses of high- and low side switches associated with
energy stored in MOSFET’s output capacitances as follows
[18], [19].

IV Control Strategy

The PI controller is used for controlling non-isolated
converter for regulating high voltage side and low voltage
side. The reference voltage for controlling high voltage side is
taken as 400V.The reference voltage for controlling low
voltage side is taken as 28V.
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Fig. 5 Control strategy for low side voltage
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Fig. 6 Control strategy for high side voltage
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V Simulation Result

Simulation parameter of proposed bidirectional dc-dc
converter are shown in Table I.
TABLE I
PARAMETERS OF THE PROPOSED BDC
Parameter Value Parameter Value
P, 5 KW L 0.42uH
Vu 340-440 V L. 5.8uH
Vo 24-32V C; 110uH
fsl 48 KHz CH 45“H
fo 20 KHz G 100uF
Np:Ng 5:1 CL 380uF
DyT, 600 ns Ch 0.94uF
Ly 1 mH Cn 0.94uF

Simulation waveforms of high and low voltage side
control are shown as follows, The Fig.7 shows gate pulses of
switch SH1, SH2, SL1, SL2.Fig.8 and fig.9 shows waveform
of current IL,, I, and ISH, ISH2 respectively. The fig.10
shows the waveform of voltage Vcrl andVcer2. Fig.11 shows
output waveform of low side voltage control. Fig.12 shows
output voltage of high side voltage.

voltage

Fig.12 Output waveform of high side voltage control

VI CONCLUSION
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Fig.9 ISH1 and ISH2

This paper presents a two stage bidirectional dc-dc
converter. The advantages of two stage converter are simple
switching technology, reduced component rating of isolated
converter. The series resonant converter operates at zero
current switching technique so reduces switching losses and
improves performance of converter. This bidirectional
converter used for stepping up and down voltage.

REFERENCES

(11 P. Famouri, W. R. Cawthorne, N. Clark, S. Nandkumar,
C. Atkinson, R. Atkinson, T. McDaniel, and S. Petreanu,
“Design and testing of a novel linear alternator and engine
system for remote electrical power generation,” in Proc.
IEEE Power Enf Soc. Winter Meeting, Jan. 31-Feb. 4,
1999, pp. 108-112.

21 Z.ChenandY.Hu,“Ahybridgenerationsystemusingvariable
speedwind turbines and diesel units,” in Proc. IEEE 29th
Annu. Conf. Ind. Electron. Soc., Nov. 2-6, 2003, pp.
2729-2734

(3] E. Muljadi and T. J. Bialasiewicz, “Hybrld power system
with a controlled energy storage,” in Proc. IEEE 29th
Annu. Conf. Ind. Electron. Soc., Nov. 2-6, 2003, pp.
1296-1301.

4] L. Wang and D. Lee, “Load-tracking performance of an
autonomous SOFC-based hybrid power generation energy

K.E. Society's
RAJARAMBAPU INSTITUTE OF TECHNOLOGY



Proceedings of

INTERNATIONAL CONFERENCE ON COMPUTING, COMMUNICATION AND ENERGY SYSTEMS

(ICCCES-16)

In Association with IET, UK & Sponsored by TEQIP-II
29'".30"", Jan. 2016

Paper ID: EE30

[5]

[6]

[71

[8]
9]

[10]

[11]

[12]

storage system,” IEEE Trans. Energy Convers., vol. 25,
no. 1, pp. 128-139, Mar. 2010.

D. Kim and S. Choi, “Load balancing with mobile base
stations in tactical information communication networks,”
in Proc. IEEE Wireless Commun. Netw. Conf., Mar. 28—
31,2011, pp. 28-31.

H. Wen, X. Wen, J. Liu, X. Guo, and F. Zhao, “A low-
inductance highfrequency film capacitor for electric
vehicles,” in Proc. Int. Conf. Electr. Mach. Syst., Oct. 8—
11, 2007, pp. 2046-2050.

Y. X. Qin, H. S. H. Chung, D. Y. Lin, and S. Y. R. Hui,
“Current source ballast for high power lighting emittin
diodes without electrolytic capacitor,” in Proc. IEEE 34t
Annu. Conf. Ind. Electron., Nov. 10-13,

2008 , pp. 1968-1973.

J. Kim and S. Sul, “Resonant link bidirectional power
converter. Part I—Application to bidirectional AC motor
drive without electrolytic capacitor,” IEEE Trans. Ind.
Appl., vol. 10, no. 4, pp. 485-493, Jul. 1995.

H. Chae, H. Moon, and J. Lee, “On-board battery charger
for PHEV without high—volta%e electrolytic capacitor,”
Electron. Lett., vol. 46, pp. 1691- 1692, Dec. 2010.

L. Rongyuan, A. Pottharst, N. Frohleke, and J. Bocker,
“Analysis and design of improved isolated full-bridge
bidirectional DC-DC converter,” in Proc. IEEE 35th
5Annu. Péower Electron. Spec. Conf., Jun. 20-25, 2004, pp.
21-526.

G. Ma, W. Qu, G. Yu, Y. Liu, N. Liang, and W. Li, “A
zero-voltageswitching bidirectional DC-DC converter
with state analysis and softswitching-oriented design

(13]

(14]

[16]

(17]

(18]

[19]

consideration,” IEEE Trans. Ind. Electron., vol. 56, no. 6,
pp. 2174-2184, Jun. 2009.

R. W. De Doncker, D. M. Divan, and M. H. Kheraluwala,
“A three-phase soft-switched high-power density DC/DC
converter for high-power applications,” IEEE Trans. Ind.
Appl., vol. 27, no. F Pp- 63—?3, Jan. /Feb. 1991.

F. Krismer and J. W. Kolar, “Efficiency-optimized high-
current dual active bridge converter for automotive
applications,” IEEE Trans. Ind. Electron., vol. 59, no. 7,
pp. 2745-2760, Jul. 2012.

D. S. Gautam and A. K. S. Bhat, “A comparison of soft-
switched DC-toDC  converters ~ for  electrolyzer
application,” IEEE Trans. Power Electron., vol. 28, no. 1,
pp. 54-63, Jan. 2013.

D. Gautam, F. Musavi, M. Edington, W. Eberle, and W.
G. Dunford, “An automotive on-board 3.3 kW battery
charger for PHEV application,” in Proc. IEEE Vehicle
Power Propuls. Conf., IS)ep. 6-9, 2011, pp. 1 — 6.

D. Fu, F. C. Lee, Y. Liu, and M. Xu, “Novel multi-
element resonant converters for front-end dc/dc
converters,” in Proc. 39th IEEE Annu. Power Electron.
Spec. Conf., Jun. 15-19, 2008, pp. 250-256.

H. Xjao and S. Xie, “A ZVS bidirectional DC-DC
converter with phaseshift plus PWM control scheme,”
IEEE Trans. Power Electron., vol. 23 , no. 2, pp. 813—
823, Mar. 2008.

K. Liu and F. C. Y. Lee, ‘Zero-voltage switching
technique in DC/DC converters,” IEEE Trans. Power
Electron., vol. 5, no. 3, pp. 293-304, Jul. 1990.

K.E. Society's
RAJARAMBAPU INSTITUTE OF TECHNOLOGY



