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Abstract: An isolated bidirectional buck-boost converter with bidirectional inverter is present in this paper. It
can be design for supply power to consumer during the peak load. For this operational principle of the proposed
converter is describe and then design equation is derived. A 100W prototype with low-side voltage of 24 V and
high-side voltage of 230 V has been design, from design experimental results have verified its feasibility.
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1. Introduction

Since the use of fossil fuel and coal power plant cause undesirable effect on the environment, the environment friendly
energy become very important in today time. Also demand for electrical (environment friendly) energy will continue to
increase as world population increases. Renewable energy is not immediate solution to the problem. Renewable energy
faces several drawbacks on its path to become the sole source of electric power generation. One main drawback is its
dependency on geographic location. Example, the locations for solar energy lie in the desert regions of earth’s surface
and best available wind energy in the United States lies in the Midwestern and Great Plains states.[1]-[4] Wind energy
has been known to cause major brown-outs because of unexpected drops in wind speed. Therefore, an energy storage
system is needed. Another issue that the electric power grid faces is peak demand loading periods.

These periods of time are when energy demand is at its highest and generally happen during the hours of 5 PM to 8 PM.
During these hours, power plants must ramp up generation in order to keep up with demand. Energy is expensive for
the power utility to produce during these hours because the increased generation may come from high cost processes
and increased prices of power generation. Most residential customers currently pay a flat rate; however, improved
metering technologies will allow utility companies to start charging different rates at different time periods. Energy
demand drops well below the baseline power generation during the late night and early morning. Energy during these
hours is cheap to generate for the power utility and also cheap for purchase. The way to eliminate the peaks and troughs
of the power consumption trend is needed in order to help make energy more economical. [5]

The circuit diagram for the complete grid-tied system is shown in fig. 1.The purpose of the design is to demonstrate that
a bi-directional system can be achieved using minimal components this design project was focused on building a scaled
down battery energy storage system. The design was required to utilize power electronics to interface a battery bank
with the grid. The system was required to operate in two different modes, main aim to focus on the “discharge mode”
(B2G) in which power is drawn from the batteries and injected into the grid. The design was required to recharge the
battery bank from the grid without making any hardware changes during a “charge mode” (G2B) of operation.

The intent of the design was to provide a proof of concept for the system to allow later development in capacity and
complexity. Although the entire B2G system is presented, due to given time restraints, the main focus on the design of
the bi-directional DC-DC converter and inverter power stages, as well as the inverter output filter. The two power
stages are required to operate in both charging and discharging modes using the same hardware. These systems were
designed and verified using MATLB simulation dSPACE. The two designs along with control circuitry will be used in
later development for a complete B2G system. Furthermore, an analysis on the effects of B2G will be conducted.
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Fig.1: Conventional and propose Bi-directional DC to Ac converter
2. Operation Principal of Converter

Its operation principal is classified in two mode of operation:-
a)Forward mode (BtoG):-In forward mode of operation it is divided in two stage of power flow and two stage of
control.

a) Step-up mode of the converter

In the step-up mode, the equivalent circuit of the converter is shown in Fig. 2. The continues pulse technique is used to
control the switches M1.In this mode of operation MOSFET ML is gating gate pulse for triggering the switch. When
MOSFET is trigger at the same time diode D1 also conducting and inductor L storage energy during this time capacitor
C2 is discharging. When switch not conducting then whole power from battery and energy storage by inductor L will
supply the power at input side of inverter, at the same time diode D4 is conducting. Equivalent circuit for mode of
operation and waveform is shown in fig. 3.
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Fig. 2: Equivalent circuit of step up converter

In continuous conduction mode inductor current | () remain greater than zero. Steady state operation of the circuit can

be explained with two states energy storing state or energy pumping state shown in Figure 3(a).When the switch M1 is
ON and Figure 3(b).When switch M1 is off and diode D1 is conduct respectively. Consider the switching period is T
and switch M1 is ON for 1 period and OFF for 1___ period. During ON period of switch M1 current through the

inductor increases from minimum value | __ to | _ and storing energy into inductor. During off period of switch M1,

energy store in inductor and source energy get transfer to load connecting in parallel with output capacitor. During this
period inductor current falls down from | to | _ and boost capacitor voltage increases fromy__ toy__ . Inductor

current waveform is shown in Fig.3(c). If we consider that inductor, capacitor and switch are ideal and no loss takes
place during complete process. So “average energy store in the inductor during ON interval of switch M1 will be equal
to energy transfer to capacitor during OFF interval of switch M1.
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Fig. 3 (c): Inductor current and capacitor voltage waveform
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We know that
T —
S= 7_7_’\‘ (1) Win _Wout (2)

So voltage ratio is given by
Vo _ T _ 1 (3)
Vs Tor 1-6

For an Ideal case for current ratio input power is equal to the output power so
I L,avg Vo T 1

I 0,avg Vs TOFF 1-6

Therefore we have at the boundary average value of the inductor current is

1V,Qd-9)

o=y T O
So output current |, at the boundary is can be derived with the help of equation.
=l X-9)
V T
5(1 0)? (6)

b) Inverter mode of the converter:
A device that converts dc power into ac power at desired output voltage and frequency is called an inverter Fig 4 shows
the proposed bidirectional inverter using H-bridge
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Fig 4: Proposed Bidirectional Inverter using H-Bridge Topology

For full bridge inverter, when switch T1,T2 conduct for period 0 <t<T/2 load voltage is Vs and when T3,T4 conduct
for period T/2 <t<T load voltage is —Vs. Frequency of output voltage can be controlled by varying the periodic time T.
In fig 4, switch T1,T2,T3,T4 are in series across the sources. During inverting operation, it should be ensured that two
switches in the same branch. Such as T1,T2 do not conducting simultaneously as this would lead to a direct short circuit
of the source. In fig 5(A),(B) shows the current flow direction for the time period 0<t<T/2 and T/2 <t<T. And
respectively out voltage across RC low pass filter is Vs, -Vs. Switching control and to reduce the amount of harmonic
content, which ultimately reduces the number output filtering elements, a unipolar PWM is implemented into the
design. The two inputs (sine wave & triangle wave) will be adjusted according to measure the desired output voltage.
The more pulses impacted in one area will assist on filtering the signal. By increasing the carrier frequency, there will
be very minimal total harmonic distortion (THD) output waveform.
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Fig 5: Direction of Current Flow in H-Bridge Inverter Circuit
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Fig 6: Inverter output Fig 7: Inverter output before or after filter

Inverter output fed into to the RC low pass filter so the result of inverter out with the effect of RC low pass filter, before
the filter and after the filter is shown in fig 7. Result of RC low pass filter is approximating sinusoidal. And the out of
filter is fed into the transformer which can give the output voltage is 230 volt.

b) Reversal mode (GtoB):-In reverse mode of operation it is divided in two stage of power flow and two stage of
control.

1) Rectifier mode of the converter:

In this mode of operation power supply come from the grid side which can step down voltage up to 25.4 volt rms . After
this step rectification mode is work. A single phase full wave bridge rectifier employing diode anti parallel of the
MOSFET switch is shown in fig 8. When anti parallel of switches T1 and T2 are conduct together so output voltage is
Vs. Each of anti parallel diodes T3 and T4 is reverse voltage of Vs when other anti parallel diode is conduct. When anti
parallel of switches T3 and T4 are conduct together so output voltage is Vs. Each of anti parallel diodes T1 and T2 is
reverse voltage of Vs when other anti parallel diode is conduct. In fig 7 (A),(B) shows the current flow direction in
bridge rectifier.
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Figure 7: Direction of Current Flow in H-Bridge Rectifier Circuit
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Il Step-down mode of the converter:-

Circuit diagram of buck converter using MOSFET is shown in fig 8. The direction of current flow from the high voltage
36V DC to the low voltage 24V DC sources is called “buck” or charging mode.
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Fig 8: Buck Equivalent Model

Its operation is divided into two modes. Model:- It begin when MOSFET (M2) is switch on at t=0. The input current
I,(t) Witch rise flows through inductor L, capacitor C, and battery.Mode2:- It begins when MOSFET (M2) is switch

off at t=t1. The freewheeling diode D2 conducting due to energy stored in the inductor; and the inductor current
continues to flow through L, C1, battery and diode D2. The inductor current fall until MOSFET (M2) is switch on again
in the next cycle. The equivalent circuits for the modes of operation are shown in fig 9(a) or 9(b). The wave form for
the voltage and current are shown in fig 10 for a continuous current flow in the inductor L. It is assumed that the current
rise and falls linearly. In practical circuits, the switch has a finite, nonlinear resistance. Its effect can generally be
negligible in most application. Depending on the switching frequency, filter inductance, and capacitance, the inductor
current could be discontinuous.
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Fig 10: wave form for the voltage and current

Figl0 shows the waveform for the continuous conduction mode of operation where the inductor current flow

continuously [, ~o]. When switch is on for a time durationT_, the switch conducts the induct current and the diode

become reverse biased. This result is positive voltage v -V, -V, across the inductor in figure 9 a. This voltage causes a
linear increase in the inductor current; . When the switch is turned off, because of the inductive energy storage |
continues to flow. This current now flows through the diode, and v, =-v, in fig 9 b.

In fig10, the forgoing equation implies that the area A and B must be equal. Therefore,

VvV, T
(Vg -V, )TON =V, (Ts _Ton) (7) =" _§ (8)
Vg T
Neglecting power losses associated with all the elements, the input power P, equals the output power p, :
Pg =h ()
Therefore,
Vv
V 1, =V, (10) b Ve 1 w)
I, V, o
The average inductor current, where the subscript B refers to the boundary, is
1 H ton éTS

\A _Vg) - A _Vg) =log (t2)

ILB=2|L,Peck :I I

3. Hardware and result

A block diagram of bidirectional converter with proposes buck boost converter is shown in fig.11, describing the
linking between power stage and controller. Note that the picture of 100-W experiment setup with propose
configuration is shown in fig.12. As we know this convertor is operated in both of the direction (power will flow in
forward and reverse direction). So battery model side is taken as he low voltage side is employ as the energy storage
model whose voltage decide as 24 V DC. The high voltage side is ie. grid 230 V AC. Equation (13) and (14) shows the
inductor of boost and buck converter respectively. And equation (15) and (16) shows the capacitor of boost and buck
converter respectively. By help of equation (13) and (14) we can find the inductor value and choose one of them as
suitable for system.

L = Ve ol-o) Y (-9)
Boost ona\,gf Lh (13) Buck Io‘avg f§ Lh (14)
IL,avg IL,avg

Calculated inductor value for boost converter is 3.839mH and for buck converter is 3.557mH. As we design this
converter we can chose the higher value inductor is 3.839mH. By help of equation (15) and (16) we can find the
capacitor value. And we chose the two capacitor value for boost and buck converter as C1 and C2 are 470 4 F and 330
M F respectively.

S (15) 1-6 (16)

CBoost =7 o~ CBuck =
Rl 2V ¢ rl 2o |¢
V V,
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Fig 12 shows the pictorial form of experimental prototype of converter. In fig 13 shows measured voltage v, during the

step up the voltage experiment result of boost converter on 33.3% of duty. After this part of experiment this voltage are
fid in the inverter and low pass filter which is operated on the 5kHz frequency. Whose resulting sinusoidal wave form
with or without filter is shown in fig 14.At last during the reversal mode the battery end voltage which can be use for
charging the battery is shown in fig 15.
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5. Conclusion

This paper has proposed a high step up and step down bidirectional converter and energy storage system. The inverter is
use to control the power flow between dc bus and the ac grid and regulate the dc voltage by buck boost converter. As
we did the experiment on the design prototype, its working properly and we get the result as we expect from
theoretically. Control part is done by the MATLAB simulation interface with the Dspace.
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