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Abstract

This paper presents the new boost dc/dc converter which has a high voltage conversion gain for the renewable energy
source. To get a high voltage conversion gain, the proposed converter consists of the new two stage cascaded structure and
has two voltage conversion processes. Due to the new structure and voltage conversion process, it has the higher output
voltage conversion gain at the same duty ratio cycle than the conventional boost converter. To verify the performance and
effectiveness of the proposed circuit was analyzed and tested by the PSIM simulator. The calculated power efficiency of the
proposed circuit was 90.5% and the proposed circuit had the 3.5 times higher conversion ratio at the half duty cycle than
the conventional dc/dc boost converter. Therefore, the superior voltage conversion ability of the proposed circuit is proved

from the simulation results.
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1. Introduction

In recent years, the boost dc/dc converters have been
widely used to step-up the renewable energy sources in
various industrial applications such as ESS, UPS, EV, etc.
In those applications, a boost dc/dc converter generally
steps up the low voltage sources (24-40 V) to the high volt-
age output (300-400 V). For that reasons, to obtain a high
voltage gain, many converter topologies and methodolo-
gies were reported'™'8. A step up power converter can be
distinguished with the isolated and non-isolated struc-
ture. The dc/dc converter with the isolated structure using
the high frequency transformer can provide high voltage
gain and electric isolation, but it has large volume, many
components, heavy weights, low cost effect and low power
conversion efficiency. In case of the non-isolated struc-
ture which does not use a transformer, it can have smaller
volume, fewer components, higher cost effectivity, higher
power conversion efficiency than the isolated structure.
Theoretically, the non-isolated type boost converter can
achieve an infinite voltage conversion gain with the full
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duty cycle. However, a practical boost converter has a
limitation of a range of duty ratio due to turn on/oft delay
time of gate components, parasitic resistance of the induc-
tors and capacitors. Due to aforementioned problems, the
practical boost converter normally can step up an output
voltage to about two times the input voltage. To overcome
these disadvantages of the isolated structure, many topolo-
gies using coupled inductors, switched capacitors, and
flyback based converters have been researched in the many
previous papers' %,

The switched capacitor based converters in Figure 1 (a)
can have the higher voltage conversion ratio than the tra-
ditional boost converter. However, to get the higher voltage
conversion ratio, it has to use more switches, diodes and
capacitors. Also, it makes difficult to control duty ratio of
circuit®°.

A boost converter with a coupled inductor in Figure
1 (b) can adjust the voltage conversion ratio with the
turn ratio of winding, but it makes a large input current
ripple and the leakage inductance problem. To alleviate
the voltage spike problem due to the leakage inductance,



A New Dual Boost DC/DC Converter with a High Voltage Gain

Vour

Figure 1. High voltage gain dc/dc converters; (a) Switched
capacitor based converter in', (b) Coupled inductor based
converter in
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Figure 2. Configuration of the proposed step up converter.

the passive or active snubber circuits have been used.
Unfortunately, it lowers the cost effectivity and increase
the volume!' .

To solve the aforementioned problems, a new boost
converter, which has the two stage cascaded structure
and two voltage conversion processes, is proposed; it
can achieve the high voltage gain. In addition, due to
the DCM (Discontinuous Conduction Mode) opera-
tion of the coupled inductor, the proposed circuit
does not have the voltage spike problem of the leakage
inductance. The structure and operational principles
are described in Section 2. The comparison of voltage
conversion ratio with conventional circuit is given in
Section 3.

The simulation results are reported in Section 4 and a
conclusion is given in Section 5.
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2. Proposed Ciruits and
Operational Principle

The proposed boost converter (Figure 2) consists of three
switches (Sr S, S3), two freewheeling diodes (Dl, Dz), a
DC link capacitor (C, ), an output voltage capacitor (C ),
a coupled inductor (N, N) and an inductor L. It achieves
a high voltage conversion ratio thorough two power con-
version stages. The proposed circuit has two the operation
modes with the switching frequency f = 1/T, and a duty
ratio of D. In the mode 1, the inductors (L, NP, N) charge
the magnetic energy and three switches (S, S,, S,) make
the charging paths. In mode 2, the inductors (L, Np, N, )
discharge the magnetic energy through the two freewheel-
ing diodes (D,, D,). In operation modes, the theoretical
waveforms and equivalent circuits are given in the Figures
3 and 4, respectively. To obtain those, the follows assump-
tions are made: 1) The winding turns of coupled inductor
(Np , N) are same, 2) The switches and diodes are ideal
components, 3) All the capacitors and inductors are loss-
less, 4) The capacitors C,. C, are sufficiently large and 5)
The proposed circuit operates at Continuous Conduction
Mode (CCM).

As a coupled inductor of the proposed boost converter
has the same winding turns at the primary and secondary
parts, the primary inductance L, and secondary induc-
tance L, are same. Therefore, the following equations
relating to the coupled inductor should be satisfied.

L,=L =L (1
M=kyLL, =kL (2)
di, di di di
=L LML kL
Vi =5 g dt dt dt 3)

Lsszli+Lsﬁszdli+L% (4)
dt dt dt dt

Where k and M are the coupling coefficient and mutual

inductance of the coupled inductor respectively. And,

v, and v, are the voltages of the primary and secondary

parts of the coupled inductor, respectively.

Mode 1 Figure 4(a), to<t<tl: At t0, S1, S2, S3 are
turned on and D1, D2 are turned off. Consequently, the
current of a coupled inductor increases. The voltage and
current of the coupled inductor are as follows:

v

Vip =V = Vi, (5)
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At the same time, to get high voltage conversion ratio,

Ve s123

~Y

Iss the current of inductor L simultaneously increases with the

b 4

coupled inductor. The applied voltage to inductor L is (8).

iDI \ VL = VDC + VLS (8)

ip2 All of inductors store the magnetic energy in this mode.

Mode 2 Figure 4b, t <t<t: Att, S, S, S, are turned
off and D, D, are turned on. As a result, the current of
a coupled inductor decreases. The voltage and current of

the coupled inductor are as follows:
iLP7iLs / \/ P

Vip TV =V — Vie 9)

VipVLs

s

~-v

VL

~V

i, =1 (10)
iL /\/ diy, _di,, _V,~Vy (11)

dt dt 2(+k)L

~V

DT, (1-D)T,
The current of inductor L simultaneously decreases

with the coupled inductor and the voltage applied to the
inductor is (12).

Figure 3. Theoretical waveforms of the proposed step up
converter during a switching period.
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Figure 4. Theoretical waveforms of the proposed step up converter during a switching period.
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Figure 5. Output voltage gain of the proposed circuit.

3. Output Voltage Gain

The proposed boost converter has the two stage cascaded
structure and two voltage conversion processes. At the
first stage, the output voltage of the DC link capacitor
(C,.) is given by the voltage second balance principle of
the energy of the coupled inductor. The output voltage of
the DC link capacitor (C, ) is derived from (7) and (11).

1% V., —V,.
“—DT +—" (1-D)T. =0 (13)

(1+k)L 2(1+k)L
Where V _is the output voltage of the DC link capaci-

tor (C,.)

By simplifying (13), the following equation is obtained:
Voe _1+D (14)

|4 1-D

m

From (14), the output voltage of the DC link capacitor
(C,.) in the first stage is higher than that of the conventional
DC-DC boost converter. At the second stage, the voltage
second balance equation of the inductor L is given as:

(VDC+VLS)DTs+(VDC_Vour)(l_D)TsZO (15)

Substituting equation (5) and (14) to (15), the final
voltage conversion ratio of the proposed boost converter
(Figure 5) is given as:

Vi _1-D*+2D

V.  (1-D) (16)

Comparing with the voltage conversion ratio of the

conventional boost converter given as (17), the proposed
boost converter has the higher voltage conversion ratio:
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Figure 6. Block diagram of the digital PI controller
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4. Simulation Result

To verify the high voltage gain ability of the proposed
circuit, the circuit was simulated by using the PSIM simu-
lator. The switching frequency of the boost converter is
set as 100 kHz to ensure CCM at an inductor. The mag-
netizing inductance of the coupled inductor is selected as
400 uH and leakage inductance as 20 uH. An inductor
is also selected as 2 mH for CCM operation. The capaci-
tors have the different capacity (CDC = 880 uF, C =700
uF). The simulator was run at V, =50 V, V=350 V
and P, = 300 W. In the simulation, the digital PI control-
ler (Figure 6) was used to follow the output voltage and
current reference value. To get the accurate and realis-
tic results, the PSIM thermal modules were used for the
simulation. They were the STW45N50 (MOSFET) from
Microelectronics Company and ISL9R3060G2 (diode)
from Fairchild Company.

The Figure7 shows the simulated waveforms of the
main components. At the Figure 7, the switches (S, S,,
§,) are turned on simultaneously during mode 1 and the
» 3) are equal. At mode 2, the
diodes D,, D, transfer the magnetic energy of a coupled
inductor and an inductor to the DC link capacitor and
output capacitor. Finally, the DC link capacitor voltage
is boosted to the output voltage. The simulation results
show the simulated waveforms of the main components

switch currents (i ,i i
sw_17 “sw_2

agree with the theoretical waveforms.
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Figure 7. Current waveforms of switches, diode, inductors and gate signal at full load (300 W).
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Figure 8. Power efficiency of the proposed converter
versus output power

As shown in Figure 8, the power conversion efficiency
of the proposed converter is 90.25%, 90.56% and 90.5%
at the output powers of 100 W, 200 W and 300 W respec-

tively.
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5. Conclusion

A new dual boost dc/dc converter with the high volt-
age conversion ratio is proposed. The proposed boost
converter is composed of three switches, two diodes,
two capacitors, one coupled inductor and one inductor;
it has the two stage cascaded structure and two voltage
conversion processes. Due to the two voltage conversion
processes with the coupled inductor of the first stage and
the inductor of the second stage, the proposed has the
higher output voltage gain than the conventional boost
converter. The proposed circuit was simulated by the
PSIM simulator. At the full load, efficiency of the pro-
posed circuit was 90.5%. In addition, the proposed circuit
brings the 3.5 times higher conversion ratio at the half
duty cycle, when comparing with the conventional boost
converter. The superior voltage conversion ability of the
proposed circuit is proved from the theoretical analysis
and simulation results.
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