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ABSTRACT

This paper presents a multi-mode hybrid-type full-bridge dc/dc converter with high efficiency. Using two different
control schemes with a simple circuit structure, the proposed dc/dc converter has hybrid operation modes. Under a
normal input range, the proposed converter operates as a phase-shift full-bridge series-resonant converter that
provides high efficiency by applying soft switching on all switches and rectifier diodes and reducing conduction
losses. When the input is lower than the normal input range, the converter operates as an active-clamp step-up
converter that enhances an operation range. Due to the hybrid operation, the proposed converter operates with
larger phase-shift value than the conventional converters under the normal input range. Thus, the proposed
converteris capable of being designed to give high power conversion efficiency and its operation range is extended.
A Solar PV system is fed at the input of dc/dc converter and analyzed for both low power applications and high
power applications. The Proposed system is designed in MATLAB software for analysis.
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1. INTRODUCTION

The demands for dc/dc converters with a high power density, high efficiency, and low electromagnetic interference
(EMI) have been increased in various industrial fields in recent days. As the switching frequency increases to obtain
high power density, switching losses related to the turn-on and turn-off of the switching devices increase. Because
these losses limit the increase of the switching frequency, soft switching techniques are indispensable. Among
previous dc/dc converters, a phase-shift full-bridge (PSFB) converter is attractive because all primary switches are
turned on with zero-voltage switching (ZVS) without additional auxiliary circuits [1]. However, the PSFB converter
has some serious problems such as narrow ZVS range of lagging-leg switches, high power losses by circulating
current, and voltage ringing across rectifier diodes. Especially, with a requirement of wide input range, the PSFB
converter is designed to operate with small phase-shift value under the normal input range; the design of the PSFB
converter lengthens the freewheeling interval and causes the excessive circulating current which increases
conduction losses [2], [3].

Active-clamp circuits have been commonly used to absorb surge energy stored in leakage inductance of a
transformer. Moreover, the circuits provide a soft switching technique [4], [5]. Some studies have introduced dc/dc
converters combining the active-clamp circuit and voltage doubler or mulitpler rectifier [6], [7]. The circuit
configuration allows achieving a step-up function like a boost converter. The voltage stresses of rectifier diodes are
also clamped at the output voltage and no extra snubber circuit is required.

In this paper, a novel hybrid-type full-bridge (FB) dc/dc converter with high efficiency is proposed; the converter is
derived from a combination of a PSFB series-resonant converter and an active-clamp step-up converter with a
voltage doubler circuit. Using a hybrid control scheme with a simple circuit structure, the proposed converter has
two operation modes.[8] Under the normal input range, the proposed converter operates as a PSFB series -resonant
converter. The proposed converter yields high efficiency by applying soft switching techniques on all the primary
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switches and rectifier diodes and by reducing conduction losses. When the input voltage is lower than the normal
input range, the converter operates as an active-clamp step-up converter.[9] In this mode, the proposed converter
provides a step-up function by using the active-clamp circuit on the primary side and the voltage doubler rectifier on
the secondary side. Finally, simulation analysis of the proposed converter is done using MATLAB software.
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Fig-2: Circuit diagram of the proposed hybrid-type full-bridge dc/dc converter.

2. PRINCIPLE OPERATION OF THE PROPOSED CONVERTER

The Fig. 2 shows a circuit diagram of the proposed converter. On the primary side of the power transformer T, the
proposed converter has an FB circuit with one blocking diode DB and one clamp capacitor Cc. On the secondary
side, there is a voltage doubler rectifier. The operation of the proposed converter can be classified into two cases.
One is a PSFB series-resonant converter mode.

The proposed converter operates in two modes:
1) PSFB Series-Resonant Converter Mode
2) Active-Clamp Step-Up Converter Mode

2.1 PSFB Series-Resonant Conwerter Mode

Under the normal input voltage range, the proposed converter is operated by phase-shift control. In this mode, Vc is
the same as the input voltage Vd and DB is conducted. All switches are driven with a constant duty ratio 0.5 and
short dead time. Figs. 2 and 3 show the operation waveforms and equivalent circuits, respectively. A detailed mode
analysis is given as four modes.

Mode 1 [tO, t;]: Prior to t0, the switches S1 and S2 are in on state and the secondary current is is zero. The primary
current ip flows through DB, S1, S2, and Lm. During this mode, the primary voltage vp and secondary voltage vs
of the transformer T are zero. Thus, the magnetizing current im is constant and satisfies as follows:

im (t) = ip (1) = im(t0). @)
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Fig-3: PSFB resonant converter at model

Mode 2 [t1,t2 ]: At tl, S2is turned off. Because ip flowing through S2 is very low, S2 is turned off with near zero-
current. In this mode, ip charges CS2 and discharges CS4.
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Fig-4: PSFB resonant converter at mode2

Mode 3 [t2, t3]: At t2, the voltage across S4 reaches zero. At the same time, ip flows through the body diode DS4 .
Thus, S4 is turned on with zero-voltage while DS4 is conducted. In this mode, vs is nVd where the turn ratio n of the
transformer is given by Ns/Np and the secondary current is begins to flow through D1 . The state equation of this
mode is written as follows:

dig(f) _

i 22 =Wy — Vory () @
: 2y (1) dVeea (1)
i: = Cri d: - Cr: At (3)

where vcrl and ver2 are the voltages across Crland Cr2, respectively. Since Vo is constant, the secondary current is
can be obtained as

Glrps [0
dt

dip =V (8]
dt

i(t) = Cpq Cra
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Fig-5: PSFB resonant converter at mode 3

Where the equivalent resonant capacitance Cr is Crl+ Cr2. Using (2) and (4), the secondary current is can be
calculated as

g -V (2]

i) = sinw, (t — ) (5)
The angular frequency wr and characteristic impedance Zr are given by
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Meanwhile, the magnetizing current imincreases linearly as follows:
. . Vg
Em(t) = I8} + 75 — 1) )
Lm

In this mode, power is transferred from the input to the output.

Mode 4 [t3, t4]: This mode begins when S1 is turned off. The primary current ip charges CS1and discharges CS3.
When the voltage across S3 becomes zero, ip flows through the body diode DS3. Thus, S3 is turned on with zero-
voltage while DS3 is conducted. When vp is zero, D1 is still conducted and —vcrl is applied to LIk . Thus, the
secondary current is goes to zero rapidly. In the end of this mode, since the secondary current is close to zero before
D1 is reverse bias, the losses by the reverse recovery problem are small as negligible. Since operations during the
next half switching period are similar with Mode 1-4, explanations of Mode 5-8 are not presented.

Made 4

Fig-6: PSFB resonant converter at mode4

2.2 Active-Clamp Step-Up Conwerter Mode

As the input voltage decreases up to a certain minimum value of the normal input range, the phase-shift value ¢
increases up to its maximum value, 1. If the input voltage is lower than the minimum value of the normal input
range, the proposed converter is operated by dual asymmetrical pulse width modulation (PWM) control. The
switches (S1, S4) and (S2, S3) are treated as switch pairs and operated complementarily with short dead time. The
duty D over 0.5 is based on (S1, S4) pair. In this situation, the clamp capacitor voltage Vc is higher than Vd . Then,
the blocking diode DB is reverse biased and the proposed converter operates as the active-clamp step-up converter.
Figs. 4 and 5 show the operation waveforms and equivalent circuits in the active-clamp step-up converter mode,
respectively.

Mode 1 [tO, t1 ]: At t0, S1 and S4 are turned on. Since Vd is applied to Lm, the magnetizing current im is linearly
increased and is expressed as

b (t) = fm(t0)+ff{t —to) ®)

D1 is conducted and the secondary current is begins to resonate by L, Crl, and Cr2. In this mode, the state
equation is written as follows:

diz (1) . .
Ly S5t = Vg = Vs (0 ©
. AV s (1) Vgt ~ dlait)
:s{ﬂ = Crld_: L ar Cr d: (10)
From (9) and (10), the secondary current is can be calculated as_ |
£,(6) = ig(ta) cscaa, (t — ta) — R gin gy (E — ty) (11)

In this mode, power is transferred from the input to the output.
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Fig-8: active clamp step up converter at model

Mode 2 [t1, t2]: Attl, S1and S4 are turned off. The primary current ip charges and discharges the output capacitors
of the switches during very short time.

Mode 2

Fig-9: active clamp step up converter at mode2

Mode 3 [t2, t3]: This mode begins when the voltages across S2 and S3 are zero. At the same time, ip flows through
DS2 and DS3. Thus, S2 and S3 are turned on with zero-voltage. Since the negative voltage —Vc is applied to Lm, the
magnetizing current im decreases linearly as
58
imE)} = i (e} — :{t —t) (12)

Mode 3

Fig-10: active clamp step up converter at mode3

In this mode, the secondary current is begins to second resonance and the state equation is written as follows:

d‘: r r
Ly % = Verg (e} — ¥ (13)
. Al (1) dliza(f) U2 (1]
23'&:] = er_ d: - I:'_ri-': dt = _CrT (14)
Using (13) and (14), the secondary current is given by
AL~ Vira(f3)

i(8) = i,(t;) cos e, ([t — ) — sine, [t — t3) (15).

Mode 4 [t3, t4]: At t3, S2 and S3 are turned off. The primary current ip charges CS2, CS3 and discharges CS1, CS4
during very short time.
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Fig-11: active clamp step up converter at mode4

3. RESULTS AND ANALYSIS

IJARIIE-1SSN(0)-2395-4396

The proposed system is designed using MATLAB/SIMULINK software for theoritical analysis. To show the
proposed systemas efficient the proposed systemis operated in two modes as resonant mode and active mode.

3.1 Proposed System with Solar PV system in Phase shifted mode

The Fig-12 to fig-17 represents the resonant mode of the proposed systemusing solar photovoltaic mode.
During phase shifted or resonant mode the output requirement is low so it operate with high dwell time.
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Fig-13: Solar PV model in MATLAB
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Fig-14: PWM Pulses for Phase shifted mode
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Fig-15: Transformer primary and secondary voltages
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Fig-16: voltage and current of switch s1
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Fig-17: output voltage and current of the proposed system
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3.2 Proposed System with Solar PV system in Active clamp mode

The fig.18 to 23 shows the outputs of solar PV system in active clamp mode. For different insolation the output is
constant and maximum.

Fig-18: Solar PV output fed to proposed converter
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Fig-19: PWM bulses to proposed converter
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Fig-20: PWM technique
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Fig-21: Transformer primary and secondary voltages
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Fig-.22: input voltage verses output voltage
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Fig-23: voltage and current of switch 1

4. CONCLUSIONS

The novel hybrid-type full-bridge dc/dc converter with high efficiency has been simulated for analysis. By using the
hybrid control scheme with the simple circuit structure, the proposed converter has both the step-down and step-up
functions, which ensure to cover the wide input range. Under the normal input range, the proposed converter
achieves high efficiency by providing soft switching technique to all the switches and rectifier diodes, and reducing
the current stress. When the input is lower than the normal input range, the proposed converter provides the step -up
function by using the active-clamp circuit and voltage doubler, which extends the operation range. To confirm the
validity of the proposed converter, MATLAB simulations have carried out. Under the normal input range, the
conversion efficiency is over 96% at full-load condition, and the input range from 250 to 350 Vis guaranteed. Thus,
the proposed converter has many advantages such as high efficiency and wide input range
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