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Abstract: - This study suggests a novel Augmented Sine PWM(ASPWM) based Hybrid Output Converter that can concurrently power
AC and DC loads. Two boost converters are used in this configuration, and the AC voltage is the differential voltage tapped between
the two source nodes (of the MOSFETS) of the individual converters. This converter plays a different role in providing power to AC
and DC loads than conventional boost converter. Conventional boost requires a minimum of two stages to step up output DC voltage
and inverter stage to convert DC to AC power. This novel hybrid output converter (HOC) skips all stages of boosting the output
voltage and next stage of inverter also. HOC consists of two boost converts pumped by two VM(voltage multiplier) stages to get high
voltage DC output. This HOC has two inputs, supplied by renewable like solar PV cells and has two outputs to supply AC and DC
loads simultaneously. This dual input HOC integrates two renewable inputs for standalone nano grid application. The principle of
operation of HOC is augmented sinusoidal pulse width modulation with AC reference signal is shifted by 180°for individual boost
converter and augmented by dc offset. The circuit has been extensively simulated in PSIM’22 Matlab Simulink and an experimental
prototype of 110W is tested in the laboratory.

Keywords: Augmented Space Vector Modulation (Aspwm), Hybrid output converter (HOC),Nano grid,
Renewable, Two input two output.

. INTRODUCTION

DC-DC converters are bridges between integration of renewable energy sources and electrical grid or other AC
and DC demands. When the grid requirement is of high DC and AC voltage simultaneously, conventional (SISO)
boost converters are configured every time, when combined with inverters. Currently the only option left is
renewable energy because fossil fuels are running out, energy demand is growing, and CO2 emissions are causing
air pollution. In [1],1t is discovered that using renewable energy to supply power electronics circuits and variable
speed drives necessitates repeated DC-DC and DC-AC conversions, which reduces overall system efficiency. The
optimum DC voltage level for the DC micro grid is identified from relevant case studies, and it is suggested that
the DC system will have a 22 % total efficiency gain over the traditional AC grid system. Compared to modular
conversion stages, single-stage conversion systems use fewer components, which leads to easier control
mechanisms and higher efficiency. To obtain the AC and DC outputs at the same time from different DC sources,
complex parallel-operated conversion stages are required. When it comes to integrating these sources, multi-port
converters come out on top because they are effective power interfaces that link renewable energy sources to the
grid. In[2], a control technique for power balancing between input sources and output voltages is developed, and
a multi input multi output(MIMO) topology for boost converters in which a single inductor connects several inputs
and loads simultaneously is proposed. In[3],a proposed MIMO DC-DC boost converter that describes energy
source hybridization and is designed for deployment in electric vehicles. There are two modes of operation for the
converter: charging and draining of the battery. There are two inputs, two outputs, and a single inductor in the
proposed MIMO converter. In [4], a high gain converter is proposed where fuel cell, photo voltaic panel and battery
are the three inputs and one dc output. Fuel cell is considered as main input and rooftop PV solar cell is the other
one, charges battery when required. In [5],basic configuration of four input two outputs is described (MIMO
converter). This MIMO DC-DC boost converter has four inputs and two outputs. The two inputs out of four are
decoupled with two DC outputs while two inputs are coupled. This structure provides integration of renewable
inputs with DC batteries so that high gain DC obtained at the output. The diode-capacitors (VM) voltage multiplier
stages are responsible for enhancing DC output voltage. In[6] for moderate DC voltage microgrid applications, a
multi-port bipolar DC-DC isolated converter is suggested, with three ports designated specifically for fuel cell,
solar, and battery inputs. The bipolar DC micro grid is supplied by two series coupled DC outputs. The circuit is
bulky and complex due to the utilization of twelve switches and a high-frequency transformer. [7] With integrated
inputs for solar PV panels, wind turbines, and rechargeable batteries used for hybrid energy applications, it offers
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an isolated DC-DC converter for a stand-alone system. Various types of controllers are designed to control the DC
link voltage, battery voltage and current. In[8],a new four-port DC-DC converter is proposed for low-voltage
bipolar DC micro grid to interface renewable sources. Due to one inductor and few switches, it has low switching
losses. The converter is configured with two output capacitors connected in series. A non-isolated symmetric four-
port (DIDO)converter is presented in [9]. This converter is bipolar and connects PV, battery system, and low
voltage DC micro grid. According to the application, it works on several modes like SISO, DIDO, and SIDO. The
proposed converter is said to be several MPCs for DC micro grids. To connect solar PV cells and for battery charge
discharge, three switches are configured and hence this is a multi-port converter. Its output voltage is bipolar.
In[10], five port DC-DC converter is presented. It consists of three solar-pv input ports, battery storage and two
high gain DC outputs. It consists of twelve switches to rectify and invert AC to DC supply up to 380V to DC micro
grid. In [11] multi-port converter is configured to provide AC voltage with less harmonic distortion and moderate
bipolar DC voltage. One of the ports of the converter is connected to a multilevel inverter to provide AC voltage.
In [12], several multiport converter configurations are studied like SIMO, MISO, and MIMO converters to connect
renewable sources and DC microgrids.
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Figl(a): Conventional Converter and AC grid
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Figl(b): Hybrid Output Converter

Due to simultaneous demand of AC and DC power, hybrid converters are now part of hybrid micro grid
system. Conventionally, DC power is fed to dc load directly as the output of a high gain DC-DC converter due to
demand of high voltage DC. The inverter in the circuit provides AC power if required.Fig.1 explains the role of
hybrid output converter in DC Micro grid in comparison with conventional converter inverter system. In[13],AC
DC (SIMO)boost converter where one power switch is replaced by full bridge inverter is presented. It is an
interleaved hybrid converter where input current is divided by interleaved inductor. Hybrid converter functions in
three modes, power mood shoot through mode and intermediate mode. In[14], the hybrid converter designed with
one input but input currents is splitted into two circuits. One circuit is a bridge inverter, and the other is boosting
converter. The switch in the boost converter is replaced by a full bride inverter. Switching strategy is modified to
get simultaneous AC and DC power. In[15],hybrid converter with interleaved inductor and one power switch
supplies AC and DC loads using ASPWM technique is presented. In[16], The topology proposed in this paper is a
hybrid converter configured with of two inputs and two hybrid (Ac and DC) outputs.

The topology proposed in this paper is a hybrid output converter configured with two inputs and two hybrid
(Ac and DC) outputs. This topology, which is outcome of two boost converters and two diode capacitors (VM)
stages, produces stepped-up DC voltage. An ASPWM technique is implemented in this converter to produce AC
and DC output at the same time. In remote or rural areas, to produce and utilize AC and DC power in one stage,
hybrid converter is proposed. It is applicable to rooftop nano grid applications. It is a perfect option to supply a
system with a small capacity AC voltage and a moderate DC voltage where solar energy is available abundantly.

The paper is organized as follows: Section Il describes the proposed hybrid output converter, explanation of
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modes of the operation and the concept of ASPWM switching briefly. Section 111 contributes the design of passive
components. Section 1V, study of state space modeling of the hybrid converter is presented. Section V depicts
simulation results. In section VI, a light is thrown upon hardware results and comparison. Section VII elaborates
analysis of converter efficiency and section V111 concludes the paper.

Il.  PROPOSED HYBRID OUTPUT CONVERTER CONFIGURATION AND OPERATING PRINCIPLES
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Fig 2: Hybrid Output Converter

The proposed hybrid output converter is introduced in Fig.2, where two boost converters are highlighted with
red dotted lines. Q1 and Q; are the switches Liand Loare the two inductors of the two boost converters. Inductor L3
and capacitor Cs are the components of LC filter. Capacitor Csfilters DC output. Viniand Vin2 are the input voltage
sources (obtained from solar PV cells and or battery) and across load Rdc and Rac outputs Vdc and Vac are
obtained. The DC voltage in the hybrid output converter is acquired by combining outputs of two boost stages and
AC output is collected by filtering the resultant nodal voltage obtained at two nodes of boost stages. The two nodes
are termed as N and N1 The proposed hybrid converter provides a high gain DC output and an AC voltage with
negligible harmonic distortion. D1, D2and C;and C; are diodes and capacitors of voltage multiplier stages.

To develop switching signals, two sinusoidal modulating signals with phase difference of 180° and of power
frequency are added with DC offset(d) and they are compared with triangular carrier signal of 10kHz. ASPWM
signals are generated at nodes of each boost stage carrying 10kHz frequency each. The resulting voltage derived
across inductors L and L carries 50Hz component which is 180%ut of phase. The corresponding difference in two
nodal voltage across the nodes at two boost stages as shown in Fig.2,is filtered to get 50Hz AC output. The filter
capacitance of DC output is adequate to get ripple free constant voltage throughout the function. The operation of
the hybrid output converter and ASPWM technique are discussed in detail in the next sessions.

A. Function of proposed Hybrid Output Converter

The hybrid output converter (HOC) operates in four modes. The modes are different in sequence during positive
and negative half cycles of modulating wave, The HOC operates in three modes out of four in each half cycle. The
operation of converter and operating modes in positive and negative cycles are explained in the subsections
eventually. One cycle of the modulating wave is selected and all modes of operations in positive and negative half
cycle of modulating waveform of the circuit are explained.
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B. Operating Modes
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Fig 3(a): Mode 1, When Q1 and Q2 both switches are ON

Mode 1: Both switches Q1 and Q; are ON. (This mode appears in both positive and negative half cycles) From
equivalent circuit in fig.3 (a), the mode 1 is illustrated as follows. When Q1 and Q; both are ON, Inductor current
111 and Iz flow and inductors L1 and L, are energized. Capacitor Cs discharges through the load. In this mode the

following equations are obtained.
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Mode 2 : First Switch will be ON and second switch will be OFF. (Q1 ON and Q; OFF) This mode appears in
positive half cycle only. From equivalent circuit in fig.3 (b), mode 2 is elaborated as follows. When Q1 ON and Q-
OFF, Inductor current I »flows to charge the capacitor Ci;and C,and forward biases diode D,. D;and D3 are reverse
biased. Capacitor Csdischarges through load Rd. The relevant equations for the second mode are as follows,
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aves VC3
= - 1
dt Rdc*C3 (10)
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Fig 3(b): Mode 2, When Q1 is ON and Q2 is OFF

Mode 3: Qis OFF and Q2 is ON) (This mode appears in negative half cycle only.) From equivalent circuit in
fig.3 (c), mode 3 is explained as follows. When Q:is OFF and Q2 is ON, Inductor current I ; flows to charge the
capacitor C; and forward biases diode D1. Dy and Dsare reverse biased. The relevant equations for the third mode
are as follows.
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Fig 3(c): Mode 3, When Q2 is ON and Qs is OFF
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aves VC3
= - 1
dt Rdc*C3 (15)

Mode 4 : When both switches Q; and Qzare OFF. From equivalent circuit in fig.3(d), mode 4 is described as
follows. When Q; and Qzare OFF, Inductor current 1.1 flows to charge the capacitorC, forward biases diodeDs and
supplies load. Simultaneously Inductor current 1., flows to charge the capacitor C4, forward biases diode D, and
supplies load. The relevant equations for the fourth mode are as follows.

dilL2 Vin2+VC1-VC3

dt = L2 (16)
diL1l Vinl+VvVC2-VC3
= (17)
dt L1
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Fig 3(d): Mode 4, When Q2 and Q1 both are OFF.

For a one cycle of 20 ms period average AC voltage is zero at the ac filter circuit, so the ac voltage is not
considered in deriving the voltage equation of proposed converter. Due to ASPWM technique, it is observed that
during positive half cycle converter undergo model.mode 2 and mode4 operations. And during negative half cycle
converter undergo mode 1, mode 3, mode 4 operations which is depicted in fig.4.
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Fig.4: Operating Modes in both half cycles of modulating AC signal

In a steady State condition, the average voltage across the inductor should be zero due to volts-second balance
law. Applying volts second balance law for the inductor voltages of Liand L, in Positive half cycle,
The output voltage across capacitor C3 termed as VC3 is obtained by:

1[ Vini Vin2 1-D2
Vouts | 0S4 S VCL VCZ(E)] (21)
In negative half cycle,
1] Vini Vin2 1-D2
Vout= 3 [ s s V() + ch] 22)

C ASPWM Principle

m,() = Mg sin(ot) +d

(.
My sin(ot)

0

Fig.5: ASPWM Principle

The ASPWM principle for the generation of AC voltage in the proposed hybrid output converter is explained
in detail in the reference paper. [16] The effective value of duty cycle D is augmented by d in the modulating signal,
averaging over 20 ms is given by equation (24).

D=0.5(d+1) (23)

For duty ratios D, and D,
D1=0.5(d;+1) (24)
D2=0.5(d>+2) (25)
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Vini Vin2 1
a—an T a—an + > (vec1+ve2) (26)
It can be concluded from equation (26) that DC offset value d controls DC output voltage.
AC output voltage can be calculated as follows.
Ve = Mge X Ve X 0.8 27)
where 0.8 is a attenuation factor due to filter circuit.

Output Voltage: Voyput =

I1l.  DESIGN OF PASSIVE COMPONENTS

A. Design of Inductor

Considering CCM operation inductor value is designed. Current ripple is allowed up to 35% L1 and L2 are
computed as follows:

_ Dimax*XVin1

AILl = —FsXL1 (28)
_ Damax*XVinz

AILZ = —FsXLz (29)

Where Diand Dqare duty ratios of switches Q1 and Q- Fs is the switching frequency and Vi and Vin2 are input
voltages.
Dimax*XVin1 DamaxXVinz

Ly i 30
1min = FeXAlL, y M2min = FeXAlL, ( )

B. Design of Capacitor
Capacitor values are designed considering $5$ \% voltage ripples at the output.

DXIgygp
Cout = ———— 31
out = oy (31)
Iang
CVMstage - FsXAV, (32)

The values of inductor L; and L, and VM capacitors C;, C, Cs at output) are calculated from the above
equations. The obtained values of the passive components are L1=4.7 mH and L,=4.7 mH, C,=C,=470uF and Cs
at output=2. 2mF.Additionally, it is possible to calculate the values of the two ac filter components Lr and Cr by
keeping gain unity, at 50 Hz (line frequency) and 40 dB attenuation for the high frequency component.

C. Design of Diodes

In the proposed HOC diodes are used as part of VM stages. Two VM stages are configured in this hybrid
converter. VVoltages across capacitors in VM stages decide the limit of voltage stress on diode. DC output voltage

is always greater than voltage stress across diode.
1
Vbistress = (1-D) Vina (33)

According to modes of operation, average current of all diodes in VM stages during one period of switching is
given as

Ip123 = loutnc (34)

D. Design of Power Switches

In the proposed hybrid converter two switches are shunted across voltages sources due to boosting action. When
they are on OFF condition, they must withstand maximum voltage developed across converter. The general
equation of voltage stress across power switch for the converter is as follows.

When the switches are in ON condition the whole input current flows through the switch.
1
Vsistress = m Vin1 (39)
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1
ISiavg = (1-D) loutpc (36)

IV. STATE SPACE ANALYSIS

From the operating voltage and current equations derived in section I, all inductor voltages and capacitor
voltages are considered as state variables and in the steady state input voltages are control variables.
During positive half Cycle, Mode 1, Mode 3 and Mode 4 are active.

X = AX + BU
Y = CX + DU (37)
X=[l;, I Vi Vg Vgl (38)
1 T
— 0 0 0 0
B = Ly
B 0o X 0 0 o0
L,
U= [Vinl VinZ]T (39)
c=[0 0 0 0 1] (40)
Mode 1
0000 0
0000 0
A =0 0 0 O 0 41
Y“1o 0o 0 o0 0 (41)
lo 0o o -——]
Rdc*C3
Mode 3
0 0 0 0 0
= 0
Ly Ly
1
A= 00 0 (42)
0~ 0 0 0
Cz
0 0 0 S
- Rdc*C3-
Mode 4
00 0 0 0
= 0
Ly Ly
1
A= 0 0 (43)
0~ 0 o0 0
(%]
0 0 0 -
- Rdc*C3-
A=A1+A3+A4 (44)

Similarly, for negative half cycle model, mode2, mode4 are active. Mode 1 and mode 4 are common in both
cycles.
Mode 2
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00X o0 o0
Ly
0 0 0 O 0
Ay=|=0 0 0 0 (45)
1
0 0 0 O 0
000 0 ——
Rdcx*C3
A=A1+A2+A4 (46)
the controllability matrix of this system is defined as follows:
Q.=[A AB A*B — A"'B] (47)

Where n is its rank. QC=5which is rank of A matrix so it is completely controllable.

V.  SIMULATION RESULTS

The proposed hybrid output converter has been simulated in MATLAB. The performance of the proposed
converter is justified through simulation results. This converter is presented and studied as a new topology in hybrid
converter family. It has two inputs and two hybrid outputs. Inputs can be renewable devices and or storage devices
to obtain high gain DC and low distorted AC. Proposed hybrid converter is simulated into two input voltage
ranges,30 V,48 V and 8 V,15 V. Due to ASPWM switching variable width PWM signal generation is possible.
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Fig.6: Simulation Results of Proposed hybrid Converter at Input Voltages 30V and 48 V

When Vin is 30V and Vin is 48V, DC output voltage obtained is 160V and AC RMS voltage is 55V under

CCM operation of inductor currents as shown in Fig.6.
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Fig.7: Simulation Results of Proposed hybrid Converter at Input VVoltages 8V and 15 V
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When Viq is 8V and Vinz is 15V, DC output voltage obtained is 46V and AC RMS voltage is 22V under CCM

operation of inductor currents as shown in Fig.7.

J. Electrical Systems 20-3 (2024): 2072-2088

BDHC [14] IHC [13] BBDHC [15] Proposed
HOC

Input 48V 48V 12v 30V and
Voltage 48V
OutPut 100 v DC 194 VvDC 15v DC 160V DC
DC
Output 30 VRMS 38V RMS 5V RMS 55V RMS
AC

Table I: Comparison between existing hybrid converters based on DC Microgrid application.

DC Supply:

Resistive AC &
PC Loads

Main Power

Gate
Driving
Circuit

Fig.8: Hardware of Proposed Hybrid Output Converter Circuit

Vi

The power and control circuit of hybrid output converter has been tested at steady state on 100 W laboratory
prototype at various input voltages. DC and AC output voltages are verified experimentally, analytically and by
simulation to prove the topology of hybrid converter. During the experimentation the condition of d+M< 1 is
maintained to avoid over modulation by selecting d as a 0.2 and M as a 0.7 throughout the operation. Passive
components are selected to maintain continuous operating mode. Dspace micro lab setup and gate driving circuit
are the parts of switching circuit. Dspace micro lab controller is used to generate switching gate pulses. These
pulses are conveyed to the driver circuit for isolation and amplification. These isolated and amplified pulses drive

EXPERIMENTAL RESULTS

switches Q1 and Q; in the power circuit of hybrid output converter.

Conventi BDHC [14] IHC [13] BBDHC Proposed

onal [15] HOC
Switch 7 4 5 2 2
Count
Switching SPWM Modified Modified ASPWM ASPWM
Technique unipolar unipolar

SPWM SPWM

Type of Renewable Renewable Renewable Renewabl
Inputs and or Battery,1 or Battery,1 or Battery,1 e and/or
count Battery,1
Shoot No yes yes yes yes
through
Protection
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Control No D+M<1 Independen d+M<1 d+M
parameter Condition t <1

S

Maximum 82% 86% 91% 91.6% 91.8%
Efficiency

Table Il: Comparison between conventional converter, hybrid converter and proposed hybrid output converter

Description Parameter Value Unit
Inductors L: Lo 4.7 mH
Capacitors Ci1C 470 uF
DC output Capacitor Cs 2.2 mF
AC output Capacitor Cs 470 uF
Load (AC and AC) 200,20Q

filter circuit Inductor L3 50 mH
filter circuit Capacitor Cs 440 uF
Switching Frequency SwFr 10 kHz

Table I11: Parameters of proposed hybrid converter

The proposed hybrid output converter is configured with two boost cells cascaded in a fashion to deliver high
gain DC voltage and distortion free AC. Table | shows comparison between existing hybrid converters in the
literature and proposed hybrid output converter for DC micro grid application. Table Il represents comparison
between existing hybrid converters in the literature and proposed hybrid output converter based on number of
components and configuration, switching technique and efficiency. List of passive components used in proposed
converter is given in the Table 111 and Table 1V indicates other components and controllers used to generate pulses
along with their details. The laboratory experimental set up of proposed hybrid output converter is shown in Fig.8.

Component Commercial Name
MOSFET IRF250N

Diodes FEP30JP
Optocoupler TLP350

Voltage Regulator L7815CV

Controller dSpace Microlab Box

Table 1VV: Components used in Proposed Hybrid Output Converter

In table V comparison of the results by hardware, simulation and analytical is presented at equal input and load
condition.

Hardware Result Simulation Result Analytical Result
AC Output 19.4V RMS 21V RMS 28V RMS
Voltage
DC Output 39.6V 46V 42V
Voltage

A. Steady State Results

In this section steady state outputs of proposed hybrid converter are presented. The switching signals are shown
in Fig.9(a), (b),(c). These three switching waveforms are captured at random three instants. It is observed that pulse
widths are sinusoidally varying in nature and enhanced due to DC offset d as explained in the earlier section. The
switching pulses are given to switches Q: and Q.. Resulting nodal voltage at nodes N and Nis obtained in AC
form by action of LC filter at fundamental frequency of 50 Hz.Fig.10,11 and Fig.12 show inductor currents, DC
output voltage and AC output voltages at input voltage 8 V and 15 V. Both AC and DC loads are resistive in nature.

Table | indicates comparison of the simulated and hardware outputs of proposed hybrid converter prototype.
The maximum observed efficiency based on it was around 91.8\% for the above experimental conditions.
Following points are to be noted about Hybrid Output Converter
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All devices configured in the proposed hybrid converter are considered as ideal.
Hybrid converter studied and presented as a new topology to cater number of renewable sources during daytime to
charge batteries and simultaneously supply any small AC load.

@D Mean 1.07V ); ; R R :
[@® 1.00v 1.00V J( M 50.0us W ch1 7 771mv

Fig.9: (a)PWM1

L ———————M.F0s: 6.000us

it iy

(@B Mean 328mV T
(@® 1.00v 1.00V ) M 50.0us W ch 7 771mv.

Fig.9: (b)PWM2
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@
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=
8
=~
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Fig.9: (c)PWM3

Inductor Currents are in continuous conduction mode. Inductor currents are 1.67A and 6.26A respectively.
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(@D Frequency 50.50Hz? @& RrRVS 166mV
@& Mean -436mV RMS 626mV

Fig.10: Inductor Currents at input voltages 8V and 15 V
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Fig.11: DC output voltage at input voltages 8V and 15 V
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Fig.12: AC output voltage at input voltages 8V and 15 V

B. Comparison

Table | indicates comparison of the simulated and hardware outputs of proposed hybrid converter prototype.
The maximum observed efficiency based on it was around 91.8\% for the above experimental conditions.

In the table Il, comparison between proposed hybrid output converter and conventional converter inverter set
and other hybrid converters configurations in the literature is presented. Conventional converters can integrate one
renewable source at a time. It requires an inverter to supply AC load. With addition of inverter the number of
switches and gate driving circuitry increases switching losses hence it affects overall efficiency of the system.
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Conventionally it reaches 85\% For all together AC and DC outputs, all hybrid converters have two boost

converters configured into a single device. Boost Derived Hybrid Converters (BDHC) [14] and Interleaved Hybrid

Converters (IHC) [13] are presented in the literature using a novel circuit ideas and new control methods. The

(BDHC) uses an H-bridge instead of one switch in conventional boost converter and inverter circuit. This brings

down the number of switches to four and claims inherent shoot through protection. (IHC), has two distinct currents

paths for AC and DC outputs due to interleaved inductor. One switch is replaced by full bridge inverter circuit in

one of the two boost converters. The proposed Hybrid output Converter has the following features which are

comparable with the other IHC [13],BDHC[14]and BBIHC[15]hybrid converters.

e Hybrid output converter has two inputs to cater two renewable inputs simultaneously or one of the inputs can
be battery if required.

e Three inductors and two switches make the configuration simple and less bulky.

e The proposed hybrid output converter can provide high gain DC and low THD AC voltage which is more than
other hybrid converters with low switching losses.

VIl EFFICIENCY ANALYSIS

A Losses in Power Switches
The switching losses in Q1 and Q.. The switching loss per cycle is given by.

Passw = 210 Vs (1= 55) ()| 042 (67 (i 77) (1 =) 4

From equation (48) switching loss of Qais calculated. Similarly Switching loss of Q- is calculated. Where 1 is the
current through Q1. Tosf =55 nS and Ton=17nS for IRFP250N switches.

Conduction Losses the switches are calculates as follows:

(I X D)?R4s0n Where D is a duty ratio and R,,op is ON state resistance of the switch. Now d is dc offset and
D=051+4d).

Total Conduction loss = I;*(0.5(1 + d))? x 0.075 + I,%(0.5(1 + d))? x 0.075  (49)

Substituting 1:=1.6A and 1,=6.26 A and R ;5,05=0.075Q,

Total Conduction Loss=1.058W and Switching loss is negligible.

B Losses in Diode

Diode switching loss is given by:

b
PDsw = % [fom (;f;ﬁ; VD) dt] + [fot (I;S_:I VDcout) dt] (50)

Where IRM:lOHA, VD =15V, VDcout =50V ’TOFF =7X 10_556C
T, =T, = % T, = 50nS for diode FEP3JP. Switching loss is negligible.

Conduction Loss = 3 X Vp X I, XD, I, = 1.354,D=0.6
Conduction Loss = 3.456W

C Losses in Reactive Elements

ESR of Liand L>=0.002Q and ESR of L3=0.012Q
ESR of C.C,Cs and Cs iS0.03Q, ESR of C3=0.01 5Q
Total Loss in each reactive element is as follows:
PlLaac=4% x 0.12 = 1.92W

PL;=1.6% x 0.002 = 0.00512W

PL,=6.26% x 0.002 = 0.0783W

PCspc=12% x 0.015 = 0.015W

While computing losses in capacitors on DC side, only ripple RMS current is considered for steady state condition.
PC,=1.62 x 0.03 = 0.0768W

PC1=6.26% x 0.03 = 1.17W

PCs=3% x 0.03 = 0.27W

PCs=4? x 0.03 = 0.48W
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Preactive Elements=4.01W

D Efficiency

Total power loss in semiconductor devices:
P:Pswitches +Pdiodes+P Reactive Elements
P=1.058+3.645+4.01=7.713W

Converter Efficiency isn = 100122_71 = 0.9098

While Pin=1.6 X 8 + 6.26 X 15 = 107W

Pout=19.4 x 0.97 + 39.6 X 1.98 = 97.226W

DC and AC loads are resistive, and they are 20Qeach.
97.05

n= W =0.91

This experimentally observed efficiency.

VIII Conclusions

ASPWM based switching technique is adopted for the proposed hybrid output converter to enhance
its ability to step up DC voltage and provide AC output at the second output port without use of inverter circuit.
The performance of this converter is compared with conventional converter and inverter system, proposed hybrid
converter is not only cost effective but also offers more benefits in usage. Less complexity is another feature of this
converter as fewer switches are configured. It is suitable candidate for residential nano-grid rooftop application
where ample and continuously solar energy is available. Conventional converter and inverter system leads to 82 to
85% efficiency while as hybrid output converter comes with 92%. It is tested for 100W in the laboratory. Other
hybrid converters present in the literature are comparable in efficiency, but they offer less flexibility like one
renewable input with high complexity in the circuit due to a greater number of power switches. Proposed output
converter is solution to rooftop nano-grid application where simultaneous AC as well as DC power up to 1.5kW is
obtained when 30V and 48 V DC sources are integrated with solar.
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