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Abstract 
In this article, authors propose design of 
forward inverter for small scale residential 
applications. The proposed inverter is 
designed with sinusoidal pulse width 
modulation (SPWM) at 100 kHz switching 
frequency at input side of high frequency 
transformer. At the output rectified 
sinusoidal is generated and after filtering the 
pure sinusoidal output is obtained from full 
bridge. The proposed inverter is useful for 
single phase utilities. Proposed topology 
design and analysis is carried out using 
PSPICE software tool. 
Index Terms-Forward Converter; Power 
electronics; PSpice 

I.  INTRODUCTION  

Design of DC-AC converter is main 
concerned now days due to tremendous 
development in renewable energy based low 
power applications. The selection of the 
appropriate design topology for DC-AC 
converter is accountable for the performance of 
the overall system. In the past, centralize 
inverters were popular where high voltage DC 
was fed to the three phase circuits and losses also 
were high [2].  After string inverters nowadays 
micro inverters are more popular due to its 
modular structure and low losses. The output of 
inverters must be sinusoidal but practically it 
contents harmonics. The harmonic contents in 
the inverter depend on switching frequency. A 
sinusoidal pulse width modulation technique is 
used to reduce harmonic contents of the inverter. 
There are two basic categories of single phase 
inverter as single stage inverter and multiple 

stage inverters. A single stage inverter is an 
inverter with only one stage of power conversion, 
which will boost up the low input dc voltage to a 
high ac voltage. A multi stage inverter is an 
inverter where two stages are there, first stage is 
to convert low input dc voltage into high dc 
voltage and then it is converted into ac voltage 
[4]. 

II. FORWARD TOPOLOGY 

This section provides operation of forward 
inverter topology. Fig. 1 shows the schematic 
diagram of forward converter. When M1 is 
turned ON as shown in Fig 2 the voltage across 
primary winding is Vdc. The primary current 
starts to build up and transfers energy from the 
primary winding to secondary winding and into 
AC line filter and the load through the rectifier 
diode D1 which is forward biased. 

 

 

Fig. 1 Forward Converter 
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Fig. 2 Conduction Mode1: Forward 
Converter 

When M1 is turned OFF as shown in Fig. 3 
the polarity of the transformer voltage reverses. 
This causes D1 to turn off and D2 to turn ON, 
while D2 is conducting, energy is delivered to 
load through the inductor L [1]. 

Single PWM, Multiple PWM, SPWM, 
Modified SPWM, Phase displacement control 
PWM are the popular voltage control techniques 
of single phase inverter. Among all the voltage 
control methods, Sinusoidal Pulse Width 
Modulation (SPWM) is suitable for voltage 
control as it has lower Total Harmonic 
Distortion.  

By increasing the SPWM frequency, 
harmonics get reduced after filtering. Here 
SPWM is applied to the input switch of isolated 
forward converter topology which provides high 
efficiency. 

 

Fig. 3  Conduction Mode 2: Forward 
Converter 

III.  DESIGN PARAMETERS 

This section discusses design parameters of 
various components used for forward inverter 
topology. 

(a) Design of transformer 

The output voltage requirement is 310 Vp and 
input voltage is 36V dc. Thus the turns ratio of 

the transformer is calculated by using equation 
(1) 

ଶܰ

ଵܰ
ൌ ைܸ௨௧

௜ܸ௡
ൌ

310
36 ൈ 0.5

ൌ 17.22

ൌ 	18																												ሺ1ሻ 

Step 1: Primary turns selected to satisfy the AC 
voltage stress and core saturation property is 
calculated by using equation (2). 

௣ܰ ൌ
ܸܶ
௘ܣܤ

ൌ
ܸ

௘ܣܤܨ
ൌ 1.86																																														ሺ2ሻ 

Where, 

Np= Minimum Primary turns 

V= Maximum Primary DC Voltage 

T = Maximum Period for MOSFET 

F= Switching Frequency =50-100 kHz 

Ae= Effective Center pole area of the curve 
(0.97 cm2) 

B= Magnetic Flux Swing typically 200mT 

Step 2: The value of primary inductance of coil 
wound on core is calculated by using equation (3) 

௣ܮ ൌ ௅ܣ ௉ܰ
			ଶ ൒ 10.40μܪ													ሺ3ሻ 

 

Where, 

Lp = Primary inductance value 

Ls =Secondary inductance value 

AL= 3 µH  

Secondary inductance value is calculated by 
following equation 

௦ܮ ൌ ܰଶܮ௉ 		൒  ሺ4ሻ																								ܪ3݉

The proposed topology is designed using the 
following  input parameter values as shown in 
Table 1 

Parameter Value 
Input Power  350 W 
Input Voltage 36 V dc 
Input Current 9.75A 
Switching 
Frequency 

100 kHz 

Simulation Tool Orcad Capture CIS Lite 
17.2 & Orcad Capture 
Pspice Lite 17.2 

Table 1. Input Parameters of Forward Inverter 
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In the proposed inverter the specifications of the 
input MOSFET and Diode are shown in Table 2 
and Table 3 respectively. 

Table 2 Input MOSFET Specifications 
(IRFZ40) 

 
Parameter Value 
Maximum Recurrent 
Peak Reverse Voltage 

1000V 

Maximum RMS 
Voltage 

700V 

Maximum DC Blocking 
Voltage 

1000V 

Table 3 Rectifier Diode Specifications 
(MUR4100) 

 
Inductor is designed in such a way that it can 
tolerate 10% of current. The compromised value 
of the inductor is 4mH. Capacitor can be 
calculated by choosing the corner frequency 
10% of the switching frequency. The 
compromised value of the capacitor is 2µF. 

ܮ ൌ ௜ܸ௡

4 ൈ ݏ݂ ൈ ௣௣ܫ∆
																																										ሺ5ሻ 

 

௖݂ ൌ
1

ܥܮ√ߨ2
																																																		ሺ6ሻ 

 
Where,  
fc= Corner Frequency =10 kHz 
 
fs=Switching Frequency =100 kHz 
 
L= Filter Inductor 
 
C=Filer Capacitor 
  
Vin= Input DC Voltage 
 
∆Ipp= Inductor Ripple Current 
 
 

The output MOSFET specifications are as 
shown in Table 4 
Parameter Value 
Drain to Source Voltage 500V 
Drain Current 21A 
Drain to Source ON state 
Resistance 

RDS=0.30Ω 

Turn ON delay Time 35ns 
Rise Time 120ns 
Turn OFF delay Time 130ns 
Fall Time 98ns 

Table 1 Output MOSFET Specifications 
(IRF460) 

IV. RESULTS 

Design is carried out as discussed in section 
II. Simulation Model of the proposed inverter is 
developed in PSpice software tool. Following 
Simulation results are obtained for Input current, 
output voltage, output current of the proposed 
design topology . FFT analysis of the output 
voltage is also presented. 

i. Input current 

 
Fig .4 Avarage Input Current from dc source 

 

ii. Output voltage 

 
Fig. 5 Output Voltage 
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Parameter Value 
Drain to Source 
Voltage 

60V 

Drain Current 36A 
Drain to Source ON 
state Resistance 

RDS=0.028Ω 

Turn ON delay Time 14ns 
Rise Time 110ns 
Turn OFF delay Time 45ns 
Fall Time 92ns 
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iii. Output Current 

 

Fig .6 Output Current 

iv. FFT of Output voltage 

Fig 
.7 FFT of output voltage 

Parameter Value 
Output Power  302 W 
Output Voltage 310V (Peak)&  

220 V (RMS) 
Output Current 1.93A Peak & 1.37A 

RMS 
Power 
Conversion 
Efficiency 

86.18% 

Total Harmonic 
Distortion 

6.67% 

Table 5 Output Parameters of Forward Inverter 

The output parameters of the proposed inverter 
are as shown in Table 5. 

V. CONCLUSION 

In this paper, detailed simulation of forward 
micro inverter is performed for 350W load at 
100 kHz switching frequency for single phase 
small power applications. A single switch is 
used at input side and rectified sine is generated 
at output side. To make utility equivalent ac of 
220V (rms) or 310V (peak) at 50Hz frequency, 
full bridge is used at secondary side of high 
frequency transformer after filter. The overall 
power conversion efficiency is 86.18% with less 
than 10 % total harmonic distortion. 
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