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Abstract In this paper, a single-phase inverter for avionics application is designed.
Usually, the load in the aircraft works on high frequency and with a specific power
supply. In the proposed work, a single-phase inverter of 115 V, 400 Hz is designed
with an input DC power of 28 V. For the proposed system, DC-DC SEPIC converter
is used to step up the input voltage to achieve high gain and an H-bridge inverter
followed by a filter to get sinusoidal output. To improve power quality, high efficiency
and low total harmonic distortion value closed-loop implementation are validated
through detailed simulation in MATLAB Simulink and experimentally verified using
a prototype hardware model to get high frequency.

Keywords SEPIC converter - H-bridge inverter - LC filter - Feedback loop *
MOSEET - Gate driver - Total harmonic distortion (THD)

1 Introduction

The communication, navigation, and other control systems in the aircraft mainly
depend on the electric power supply. The electric power for the aircraft is supplied
by the generator coupled with an engine or through a battery source for the backup,
as the load in the aircraft must have a constant electric power supply without any
interrupt [1]. The generator coupled with an engine is known as the primary power
source, and the battery source is known as a secondary source. The technology in
the field of power electronics is recently increasing due to its low power loss and
easy to control. The secondary source is designed with an inverter and DC-DC
converter units [2]. Usually, the loads in the aircraft work on high frequency because
of its advantages like less machine weight, smaller, or lighter power supply as the
size of the machine is reduced. Though the resistive losses are increased with high
frequency, while designing the major concern is about the size, and weight therefore
losses are neglected [3]. For an uninterrupted power supply to the load, a power
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supply is designed for 115 V, 400 Hz with 28 V. To achieve more efficiency and low
total harmonic distortion (THD), a transformer-less inverter topology is designed to
get desired output frequency and voltage. Instead of a transformer, a passive filter
is used to reduce the THD and to get desired output wave shape [4]. In the first
stage, to boost the input voltage. A switched-mode power supply boosts the input
DC voltage by turning on and off a controlled switch. SEPIC converter is designed.
It has advantages like non-inverting output, diode work as a reverse blocking mode.
A comparative study is made with different DC-DC converters, and it concluded that
using SEPIC converter isolation for input and output is easy, and maximum efficiency
is obtained [5, 6]. In the second stage, an inverter is used to convert direct current to
alternating current. Sinusoidal pulse width modulation (SPWM) technique is used
as it has the advantages of using a small filter at the output, reducing the harmonic
distortions [7, 8]. Finally, to obtain sinusoidal waveform output filter is used to convert
square wave to sinusoidal wave [9]. In [10], a study is made between synchronous
pulse-width modulation and output filter-based inverter. It was concluded that for a
load that is sensitive to sinusoidal waveform output filter should be used to reduce
the distortions and to achieve pure sinusoidal waveform [11]. In [12], three-phase
aircraft is designed from AC main. Here, space vector modulation technique is used
to control the inverter switches. Current harmonics of 3% are achieved. All the
loads connected to the system are nonlinear which produce harmonics that distort
the sinusoidal waveform. According to IEEE standard [13], the fundamental current
harmonics should be limited to 5% and the voltage to 8%. In [14], the individual
frequency voltage harmonics is 2.3% and current is 4%. In our proposed system, the
current and voltage harmonics are made less than 1%.

2 Proposed Method

Figure 1 shows the overall circuit diagram of the project. A 28 Vdc is converted to
115 Vac of 400 Hz. There are two stages of conversion required to achieve the output
voltage. The first stage is to boost the input voltage by using a DC-DC converter,
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Fig. 1 Block diagram of the proposed method
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and the second stage is to use an inverter to convert the DC voltage to the required
AC voltage.

In the first stage, 28 Vdc is converted into 200 Vdc by using a SEPIC converter.
A PI controller is used to control the duty cycle of the active switch in the converter.
In the second stage, 200 Vdc is converted into AC voltage by using an inverter. The
output of the inverter is a square wave. To convert it into a sinusoidal waveform, an
LC filter is used at the output. PWM technique is used to generate the pulses.

3 Circuit Design and Functions

3.1 SEPIC Converter

The primary step of boosting the input voltage is done by using a SEPIC converter.
28 Vdc input voltage is stepped up to 200 Vdc. SEPIC converter is a buck-boost
converter which gives non-inverting output voltage. As the inductor core is connected
to the same core, the electromagnetic induction noise is reduced in the SEPIC
converter when compared to the boost converter and therefore the input filter can
be reduced [15].

Figure 2 shows the circuit of the SEPIC converter. The SEPIC converter is
designed for 200 Vdc, 250 W from 28 V input. Here, closed-loop implementation is
done using a PI controller [16]. If there is any variation in the output voltage value,
the PI controller adjusts the duty cycle of the MOSFET switch and the output voltage
is controlled and made constant.

3.2 Design Parameters of SEPIC Converter

The duty cycle D of the system is [17]
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Vout + VD
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where V, is the output voltage, V is diode forward voltage, and Vi, is the input
voltage.
The load resistance R can be expressed as

Vou
R = P—t (2)
out

where P,y is the output power.
The output current and the inductor current can be calculated as the system are
expressed as

VOLI
Tow = Rt 3)
P,
I== 4)
v,
Pout
I, = 5
12 v, 5)

where R is the load resistance.
I,y 1s the output current.
I;, is the L1 current.

1,5 is the L2 current.
Therefore, inductor L1, L2 and capacitor C1, C2 can be calculated [18]. The
calculated values are mentioned in Table 1.

Tabl.e 1 SEPIC converter Input voltage (Vin) 28V
specifications
Output voltage (Vout) 200 V
Output power (Poyt) 250 W
Inductance L1 and L2 27 wH and 195 pH
Capacitance C1 and C2 435 wF and 435 nF
K; 10
K, 50
Load resistance 160 @
Switching frequency 25 kHz
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3.3 H-Bridge Inverter

Figure 3 is the H-bridge inverter. In this, both the modes are explained. In mode
one, switch §1 and S2 are on. Therefore, the current flow through V4., S1, load, S2,
and back to V4._. The LC filter is used to smoothen the output waveform that is the
square waveform is converted to a sinusoidal waveform [9].

In the mode two, switches S3 and S4 are turned on. Therefore, the current flows
through V4., 3, load, S4, and back to V4._. In mode one, a positive cycle of the
output waveform is obtained. In mode two, negative cycles of the voltage are obtained.
The unipolar SPWM technique is used to generate the pulses for the MOSFET
switches. The sinusoidal waveform is compared with the triangular waveform to
generate the pulses. From a comparative analysis, it is deduced that the unipolar

HOE
i

Fig. 3 H-bridge inverter
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pulse width modulation technique improves the power quality and decreases the
THD by properly selecting the frequency modulation index [19].

3.4 Design of LC Filter

The inverter output is connected with a full load, the maximum current (/,,,x) flowing
through it, and the minimum voltage (V) is noted. The filter component L y and
C are calculated using the following expressions [1].

V.
Rj= 2 =56Q (10)
max
R
Ly=—2_=21mH (11)
’ z*ﬂ*f()
1
Cr=—————=75nF 12
/ 2xmw* Ry *x f, " (12)

4 Simulation Results and Discussion

The circuit has been simulated in the MATLAB platform, and the results were
analyzed to check the quality of the design.

Figure 4 shows the overall simulation of the aircraft system. There are two stages
of conversion. In the first stage, the input voltage of 28 V is boosted to 200 V using

8
> o

oat:

Fig. 4 Proposed method simulation
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a SEPIC converter and the output of the SEPIC converter is given to the inverter to
convert DC voltage to AC and followed by an LC filter. In the first stage, SEPIC
converter boost 28-200 V. Here, 196 V is achieved. 196 V is given to the inverter to
convert DC voltage to AC. At the output before filter, 189 V of square waveform is
obtained. To convert square to sinusoidal waveform LC filter is designed. From the
simulation, it is observed that the output voltage is 115.5 Vac (RMS) and the current
is 2.18 A (RMS).

Figure 5 is the output voltage of the SEPIC converter which is near to 200 V.
Figures 6 and 7 are the inverter output current and voltage waveform. It is observed
from Fig. 7 that the peak voltage is 163 Vm, and the time required to complete one
cycle is 2.48 ms, therefore, the frequency is 401 Hz.

Fig. 5 SEPIC converter T T T
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Fig. 6 Inverter output current
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Fig. 7 Inverter output voltage
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Fig. 8 THD analysis of inverter output current

Figures 8 and 9 show the total harmonic distortions of the current waveform and
voltage waveform. The THD obtained is 0.78% for the analysis.
The comparative analysis of overall system is done as mentioned in Table 2.

5 Prototype Experimental Model

A prototype model of the aircraft model is designed to obtain 400 Hz frequency at
the output of the inverter. In this model, SEPIC converter is designed for 35 V output
from 12 V in input and an H-bridge inverter is constructed with MOSFET switches
to get AC output with 400 Hz.
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Fig. 9 Inverter output voltage THD analysis

Table 2 Comparison analysis

Existing system Proposed system

Boost converter is used SEPIC converter is used isolation that is
provided for input and output

SG3524N IC is used in hardware to trigger the | XL6009 IC is used in SEPIC converter which
pulse in boost converter provide closed loop control

THD =1.17% THD = 0.78%

The main components are the inductor, capacitor, and switching regulator.
XL6009 IC is used as a switching regulator.

Figure 10 shows the XL.6009 IC pin diagram. XL.6009 IC is used for closed-loop
implementation. The input voltage ranges from 5 to 30 V which makes it possible to
use a smaller inductor. The IC support output is current up to 3 A.

Figure 11 shows the SEPIC converter model for the prototype model. The position
of L1 and L2 decides the modes of operation of the converter. The capacitor C1 is
used to remove the transients from the input supply. Capacitor C2 is used for isolating
two inductors. Here, Schottky diode is used as it has a fast recovery time and less
noise.

Fig. 10 PIN configuration TO263-5L

of XL6009 [20] FB
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Fig. 11 Hardware schematic of SEPIC converter [20]

In boost mode, when the input voltage is less than the output voltage L2 is charged
and the current flows through the load when the switch is turned off. The output
voltage is checked with the voltage divider circuit, and the duty cycle is skipped to
sync the output voltage to the required value.

5.1 Gate Driver

The pulses for H-bridge MOSFET are generated from Arduino Uno. The generated
pulses are given to the gate driver which provides isolation between input and output.
TL250 is used as a gate driver. The signal from the Arduino is given as input to the
driver IC. TLP250 is a high-speed linear optocoupler.

Figure 12 shows the driver circuit, where C1 and C2 are decoupling capacitors
and resistors R2 and R3 are used to amplify the signal to drive the switch. The input
resistance R1 depends on the input voltage to offer a certain driver current. Care must

A V+
nput source " V supply
I 5
- V- R2

TL250 g R3

Fig. 12 Gate driver circuit
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be taken in making a different ground connection for high-voltage and low-voltage
sides. As it cannot be connected to the same core because it will lose isolation [21].

The program flowchart for driving the MOSFET in inverter circuit is shown in
Fig. 13. First, the input ports and serial communication port are initialized. Pin 3 is
set high, and Pin 5 is set low. After a delay of 1250 s delay, pin 3 is set low and pin
5 is set high.

Figure 14 shows the complete hardware model. In the first stage, 12 V input is
boosted using a SEPIC converter to 35 V. The output of the SEPIC converter is given
as the input to the H-bridge inverter. A step-down transformer is used for the voltage
source for the gate driver. The pulses are generated from Arduino Uno. To trigger
MOSFET switches, four gate driver circuits are used. The output of the inverter is
observed in the oscilloscope.

Figure 15 shows the output voltage waveform of the inverter on the oscilloscope.
The amplitude value is the peak-to-peak voltage that is 65.60 V, and the frequency
is 392.70 Hz. The rise time and fall time are 20 s, and the width of the waveform
is 1.26 ms. Usually, the output frequency of the inverter is 50/60 Hz, for a particular
application like avionics the circuit is designed to get 400 Hz.

Fig. 13 Flowchart of
Arduino program @

Initialize Input & Output ports.
and serial communication.
\ J
i
' I
SET Pin3= High
Pin5 = Low
\ v
\ 4
f N
Delay 1250micro seconds
| »
4
4 N
SET Pin 3 = Low
Pin 5 = High
k P
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Fig. 15 Inverter output voltage

6 Conclusions

In this work, the high-frequency system for aircraft application was designed. A
115 V of 400 Hz was designed and simulated using a SEPIC converter and H-bridge
inverter. This work was experimentally analyzed using a prototype hardware model
of 32V, 2.5 A. The overall efficiency of the proposed system was 88%, and the
total harmonic distortion of 0.78 was analyzed for inverter output current using FFT
analyzes which is less than IEEE standard. The proposed system was simulated in
MATLAB (R2018a).
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