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Abstract:

In this paper, a new designing procedure is proposed for the static ground power unit of airplanes. The proposed
structure is generally made up of an input and output section, introduced as the dc and ac sides. In order to reach a
superior rectifying operation, both six pulse rectifier and injection of third harmonic current have been considered at the
dc side of the proposed ground power unit. In the ac side, a neutral point clamped inverter has been implemented to
reach a high performance output required by the GPU. Every single part of the proposed configuration has been
discussed, designed and presented including third harmonic injection method, inductors, dc link capacitors, the output
filter and the isolation transformer. The proposed ground power unit has been simulated in Matlab/Simulink
environment. The simulation results confirmed its superior performance by providing a standardized ac voltage at the
output for GPU applications.
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1. Motivation of the work

Nowadays, mechanical devices in aerospace industry are
being replaced with power electronic converters thanks to
the electrical engineering modern advances. Additionally,
the low air and noise pollution requirements must be
considered during the airplane loading and waiting in the
airport. For these reasons, it is mandatory to design a
strong power source, ground power unit (GPU), to
provide electricity to the airplane during these actions.
Here, a new designing methodology for GPU is proposed
to provide a reliable output voltage considering the
standards of this industry [1].

2. Contributions

In general, a GPU consists of input and output filters, a
rectifier, a converter and an isolation transformer
converting the input voltage into a three-phase, 400 Hz
and 115 Vrms output. In this paper a new methodology is
proposed to develop a high-performance ground power
unit. Both ac-dc and dc-ac sections are designed and
discussed to reach the expected behavior of ground
power unit in airplane applications. In ac-dc section, an
active third harmonic injection circuit is employed along
with the classic three phase diode-bridge rectifier. Active
third harmonic injection circuit mainly consists of two
sections known as current shaping and current injecting
circuits. The current shaping circuit is able to produce a
third harmonic current synchronized with the ac input
current using a half bridge inverter. The current injecting
circuit connects the rectifier and current shaping parts
through bidirectional switches. Fig.1. illustrates different
parts of the active third harmonic injection ac-dc section.
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Fig.1. different parts of the active third harmonic
injection ac-dc section.

In ac-dc section, a neutral point clamped (NPC) inverter
in employed and controlled based on the control method
in [2].

3. Procedures

In order to analyze the performance of the third harmonic
injection circuit, the current of phase a (in Fig.1) during
one cycle is obtained as
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Fig. 2. Depicts the waveforms of the active third

harmonic rectifier implemented in the proposed ground
power unit.
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Fig. 2. The waveforms of the active third harmonic
rectifier.
Also, the inductance L of this part is obtained using the
following equation.

L= ﬁ\/gua,rmx

, 2
4A1L’pp fe
where f,, is the switching frequency and Ai,  ~is the
maximum acceptable current tipple. The dc-link

capacitors can be found as follows considering Au for
the maximum voltage ripple and M, as the modulation
index:

c=—1Ix
2Au f,

(A=M,) )

4. Findings

The proposed ground power unit is modeled in
Matlab/Simulink. The simulation results confirmed that
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thanks to the NPC inverter and the active third harmonic
injection circuit at ac-dc side, the proposed GPU is able
to show Ohmic performance in the input, strong behavior
in the dc-link capacitor voltage and acceptable output
voltage required by the airplane. In order to illustrate the
impact of the active third harmonic injection circuit,
comparative results are provided with and without
considering the current injection circuit. Simulation
results confirm that it is mandatory to implement the
current injection circuit for this application.

5. Conclusion

In this paper a new methodology is proposed to design
the ground power unit of aircrafts. The designing
procedure for all different parts of the device is presented
and discussed. Both ac-dc and dc-ac stages are
considered and designed. In ac-dc stage the active third
harmonic injecting circuit is implemented for the three
phase diode bridge rectifier. This method improves the
power factor in the input current and results to cost
reduction in filters. In the dc-ac stage a three level neutral
point clamped inverter is considered regarding the high
performance required in this application.  All the
equations and procedures to design different parts of the
proposed ground power unit are presented including the
NPC inverter control, inductance, dc link capacitance,
output filters and isolation transformer.
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