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Abstract

One of the most important issues related to the power supply of TWTA (traveling-wave-tube
amplifier) lamps is have low ripple, high efficiency, high reliability and optimal volume and weight,
and so on. In this article, the efficiency and reliability of high voltage DC/DC converter is optimized
for use in TWTA systems. The goal of optimization using multi-objective genetic algorithm (NSGA-I11)
in this article is to minimize the objective function, which includes efficiency and reliability. Markov
model is used to evaluate reliability, in which short-circuit and open-circuit errors are considered for
circuit switches and diodes, and short-circuit errors are considered for passive circuit elements. For
optimization, the input variables of the algorithm are determined as the input of the objective function,
so that with the help of sensitivity analysis, the parameters that have low sensitivity and their changes
do not have a major impact on the objective function are eliminated. moreover, the parameters of
NSGA-I1 algorithm, including the number of iterations, the number of populations, and the probability
of intersection and mutation, have been determined for accurate calculation of circuit variables. In
this method, in addition to maintaining high efficiency, with the optimal selection of elements, high

reliability can be achieved for this converter.
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1. Introduction

Today, the use of high voltage power sources is widely
used in various industries. Among these applications, we
can mention photovoltaic arrays [1], electrostatic
precipitators [2], X-ray and laser power sources [3],
vacuum lamp modulators [4] and pulse applications.

In recent years, optimization and efficiency of DC/DC
switching converters have been widely studied, and various
control strategies have been proposed to increase converter
efficiency and improve efficiency [2]-[4] In some articles,
new hardware topologies are presented in order to improve
converter efficient [5]. Another important criterion in the
design of converters is increasing reliability or effective life
span. In some applications such as telecommunication
systems or space systems, it is very important to use a power
source with high reliability.

Because the power supply provides the required electrical
power of the system and in case of failure, it causes the
entire system to fail. Therefore, efforts have always been
made to improve the reliability of these converters.

The converter components under investigation include a
boost converter, a full-bridge inverter controlled by the
phase shift method, a resonant series-parallel converter after
the inverter in order to combine the dispersion elements to
reduce switching losses by soft switching and increase
efficiency, and a transformer and output rectifier (Fig 1).
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Fig. 1. High voltage converter circuit used in satellite.
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2. Reliability

The reliability of electronic-power converters can be
defined as the probability of satisfactory performance of
the converter for a certain period of time and under
specified conditions. Markov model is used to analyze and
evaluate the reliability of each part of the circuit and
consider the effect of various errors on the reliability of the
converter. According to the inherent fault tolerance in the
desired converter, three operational modes can be realized.
According to the proposed Markov model in Fig2,
reliability is calculated according to Equation 1:

RO =R ®
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Fig2. Reliability graph of different circuit components.
Converter variables such as the value of inductance and
capacitors, switching frequency of the first and second

converter, DC link voltage and transformer conversion ratio
are optimized by minimizing the following objective function:

OF =w,(MTTF, —MTTF,) +w,(1—7) (2)

where the value of MTTF, is the desired value that is
selected for 40000 hours and MTTEF, is calculated in each
iteration of the algorithm.

3. conclusion

The purpose of this article is to optimize the parameters of
the high voltage converter used in the TWTA section of
space structures using genetic algorithm and multi-objective
cost function and increase its reliability by Markov model.
Inthis article, the cost function includes two parts: efficiency
and reliability, which are two important parameters in the
power sources of space structures. The value of the converter
elements is considered in the range of the value obtained in
the theory, then using the genetic algorithm, the cost function
of equation 2 is analyzed and the goal is to minimize this cost
function. The values corresponding to the minimum
objective function for the duration of the first MTTF failure
are about 20,000 hours and the efficiency value is 91%.
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Fig 3. Reliability diagram for different powers.
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Table 1. High voltage converter failure rate equations in
this article
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