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RATAPON PHOSUNG : ADAPTIVE STABILIZATION OF AIRCRAFT ELECTRICAL
POWER SYSTEMS USING ADAPTIVE TABU SEARCH ALGORITHM. THESIS
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Keyword: More Electric Aircraft (MEA)/Constant Power Loads (CPLs)/Adaptive
stabilization/Loop-cancellation technique/Adaptive Tabu Search algorithm (ATS)

More Electric Aircraft (MEA) is a crucial concept and solution of modern aerospace
engineering for decreasing gas emissions, optimizing global aircraft performance and
reliability, and reducing maintenance and operating cost. However, the stability issues
should be taken into account in detail when the electric system is applied with aircraft.
This is because most electrical power systems (EPSs) on MEA are the power converters
under closed-loop mode, acting as constant power loads (CPLs). These CPLs can directly
degrade the MEA EPS stability. The destabilizing effect not only results in poor
performance until controllers fails but also may cause damage to the entire systems that
lead to an aviation accident. From this mentioned reason, both stability analysis and
instability mitigation are drastically required to predict the system’s instability operation
and to return the unstable system to a stable operating state. For this thesis, the stability
analysis technique via eigenvalue theorem, phase-plane analysis, and participation factor
analysis are performed to investigate the stability margin of a single-generator-single-bus
DC distribution MEA EPS. As for instability mitigation, the active compensation on feeder
side using loop-cancellation technique, eliminating the instability effect of CPLs directly, is
selected. Unfortunately, only the instability mitigation cannot make the system operate
stably until the rated power is achieved. Hence, this research thesis will study an adaptive
stabilization for studied MEA EPS. The adaptive stabilization techniques can be
categorized into two approaches. The first is adaptive stabilization using the equation
derived from state-variables-averaging mathematical model, wherein the adaptive
stabilization equation is established by system model. This referred equation, i.e.,
simple equation, can provide the feedback gain of loop-cancellation technique
depending on the power level of CPLs. However, when this technique is applied with
the complicated system, the simple equation cannot be achieved. Thus, the second

approach, namely adaptive stabilization using the adaptive stabilizing equation



obtained from stability assessment, is the better choice. This is because it is high
flexible and is appropriately applied for most EPSs. Unfortunately, existing adaptable
stabilization approaches cannot improve the DC bus voltage regulation performance.
Moreover, the nonadherence of DC bus voltage response to the MIL-STD-704F
standard may be occurred. Consequently, in this thesis, adaptable stabilization
equation’s coefficients will be designed using adaptive tabu search (ATS) algorithm.
The main objective of the proposed design technique is to provide the best possible
DC bus voltage performance according to the MIL-STD-704F standard. Furthermore,
the MEA EPS is constantly stable under all operating conditions. Good agreement
among the results of theoretical analysis (derived via eigenvalue theorem,
participation factor analysis, and the phase plane analysis), MATLAB simulation,
hardware-in-the-loop simulation, and experimental rig are used to verify the design
results derived from the ATS algorithm. The results demonstrate that the proposed
adaptive stabilization methodology can maintain the stable MEA EPS operation for all
distance and flying time with good performance under the defined aircraft standard.
It can be, therefore, confirmed that the application of an artificial intelligence (Al)
technique for adaptive stabilization presented in this thesis is an effective and high
reliability method. Moreover, it is also suitable for practical application in the aviation

industry.
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