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Lithium-ion batteries (LIBs) have been of interest as powerful energy storage and large-scale power source
systems. A study of battery behaviors has become a necessity for the battery management system (BMS) design
since those batteries were anticipated to mitigate the energy problems for renewable energy storage systems and
reliable power sources of modern electric vehicles. The based knowledge for the BMS development is the
understanding of nonlinear dynamic response behaviors and meanings of characteristic changes of the interested
battery. This dissertation focuses on the characterization and modeling of a Lithium manganese oxide secondary
battery (LMO). The aims of this study are to understand the electrochemical behaviors and characteristic
responses of the LMO under various operating conditions. This dissertation is organized as follows:

In Chapter 1, a general introduction of the LIBs and their utilizations is expressed. The literature surveys of
characterization and modeling of LIBs are briefly reviewed. The objectives, scope of research and dissertation
outline are also presented.

In Chapter 2, the background knowledge of LMO structure and related mechanisms of the battery during
operations are introduced. An electrical circuit modeling of LMO is also described.

In Chapter 3, the system development and techniques of battery characterization and life-cycle testing based on
a LabVIEW environment are proposed for two reasons: 1) to analyze the battery characteristics and effects of
operations to the battery characteristic behaviors; and 2) to model and identify the battery parameters based on
the practical testing information. The proposed programmable battery characterization and life-cycle testing
systems can be applied for any Li-ion cell types. The developed charge and discharge systems implemented with
sequential-controlled and protection algorithms can correctly manipulate all of the scheduling of the tests for
battery parameter characterization and cycling investigations of the LMO with safety.

In Chapter 4, several factors that affected the battery characteristics such as testing current amplitudes,
operating temperatures and cycling deteriorations during the charge and discharge are investigated to
understand nonlinear dynamic responses of the LMO under various operating conditions. Large step-size of pulse
tests and inadequate resting period of the cell during pulse tests affected to the inaccurate open-circuit-voltage
(OCV) during the characterization. The effective series resistance (ESR) of the cell increased with the low
temperature, and the cell capacity obviously deteriorated under low temperature and large current conditions.

In Chapter 5, the electrical circuit modeling of the LMO and extracted battery parameters using the proposed
identification method based on the experiment of transient responses are introduced. The verified results of model
simulation in a Spice environment showed an acceptable conformity with the practical testing information.

In Chapter 6, the accurate OCV obtained from the developed battery test system is analyzed with the
differential voltage (DV) and incremental capacity (IC) techniques for investigating the cycling deteriorations of
the battery. The phase-transition study helps us to understand the electrode properties, basic mechanisms of the
cycling capacity fade and deterioration of the aged-cell batteries by observing on the variations of IC peak and
capacity.

Chapter 7 concludes the results of study, and gives future recommended research directions. The proposed
characterization method, modeling, analysis techniques, electrochemical explanations and results of the study are

used to provide essential knowledge for further development of the BMS design, and can also be applied for

studying the behaviors and dynamic responses of other similar electrode Li-ion batteries.
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