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Ozet

Bu ¢aligmada, akii sarj uygulamalarinda kullanilan ¢ift yonlti dogru akim doniistiirti-
cliniin azaltan ¢aligmasindaki performansi, oransal-integral (PI) denetleyici ile incelenmistir.
Elektrikli araglar ve yenilenebilir enerji sistemlerinde kullanilan ¢ift yonlii dogru akim dontis-
tiirtictiler, enerji akiginin iki yonlii denetimini saglayarak akii sarj ve desarj stireglerinde yiiksek
esneklik ve basarim sunmaktadir. Ozellikle azaltan ¢alismada gergeklestirilen akii sarj islemi,
akll omriiniin korunmasi, asir1 akimn sinirlandirilmast ve ¢ikis geriliminin hassas bir sekilde
diizenlenmesi agisindan kritik bir neme sahiptir. Bu kapsamda, ¢ift yonlti dogru akim doniis-
turtictiniin azaltan ¢alismadaki ideal olmayan devre modeli elde edilmistir. PI denetleyici, ideal
olmayan ¢ift yonli dontistiiriici devre modeli igin kalict durum hatasini ortadan kaldirmak ve
referans gerilim ile akii akiminin hassas takibini saglamak amaciyla tercih edilmistir. Ayrica,
¢ift yonlti dogru akim donustiiriictiniin ideal olmayan devre modeli kullanilarak Matlab/Si-
mulink benzetim ortaminda daha gergekg¢i bir analiz gergeklestirilmistir. Benzetim ¢aligmasi
sonuglar akii sarj siirecinde PI denetleyicinin kisa yerlesme siiresi ve kararli sistem cevabi ile
hem gerilim hem de akim diizenlemesini basartyla ger¢eklestirdigini gostermistir. Kisa yerles-
me siiresi ve yiiksek kararlilik 6zellikleri, 6nerilen PI denetim yonteminin akii sarj stirecinde
etkin ve giivenilir bir ¢6ziim sundugunu ortaya koymaktadir. Benzetim ¢alismasindan elde edi-
len bulgular, ¢ift yonli dogru akim donistiirtictiler icin PI denetleyicinin tasarim kolayligi, uy-
gulanabilirligi ve yeterli performanst ile 6ne ¢ikan bir denetim yapist oldugunu gostermektedir.
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DESIGN OF A PI-CONTROLLED NON-IDEAL BIDIRECTIONAL
DC-DC CONVERTER FOR BATTERY CHARGING
APPLICATIONS

Abstract

In this study, the performance of a bidirectional DC-DC converter used in battery char-
ging applications under buck mode operation is examined using a proportional-integral (PI)
controller. Bidirectional DC-DC converters, widely used in electric vehicles and renewable
energy systems, provide high flexibility and performance in battery charging and discharging
processes by enabling bidirectional control of energy flow. The battery charging process carried
out in buck mode is particularly critical in terms of preserving battery life, limiting overcur-
rent, and precisely regulating the output voltage. Within this scope, a non-ideal circuit model
of the bidirectional DC-DC converter operating in buck mode is derived. The PI controller is
preferred to eliminate steady-state error and to ensure accurate tracking of the reference voltage
and battery current for the non-ideal bidirectional converter model. In addition, a more realistic
analysis is conducted in the Matlab/Simulink simulation environment using the non-ideal cir-
cuit model of the bidirectional DC-DC converter. The simulation results demonstrate that the PI
controller successfully achieves both voltage and current regulation during the battery charging
process, with a short settling time and a stable system response. These characteristics indicate
that the proposed PI control method provides an effective and reliable solution for battery char-
ging applications. The findings obtained from the simulation study show that the PI controller
stands out as a control structure due to its ease of design, practicality, and adequate performance
for bidirectional DC-DC converters.
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