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Abstract: In the current context of engineering education accreditation, where emphasis tends to be solely on theoretical analysis in power 

electronics teaching, an exploratory study of integrated electrical-thermal simulation teaching using the PLECS platform has been initiated. 

With power electronics technology as the focal point, the aim is to cultivate applied engineering and technological innovation talents. The 

stimulate their learning interests, and deepen their understanding of key concepts.
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Letters 

A Circulating Power Suppression Structure for 

Three-Winding-Transformer-Based Converter 

Zhixing Yan G, Student Member, IEEE, Ting Tang, Zehui Yu, Run Chen, Zhen Lai, Gengning Ying, 
Ningrui YangG, Jun ZengG, Member, IEEE, Junfeng LiuG, and Renjun HuG 

Abstract一A circulating power suppression structure for a three­
winding-transformer-based converter is proposed in this letter. 
The equivalent circuit models of the dual-transformer-based and 
three-winding-transformer-based converter are derived, which ii­
lustrates their merits and demerits. With the proposed structure, 
the drawbacks of these two transformer-type converters can be 
overcome, and their advantages can be combined. Useless circulat­
ing loss in three-winding-transformer can be reduced to mW level 
and can be omitted. The complex and coupled dual-transformer 
parameter design problem can be solved. The analysis and perfor­
mance of the proposed structure are fully validated by experimental 
results. 

Index Terms一Circulating power suppression, three-winding­
transformer-based converter, wide voltage regulation capability. 

I. INTRODUCTION

T 
O REACH carbon neutrality for global temperature con-
trol, renewable energy is quickly growing all over the 

world. Most renewable energy systems either inherently gen­
erate dc currents or incorporate dc stage [1]. Dc microgrids and 
internal dc-dc converters have attracted significant attention in 
both academia and industry. Various dc--dc converters have been 
proposed for specific applications (e.g., isolation, low common 
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current, high voltage-gain, wide voltage range, bidirectional 
power flow) [2], [3]. 

The dual active bridge (DAB) converter is one of the most 
popular dc-dc converters, which features bidirectional power 
flow, soft-switching, and high power density [4]. By adjusting 
the phase-shifted angle between two ends of the leakage in­
ductor, transferred power can be regulated for DAB converters 
[5]. For traditional voltage-fed DAB, if the voltage amplitudes 
at both sides of the transformer are mismatched, the current 
stress will increase and the soft-switching may be lost. However, 
wide voltage regulation capability is an essential requirement in 
battery charging/discharging applications. To widen the voltage 
regulation range, the current-fed DAB approach has been pro­
posed [6]. Current-fed DAB can regulate voltage amplitude by 
PWM modulation to ensure voltage-matching. However, two 
dc filter inductors and a clamp capacitor have been introduced, 
which will reduce the power density. 

To further extend the voltage regulation range without reduc­
ing power density, the concepts of three-winding-transformer­
based (TWT) DAB and dual-transformer-based (DT) DAB have 
been proposed [7]-[10]. Unlike two-winding-transformer-based 
DAB, TWT-DAB can achieve a wide voltage range by hybrid 
modulation strategy without external components [7]. But the 
circulating power among three windings caused by the phase­
shifted angle differences is inevitable in TWT-DAB, as the 
power transfer model is similar to a meshed synchronous ac 
grid [11]. To overcome this issue, DT-DAB has been studied 
widely, due to reduced circulation loss and power decoupled 
ability [8]-[10]. However, the disadvantages of DT structure 
are that two transformer cores need higher total power handling 
capacity than single-core and the parameter designs of these two 
transformers are coupled [12]. 

Therefore, a modified TWT-DAB structure is proposed in 
this letter, which can reduce circulating power and decouple 
transformer design than DT-DAB. This letter first introduces 
the equivalent circuit models of traditional DAB, TWT-DAB, 
and DT-DAB. Then, the modified structure model is proposed, 
where the circulating power suppression approach is derived. 
The experimental comparison and corresponding analysis are 
presented at the end of the letter. 
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3.2 Bipolar Output Partial Power Processing DC DC Converter Without Transient 
Failure
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1.3 蓝桥杯大赛全国二等奖
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1.4 第四届高校电气电子工程创新大赛省赛二等奖
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1.5  蓝桥杯大赛广东赛区三等奖
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