
DESIGN AND DEVELOPMENT OF 

SQUARE SHAPE BASED COIL STRUCTURES FOR  

WIRELESS POWER TRANSFER SYSTEM 

 

 

 

 

PUSHPENDRA YADAV 

 

 

 

 

 

 

 

DEPARTMENT OF ELECTRICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JULY 2025 

 

 



 

 

 

 

 

 

 

©Indian Institute of Technology Delhi (IITD), New Delhi, 2025 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DESIGN AND DEVELOPMENT OF 

SQUARE SHAPE BASED COIL STRUCTURES FOR  

WIRELESS POWER TRANSFER SYSTEM 

 

 

by 

PUSHPENDRA YADAV 

Department of Electrical Engineering 

 

 

Submitted  

in fulfilment of the requirements of the degree of Doctor of Philosophy 

to the 

 

 

 

 

INDIAN INSTITUTE OF TECHNOLOGY DELHI 

JULY 2025 

 



 

 

 

 

 

 

 



i 

 

CERTIFICATE 

This is to certify that  the  thesis  entitled   “Design  and  Development  of Square Shape 

Based Coil Structures for Wireless Power Transfer System”  being  submitted  by                      

Mr.Pushpendra Yadav in fulfillment of the requirements for the degree of  Doctor of Philosophy 

in the Department of Electrical Engineering of Indian Institute of Technology Delhi, New Delhi.  

Mr. Pushpendra Yadav has worked under my supervision and fulfilled the requirement for 

submission of the thesis, which to my knowledge reached the requisite standards. The matter 

embodied in this thesis has not been submitted to any other University or Institute for the award 

of any Degree or Diploma. 

 

Date: 21st July, 2025                      Prof. Mummadi Veerachary 

   Department of Electrical Engineering 

Indian Institute of Technology Delhi 

New Delhi-110016 

 

 

 

 

 

 

 

 



ii 

 

  



iii 

 

ACKNOWLEDGEMENT 

 I would like to express sincere thanks and gratitude to my supervisor Prof. M. Veerachary, 

Department of Electrical Engineering, Indian Institute of Technology Delhi, India, for his valuable 

guidance, direction and constant encouragement throughout the period of doctoral program. His 

continual guidance and support contributed significantly in refining this research work. 

I would also like to expresses gratitude and deep thanks to SRC members, Prof. Amit Kumar 

Jain and Prof. Anandarup Das, Department of Electrical Engineering, and Prof. K. Ravi, 

Department of Energy Science, IIT Delhi, for their valuable comments, constructive suggestions, 

and support during semester progress. I would also like to express my sincere thanks to Mr. Amit 

Kumar, Sr. Technical Superintendent, Mr. Borla Sagar, Technical officer of Power Electronics 

laboratory for providing research facility and assistantship during my research work. 

 I am also grateful to my seniors Mr. Nikhil Kumar, Mr. Varun Chitransh, Mr. Shrikant Misal, 

Mrs. Jyoti Prakash, Mr. Priyabrata Shaw, Mr. Punit Kumar, Mr. Ambuj Sharma, Mr. Devesh 

Malviya, and Mrs. Vasudha Khubchandani for giving me encouragement and motivation during 

the research work. I would also like to thank fellow research scholar Mr. Malay Ranjan Khuntiya, 

and my juniors Mr. Rahul, Mr. Satish, Mr. Nishant, Mr. Shreyansh, Mr. Venugopal, and Mr. 

Gaurav for their helpful discussions and support. 

I would like to express thanks to my great uncle Mr. Bhole Singh, my parents Smt. Indervati 

and Shri Man Singh, my brother Amar, sister Upasana, parents-in-law Smt. Anita Yadav and Shri. 

Rakesh Yadav, brother-in-law Aayush, and my wife Mrs. Anjali Yadav for unconditional love and 

support. I would also like to thank my friends Mr. Anmol Singh, Mr. Rajat Sharma, Mr. Priyavrat 

Vats, Mr. Saran Chaurasiya, and Mr. Rajesh Kumar for cheering me up during this journey. I 



iv 

 

convey profound gratitude to all individuals who contributed, both directly and indirectly in 

successful completion of this thesis. 

 

Pushpendra Yadav 

 



v 

 

ABSTRACT 

The work in this thesis mainly focuses on the design and development of new coil structures 

which provide high coefficient of coupling for large air-gaps, and low variations in output voltage, 

output power and efficiency under horizontal misalignment condition. Attaining high coupling 

coefficient for large air-gaps improves overall efficiency, output power transfer capability, low 

voltage stress across components, and lower leakage fields around the charging area. With 

conventional coils, achieving high coupling coefficient for large air-gaps (applications such as in 

drones and EVs) is quite challenging due to physical limits imposed due to space constraints. To 

increase the coupling factor, a single sided flux coupler is developed that enhances the nominal 

coupling factor, also yielding better flux density towards receiver (RX) coil. The proposed coupler 

is auxiliary coil based square coupler (AXBSC). The basis of AXBSC is conventional square coil 

which is evolved by adding auxiliary coil around ferrite core to enhance the flux linkages and 

collection by effectively magnetizing the ferrite cores. This thesis investigates the systematic 

design and geometric optimization using finite-element analysis (FEA) simulations. The 

performance comparison of AXBSC with existing coil structures (circular, square and DD coil) is 

presented in simulation in terms of self-inductance, mutual inductances and coupling factors 

against variation in vertical distances. To demonstrate the efficacy and suitability of AXBSC 

coupler in WPT systems, 150 W laboratory prototype is developed and simulations results are 

validated through experimentation.  

The AXBSC coupler enhances the nominal coupling factor but rate of change of mutual 

inductance profile under misalignment conditions is very high, as a result the output voltage, 

output power and efficiency of system changes drastically even for small horizontal misalignment 

cases. To address misalignment issues, a new modified TX coil structure is evolved from 
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conventional square coil by adding tertiary coils. Initially, the improvement is achieved along y-

axis only and later this concept is extended in other directions. Here, the concept of magnetic field 

shifting is adopted where magnetic field is shifted in the desired direction with the help of tertiary 

coils. Furthermore, coil polarity arranger (CPA) block and misalignment detection circuit (MDC) 

is proposed to implement this technique. The geometric design is carried out through FEA 

simulation and the performance comparison is carried out with existing coil structures. As 

compared to other structures, the proposed transmitter (TX) coil structure under misalignment 

scenarios outperforms the other WPT coil structures. The modified TX-coil structure is effective 

in mitigating the fluctuations in output power and voltage within 5% tolerance up to 60 mm against 

lateral misalignment (i.e. 30% of coil size). A 120 W laboratory prototype is designed and built to 

illustrate the functionality of the formulated TX-coil and misalignment detection circuit, for a 36 

V input and a 48 V output. The system delivers an output power of 106 Watts with a nominal 

efficiency of 86% when operating under a 100 mm air-gap (half the size of the coil).  The system 

upholds consistent efficiency, output power, and output voltage within a tolerance of 5% up to 60 

mm of misalignment (a total range of 120 mm range) along y and x-axis. The experiments are 

conducted for misalignments in diagonal directions and the results indicated that the range has 

reduced to 80 mm. 
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सार 

इस शोध प्रबंध में मखु्य रूप से नई कंुडल संरचनाओ ंके डडजाइन और डिकास पर ध्यान कें डित डकया गया ह ैजो बडे िाय-ु

अतंरालों के डलए उच्च यगु्मन गणुांक प्रदान करती हैं, और क्षडैतज डमसडलग््मेंट की डथिडत में आउटपटु िोल्टेज, आउटपटु पािर 

और दक्षता में कम बदलाि प्रदान करती हैं। बडे िाय-ुअतंरालों के डलए उच्च यगु्मन गणुांक प्राप्त करने से समग्र दक्षता, आउटपटु 

पािर ट्ांसफर क्षमता, घटकों में कम िोल्टेज तनाि और चाडजिंग क्षेत्र के आसपास कम ररसाि क्षते्र में सधुार होता ह।ै पारंपररक 

कंुडडलयों के साि, बडे िाय-ुअतंरालों (ड्रोन और ईिी जैसे अनपु्रयोगों में) के डलए उच्च यगु्मन गणुांक प्राप्त करना थिान की कमी 

के कारण लगाई गई भौडतक सीमाओ ंके कारण काफी चनुौतीपणूण ह।ै यगु्मन कारक को बढान ेके डलए, एक तरफा फ्लक्स कपलर 

डिकडसत डकया गया ह ैजो नाममात्र यगु्मन कारक को बढाता ह,ै साि ही ररसीिर (RX) कंुडल की ओर बेहतर फ्लक्स घनत्ि भी 

प्रदान करता ह।ै प्रथताडित कपलर सहायक कंुडल आधाररत िगाणकार कपलर (AXBSC) ह।ै AXBSC का आधार पारंपररक 

िगाणकार कंुडल ह ैडजसे फेराइट कोर के चारों ओर सहायक कंुडल जोडकर डिकडसत डकया गया ह ैताडक फेराइट कोर को प्रभािी 

ढंग से चुंबडकत करके फ्लक्स डलंकेज और संग्रहण को बढाया जा सके। यह शोध प्रबंध पररडमत-तत्ि डिशे्लषण (FEA) डसमलेुशन 

का उपयोग करके व्यिडथित डडजाइन और ज्याडमतीय अनकूुलन की जााँच करता ह।ै AXBSC की मौजदूा कंुडल संरचनाओ ं

(ितृ्ताकार, िगाणकार और DD कंुडल) के साि प्रदशणन तलुना, ऊध्िाणधर दरूरयों में पररितणन के डिरुद्ध थि-प्रेरकत्ि, पारथपररक 

प्रेरकत्ि और यगु्मन कारकों के संदभण में डसमलेुशन में प्रथतुत की गई ह।ै WPT प्रणाडलयों में AXBSC यगु्मक की प्रभािकाररता 

और उपयकु्तता को प्रदडशणत करने के डलए, 150 W प्रयोगशाला प्रोटोटाइप डिकडसत डकया गया ह ैऔर डसमलेुशन पररणामों को 

प्रयोगों के माध्यम से मा्य डकया गया ह।ै 

AXBSC यगु्मक नाममात्र यगु्मन कारक को बढाता ह,ै लेडकन डमसडलग््मेंट डथिडतयों के तहत पारथपररक प्रेरकत्ि प्रोफाइल 

में पररितणन की दर बहुत अडधक होती ह,ै डजसके पररणामथिरूप आउटपटु िोल्टेज, आउटपटु पािर और डसथटम की दक्षता छोटे 
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क्षैडतज डमसडलग््मेंट मामलों में भी नाटकीय रूप से बदल जाती ह।ै डमसडलग््मेंट समथयाओ ंके समाधान के डलए, ततृीयक कंुडडलयों 

को जोडकर पारंपररक िगाणकार कंुडल से एक नई संशोडधत TX कंुडल संरचना डिकडसत की गई ह।ै प्रारंभ में, सधुार केिल y-

अक्ष के अनडुदश प्राप्त डकया जाता ह ैऔर बाद में इस अिधारणा को अ्य डदशाओ ंमें डिथताररत डकया जाता ह।ै यहां, चुंबकीय क्षते्र 

थिानांतरण की अिधारणा को अपनाया जाता ह ैजहां ततृीयक कॉइल की मदद से चुंबकीय क्षेत्र को िांडछत डदशा में थिानांतररत 

डकया जाता ह।ै इसके अलािा, इस तकनीक को लाग ूकरने के डलए कॉइल पोलररटी अरेंजर (CPA) ब्लॉक और डमसडलग््मेंट 

डडटेक्शन सडकण ट (MDC) का प्रथताि ह।ै ज्याडमतीय डडजाइन FEA डसमलेुशन के माध्यम से डकया जाता ह ैऔर प्रदशणन की 

तुलना मौजदूा कॉइल संरचनाओ ंके साि की जाती ह।ै अ्य संरचनाओ ंकी तलुना में, डमसडलग््मेंट पररदृश्यों के तहत प्रथताडित 

ट्ांसमीटर (TX) कॉइल संरचना अ्य WPT कॉइल संरचनाओ ंसे बेहतर प्रदशणन करती ह।ै संशोडधत TX-कॉइल संरचना पार्श्ण 

डमसडलग््मेंट (यानी कॉइल आकार का 30%) के डिलाफ 60 डममी तक 5% सडहष्णतुा के भीतर आउटपटु पािर और िोल्टेज 

में उतार-चढाि को कम करने में प्रभािी ह।ै यह प्रणाली 100 डममी िाय-ुअतंराल (कंुडली के आध ेआकार) में संचाडलत होने पर 

86% की नाममात्र दक्षता के साि 106 िाट की आउटपटु शडक्त प्रदान करती ह।ै यह प्रणाली y और x-अक्ष के अनडुदश 60 

डममी तक के डमसडलग््मेंट (कुल 120 डममी परास) तक 5% की सहनशीलता के भीतर एकसमान दक्षता, आउटपटु शडक्त और 

आउटपटु िोल्टेज बनाए रिती ह।ै डिकणण डदशाओ ंमें डमसडलग््मेंट के डलए प्रयोग डकए गए और पररणामों से पता चला डक परास 

घटकर 80 डममी रह गया ह।ै 
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