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Achievements
- 5 SCl Papers (IEEE/IET) 20208 HETHERAAXSCIHE SERBAS
4 first-auth. 1 co-auth. 2017 HAFABIRAT - B4FLKRE=E - HHZE
3—X1ZX, 1=K 20176 SHFHAERAT - hAFREREERS - SERARRILHE

« 1 Patent
« 7 Conference (El) Papers
« 200+ Citations

- EXBEARFESIE, BRENISHETRESITMEMEEIRG, 51577078, 2014-2016.

- BIFUCXEFHES, BERnEMAREZRENT, 2014-2015.

« The United States National Science Foundation, Megawatt Electric Vehicle Superfast Charging Stations with
Enhanced Grid Support Functionality as Energy Hubs, Award Number 1151126, Awarded Amount $320,000,
2012-2015.

© EIRABRATPRAREL, BEREERMKERA, 2016-2018.

« Co-Pl, PowerAmerica, Isolated, Soft Switching SEPIC with Active Clamp for 480 V AC to 400 V DC Rectifier
for Data Centers, $100,000, 2018-2019.

«  Co-PI, EV-STS, High Frequency Power Converters for Electric Vehicles, $100,000, 2017-2019.

« Co-PI, Department of Energy Solar Energy Technology Office, Enhancing Grid Reliability and Resilience
through Novel Distributed Energy Resource Control, Total Situational Awareness, and Integrated
Distribution-Transmission Representation, $3,000,000, 2019-2021.

2018F LHMABIRAE] - MEREF Mt Zamll 5588 — BhR

20135 University of Texas at San Antonio, Valero Award

« |EEE Member, IEEE PELS Member
« Session Chair, IEEE 7th Workshop on Wide Bandgap Power Devices and Applications (WiPDA), Raleigh, NC, 2019

« Reviewer, IEEE Transactions on Power Electronics, IEEE Transactions on Energy Conversion, IEEE Applied Power
Electronics Conference and Exposition (APEC), IEEE Energy Conversion Congress and Exposition (ECCE)
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1. Isolated Active-Clamped SEPIC PFC Converter
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Features

» SEPIC - Isolated, step up/down

» Active clamping, limiting voltage stress
» ZVS for both transistors

» Suitable for half-bridge gate drive

» Lossless snubber for output rectifier

* ZVS - high switching frequency - size and
weight reduction in magnetics

* High control bandwidth, fast response, low
distortion

* Modular design, single-phase module ->
three-phase PFC converter

Applications

» Data center power supply
» EV charging station

* On-board charger

* Aircraft power supply

« LED driver

D. Wu, R. Ayyanar, M. Sondharangalla and T. Meyers, "High Performance Active-Clamped Isolated SEPIC PFC Converter with SiC Devices and Lossless Diode Clamp," in IEEE Journal of

Emerging and Selected Topics in Power Electronics, 2019.




2. Totem-Pole Active-Clamped SEPIC PFC Converter
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Features

» Bridgeless PFC converter

» SEPIC - Isolated, step up/down

» Active clamping, limiting voltage stress
» ZVS for both transistors

» Suitable for half-bridge gate drive

» Lossless snubber for output rectifier

* ZVS - high switching frequency - size and
weight reduction in magnetics

* High control bandwidth, fast response, low
distortion

* Modular design, single-phase module ->
three-phase PFC converter

Applications

» Data center power supply
» EV charging station

* On-board charger

« Aircraft power supply

» LED driver

D. Wu, R. Ayyanar, M. Sondharangalla, "Isolated Bridgeless Totem-Pole PFC Converter Based on Active-Clamped SEPIC," submitted to IEEE Transactions on Power Electronics.




3. Integrated Magnetics and Ripple Cancellation
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#2: Secondary Winding
#4: Clamp Winding

Integrate input inductor with isolation transformer

Cancel input inductor current ripple
Utilize leakage inductance for soft switching

Low current clamp winding
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D. Wu, R. Ayyanar, “'Isolated Active-Clamped SEPIC PFC Converter Based on SiC Devices and Integrated Magnetics,” 2019 IEEE 7th Workshop on Wide Bandgap Power Devices and

Applications (WiPDA), Raleigh, NC, 2019.



-
4. Soft-switching Bi-directional Boost/Buck Converter
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Interleaved ZVT Buck/Boost Converter
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+ Soft switching, low switching loss 078
* High switching frequency 97.6
« Reduced passive component size g;g —e—450V —e—B00V
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* Improved and flexible power capability Power (kW)

D. Wu, R. Ayyanar, “High Frequency ZVT Converter for Variable DC-link in Electric Vehicle Traction Drive,” 2019 IEEE 7th Workshop on Wide Bandgap Power Devices and Applications
(WiPDA), Raleigh, NC, 2019.
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5. Advanced Pulse Width Modulation Technique

3-ph Inverter
p A 14 : : : :
High
BatieryPack —— | Dc-DC v o 1 5 Voltgage 1
150~ 300V —— Converter * 12 z -
T N - Mator H CSVPWM (Const V) L
; & pal == — - csvewmvary v, IR
(a) 5 § DPWMT (Const. V y,) P
2 e
800 800 800 0 o8 > —— e« DPWM1 (Vary. V) P
v £ o6} 2406PWM Pre
S VIV VIV S £ 8 2 <
2 600 2 goo < 600 = s
@ @ o T 06 w e -
= @ =) £ -
kK g NV VY OB 5 e 04 NEs -
S 400 S 400 S 400 4 8 -, -
- = - — ~—— ——| 04 GSVPWM (Const. V) g -’ -
£ £ £ — . CSVPWM (Vary. V) 5 e -
& 200 & 200 & 200 A S o2t - _ -
a o a 0.2 - Vo - -
o . 0 —— e« DPWMT (Vary. V) P // -
Z
0 0005 001 0015 002 0 0005 001 0016 002 0 0005 001 0015 002 0 = o . z“UCPVzM'B . % = — - o 5 ;
Tm(\;)(s) Tll'ﬂ(e )(5) T'"‘(Z)‘s) Normalized Fundamental Frequency Normalized Fundamental Frequency
c

» 240° clamping operation
* Eliminating the use of zero states o EVtraction inverter
» 8x reduction in switching losses compared to CSVPWM (PF = 1.0)
* Comparable or better THD performance

* Lower dc link ripple current = capacitance reduction o Motor drives
+ Significant reduction in common-mode voltage

o Three-phase solar inverter
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D. Wu, Hafsa Qamar, Haleema Qamar and Raja Ayyanar, ~"Comprehensive Analysis and Experimental Validation of 240°-Clamped Space Vector PWM Technique Eliminating Zero States
for EV Traction Inverters with Dynamic DC Link," accepted for publication in IEEE Transactions on Power Electronics.
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