
Prof. Akshay Kumar Rathore Delivered Distinguished 

Lecture in Schenectady, NY, USA 

 

Prof. Akshay Kumar Rathore, IEEE Senior Member, 

delivered distinguished lecture on Snubberless 

Naturally-Clamped Soft-Switching Bidirectional 

Current-Fed Converters , on June 30, 2017, invited by 

the IEEE Industry Applications Society (IAS) 

Schenectady Chapter in New York, USA. Prof. Rathore 

pointed out that current-fed power electronic systems 

have been demonstrated and justified for high voltage 

gain and high current applications. Current-fed power 

electronic circuits are boost derived converters and have 

been validated for high voltage gain and low voltage 

high current applications. Also, the inductor at the input 

of the converter provides natural short circuit protection. 

This inductor is reliable and offers longer lifetime 

(relatively reduced degradation) compared to 

electrolytic capacitor used in voltage-fed converters. 

Energy sources such as solar photovoltaics, fuel cells, 

and energy storage require high voltage boosting for 

grid integration, uninterruptible power supplies (UPS), 

dc microgrid, electric vehicles, data center, etc.  

Current-fed transformer-less power converters are able 

to boost the input voltage up to 10x. In addition, the 

high variability of renewables varies voltage and current 

(so the power) output; therefore, the power electronics 

interface should accommodate such variations with high 

performance over entire operating range. Current-fed 

converters are superior in performance for such 

specifications.  

However, the major challenge of current-fed converter 

is high voltage spike/overshoot across the 

semiconductor devices at turn-off owing to hard 

commutation. Traditionally, dissipative snubbers have 

been used to reduce the device turn-off voltage spike 

but compromise on efficiency and modularity of the 

converters. Active-clamp circuit is an improved solution 

and it offers higher efficiency and soft-switching of 

devices but compromises on voltage gain and 

modularity of the circuits introducing circuit complexity 

owing to floating active devices.  

Recently, Prof. Rathore and his research group 

proposed, analyzed and designed Naturally-Clamped 

Zero-Current Commutated Snubberless Current-fed 

converters to eliminate this traditional problem of 

voltage overshoot across the devices using novel 

modulation techniques. Along with natural voltage 

clamping, these new converters facilitate soft-

commutation of the semiconductor devices without 

external snubber circuit making it snubberless. These 

converters have bi-directional power transfer facilities 

making it more suitable especially for battery electric 

and fuel cell vehicles, energy storage and microgrid 

applications.  

Soft-switching of all semiconductor devices is achieved 

and maintained over wide variability. Similarly, the 

attributes of natural device voltage clamping and soft-

commutation are also maintained. Soft-switching and 

natural voltage clamping are inherent and maintained 

with wide variation in source voltage and output power. 

As additional measures, these topologies report 

negligible circulating current that results in higher 

efficiency at partial load and increased source voltage, 

reduced peak current stress across the components and 

requires low kVA rating devices and magnetics. 

Conventional current-fed as well as voltage-fed PWM 

and resonant converters have soft-switching limitations 

and lose at light load and at increased source voltage. 

Therefore, it is quite obvious that these converters 

cannot maintain for entire operating range of solar 

photovoltaic, fuel cells, batteries, etc.  

Prof. Rathore explained the concept of achieving natural 

device voltage clamping and soft-commutation of the 

devices from fundamentals of electrical engineering. He 

further explained the detailed steady-state operation and 

design of single-phase current-fed half-bridge 

topology and comparison of electrical parameters with 

active-clamped counterpart. He showed experimental 

results demonstrating the achievement of the attributes 

and merits discussed above. Subsequently, he explained 

the translation of the concept on and demonstrated the 

experimental results of other single-phase full-bridge, 

push-pull, interleaved voltage doubler, three-phase 

current-sharing, single-inductor three-phase push-pull, 

and modular dual 6-pack topologies.  Similar results 

were achieved with high performance. Prof. Rathore 

insisted and demonstrated the merits of limited peak and 

circulating currents with voltage and power variations 

unlike resonant converters. In addition, the proposed 

converters designed to achieve the objectives at rated 



power, realize the same objectives guaranteed at 

reduced power and varying source voltage. This is 

usually not the case with fixed-frequency modulated 

voltage-fed PWM and resonant converters and they 

drop soft-switching as the load current reduces and 

source voltage varies. Improving the soft-switching 

range may also add to the circulating currents through 

the converter that reduces light load efficiency.  

Prof. Rathore concluded his lecture by summarizing the 

potential applications of naturally commutated current-

fed converter topologies in modern age. Preserving the 

boost capacity and originality of the circuits, the 

naturally commutated bi-directional current-fed circuits 

are meritorious for applications requiring high voltage 

gain such as renewable energy integration, energy 

storage, and electric transportation. 

  After the distinguished lecture, Prof. Rathore visited 

the power electronics lab and electric machine lab at GE 

global research center. He had the lab tour and 

exchanged ideas with research engineers in these two 

labs. 
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