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Key Accomplishments and Team

= First ever fabrication of bulk y’-Fe,N material and devices

= U.S. Patent Filed January 2015 (#62/105,918)

= Presentation at the 40t Annual Conference on the IEEE Industrial
Electronics Society (IECON 2014)

=  Subsequent publication in IEEE Transactions on Power Electronics
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Benefits of a High Frequency Transformer e
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= |ntegrate output transformer within
power conversion electronics

ngggg; Power T = Leverage high switching speed, voltage,
PV electronics © and temperature performance of WBG

semiconductors

Line frequency (50 Hz) transformer

= Core materials for high frequency
transformers have been an afterthought
(no current material meets all needs)

Material requirements:

= Low loss in 10-200 kHz frequency range
= High permeability (low coercivity)

= High saturation magnetizations

= High temperature performance

= Scalable & Affordable

High frequency (20 kHz) transformer u Overa" increased renability and

S. Krishnamurthy, Half Bridge AC-AC Electronic performa nce
Transformer, IEEE, 1414 (2012).




Transportable Energy Storage and
Power Conversion Systems (PCS)

Benefits of Energy Storage:
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= Maintain power quality and reliability
= |Improve stability and defer upgrades

= Enhanced agility and control (load
leveling, power factor control, frequency
and voltage regulation)

= Increase deployment of renewable energy

Benefits of Transportable Systems:
= Lower cost

= Modular design reduces assembly
and validation time

= Faster installation at renewable
energy generation sites




High Frequency Link Power Conversion
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=  Optimal switching frequency
based on the losses at this stage

Volume occupied by heat sinks
and non-magnetic components
were not considered !!

IEEE Transactions on Power Electronics, 29 (2014).
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Optimal switching frequency based on:

Switching and conduction losses in the
switch

Volume of the transformer
Losses in the transformer

= Copper losses in transformer
windings

=  Core losses of the transformer

®
S. Kulasekaran, R. Ayyanar, Analysis, Design, and Experimental Results of the Semidual-Active-Bridge Converter, %




Optimum Frequency with SiC
MOSFETSs
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Equally weighted solution:

The converter has optimal solution at a
frequency of 120 kHz with equal weights on
—— Normalised system losses volume and losses

—e— Normalised transformer volume
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S. Kulasekaran, R. Ayyanar, Analysis, Design, and Experimental Results of the Semidual-
Active-Bridge Converter, IEEE Transactions on Power Electronics, 29 (2014).




Soft Magnetic Material Development ..
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B.J. Lyons, J.G. Hayes, M.G. Egan, Magnetic Material Comparisons for High-Current
Inductors in Low-Medium Frequency DC-DC Converters, IEEE, 71 (2007).
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= y'-Fe,N can meet all requirements of high frequency power electronics




y'-Fe,N Synthesis and Processing ..
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U.S. Patent Filed January 2015 (#62/105,918)
Synthesis of dense nanocrystalline iron nitrides using a two-step reactive milling and high
pressure spark plasma sintering (SPS).

Spark Plasma
Sintering (SPS)

Cryomilling creates nanocrystalline Fe powder with large amounts of
vacancies, grain boundaries, and dislocations

Defects serve as fast diffusion pathways for nitrogen atoms from NH,
SPS quickly consolidates raw powders with a low sintering temperature

= Excellent control over grain growth
= Result: Improved magnetic properties




Spark Plasma Sintering (SPS)

SPS Model: SPS-825S Dr. Sinter® at UCD
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Starting Powder in Die End Product
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SPS Consolidated Iron Nitride ) 5=,
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" Fe nitride powders well consolidated with little porosity

" Grain sizes 200 nm — 1 pm — fine grain size = low loss

= y’-Fe,N primary phase

= Fe;N secondary phase from mixed phase starting material




Sandia
'I'l National

Laboratories

Net-Shaping of Transformer Cores

= Can sinter toroids and other shapes directly (net-shaping)
= Eliminates the need for machining
= Toroids will be wound and tested in FY16
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Magnetic Characterization
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= Fe,N SPSed at 550°C
and 100 MPa

achieved an M_,, of
, 188 A-m?/kg.

= Predicted M_,, of
bulk y’-Fe,N is 209
A-m?/kg (Fe is 217

. A-m?/kg)

= Negligible coercivity
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Summary/Conclusions h

= y’-Fe,N has the potential to serve as a new low cost, high
performance transformer core material

M, > Si steel

Increased field and current (and therefore power) carrying capability
Resistivity 200X greater than nanocrystalline and amorphous alloys
Only requires low cost and abundant elements (Fe & N)

High temperature (T) operation complementing Sandia development
of high T capacitors and WBG semiconductors

= The fabrication of bulk y’-Fe,N using SPS has been
demonstrated

SPS can consolidate iron nitrides without material decomposition

Parts can be fabricated directly using net-shaping




Future Tasks )

= SPS processing parameters are being modified to improve
phase purity, nanoscale grain structure, and magnetic
performance

= Parallel development of improved synthesis route to pure
nanocrystalline y’-Fe,N raw powders

= Electrical testing of copper wound transformers

= Evaluation and comparison of transformers in high
frequency power conversion test bed
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