
Photo from NLR 52314

Advanced Power Electronics and Electric 
Machines: Overview

Sreekant Narumanchi, Group Manager
Advanced Power Electronics and Electric Machines 
(APEEM)
Energy Conversion and Storage Systems (ECaSS) Center



National Laboratory of the Rockies    |    2

NLR at a Glance
One of 17 U.S. Department of 
Energy (DOE)-owned national 
laboratories; government-owned, 
contractor operated

4,000 Workforce, including:
• Roughly 3,000 regular/limited term
• Roughly 1,000 contingent workers, 

postdoctoral researchers, and interns

World-class research expertise in: 
• Energy Systems Integration
• Transportation and Fuels
• Buildings and Industry

Partnerships with:
• Industry
• Academia
• Government

4 Campuses operating as living laboratories

Photo by Joe DelNero, NREL 89116

Other DOE Office of 
Critical Minerals and 
Energy Innovation
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APEEM
at a Glance

Advanced Power 
Electronics and 
Electric 
Machines
Group

13 full-time group 
members, plus 
interns, joint 
appointment, and 
entrepreneurs

Longtime focus on 
mechanical 
engineering

Newer focus on 
electrical 
engineering
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APEEM High-Level Overview

NLR researchers develop technologies that:

• Reduce component footprints

• Decrease system costs

• Improve the performance, reliability, and efficiency of 
components and systems.

Solar Panels | Wind Turbines | Hydrogen | Geothermal | Electric-
Drive Vehicles | Aircraft | Battery Management Systems | Grid 
Interfaces | Data Centers 

…all rely on power electronics and electric machines 
…which can improve their efficiency, reliability, and cost.

Expertise

200+ peer-reviewed 
journal articles, 

conference papers, 
and book chapters

Awards
Dozens of industry, society, 

and academic awards 
including an R&D 100 award 
for wide-bandgap research 

Publications Collaborations
Nearly 100 

collaborators across 
industry, government, 

labs, and academia

15 researchers
Innovation

15+ patents

Characterization

Design

Accelerated 
Testing

Fabrication

Validation

Commercialization
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Research Areas

NLR’s world-class power electronics and electric machines facilities and equipment enable innovative 
experimental and modeling capabilities for design, development, and performance evaluation.

Researchers design, develop, and 
characterize power electronics 
components.

Researchers model, evaluate, and 
improve the reliability of emerging 
packaging technologies.

Researchers develop thermal management 
systems that allow technologies to meet 
cost, weight, performance and reliability 
targets.

Power Electronics 
Design and Packaging

Packaging Reliability and 
PrognosticsThermal Management
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Electric Traction Drive
Basic Functionality 

• Semiconductors: Switching devices for electrical current and voltage.
• Inverter: Converts direct current (DC) from the battery to alternating current (AC). 
• Electric motor: Provides power to the wheels.
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Components

Power electronics include semiconductor devices, circuits, 
inverters, converters, chargers, and control systems, all 

integrated within a package.

Electric machines include motors and generators, which 
convert electrical energy into mechanical energy, 

and vice versa.



Photo to be credited

Research Activities and Capabilities
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Power Electronics Packaging and Characterization
RESEARCH FOCUS

APEEM researchers develop electro-thermal 
designs and thermal management strategies 
for compact, power-dense wide-bandgap 
and ultra-wide-bandgap semiconductor 
devices, packages, and converters, spanning:

Photos from NLR

• Modeling and design of electrical and electro-
magnetic design for power electronics packages

• Design and development of thermal 
management systems

• Prototyping and fabrication of advanced 
packaging technologies

• Evaluation and characterization of compact, 
power-dense, highly efficient semiconductor 
electronics.



National Laboratory of the Rockies    |    10

Intelligent Power Module Design

Modular Design

Like Lego blocks, these power modules 
are self-contained and can slot into many 
different types of electric-drive vehicles, 
as well as other applications.

RESEARCH FOCUS

NLR researchers develop “smart” power modules capable of wireless power transfer and pulse width modulation for 
the gate driver, monitoring their own state of health, and fast fabrication. These advanced power modules integrate 
other APEEM research areas such as high power density, stringent thermal management, and ability to function in 
extreme environments. 

Wireless Power Transfer 
and Communication

NLR’s advanced power modules source 
their power wirelessly and use wireless 
communication.

State of 
Health Monitoring

Power modules are equipped with state-
of-health monitoring systems that predict 
component failure before it occurs.



National Laboratory of the Rockies    |    11

Advanced  Packaging Reliability and Prognostics
RESEARCH FOCUS

High temperatures, vibration, humidity, 
and other environmental conditions can 
prematurely degrade power electronics 
and electric machines.

NLR researchers strive to improve the 
performance, reliability, durability, and 
power density of power electronics 
packages through cutting-edge modeling, 
simulation, and experimental evaluation.

This work includes:
• Accelerated testing
• Physics-of-failure-based analysis
• Thermo-mechanical reliability
• System reliability modeling
• Package parametric modeling
• State of health and remaining 

lifetime estimation.Photo from NLR
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Thermal Management

Thermal Materials and 
Thermal Interfaces

Researchers investigate and 
characterize material and interface 
properties to enable higher-
temperature-rated devices and  
components.

RESEARCH FOCUS

Power electronics and electric machines must withstand high heat flux and operating temperatures while becoming 
more power-dense, efficient, light, reliable, and affordable over time. APEEM researchers focus on thermal 
management systems for wide- and ultra-wide-bandgap semiconductor devices, power modules, converters, 
electric motors, and traction drive systems.

Advanced Fluid-Based 
Cooling Technologies

Researchers design, develop, and 
evaluate novel strategies, including 
liquid, air-, and phase-change 
cooling and double-sided cooling 
technologies.

System-Level Thermal 
Management

Researchers develop thermal 
management systems that eliminate 
excess components and allow 
technologies to meet cost, weight, 
performance and reliability targets.
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Prototyping and Electrical Characterization Capabilities

NLR’s research and characterization facilities form an end-to-end pipeline for 
prototype design, fabrication, characterization, and validation. 

Thorough prototype characterization ensures NLR-designed systems prioritize 
safety, reliability, and efficiency for peak operating performance.  

Rapid Prototyping
Researchers use 3D-printers, computer-numerically-controlled (CNC) milling 
machines, a wire bonder, and other equipment to quickly prototype 2D and 
3D architectures.

Electrical Characterization
Researchers perform characterization on inverters and converters, power 
electronics packages, and bare dies using advanced equipment, including a 
Keysight power device analyzer and a Signatone probe station.

Photos from NLR
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Laboratory Resources

Thermal-Fluids Capabilities

Modeling Capabilities

Computational fluid dynamics Thermal finite element modeling

Two-phase liquid loops Air cooling loops

Single-phase liquid loops

Material thermal 
resistance characterization

Transient thermal tester
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Thermo-Mechanical Reliability Capabilities

Accelerated testing

Thermal

Thermomechanical modeling 
Physical

Nondestructive imaging 

Electrical 
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External Collaborations

Interested in a collaboration? Reach out:

Sreekant Narumanchi
Group Manager 

nrel.gov/transportation/peem.html

How To Work With NLR

Shared Resources Collaborations

Cooperative Research and Development 
Agreements (CRADAs)

Strategic Partnership Projects

Teaming on Proposals in Response to Solicitations

APEEM’s nearly 100 external collaborations span:

10+ Original Equipment Manufacturers | 30+ Universities | 40+ Industry Partners 
National Laboratories | Federal Agencies | Research Institutes

https://www2.nrel.gov/workingwithus/technology-partnership-agreements
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DOE VTO and EDT Electro-thermal, thermal-fluids, thermo-mechanical and reliability aspects of power electronics, electric machines and 
integrated electric traction drive; 1+ MW Charging

ARPA-E Advanced wide-bandgap power electronics, electric machines, electric drive, thermal management techniques, data center 
packaging, thermal management, and reliability 

AMMTO Power electronics; ultra-wide-bandgap sensors; converters for data center power supplies

SETO Inverter/converter thermal management

HFTO Embedded systems for sensors

WETO Generator/converter

ITO Increased efficiency of metal production/industrial processes (modeling)

OE High-voltage power modules, battery management system

Technology 
Commercialization 

Bringing lab-developed technology closer to commercialization/production

DOD, Intelligence, and 
Industry-Funded

DOD and Intelligence agencies and industry-funded projects in the broad areas of (power) electronics packaging, thermal 
management, and reliability

NLR Laboratory Directed 
Research and Development

Projects in the areas of power electronics prognostics, ultra-wide-bandgap devices and (power) electronics packaging
VTO: Vehicle Technologies Office | AMMTO: Advanced Materials and Manufacturing Technologies Office | SETO: Solar Energy Technologies Office | WETO: Wind Energy 
Technologies Office | HFTO: Hydrogen and Fuel Cells | ITO: Industrial Technologies Office | OE: Office of Electricity | DOD: Department of Defense

APEEM Group Portfolio of Projects/Activities
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This work was authored by the National Laboratory of the Rockies for the U.S. Department of 
Energy (DOE), operated under Contract No. DE-AC36-08GO28308. Funding provided by the 
National Laboratory of the Rockies (NLR). The views expressed in the article do not 
necessarily represent the views of the DOE or the U.S. Government. The U.S. Government 
retains and the publisher, by accepting the article for publication, acknowledges that the U.S. 
Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or 
reproduce the published form of this work, or allow others to do so, for U.S. Government 
purposes. 
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