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Increased Energy Savings from Efficient
Heat Treating and Net Shape Forming

To meet final dimensions and material properties, conventionally
produced steel components in automotive, acrospace, hydraulics,
and other industrial markets typically require significant machin-
ing and energy-intensive thermal heat treatment. Additional
tempering is also often needed to relieve material stresses and
achieve the concomitant fatigue properties. The tempering pro-
cess is not only time- and energy-intensive, but it also degrades
some of the attained properties if performed improperly.

This project focuses on reducing material processing energy by
replacing conventional energy-intensive heat treatment and con-
comitant post-processing methods like carburization, tempering,
and surface finishing with thermomagnetic processing (TMP), a
new, transformational energy-efficient heat treatment and forging
technology. The use of TMP will be hybridized with inductive
high-frequency heat treatment to achieve the required bulk and
surface properties of components at greatly reduced energy use.
When the hybrid integrated heat treatment method is applied to
forging applications, it will also result in related energy savings
by enabling widespread use of net shape forging.

Benefits for Our Industry and Our Nation

The cross-industry deployment of the hybrid induction harden-
ing and thermo-magnetic processing (ITMP) technology may
yield significant energy savings. ITMP will also greatly reduce
the scrapping of energy-intensive materials because ITMP can
enable precision net shape forging in applications where it had
previously been cost-prohibitive. This can be accomplished by
treating the forming die with ITMP to extend its lifetime.

Applications in Our Nation’s Industry

The project technology is applicable to virtually all ferrous
materials used in industrial manufacturing heat treatment
processes. There are roughly 10,000 manufacturing facilities
within the United States that perform some type of heat treat-
ment processing.
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Figure 1. Improved flow processing for machining, heat treating, and
forging. Flow process A: Improved machining and forging of bevel,
spur, and helical gears and engine valves. Flow process B: Improved
machining and heat treating of spur gears and gerotors.

lllustration courtesy of Eaton Corporation.

Project Description

This project will develop and test a hybrid thermo-magnetic and
induction hardening technology to replace conventional heat
treatment processes and enable adoption of the process by end
users for the manufacture of specific components.

Barriers

The optimization of ITMP processing requires comprehensive
expertise in cross-disciplinary fields such as product design,
materials engineering, manufacturing, and heat treatment. ITMP
must demonstrate the ability to produce desired properties at
lower cost.

Pathways
The project approach will include the following:

Develop a transformational TMP technology approach for bulk
and surface treatment

Develop more energy-efficient hybrid approaches that couple
TMP, induction hardening, and heat treatment to replace con-
ventional energy-intensive heat treatment and post-processing
methods like carburizing for automotive gears

Use novel, coupled induction hardening and thermo-magnetic
processing approaches to extend forging die and tool life

Use energy-efficient bulk and surface treatment technologies
to produce precision net shape forgings of components at lower
forging temperatures and reduced energy use to significantly
reduce the carbon footprint
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Milestones
This project started in September 2008. Milestones include:
* Development and selection of conceptual designs for building

commercially integrated thermomagnetic and induction pro-
cessing system hardware (Completed)

Design of a prototype commercial coupled thermomagnetic and
induction hardening system (Completed)

Key acceptance test experiments conducted using the fully
functional prototype

* Demonstration and verification of energy savings of at least
30% over current processing methods

Delivery of a robust process modeling technique to assess how
variations in process parameters and die material characteristics
can be optimized to reduce energy

* Demonstration of the feasibility of the “optimized forging pro-
cess” concept

Commercialization

Project partner Eaton Corporation will serve as a test bed for both
laboratory-scale testing of concepts and application-level testing
of prototypes. Eaton will also benefit from the commercial and
economic potential of TMP.

New intellectual property emerging from this project will be
managed through a cooperative arrangement between Eaton, Oak
Ridge National Laboratory, and other project partners.

EERE Information Center

ENERGY

Energy Efficiency &
Renewable Energy

DOE/EE-0465 * May 2011

Project Partners

Eaton Corporation

Southfield, MI

Principal Investigator: Aquil Ahmad
E-mail: aquilahmad@eaton.com

Ohio State University
Columbus, OH

American Magnetics, Inc.
Oak Ridge, TN

Oak Ridge National Laboratory
Oak Ridge, TN

Ajax TOCCO, Inc.
Warren, OH

Northwestern University
Evanston, 1L

Multisolutions Inc.
Oak Ridge, TN

Dura-Bar
Woodstock, IL

For additional information,
please contact

Stephen Sikirica

Technology Manager

U.S. Department of Energy
Industrial Technologies Program
Phone: (202) 586-5041

E-mail: stephen.sikirica@ee.doe.gov

1-877-EERE-INFO (1-877-337-3463)
eere.energy.gov/informationcenter

Printed with a renewable-source ink on paper containing at least 50% wastepaper, including 10% post consumer waste.


mailto:stephen.sikirica@ee.doe.gov
www.eere.energy.gov/informationcenter

