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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States (Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.
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PROJECT ACCOMPLISHMENT SUMMARY

Title: Hydroforming Design and Process Advisor
DOE TTI Number: 92-Y12P-013-B2

CRADA Number:  Y1292-0102

Partner: General Motors

BACKGROUND

The Y-12 Plant, located at Oak Ridge, Tennessee, has had many years experience in both tubular
and sheet metal hydroforming. Because hydroforming is very difficult to model/simulate from
strictly first principles, expert knowledge in design and process operations is an essential
component in attaining the high precision and quality required for the production of nuclear
weapons components. General Motors was interested in working together to develop a method
for evaluating hydroforming part designs and determining “manufacturability” early in the
design cycle. Any design flaws end manufacturing problems that could be determined early in
the design stage saves time and money by avoiding reworks and modifications after the tooling
has been produced.

Y-12 has developed tools and methods for capturing expert knowledge and putting this
knowledge in a form that can be executed and accessed by others when key experts retire. The
Y-12 Development Division has been involved in the development of “"Design and Process
Advisors" since 1978. These concepts have matured over the years, but all of the applications
have the following things in common: 1) Capturing "process and expert” knowledge, 2)
Linkage with graphics, CAD, and Product Definitions, 3) Integrating a variety of non-graphic
data, and 4) Seamless integration (and encapsulation) of models, information, and data, into a
"easy-to-use" Man-Machine Interface (MMI). The Y-12 Hydroforming Tool-die and Design
Advisor (HTDA) project was completed and delivered to the Y-12 Plant. The HTDA effort was
successful in combining expert knowledge, product definition (CAD models), and data in to easy
to use software tool. The partnership between Y-12 and GM capitalized on the previous
successes and experience of both crganizations.

DESCRIPTION

The hydroforming process involves hydraulically forming components by conforming them to
the inner contours of a die. These contours can be complex and can often cause the material
being formed to be stressed to rupture. Considerable process knowledge and materials modeling
expertise is required to design hydroform dies and hydroformed parts that are readily formed
without being overly stressed.

For this CRADA, materials properties for steel tubes subjected to hydraulic stresses were
collected; algorithms were developed which combined the materials properties data with process
knowledge; and a user friendly graphical interface was utilized to make the system usable by a




design engineer. A prototype hydroforming advisor was completed and delivered to GM.

The technical objectives of the CRADA were met allowing for the development of an intelligent
design systems, prediction of forming properties related to hydroforming, simulation and
modeling of process execution, and design optimization. The design advisor allows a rapid and
seamless approach to integration an otherwise enormous and onerous task of analysis and
evaluation. '

BENEFITS TO DOE

As a result of the work, many improvements have been made in the methods related to the
development of design and process advisors. The Information Advisory System Testbed, a direct
result of the GM CRADA project, has been used to start several new projects which has resulted
in at least a 5:1 improvement in the cost and time required to produce the first working
prototype. Similar knowledge-base design tool projects that traditionally have taken up to three
years to complete have been reduced to just a few months because of the integration of software
design tools in the IAS Testbed. The algorithms developed to predict loading and failure stresses
in tubular hydroformed parts were combined with hydroforming process knowledge and a user
friendly graphical interface to facilitate the design of complex hydroformed tubular components.

By completing the Y-12 Hydroforming Tool-die Design Advisor (an internal Y-12 plant project)
and the GM CRADA project, there have been several benefits to the Y-12 design and
productions activities. =~ New hydroforming design parts can now be evaluated for
“manufacturability” and a process script is generated that can be more effectively used by the
new computer controlled hydroforming machines. Techniques have been developed that can
work in conjunction with first-principle models to generate forming limits without the need to do
extensive material testing. Compliance to best-manufacturing and quality standards are now
easier to implement and insures that optimal design and process decisions are being make
reducing cost, time, and waste.

ECONOMIC IMPACT

The tubular hydroforming technology can, and has had, a significant benefit to the General
Motors by reducing the number of stamping operations required to produce the equivalent part
using tubular hydroforming. Hydroforming can make complex tubular parts using just one set of
dies. Traditional stamping usually requires several stamping operations, metal cutting, assembly,
and welding; in contrast, the hydroforming process can produce the net shape part without any
additional manufacturing steps. This reduction in the number of process steps is expected to
cause an increase in overall product consistency and quality.

The complexity of the tubular hydroforming analysis is usually too cumbersome to be done
routinely using the traditional Finite Element Method (FEM), or math-based modeling; however,
the Tubular Hydroforming Advisor allows the part designer to simulate the entire process;
namely, tube bending, die loading, and hydroforming while taking advantage of captured
knowledge and numerical analysis. The complete simulation/analysis can be done in a fraction
of the time usually required by using traditional FEM methods.




PROJECT STATUS
The technical work has been completed.

DOE FACILITY POINT(S) OF CONTACT FOR PROJECT INFORMATION:
J.T. Greer, Development Engineer; Voice: (423) 574-1317; Fax: (423) 576-2782
Building 9203, Mail Stop 8084

Ray Oakes, Development Engineer; Voice: (423) 574-0885; Fax: (423) 576-2782
Building 9203, Mail Stop 8084

Art Lovell, Metallurgist; Voice: (423) 574-1794; Fax: (423) 574-2582
Building 9202, Mail Stop 8096

Darrell Schmidt, Softwére Engineer; Voice: (423) 574-2945; Fax: (423) 574-0553
Building 9208, Mail Stop 8082

Tim Hickerson, Software Engineer; Voice: (423) 574-1688; Fax: (423) 574-5458
Building 9112, Mail Stop 8203

Kin Luk, Mechanical/Metallurgist Engineer; Voice: (423) 574-6501
Building 1000, Mail Stop 6332

Lockheed Martin Energy Systems
P.0O. Box 2009
Oak Ridge, Tennessee 37831

COMPANY SIZE AND POINT(S) OF CONTACT:
General Motors

Employees: >750,000

Annual Sales: Approx. $150B

Chi-mon Ni, Development Engineer; Voice: (810) 986-0462
General Motors Corp.

GM Technical Center

A/MD-22

Manufacturing A

Warren, MI 48090

Charles Bruggemann, Advanced Engineering Center Manager; Voice: (810) 986-7404
General Motors Corp.

GM Technical Center

A/MD-22
Manufacturing A
Warren, MI 48090




Both of the above individuals would be willing to give feedback related to the project work and
outcome.

PROJECT EXAMPLES

Since this is a software tool and example hydroforming parts are usually too large to be used for
“show-and-tell” there are not tangible items; however, there are screen dumps (i.e., photographs
of the computer screen) that can be shown to illustrated how the advisor works and there are
photographs of actual production parts.

TECHNOLOGY COMMERCIALIZATION
General Motors has indicated that they are interested in customizing and commercializing a
tubular advisor to be used withir: the mainstream design cycle. We have been working with
General Motors to explore this possibility and to have the CRADA partners support this
endeavor through a funds-in CRADA agreement.
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