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A. Parties

The project is a relationship between &e Lawrence Liverrnore National
Laboratory (LLNL) and Aluminum Company-of America (ALCOA).

University of California
Lawrence Livermore National Laboratory
PO Box 808, L-795
Livennore, CA 94550

AIurninum Company of America (ALCOA)
100 Technical Drive
Alcoa Center, PA 15069-0001

B. Project Scope

This project was a muki-partner CRADA. This was a partnership between Alcoa
and LLNL. AIcoa developed a system of numerical simulation modules that
provided accurate and efficient threedimensional modeling of combined fluid
dynamics and structural response.

Alcoa and LLh~ worked together on all aspects of the problem, but each had
primary responsibility for certain tasks. Alcoa provided input and data related to
material models and aluminum forming processes. LLNL was responsible for .
deveIopi& the simulation software and porting it to the T3D platform Alcoa was
responsible for proyiding the benchmark forming data and validating code
performance against these benchmarks.

Alcoa and LLNL defined the type of material descriptions and the reIevant physical
data required. They also defined a set of benchmark forming simulations that
provided validation for the simulation techniques developed-

LLNL established a computations strategy based on the physical simulation
requirements and the need for efficient paraLlel processing implementation- Alcoa
provided data on materiaI properties and partiapated with LLNL in the
development of reIated inateria~ models. ‘Alcoa also jijeherated the appropriate data
on the set of ber-d-unark forming processes for use in the software validation



C Technic~ Accomplishments “

The following rrdestone chart highlights Alcoa’s participation in the CIZADA:

Milestones
Task Description Completed?
- assembly of relevant physicaI data - Y
- assembly of initial benchmark probIems Y
- initial solidification modeI Y
- surface tension model N
- viscosity model Y
- implement explicit Lagrangian coding Y
- assembly of final benchmark problems Y
- completion of initial heat transfer modules Y
- implement advection routines Y
- completion of heat transfer modules Y
- implement heat conduction modules Y
- development of material models Y
- simulation of initial benchmarks Y.
- implement impliat Lagrangian coding N
- sirmdation of final benchmarks N
- documentation N

Agency
Alcoa
Alcoa

Alcoa/LLNL
LLNL
LLNL
LLNL
Alcoa
LLNL
LLNL
LLNL
LLNL

Alcoa/lXNL
LLNL/Alcoa

LLNL
Alcoa/LLNL

LLNL

D. Expected Economic Impact

This project assists the entire U.S. metals industry in developing improved forging,
extrusion and casting processes.

E. Partner Contribution —

Alcoa contributed validated material modeIs and data from aluminum forming
activities that could be used in the code benchmarking process. They also
participated directly in this benchmarking process.

. ....-——.. .. . .. . . ._._ .__. - .... ,____,.___ .- —-.
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F. Documents/Reference List . . .“

“The Gang ScheduIer Timesharing on a Cray T3D~ Morris Jette, David Storch, and
Emily Yim, Cray User Group Meeting, March 1996.

Substantial documentation available on the intemet at “http://wvmv- :
‘Ic.lh-tl.gov/dctg/gang.” .—

Documentation consisted of an unpublished user’s manual that was provided to
Alcoa.

?ilackmound lnteNectual Prouertv

The Regents of the University of California

Software code titled, “Finite Element Simulation of Fluid Structure Interaction”.

L“RADA Intellectual Prouertv
K > inventions were created as part of t.hjs CRADA.

Licensing Status:

CIWDA Article XIV Reporting Inventions

A. The Partiesagreeto discloseto each othereach andeverySubject Inventionthatmaybe
patentableor otherwiseprotectableunderthe PatentAct. The Parties acknowledgethat
The Regentswill disclose Subject inventionsto the DOE withintwo (2) monthsafterthe
inventorfirst discIoses the inventionin writingto the person(s)responsible for patent
matter’sof the disclosing Party.

B. ThesedisclosuresshouIdbe in suchdetailas to be capableof enabIingone skilled in theart
to makeanduse the inventionunder35 USC 112. The disclosureshall ASOiden@ any
knov~ ac~ or potentkdstatutorybars(i.e., printedpublicationsdescribing the
inventionor a publicuse or on saIe of theinventionin this country). The Parties tier
agreeto disclose to each otherany subsequentknownactuaIorpotential statutorybarthat
occursfor an inventiondisclosedbutforwhich a patentapplicationhas not been filed. All

. . ..- ----- ..- .,invention.disclos~es-shallb.ern~_ked&-w.~de@+I under35 USC 205.---.—.-——. . .. .-—-........._ _.___------______,---------.- ..___
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a) all reports either completed or in process are listed;
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atiibutable to this project.
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Attachment I - Final Abstract
Attachment II - Project Accomplishments Summary
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(%ADA NO. TC-0824-94A

Date: Auegust21,1998 Revision 2

This project was a multi-partner
was a partnership between Alcoa

CRADA with nine industrial partners. This
and LLNL. Alcoa provided data and

expertise that assisted in the development of a syst{m of numerical
simulation modules that provided accurate and efficient three-dimensional
modeling of combined fluid dynamics and structural response with a focus
on ingot casting problems..

——
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A. Parties

The project is a relationship between the Lawrence Livermore NationaI Laboratory:
(LLNL) and Aluminum Company of &nerica (ALCOA).

Universiv of California
Lawrence Liverrnore National Laboratory
PO BOX 808, L-795
Livermore, CA 94550

Aluminum Company of America (ALCOA)
100 TechnicaI Drive
Alcoa Center, PA 15069-0001

B. Background

This project was a multi-partner CIU .DA with nine industrial pa.rfners- This was a
partnership between Alcoa and LLF!L. Alcoa provided data and expertise that
assisted in the development of a system of numerical simulation modules that
provided accurate and efficient three-dimensional modeling of combined fluid
dynafics and structural response with a focus on ingot casting probkrns-

This project had two components. One involved the development of models and
simulation software capable of modeling a broad range of phenomena related to
aluminum casting technology. The other consisted of the implementation of the
software system on the CIWY T3D platform.

C. Description

The objective of this project was to provide Alcoa with a tool that can be utilized for
the design and understanding of casting processes. W software will be
incorporated in the software system being developed under an existing CIWDA
with AIcoa.

A1coa and LLNL worked together on aII aspects of the probkrn, but each had
primary responsibility for certain tasks. Alcoa provided input and data related to
material models and aluminum forming processes. LLNL was responsible for
developing the simulation software and porting it to the Z3D platform. Alcoa was
responsible for providing the benchmark forming data and validating code
performance against these benchmarks.



E. Benefits”to DOE ~

The product of this project was a numerical rnodding tool, ALE3D, with enhanced
capabilities in therrno-mechticdy coupled dynamic systems. This project also
produced a proto~e paralk.1 version of the code. This tool was capable of dynamic
3D simulations at timescaks appropriate for both industrial processes and shock
hydrodynamics. Such a coupled tooI is now playing a-significant role in the ASCI
project as a code being developed for assessing response of systems to a variety of
abnormal environments” and understanding issues associated with manufactig.
This CR4DA activity saved the DOE ASCI program approximately two years in
development time. ALE3D, while stiIl under development, is already being applied
to weapons-related problems.

F. Industry Area

This work benefits a wide number of industies includin~ aircraft, automotive,
medical, etc.

G. Project Status

Funding for the project was terminated after two years. Not all the tasks had been
completed at that time.

E?. LLhTLPoint of Contact for Project Information

Richard Couch
Lawrence Livermore National Laboratory
PO BOX808, L-170
Livermore,, CA 94550
925/422-1655

Company Size and Point(s) of Contact

AIcoa has 81,600 employees.
Primary contact DonaId P. Ziegkr

Aluminum Company of America
100 Technical Drive
Alcoa Center, ~A 150693003 . . . .. .. . .._..
(724) 337-5466
(724) 337-2005 (fax)

2/12/99
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J. Project Examples .
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I certify that all information contained in this report is accurate and releasable to the
best of my knowledge. .

.Q_kk %4.%t.- C “+ h
L

Ka~ena McKinIey, Director Da{e
Industrial Part&hips and Commeraalization

.

Release of Information

I have reviewed the attached Project Accomplishment Summary prepared by
Lawrence Llvermore National Laboratory and agree that the information about our
C&4DA maybe released for external distribution.

/’7 /5/$7’ ~
Date

-. ..-. .. . .. . . ______ --. .- ------ -..-.——-------..--—.-._.—_— .. . ---- ._ . ..- ------ ..-_
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