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Fiber Composite Panels

Final Report
CRADA No. TC-333-92
Date: December 18, 1996 . Revision: 2

A. Parties

The project is a relationship between the Lawrence Livermore National Laboratory (LLNL) and
Boeing Defense and Space Group.

University of California
Lawrence Livermore National Laboratory
P.O. Box 808, L-795

Livermore, CA 94551 RECEIWED

Boeing Defense and Space Group
P.O. Box 3707, MS 4X-54
Seattle, Washington 98124-2207

B. Project Scope
This project was designed to develop a fundamental understanding of the thermal, chemical, and

rheological events that govern the Resin Transfer Molding (RTM) process, and model these events
to provide a rational means of optimizing quality and reproducibility.

C. Technical

Completion Date

Milestones and Deliverables: Scheduled Actual
1. Select and characterize materials for RTM study - 06/94 06/94
2. Develop 2.5 D single-porosity flow code . 12/94 12/94
3. Fiber bundle capillarity measurements 06/95 06/95
4. Perform permability measurements 12/95 12/95
5. Modeling of flat panel fill 12/95 12/95
6. Develop dual-porosity flow model 12/95 12/95
7. Rheological modeling 06/96
8. Dual-porosity flow modeling 12/96
9. Chemorheology and model development ' 12/97

10. RTM process modeling (2.5D) 12/97

11. Develop 3D 8-node flow model 12/97

12. RTM process modeling (3D) 06/98

D. Partner Contribution

RTM of composite part.
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E. Documents/Referenge List

CRADA Reports, May 1993

F. Acknowledgment

Participant's signature of the final report indicates the following:

1) The Participant has reviewed the final report and concurs with the statements made therein.

2) The Participant agrees that any modifications or changes from the initial proposal were
discussed and agreed to during the term of the project.

3) The Participant certifies that:
a) all reports either completed or in process are listed;
b) all subject inventions attributable to the project have been disclosed or are included on a list
attached to this report; and i ’
¢) appropriate measures have been taken to protect intellectual property attributable to this
project.

4) The Participant certifies that if tangible personal property was exchanged during the agreement,
all has either been returned to the initial custodian or transferred permanently.

5) The Participant certifies that proprietary information has been returned or destroyed by LLNL.
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Composite Panels

Attachment I

Abstract
CRADA No. TC-0333-92

Date: 171097 Revision:

Lawrence Livermore National Laboratory and Boeing Defense and Space Group worked together to
advance the understanding and aerospace application of the Resin Transfer Molding (RTM) process.
Future aircraft designs will require the use of lightweight fiber composites in primary structures.
RTM is the prime manufacturing process to replace existing labor and cost-intensive procedures.
RTM's unique processing capabilities are that it is not labor intensive and that it provides speed and
near net shape forming to complex aircraft parts. The qualities could reduce the cost of tomorrow's
airline programs by several million dollars each.
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Project Accomplishments Summary (Attachment IT)
CRADA No. TC-333-92

Date: December 18, 1996 Revision: 1

A. Parties . .
The project is a relationship between the Lawrence Livermore National Laboratory (LLNL) and
Boeing Defense and Space Group.

University of California

Lawrence Livermore National Laboratory
P.O. Box 808, L-795

Livermore, CA 94551

Boeing Defense and Space Group
P.O. Box 3707, MS 4X-54
Seattle, Washington 98124-2207

B. Background :

This project was designed to develop a fundamental understanding of the thermal, chemical, and
rheological events that govern the Resin Transfer Molding (RTM) process, and model these events
to provide a rational means of optimizing quality and reproducibility.

C. Description

Lawrence Livermore National Laboratory and the Boeing Defense and Space Group worked
together to advance the understanding and aerospace application of the Resin Transfer Molding
(RTM) process. Future aircraft designs will require the use of lightweight fiber composites in
primary structures. RTM is the prime manufacturing process to replace existing labor and cost-
intensive procedures. RTM's unique processing capabilities are that it is not labor intensive and
that it provides speed and near net shape forming to complex aircraft parts. The qualities could
reduce the cost of tomorrow's airline programs by several million dollars.

D. Expected Economic Impact -
The project will enable the aerospace industry to apply RTM's unique processing capabilities to
complex aircraft parts to reduce the cost of tomorrow's airline programs by several million dollars.

E. Benefits to DOE .

The project will enhance the tools and technology available to Defense Program (DP) procurement
activities. Specifically, it will enhance DP capability to model relevant weapons and problems. The
development of the model will expand the applicability of high-speed strength and stiffness fiber
composites in land, sea, and air based weapon systems.

F. Industry Area
Manufacturing.

G. LLNL Point of Contact for Project Information 7

~ Steve Deteresa, (510) 422-6466 ~~ or’ Werner Stein, (510) 422-0323
P.O. Box 808, L-342 P.O. Box 808, L-140
Livermore, CA 94551 Livermore, CA 94551
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H. Company Size and Point(s) of Contact
Victor R. Yagi (206) 4774812

I. Project Examples
Print-out of computer codes available.

J. [Release of Information
I have reviewed the attached Project Accomplishment Summary prepared by Lawrence Livermore
National Laboratory and agree that the information about our CRADA may be released for external

distribution.
Victor R. Yﬁ/ g Date
Boeing Defér(se ahd Space Group

RELEASE OF INFORMATION

I certify that all information contained in this report is accurate and releasable to the best of my
knowledge.

| V(@&m@ 12[15/98

Karéna McKinley, Director 2  Date '
Industrial Partnerships
and Commercialization

December 18, 1996
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- Final Quarterly Report (Attachment IlI)
Tithe: Design Analysis of Resin Transter Molding Raporting Pedod: 07/01/95 - 09/30/96
Partcipant Boeing Defenss and Space Group Date CRADA Exacutad: 5/26/93
DOE TTI Noz 93-LLNL-108-C1 DOE Approvel Date: 4/23/93
CRADA No TC-0333-92 Scheduled Ending Data: 5/25/98
TACT: AVFPE Project Canpleted: 9/30/96
Aot Numbers  4782-41 to 55 B &R Code (S): DP0301
Azouss Closed 8/30/96 . 35DP03
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STAFF wiphone:
LabPi: Steve DeTeresa (510) 422-6466 Participant Victor R. Yagi (206) 477-4812

Wemer Stein (510) 422-0323
o Resource Manzgsr: Michelle Doggett (510) 422-3209
DOE OAX: Jerry Schelnberg (510) 637-1653 DOEHQ: D. Bird {202) 586-0499
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: Final Quarterly Report (Attachment lil)
Rapoting Pedod:  07/01/95 - 09/30/96 T Page 2
DOE TTI Noz 93-LLNL-108-C1
CRADA No: TC-0333-92
MBestones and Deliverables:
List e corpints sat of miexines for all phases of the CRADA. Cortires 0N & Gparam pege F recrxxry. Campietion Date:
Repont Sy charges fram the origina) CRADA o« previas quartesty report on the CRADA Oarge Farm. Scheduled Actual
1 Salect and charactarize materials for RTM study 06/94 06/94
2 Develop 2.5 D single-porosity flow code 12/94 12/94
3 Fiber bundie capillarity measurements 06/95 06/95
4 Preform permability measurements 12/95 12/95
5 Modaling of fiat panel fill 12/95 12/95
6 Develop dual-porosity flow model 12/95 12/95
7 Rheological modeling , 06/96
8 Dual-porosity flow modeling 12/96
9 Chemorheology and model development 12/97
10 RTM process modeling (2.5D) 12/97
1 Develop 3D 8-node flow model 12/97
12 RTM process modeling (3D) 06/98
Vestication of participants’ in-kind contribution was made in Pleass initial: YES X NO

acordance with LLNL policy. Explain basis of verification:

List ary subject mventions by either pasty (indude IL# for LLNL inventions), additional tackground intellectual
propenty, patents applied for, software copyrights, publications, awards, Gcenses granted of repontable economic impacts.

Veriacation that al equipment and proprietary information has Please initial: YES X NO
been retumed to the titia) owner or permanently transterred.

Accomplishments

Descibe TecizalNon-Technical lessons leamed and other observations.

Summanze causes/justification of deviations from original scope of work.

See Fnal Report. - —

Reviewed by CRADA project Program Manager: . ] Date:

Reviewed by Karens McXinley, Diroctor, LLNLAPAC: Q)\LD\"(M Date: IL[ (S / 9%

N~

Direct questions regarding this Report 1o IP&C Rasource Manager, Carol r, at (510) 422-7618.




