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A. Parties

Final Report 
CRADA No. TC-333-92 

Revision: 2 

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 

B . Project Scope 

P.O. Box 808, L-795 
Livermore, CA. 94551 

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

This project was designed to develop a fundamental understanding of the thermal, chemical, and 
rheological events that govern the Resin Transfer Molding (R.1M) process, and model these events 
to provide a rational means of optimizing quality and reproducibility. 

C. Technical

Milestones and Deliverables: 
1. Select and characterize materials for R1M study
2. Develop 2.5 D single-porosity flow code
3. Fiber bundle capillarity measurements
4. Perform permability measurements
5. Modeling of flat panel fill
6. Develop dual-porosity flow model
7. Rheological modeling
8. Dual-porosity flow modeling
9. Cbemorheology and m<?del development

10. RTM process modeling (2.50)
11. Develop 3D 8-ri.ode flow model
12. R1M process modeling (3D)

i>. Partner Contribution 

R1M of composite part. 

Completion Date 
Scheduled Actual 
06/94 06/94 
12/94 12/94 
06195 06/95 
12/95 12/95 
12/95 12/95 
12/95 12/95 
06/96 
12/96 
12/97 
12/97 
12/97 
06/98 
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Attachment I
Abstract

CRADA No. TC-0333-92
Date: 1/10/97 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 primmy structures.
RTM is the pxime 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 II) .
CIUDA No. TC-333-92

Date: December 18,1996 Revision: 1

A. Parties
The projeet is a rdationship between the Lawrence Livermore National Labor&ry (U&J and
Boeing Deferise and Space Group.

University of California
Lawrence Livermore National IAoWOry . .
P.O. BOX 808, L-795
Livennore, CA !34551

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

B. Background
This project was designed to deveIop a fundamental understanding of the thermal, chemical, and
theological events that govern the Resin Transfer Molding (IllWI) process, and model these events
to provide a rationzd means of optimizing quality and reproducibility.

C. Description
Lawrence Livermore NationaI Laboratory and the Boeing Defense and Space Group worked
together to advance the understanding and aerospace application of the Resin Transfer Molding
@.~ pr~ess. Fume ~cr~ de~im WU reqw the use of lightweight filxr composites k
pnrnary structures. RTM 1sthe prune manufacturing process to repkce 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 aim-aft parts. The qualities could
reduce the cost of tomorrow% airline programs by several million dol.brs.

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

E. Benefits to DOE
The project will enhance the t.ods and technology avai.&Ie to Defense Program (DP) procurement
activities. Spec~JcaIly, it will enhanee DP capability to model relevant weapons and problems. The
development of the model will expand the applicability of high-speed strength and stifhess fiber
composites in lan& se% and air based weapon systems.

F. Industry Area
Manufacturing.

G. LLNL Point of Contact for Project Information
- Steve Deteres~ (510) 422-6466 -” or- Werner Stein, (510) 42Z0323

—.____ ——..

P.O. BOX 808, L-342 P.O. Box 808, L140
Livennore, CA 94551 Liverrnore, CA 94551
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II. Company Size and Point(s) of Contact
Victor R. Yagi (206) 477-4812

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

. .

J. Release of Information
I have reviewed the attached Project Aecomplishrnent Summary prepared by Lawrenee Livexmore
National Laboratory and agree that the information about our CMDA maybe released for external
distribution.

n

RELEASE OF INFORMATION

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

Industrial Parrne%hips
and Commercialization

_.. .-— ..- ——- .— ——- . —...

December 18, 1996
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Reportilg Period: 07/01/95 - 09/30/96 

DOETI1No.: 

CRADANo.: 

93-LLNL-10S·C1

TC-0333-92

Maeslones and Deliverables: 
LIiie.?=- SIC cl mloslonesf«alplmes clllt� Ccnliq CIIAAl!*a pagtl .....-y. 

flilat sir� fn:rnll>e criJi,al CIIAOAcrprMU�llpOII mlltCRAOA a..,go Rrm. 

1 Select and characterize materials for RTM study 
2 Develop 2.5 0 single-porosity flow code 

3 Fiber bundle capillarity measurements 
4 Prefonn P.Srmability measurements 
5 Modeling O! flat panel fill 

Develop dual-porosity flow model 
7 Rheological modeling 
8 Dual-porosity flow modeling 
9 Chemorheology and model development 
10 RTM process modeling (2.50) 
11 Develop 30 a-node flow model 
12 ATM process modeling (30) 

Vem::a!ion ol participants' in-lcild contribution was made in 
a=rdance Yrith LLNL policy. Explain basis ol verification: 

List ar., su!ljed inventions by either party findude JU for LLNL ilventions), adcfltionaJ badcgrwid intellectual 
propert'f, patents applied for, software copyrights, publications, awards, licenses granted or reportable economic inpacts. 

Ve� that aft equipment and proprietary information has 
been retumed to Ille initial OYIT!er or pennanently translene<I. 

Accomplishments 
Descrlle Ted1nical/Non. Technical lessons leamed and other obselvalions. 
Summanze cause�ustification of deviations from original scope(:! work. 
SeeFllla!Report. 
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Oired questions reganf111g this Report to IP&C Resource Manager, Carol �at (510) 422-7618. 
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