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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed 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 Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-07NA27344.



Preface

This report fulfills the NASA statement of work, (request number NNL10AA061) as
amended by Lorie R. Grimes-Ledesma via a post-visit e-mail dated July 13,2012. The
statement of work and subsequent e-mail are included in this report, which includes:

* Parts list spreadsheet for load frames by account code.

* Available information regarding procurement of elevated temperature ovens.

* Grip and strand information.

* Copy of the presentation made at Cobham, (December 2010).

* Review comments to strand and grip installation procedure as provided by NASA.

The shipping plan and shipment determinations were developed and shared with
Lorie R. Grimes-Ledesma shortly after receiving her e-mail, July 13, 2012.
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1. DATE
05/16/2012

2 REQUEST NUMBER
NNL1QAAOGI

000003

3 AMENDMENT NUMBER

NOTE. ~ See attached pages for delivery schedules, preservation and packing, shipping, disposition of property, and special instructions.

4.70:

LAWRENCE LIVERMORE NATIONAL LAB
7000 EAST AVENUE
LIVERMORE CA 94550-9698

5. FROM (Agency, name, telephone number of originator)
Langley Research Center
NASA/lLangley Research Center
Hampton VA 23681-2199

6 ITEM DESCRIPTION
ITEM DESCRIPTION OF SUPPLIES OR SERVICES ) ESTIMATED EYTIMATED
NUM (Federal Stock Number, Nomenclature, Specification and/or Drawing No., etc) UNIT PRICE T(?f AL PRICE
a. b. e f

In accordance with the National Aeronautics and
Space Act (51 USC 20113{e)) and NASA FAR
Supplement 1817.7001 the purpose of this
modification between the Department of
Energy/Lawrence Livermore National Laboratory
(LLNL) and the National Aeronautics Space
administration to add Modification Number 3 for
funding in the amount of $30,016.00 to
accommodate the shipping charges associated with
the attached statement of work from LLNL to NASA
Johnson Space Center (JSC) White Sands Test
Facility (WSTF). The new total dollar amount is
hereby increased by from $1,165,000 by $3Q,016.00
for a new total order value of $1,195,016.00.
The period of performance for the shipment of the
items is hereby changed to June 30, 2012.
Appropriation Data:
Agency Locator Code: 80000501
DUNS: 027613459
CAGE Code: 3K1D2
Appropriation Code: 8012/130126
Continued ...

7 GRAND TOTAL > $1,195,016.00

TO THE INSPECTOR GENERAL ACT OF 1978

8 THIS REQUEST IS SUBJECT TO SECTION 305 OF THE NATIONAL AERONAUTICS AND SPACE ACT OF 1858, OR D IS SUBJECT

(5 U.S.C. APPENDIX SECTION 8(a)(9)). (Authonizing Officer, see special instructions on reverse side.)

9. MAIL BILLINGS TO:

NASA/Shared Services Center
Financial Management Division (FMD)
Accounts Payable

Bldg 1111, C Road
NSSC-AccountsPayable@nasa.gov
Stennis Space Center MS 39525-6000

10. NASA APPROPRIATION SYMBOL
see block 6b

11, AUTHORIZING OFFICER {Typed name and litle)
Teresa M Hass

12. SIGNATURE M '\W W %)«)

NASA FORM 523 NOV 05 PREVIOUS EDITIONS ARE OBSOLETE




CONTINUATION SHEET

REFERENCE NO. OF DOCUMENT BEING CONTINUED
NNL10AA06I/000003

PAGE OF

NAME OF OFFEROR OR CONTRACTOR
LAWRENCE- LIVERMORE NATIONAL LAB

ITEM NO.
(A)

SUPPLIES/SERVICES
(8)

(€)

QUANTITYUNIT

0)

UNIT PRICE
(E)

AMIDUNT
F)

003

PR 4200430224; G/L 6100.2530;
869021.03.07.02.01.02; I/0 FC000000; Cost Center
23C101; Fund CASX12012D; $30,016.00;

In accordance with NASA FAR Supplement
1817.7005-2(c), the servicing agency shall
forward written acceptance of this interagency
agreement to the requesting agency within 30 days
after receipt thereof.

INCO TERMS 1: FOB INCC TERMS 2: Destination

Modification for Packaging and Shipping,
NNL10AAOGI

FOB: Destination
Ship to:

NASA-JSC White Sands Test Facility
IANTTN: Darren Cone

Building 120

12600 WASA Road

Las Cruces, NM 88012

Send IPAC Invoices to:

NASA/Shared Services Center
Financial Management Division
IAccounts Payable

Bldg. 1111; C Road

Stennis Space Center, MS 39529-6000

NSSC-AccountsPayable@nasa.gov
Phone: 877-677-2123
FAX: 866-208-5415

Technical POC:

Linda Anderson
757-864-3745
Linda.W.Anderson@nasa.gov

Procurement POC:

Marie Hamann
757-864-2258
Marie.W.Hamann@nasa.gov

30,016.00




Statement of Work
LLNL Transfer of Prior Work (MIPR NNL10AA06]) and Shipment to WSTF

Background

NASA LaRC, NASA Engineering and Safety Center (NESC), and the Lawrence
Livermore National Laboratory (LLNL) established a MIPR agreement (NNL10AA061)
in December 2009 to develop a fiber static load test apparatus for the generation of load
versus time test data to support the determination of Stress Rupture Life Prediction
Model(s) for Composite-Overwrap Pressure Vessels (COPVs) for an NESC Assessment
This work was initially to take place in 3 phases.

Two phases of work took place from December 2009-March 2011. During Phase I,
LLNL provided test specimen fabrication protocol and initial design for the test apparaty
During Phase 11, LLNL (1) provided fiber static load test apparatus design (drawings,
engineering, structural analyses, bill of materials) capable of meeting requirements as
specified in the original statement of work, (2) provided two functional prototypes of
NASA approved static load test apparatus design, and (3) provided test specimen and
grip design verification test data.

&

As specified in the original MIPR agreement, NASA would decide whether or not to
award the remaining Phase 3 work based on funds availability. Funds were not availablg
to continue work with LLNL. Due to the budgetary constraints, NASA NESC decided
not to proceed with an award of the Phase 11l work with LLNL. Among other changes t
the test program, it was decided that this work should be performed at the White Sands
Technical Facility (WSTF) and Marshall Space Flight Center (MSFC) to save cost. The
WSTF work will build to print designs from LLNL, conduct strand tests and perform thq
remainder of this work within NASA. WSTF will need to reassemble the test stands
upon shipment arrival. The work at MSFC involves strand and grip fabrication based or]
the LLNL design.

LNL ihiliti

The NESC needs to transfer work performed by LLNL under Phases 1 and Il to NASA
WSTF to build the design, conduct strand tests, and perform the work remaining.
Drawings, design details, and any remaining hardware related to strand manufacture and(
test is needed. To conduct the transfer, LLNL needs to complete the following:

1. Document the Load Test Stands (2) assembly, photograph, and label parts so that
the test stands may be reassembled at WSTF.

2. Write a Packaging/Shipping Plan to include () any required special shipping
materials or shipment container, (b) shipping methods and packaging, (c)
insurance requirements, (d) liability considerations, (¢) how the stands will be
disassembled, (f) instructions to WSTF for reassembling the stands, (g) how the




5. Disassemble the 2 Test Load Frames, substructure, and place in shipping ‘

10

NASA-JSC White Sands Test Facility I
ATTN: Darren Cone :
Building 120 i
12600 NASA Road |
* Las Cruces, NM 88012 .

. LLNL will manage the above work tasks, refine cost estimate as needed for |

stands will be mounted in the shipping container, and (h) other pertinent
information. This Plan will be written to ensure that the shipment arrives safely |
to NASA. Review this plan with NASA Technical Leads in a Pre-shipment
review and obtain NASA approval for this plan. The review and approval will
occur by Jun 1, 2012 and shall be via a one hour phone conference. i
Provide Phase 11 deliverables (Phase II: 1.2 Provide fiber static load test |
apparatus design (drawings, engineering structural analyses, bill of materials))
and other information generated and presented to NASA between the Phase 1
design review and the suspension of the project in March 2011. Transfer the
CAD models to PDF drawings on CD.

Check authorizations for LLNL lab space (Integrated Work Sheet (IWS) for
B132/R1880) and update as necessary for preparation for shipment {additional
personnel, operations, etc.)

containers in accordance with the Packaging/Shipment Plan. Provide any
remaining strands, grips, alignment fixtures, or other hardware that may be
remaining at LLNL that was used during phases I or Il. LLNL shall also ship
these items according to Packaging/Shipping Plan in paragraph (2) above.
Transport container to shipping and receivirig. Shipping container should be |
designed and built or modified if required.
Replace 4 secure floor panels in order to restore the LLNL lab space to original |
condition. The LLNL test rigs were mounted below the false floor; therefore, thg
floor at LLNL will need to be repaired.
Remove hand tools and associated benches from LLNL lab space facility to
restore the LLNL lab space to original condition. Tools and benches will need to
be restored to original locations.
Prepare shipping documents (a) from the lab to LLNL shipping facility and (b) fgr
final shipment from LLNL shipping facility to WSTF and process shipping .
charges for payment. This will involve discussions between shipping and Lab |
personnel, and will involve use of equipment to transfer items to shipping. ‘

shipping the two test rigs, test rig structure and other applicable hardware |.
associated with the rigs from LLNL to NASA - Johnson Space Center (JSC) |
White Sands Test Facility (WSTF). Address of shipment at WSTF is:




Point of contact information at WSTF is:

Darren Cone

Metallurgy and Materials Engineering :

Propellants and Hazardous Aerospace Fluids Nondestructive Examination (NDE)
NASA White Sands Test Facility Materials & Components Laboratories Office RF PO
Box 20 Las Cruces. NM 88004-0020

(575) 524-5493 office

(575) 524-5260 fax

(915) 276-2779 cell

The period of performance is from date of award through June 30, 2012.




Thursday, August 23,2012 9:42:27 AM PT

Subject: Actions from Thursday's meeting
Date: Friday, July 13, 2012 6:03:07 AM PT

From: Grimes-Ledesma, Lorie R (353D)
To: Sandoval, Paul, Gallegos, Gil
cC: Reeder, James R. (LARC-D309), Anderson, Linda W. (LARC-C101)

Paul, Gil,

Thanks a lot for hosting yesterday's meeting at LLNL. It was very productive- we were able to gain a lot of
information about the load frames and strand/grip manufacture. Below are the actions | had in my notes at the
end of the meeting (please let me know if | missed any).

LLNL:

-Cross check parts list spreadsheet for load frames by account code to ensure that drawing revisions are up to
date

-Provide shipping plan in word via email for review

-Include residual hardware (in the cabinet} in the shipment to WSTF

-Provide any available information regarding procurement of elevated temperature ovens

-Determine if all residual strand and grip hardware can be shipped to another NASA center (MSFC) directly
-Determine if residual grip epoxy can be shipped to MSFC

-Provide grip and strand information/hardware per James' list (James will email separately)

-Provide a copy of the presentation made at Cobham (Dec. 2010)

-Review and provide comments to strand and grip installation procedure as provided by NASA

NASA:

-Provide writeup of strand manufacture and grip installation procedure

-Extend the contract from June 30 to Aug. 30

-Consider providing travel for LLNL personnel to WSTF to support assembly of test rigs after shipment

Thanks,
Lorie

Page 1 of1
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Paul,
| also included what | had for the oven. It isn’t much. | had also
contacted some Instron folks but must have deleted the emails but

here is the contact:

Stephanie Mattson Senior Account Representative Covering Northern California,
Northern Nevada & Utah Instron Direct: 781-575-5629 Fax: 781-575-5725 Email:
stephanie_mattson@instron.com Web: http://www.instron.com

-Steve
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Hey Paul,

Attached is the test matrix | started. Below you will find a list of the
info / hardware I’'ve provided. We are going to work on the release of
the presentation and grip drawing. Let me know if there is anything
else you need or if you have any questions.

Please let me know if you can use some help with any of the other
NASA wrap up work. Thanks, Vic

Specs / Info:
- Oven Cure Cycle [Strand] - 250°F, 3 Hours

Oven Cure Cycle [Grip Epoxy] - 250°F, 1 Hour, let cure
overnight
Steel Wool spec — Sample along with vendor info in the box
Epoxy [for grips] — Loctite 9462 Hysol
Mold Release [for grips] — Miller-Stephenson Chem Co., MS-
143H PTFE Release Agent Dry Lubricant

Testing Hardware provided:
Silicon Pieces for grips
End Caps for grips
All remaining grips
Tube stripping tool w/blades
2 grip holder racks
Sample of steel wool
Binder with Strand measurements, Cross section images,
temperature plots
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Strand and Grip Procedure

Strand

-Pull strand through the resin bath (heated bath - temperature 130°F)
-Feed, the strand through the die _
-Feed the wire through the shrink tube prior to attaching it to the strand e
-Catch the end of the strand with the hook (The length of the strand that doubles yDeleted: ful e

over at the hook should be long enough that it does not pull free)

-Pull strand through a 20 inch section of the tubing gently rotating the tubing to help

it feed through. Pull should be at a slow consistent pace. No jerking motion.

-apply 5 Ib tension and pull an additional strand length of 2-3x the length of the

tubing through, while gently rotating the tubing. if not getting enough wetting on

the outside of the strand after going through the die (if the die is pulling off too

much resin), use syringe to add resin to the outer surface of the strand before it goes

into the tubing (make sure that all fiber within the tubing has both sufficientresin

and also 5 Ib tension). The key is to produce a fiber with a nice even gel coat. Iftoo
much resin is added and the shrink tube is not shrunk immediately after the pull it \Deleted: lots of J
will become difficult to force the resin upward thus causing the strand to "cork
screw’.

-While holding tension, apply local heat to shrink down the first inch of the tubing
on the side closest to the die. , (bottom of the strand)

-Apply the silicone bushing to the shrunken area and apply 2 spring hose clamps,

hepad 7/18/12 1.52 EM

-While holding tension, apply “weight clamp” to strand on the bottom side (not to . \Deleted: only at the fiber clamp location )
the tubing) an %" pr so beyond the end of the tubing hepail 7/18/12 149 BM

-Apply a similar clamp on top side above the tube ) Deleted: fiber clamp

-Release the tension hepal 7/18/12 2:00 RM

Deleted: inch
-Cut the strand S
-Rotate the strand vertically and immediately apply ¥ Ib weight to the bottom side,
hangin the oven,

-keep strand warm through the rest of this process 150°F until the cure step has ~ fcuaAAER Akl

been completed Deleted: from the fixture, and apply % 1b
p . ; weight to the bottom side

-Move strand to the curing oven set to 150°F TETRAE

-shrink the tubing in the curing oven using a heat gun with circular radiator starting
from the bottom and working up at a slow pace. You will begin to see the resin
migrating upward (resin should come out of the top of the tubing and be sure that
the tubing shrinks uniformly on the way up to get a smooth surface). Shrink the
strand tubing immediately after they are pulled. , ;
-collect the resin that comes out the top to keep it from dripping down the sides e '
-After shrinking, gently wipe down the outside of the tubing to ensure any epoxy Deleted; = J
drips have been removed from the outside of the tubing. There will be some epoxy
drips during the cure cycle which you cannot help. This is a manageable amount,
excess amounts though will create problems during the stripping process.

P hepait 7/18/12 11:05/AM

Deleted: Move to the strands in the |
hanging fixture to the oven without

Minimizing the drips is the key here. /| removing weight
b : / P hepat 7/18/12 11114 AM
-Cure at 250°F for 3 hours and let strands sit overnight, Deleted:




diameter to avoid damaging the strand. Excess cured epoxy drops on the outside of
the shrink tube will hinder the tools ability to cut smoothly and may damage the
blades. If necessary, prior to using the tool, use a micro cutting tool/knife to chip
off any large drippings of epoxy.

-Peel off the shrink tubing.

-Visually inspect the strand for any flaws that may cause a premature failure during
test: Areas starved of epoxy, Bulges or rats nests of fibers that may contain an

-cutto 11"-12" length using diamond wheel cutter (cutdry)
-abrade outside of strand at the grip installation locations (about 2" on each side)
using mild steel wool

Grip

-Pre-treat grip with Teflon release and bake (1% time only) on successive uses,
reapply release without baking

-To avoid bubbles in the grip, first partly fill the grip from the small hole end

-Turn the grip over so that the small hole is on the bench (on a silicone pad) and fill
the large cavity with epoxy (submerge the syringe tip into the previously injected
epoxy to avoid voids or bubbles)

-Turn the grip over once again so that the larger bore end in now down on the bench
forcing epoxy upward out of the smaller bore end.

-Install the Teflon plug onto the end of the strand (about 1 inch longer than grip-
length from end of strand)

-Slowly insert the end of the strand into the filled grip (slight rotation helps uniform
wetting of strand exterior)

-Rotate the grip horizontally and continue to push strand through grip until Teflon
plug seats into small end of grip. Ensure that there is approximately 1/2"
protruding out of the end of the grip.

-Thread end of strand into the grip cap hole and tighten grip cap

-Holding the strand at the small bore end Install the Teflon plug into the end of the
grip cap side and slide into the grip cap

-Clean any excess grip epoxy off of the grip to avoid adhering to the curing stand.
-Hang the specimen from the grip-curing fixture

-Cure (250 F cure), 1 Hour

-Repeat process on the other side, measuring to ensure gage length of
approximately 6.

-Cure (250 F cure), 1 Hour

-Let the specimens sit at least overnight before testing to be sure there is good
adhesion between the grip epoxy and the strand.

B hepal 7/18/12 2.08 PM | | ’
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Additional Notes:

-We pre-heated the resin before it was poured into the already at temperature bath.
-Do not allow the strand to be pulled back in the reverse direction into the tubing
and die. Strand can bunch up in the die or in the tubing.

-Periodically (3-4 strands) the die may need to have some bunched up fiber
removed from where the strand enters the die. This prevents breaking the stand.
-While pulling strands in large batches (more than 10) the resin in the bath needed
to be replaced or added to. The viscosity went up enough that it became very
difficult to pull strands through the tubing.

-If the strand begins to cork screw during shrinking, you may have an opportunity to
recover from this by re-shrinking the area ~1"-2" below the cork screw section and
continuing up the strand.




