NASA/TM-2015-218781/Volume Il/Part 1
NESC-RP-12-00783

Empirical Model Development for Predicting
Shock Response on Composite Materials
Subjected to Pyroshock Loading

Appendices

Steven J. Gentz/NESC
Langley Research Center, Hampton, Virginia

David O. Ordway, David S. Parsons, Craig M. Garrison, C. Steven Rodgers, and Brian W. Collins
Marshall Space Flight Center, Huntsville, Alabama

July 2015



NASA STI Program . . .

Since its founding, NASA has been dedicated to the
advancement of aeronautics and space science. The
NASA scientific and technical information (STI)
program plays a key part in helping NASA maintain
this important role.

The NASA STI program operates under the
auspices of the Agency Chief Information Officer.
It collects, organizes, provides for archiving, and
disseminates NASA’s STI. The NASA STI
program provides access to the NTRS Registered
and its public interface, the NASA Technical
Reports Server, thus providing one of the largest
collections of aeronautical and space science STl in
the world. Results are published in both non-NASA
channels and by NASA in the NASA STI Report
Series, which includes the following report types:

e TECHNICAL PUBLICATION. Reports of
completed research or a major significant phase
of research that present the results of NASA
Programs and include extensive data or
theoretical analysis. Includes compilations of
significant scientific and technical data and
information deemed to be of continuing
reference value. NASA counter-part of peer-
reviewed formal professional papers but has
less stringent limitations on manuscript length
and extent of graphic presentations.

e TECHNICAL MEMORANDUM. Scientific
and technical findings that are preliminary or of
specialized interest, e.g., quick release reports,
working papers, and bibliographies that contain
minimal annotation. Does not contain extensive
analysis.

o CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

in Profile

e CONFERENCE PUBLICATION.
Collected papers from scientific and
technical conferences, symposia, seminars,
or other meetings sponsored or
co-sponsored by NASA.

e SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

e TECHNICAL TRANSLATION.
English-language translations of foreign
scientific and technical material pertinent to
NASA’s mission.

Specialized services also include organizing
and publishing research results, distributing
specialized research announcements and feeds,
providing information desk and personal search
support, and enabling data exchange services.

For more information about the NASA STI
program, see the following:

e Access the NASA STI program home page
at http://www.sti.nasa.gov

e E-mail your question to help@sti.nasa.gov

e Phone the NASA STI Information Desk at
757-864-9658

e Write to:
NASA STI Information Desk
Mail Stop 148

NASA Langley Research Center
Hampton, VA 23681-2199


http://www.sti.nasa.gov/
../../../../../../shstewar/Documents/Templates_Reports/Templates_PubWebSite/Templates_RevJan2009/help@sti.nasa.gov

NASA/TM-2015-218781/Volume Il/Part 1
NESC-RP-12-00783

Empirical Model Development for Predicting
Shock Response on Composite Materials
Subjected to Pyroshock Loading

Appendices

Steven J. Gentz/NESC
Langley Research Center, Hampton, Virginia

David O. Ordway, David S. Parsons, Craig M. Garrison, C. Steven Rodgers, and Brian W. Collins
Marshall Space Flight Center, Huntsville, Alabama

National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23681-2199

July 2015



Acknowledgments

The team would like to acknowledge the following for providing their expertise:

Dr. Curt Larsen/Johnson Space Center (JSC), of the NESC, for championing the
Pyroshock Characterization of Composites task.

Mr. Ken Johnson/MSFC for his tireless support statistically analyzing the post-
processed acceleration data.

Mr. Lee Allen/MSFC for supporting Ken Johnson in statistically analyzing the
post-processed data

Ms. Barbara Breithaupt/MSFC for post-processing the pseudo-velocity data.

Mr. Justin Jackson/MSFC for providing his expertise in composite test panel
fabrication.

The use of trademarks or names of manufacturers in the report is for accurate reporting and does not
constitute an official endorsement, either expressed or implied, of such products or manufacturers by the
National Aeronautics and Space Administration.

Available from:

NASA STI Program / Mail Stop 148
NASA Langley Research Center
Hampton, VA 23681-2199
Fax: 757-864-6500




NASA Engineering and Safety Center
Technical Assessment Report

Document #:

NESC-RP-

12-00783

Version:

1.0

Title:

Empirical Model Development for Predicting Shock Response on
Composite Materials Subjected to Pyroshock Loading

Page #:
1 of 793

Empirical Model Development for Predicting Shock Response on Composite
Materials Subjected to Pyroshock Loading

Volume I1: Appendices

Part 1

April 16, 2015

NESC Request No.: T1-12-00783




NASA Engineering and Safety Center | °ecmn® | Veror
. NESC-RP- 1.0
Technical Assessment Report 1200783
Title: Page #:
Empirical Model Development for Predicting Shock Response on | 20f 793
Composite Materials Subjected to Pyroshock Loading
Table of Contents
Technical Assessment Report Volume 2; Part 1
Appendix A. Composite Test Panel Fabrication ... 3
Al DIAWINGS ..ttt bbbttt b bbb b et b bbb n e nn e n e 3
A2 Composite Panel MaterialS ..........ccoviiiiiiiiiie e 25
A3 Lo o LA o] o OSSR 79
Appendix B. PYroshoCK TSt REPOITS......cciiiieiiiiiieie sttt ettt sne s 184
B1. A T AT0 LT O TS PSSO 184
B2. Group | (MonolithiC Panel TESES) ......coviiriiiiieieies s 315

NESC Request No.: T1-12-00783




NASA Engineering and Safety Center | ™"

Version:

Composite Materials Subjected to Pyroshock Loading

g NESC-RP- 1.0
Technical Assessment Report 12.00783
Title: Page #:
Empirical Model Development for Predicting Shock Response on | 30f793

Appendix A. Composite Test Panel Fabrication

Al Drawings

The following figures (Figure Al through Figure A13) illustrate the Engineering drawings
created to fabricate the pyroshock characterization of composite test panels and test support

hardware.

NESC Request No.: T1-12-00783




NESC logo NASA Eng_ ineering and Safety Center | o | V"
after NRE Technical Assessment Report NRB approval

approval

Title: P T

Empirical Model Development for Predicting Shock Response on | 40f 793
Composite Materials Subjected to Pyroshock Loading

Figure Al. Al Pathfinder Panel

NESC Request No.: T1-12-00783




NASA Engineering and Safety Center
Technical Assessment Report

Document #:

NESC-RP-
12-00783

Version:

1.0

Title:

Empirical Model Development for Predicting Shock Response on
Composite Materials Subjected to Pyroshock Loading

Page #:
50f 793

NESC Request No.: T1-12-00783




NASA Engineering and Safety Center
Technical Assessment Report

Document #:

NESC-RP-
12-00783

Version:

1.0

Title:

Empirical Model Development for Predicting Shock Response on
Composite Materials Subjected to Pyroshock Loading

Page #:
6 of 793

v

NESC Request No.: T1-12-00783




NASA Engineering and Safety Center | °ecmn® | vereor
: NESC-RP- 1.0
Technical Assessment Report 12.00783
Title: Page #:
7 0of 793

Empirical Model Development for Predicting Shock Response on
Composite Materials Subjected to Pyroshock Loading

B | 7 5 5 v 4 3 2 [ 1
- - 1 v e
E i
0 - - o
e ¥ — - 1
i e 19
, Lo
" Lo
i : 7
c ' X / ic
1 te
i e
. feo
fo
A l/
i A £ R 1.1 ] LI B | L
> <
1
8 1 B
\. P
\
\;_ - COMPOSITE_TEST_PANEL SHOWN
\\.. R m— — ‘ GEQRGE C. MARSHALL
A\ - SPACE FLIGHT CENTER
A \. Pt A
\'. | COMPOSITE
A\ o PATHFINDER PANEL
\ S IMTIR913
= ol 3smy | PANEL#4.#5 |1 ]
- as e k=
8 I 7 6 4 4 3 2 | 1

Figure A2. IM7/R913 Composite Pathfinder Panel

NESC Request No.: T1-12-00783



Empirical Model Development for Predicting Shock Response on
Composite Materials Subjected to Pyroshock Loading

NASA Engineering and Safety Center | °ecmn® | vereor
: NESC-RP- 1.0
Technical Assessment Report 12.00783
Title: Page #:
8 of 793

a | L | = ! 5 v

4

I R B

10
'
' e} o} o) o) o’ e} o o e o) o)
v
c
& - ¢
B
o o o o o o o o o o o o
SEE SEPARATE PARTS LUST LEC_PLATE_MOD_22 _GPF SHOWN
— [ ] | GEORGE C MARSHALL
S : I - | SPACE FLIGHT CENTER
| = 8
== == - L3C PLATE
L= > COMPCGITE TEST PANEL
= 22 gpf \SC
rmm— T 31002 | e ooz goe
(] T 7 I 5 5 A 4 a | I 1

Figure A3. Al Linear Shaped Charge Plate

NESC Request No.: T1-12-00783



NASA Engineering and Safety Center
Technical Assessment Report

Document #:

NESC-RP-
12-00783

Version:

1.0

Title:

Empirical Model Development for Predicting Shock Response on
Composite Materials Subjected to Pyroshock Loading

Page #:
9 0of 793

Figure A4. LSC Backing Plate
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Figure A8. Monolithic Composite Test Panel, Tests 6 — 10
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Figure A9. Sandwich Composite Test Panel, Group 11
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A2  Composite Panel Materials
A2.1 Pathfinder Composite Panels

A series of five pathfinder tests, which were not included in the baseline T12-00783 task
assessment plan (see Table 7.0-1). The objective for performing these tests was to validate the
physical test setup and the DAS prior to embarking on the baseline tests. The first two tests
utilized 5052 Al alloy plate with a thickness of 0.187 inches. The material properties for the
IM7/R913 are shown in Figure Al4.
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HexPly® 913

Product Data

Availability
Avgfiobie on awics vanety of prodacts
Fiber Widths Resin
Form m’;”‘“‘ % Fiber | Arealwt. |  weave mc,‘;‘:‘m Available, | Content,
anatio gm’ In {cm) %
120GUR13 | EDC 450- 2 ®
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Product Data

Physical & Mechanical Properties

Form: Carbon Fabric Carbon Tape
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Category Property Units US (S)) R913;38%; RO13LM,37, 5 3%, 359
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Resn Content
o % 38 37 33 5
Prepreg: | AreaWeight, gim’ 195 156 148 72
Volatile
p’h”n‘;':s: Phioar ) <05 <04 <02
oee Cured Thickness 0.0070 0.0084 0.0056 00101
per ply, inch (cm) o178 {0.0214) (0.0142) (0.0257)
Lamnate: Fiber Volume, % 62 . . &0
Density, gfce 158 161
s’“’“%’g"’ 141 (@70) 216 (1490) | 331 (2280)
0" Tensile Modulus, Msi
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Strength, ksi
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80" Tensile Modulus, Msi .
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Mechanical & s"‘;&%g ka 121(852) 224 (1540)
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Compression Madulus, Msi
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Strength, ks
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Product Data
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HexPly® 913 Product Data

Storage

Out Life 30 days €0 73 (23°C)
Guarsniced Shelf Lile 12 months @ 0°F (-15°C)

Storage Conditions
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Figure Al14. Hexcel IM7/R913 Material Properties
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A2.2 Task Baseline Composite Panels

The IM7/TC350 composite material manufactured by TenCate Advanced Composites was
chosen for fabrication of the task baseline composite test panels. The material is a 350°F
toughened epoxy resin system for structural advanced composite applications, which include
space structures. The composite is available in both tape and fabric prepreg formats. This
material was chosen over the more commonly used IM7/977-3 composite material for aviation
and aerospace applications primarily due to long lead time for procurement (29 weeks). The
material properties of TC350 (shown in Figure A15) and 977-3 (provided herein for reference in

Figure A16) are similar.
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TECHNICAL DATA

42 TENCATE

TC350
Resin System
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LAMINATE DATA USED IM-7 12K. 150 gsm FAW.
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TECHNICAL DATA

e\g TENCATE TENCATE ADVANCED COMPOSITES USA, INC.
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Figure A15. TenCate IM7/TC350 Material Properties
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~fytec

ENGINEERED MATERIALS

Description

350°F (177°C) for six hours.

fabncation of large structures.

Features and Benefits
= 350°F (177°C) cure
= Ayvailable ¢n fabric and tape
* 350°F (177°C) dry service temperature
= 270°F (132°C) wel senvice temperature
= Laminate and sandwich pane! usage
= Auloclave or press moki processing

propnetary “co-cenfinuous” merphology
* |Impact resistant
= SheifLife
= 1yearat0°F(-168°C)
« 21 daysat72°F (22°C)

Applications
o Aircraft pimary and secondary structure

l"a_]e\

NESC Request No.: T1-12-00783

* Flaces where impact resistance is critical
* Faces where hot wet perfermance is crucial

cYCcOMm® 977-3

Epoxy Resin

Cycem 977-3 is a 350°F (177°C) curing resin. It is a toughened epoxy resin with
350°F (177°C) dry and 270°F (132°C) wet service capability,

Cycom 977-3 is formutated for avtoclave or press molding and can be cured at

Unidirectional tape and woven fabne impregnated with Cycom 977-3 will retain
tack for 21 days al 72°F (22°C). It has a longer mechanical out life suitable for

= Toughened epoxy using Cytec Engineered Materials’

For more information contact:
Cytec Engineered Materials

Technical Service
4300 Jackson Street
Greenville, TX 75402
903-457-8500

February 9, 2007
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CYCOM 977-3 Epoxy Resin (Continued)

Typical Resin Properties
The following figure is a typical viscosily curve for a ramp rate of 2°Cimin.

971-3 Viscosity Curve

16009 1

Cured Resin Density = 1.29 gfec

Cured Neat Resin Properties
R 250°F / Wet 2
{121°Chet)
Cempression Yield
Strength (ksi) 27+03
Strength (14Pa) 18652 2.1
Flexural
Strength [ksi) 21+4 10=04
Modulus (Msi) 0.55 £ 0.01 035+03
Strength (MPa) 144 430 70+3
Modulus (GPa) 38007 2421
Ki:' (MPa m'2) 09+008
Gy (¥m?) 217+ 24
RDS DMATg (°C) v
G 178
G 189
Tan Deka 190
Notes:
1/ tested at 5°C/min
2/ Cured at 355°F (180°C) for 6 hours
3/ Wet =7 day water immersion at 180°F (71°C)
4 Flexural testing preformed using a 3 point loading foture at a 16:1 S/0 ratio
&/ K. 2nd Gy tested using 3 point bending moce

Pap2
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CYCOM 977-3 Epoxy Resin (Continued)

Typical Prepreg Properties

5 Hamness Satin (5HS) Fabric
Standard Modulus Carbon Fiber (33 Msi / 228 GPa)
Typical Cytec Engineered Matenals Preduct Code: Cycom 977-3/5HS AS4 6K

; -65°F 250°F
Machanical Properties (54°C) RT (129°C)
0° Tensie Properties
Strength, ksi 126+ 24
Modulus, Msi 98+06
Strevicihy, MPa 869 + 165
Modkus, GPa L ER]
0° Interfaminar Shear Properies
Strength, ksi 13 22
Strenigth, MPa Q0 14
Unidirectional Tape
Intermediate Modulus Carbon Fiber (40 Msi / 276 GPa)
Typical Cytec Engineered Matenials Product Code: Cycom 877-31IM7 12K
Mechanical Properies <_22.£) RT 25(‘;'1ng‘
0° Tensie Properies
Strength, ksi 364
Modulus, Msi 235
Faidure Strain (%) 145
Sterigity, IMPa 2510
Modws, GPs 162
0° Compression Properties
Strength, ksi 244 185
Modulus, Msi 223 212
Strenigity, MPa 16582 1344
Moows, GPs 154 146
0° Flexural Properties
Strength, ksi 256 162
Modulus, Msi 21.7 212
Strevieity, MPa 1765 1117
Moduus, GPs 150 145
0° Interlaminar Shear Properies
Strength, ksi 185 114
Strength, MPa
Compression After Impact (ki) =/~ 28
Notes:
1/ Wet = 1 week immersion m 160°F water
2/ 25/50/25 Orientation and
3/ 270 in Ib impact levels
Pap3 February 9, 2007
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CYCOM 977-3 Epoxy Resin (Continued)

Preparation for Laminate Curing

Treat surfaces that lay-up will touch with 2 release agent As each ply of material is positioned, work out
any wrinkles or entrapped air with a paddle or roller before removing the backing. Take care not to distort
the matenal during lay up. Insert a thermocaouple into the lay-up near the center ply of the thickest edge
section, outside the net trim line.

To eliminate porogity, keep the resin under pressure during cure with the use of compressible dam. Non-
pemeable fluorocarbon coated fabnc should be placed over lay-up to protect the bag system in vacuum
or autoclave cures.

Install a vacuum bag by standard technigues. Insert at least two vacuum ports through the bag,
connecting one to a vacuum source and the other, at a point furthest away from the source, to a
calibrated vacuum gage. Posilion part in oven or autociave and draw vacuum to check for bag or systern

leaks. The following figure shows the recommended lay-up for CYCOM® §77-3 materials.

Cycom 977-3 Recommended Lay-up

VAL >

/,

‘ ’ ,"‘ FURPAE AR
| | e
| /s FRESSTRE PUATE

>

—— poumg-smen TarE

N ACUUM SEALER TAPE e CORK DM

Papd February 9, 207
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CYCOM 977-3 Epoxy Resin (Continued)

Recommended Cure Cycles

The following cure cyck is recommended for molding CYCOM® 977-3 materials. Cure cycles should be

tallored based on application.

Cycom 977-3 Recommended Cure Cycle

410
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CYCOM 977-3 Epoxy Resin (Continued)

Product Safety
Materials Safety Data Sheets (MSDS) can be obtained from Cytec Engineered Matenials by calling
903-457-8500.

Product Handling
The wearing of clean, impervious gloves is recommended when working with prepreg materials.
See MSDS for more information

Shipping
Prepreg is typically shipped as rolls in sealed polyethylene bags in cardboard containers packed with dry
ice or by refrigerated carrier.

Disposal of Scrap Material
Disposal of materiad should be in accordance with federal reguiations as well as bocal and stat reguiaions
that may vary by location.

Warning

The data listed has been oblained from carefuly controlled samples considered to be representative of
the product described. Because the properties of the product can be significantly affected by the
fabrication and testing techniques employed, and since Cytec Engineered Materials does not control the
condifions under whech its products are testing and used, Cytec Engineered Materials cannot guarantee
that the properties ksted will be obtaned with other processes and equipment.

This is a technical data sheet, not a specification, The suggestions and data in this bulletin are based on
information we bekeve fo be reliable. They are offered in good faith, but without guarantee, as condtions
and methods of use of products are beyend our conlrol. We recemmend that the prospective user
determine the suitability of cur matenials and suggestions before adopting them on a commercial scale
Suggestions for uses of our products should not be understaod as recommendations that they be used in
wiclation of any patents

Papb February 9, 2007

Figure A16. Cycom IM7/977-3 Material Properties
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The Group I monolithic composite panels were fabricated using both tape ply and fabric ply in
thicknesses of 0.20 inches and 0.30 inches. Depending upon the type of ply used (tape or fabric)
and the desired panel thickness determines the number of plies required for composite layup. As
a rule of thumb, the typical thickness for the tape ply is approximately 0.0055 inches and for the
fabric ply, the typical thickness is approximately 0.011 inches. For the 0.20-inch-thick tape ply
panel 38 plies were used and 54 tape plies were used for the 0.30-inch-thick tape ply panel. For
the 0.20-inch-thick fabric ply panel 18 plies of fabric ply were used and for 0.30-inch-thick
fabric ply panel 27 fabric plies were used. For the monolithic panels the ply layup was either
unidirectional (0° (longitudinal with regard to the panel length)) or symmetrically quasi-isotropic
(45°/-45°/0°/0°/45°/-45°/90°/90°)n.

For test Groups Il and 111, composite sandwich fill panels were fabricated. Two fill materials
were chosen for the sandwich panels, which are typically used for aerospace applications; Al
honeycomb and ROHACELL® foam. The fill thickness was held constant at 1.000 inch,
regardless of the fill type. Eight-ply (either fabric or tape ply) IM7/TC350 composite face sheets
were fabricated and bonded to both sides of the fill material with Cytec FM300 structural
adhesive (reference Figure A17 for the FM300 adhesive material properties) and Scotch-Weld
AF555M structural film adhesive (reference Figure A18 for the AF555M film adhesive
properties) to make up the sandwich panels.

NESC Request No.: T1-12-00783
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CYTEL

TECHNICAL DATA SHEET AEROSPACE MATERIALS

FM® 300 Epoxy Film Adhesive

DESCRIPTION

FM*® 300 is a modified epoxy film adhesive available with three different moisture-resistant polyaster carriers. it is designed

for bonding metalto-metal and sandwich composite structures. To achieve ulti

in bondi

aluminum details, use precured BR® 127 primer with FM 300 film adhesive.

Extensively used as a surface finished ply on composites material outside layers, FM 300 film adhesive has unique properties

e

which drastically reduce, and in some cases virtually eliminate, time-consuming sanding and fitling operations.

FM 300 film achesive has high elongation and toughness with high ultimate shear strength. This makes it particularly suitable
for redistributing the high shear stress concentrations of graphite epoxy- to-metal bonds, and allows it to accommodate the

low interlaminar shear strength of the composite. It Is particularly good in fatigue resistance in these joints. In properly
designed and processed joints, the tight-knit tricot carrier provides a degree of electrical isolation between metal and

graphite composites to reduce galvanic corrosion,
FEATURES & BENEATS

* Superior metal-to-metal peel strength, composite-to-composite bonding and composite-to-metal joints

+ Extensively used as surfacing ply for composite materials
= Service termperature from -67*F to 300°F (-55°C to 150°C)

* Excellent moisture and corrosion resistance in high humidity environments with no significant
reduction In mechanical properties

= Allows x-ray inspection of assemblies due to natural opadity of adhesive formulations
* Avallable in a wide range of film thicknesses tallored to spedific applications
* Industry wide acceptance

SUGGESTED APPLICATIONS
* Metal-to-metal bonding

R v
. G to-comp g

+ Compasite-to-metal bonding
* Compasite surfacing

www.cytec.com

2013 Cytee inoustres inc. » AEADQOOG2 » Pev. G2 + 9 Octoder 2013
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CHARACTERISTICS
Table 1 | Product Description for FM 300 Adhesive Films
' Nominal
Product Number Welght, | Color Carrier Characteristics
psf (gsm) inches (mm)
cmond| anaxs| e Cimns i
y - control. Good blend of
FM300 film achesive | 010a0) | 0.015 (038) Brue | TOhthalt structural and handling
| properties
0.05(244)  0.008 (0.20) Green |  Wide open -
FMS00K film achesve | 508 G50) |  0.013(037)|  Green knit | Mighest overall performance
FM 300M film 0'03(1w) | 0.005 (OJJ.) Green Provides the best bondline and
Random mat | flow control. Reduces tendency
adhestve 0.08 (390 ‘ 0.013 (032) Green 10 trap air during lay-up.
003(150) | 0.005 (0.13) Green | Unsupported
24 3000 film sdhesive | e e | 0 008 (0:20) — S Can be reticulated

L
¥ Weigitt tolerance equals noming| welght  0.005 osf (2 25 gem)

Table 2 | Handling Properties of FM 300 Adhesive Films

Properties
Volatiles

Outgassing properties
(after complete cure)

Recommended storage

Shelf life

Shop life

Description
1.0% maxmum

0.92% TWL and 0.07% CVCM
{NASA reference publication 1124, Rev. 887)

Supported grades: store at or below 0°F {-18°C)
Unsupported grades. store at 40°F {4.5°C)

Supported Grades: 12 months from date of shipment
Unsupported Grades: 4 months from date of shepment

10 days a1 90°F (32°C) 30 days at 70°F (21°C)

Table 3 | Product Description: BR® 127 corrosion Inhibiting primer

Properties
Color
Solids
Density

Shop life
Shelf life

Recommended

NESC Request No.: T1-12-00783

Description

Yellow

10% = 1% sprayable

7.3 Ibs/igal (875 gliter)

5 days at 90°F (32°C) |

12 months from date of shipment at ‘
recommended storage

Store at or below 0°F (-18°Q)

www.cytec.com * 02013 Cytec Industries Inc. » AFAD-G0002 « Rev. 02 » 3 October 2013 | Page2
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PROPERTIES
Table 4 | Mechanical Properties’
FM 300 FM300K | FM300K = FM300M  FM30OM

| sample Description’ Product Number 0.08 psf 0.05 psf 0.08 pst 0.03 psf 0.08 psf

‘ (3% gsm) | (44gsm) | (3%0gsm) = (150gsm) = (390 gsm)

| Tensile shear, psi (MPa)
S7°F(-55Q) 5080 (35.0) - | 5460(37.7) - | 4930 (34.0)
75°F (24°C) 5145 (35.5) | 5340 (36.8) | 5850(40.3) | 4325(29.8) 5275 (36.4)
250°F (120°C) 3995 (27.6) | 3575(24.7) | 4200(28.9) 3350 (23.2) 4040 (27.9)
300°F (150°C) 2910 (20.0) | 2965 (20.4) | 3155(21.8) 2310 (159) 2955 (20.4)

| Floating roller peel, in-ib/in (kN/m)
67°F (-55'Q 28(4.9) - 28 (4.9) - 29(5.1)
75°F (24°Q) 29 (5.1) 23 (40) 28 (4.9) 26 (4.6) 29(5.1)
250°F (120°Q) - - - - -
300°F (150°C) 25 (4.4) - 26 (4.6) 27 (4.7) 26 (4.6)

| Honeycomb sandwich peel, In-1b/3 In (Nm/m)
S7°F (-55'Q - 2530 40 (58) - -
75°F 24°Q) - 202 45 (66) 11 (16) -
250°F (120°Q) - - - -
300°F (150°C) - 202 28 (41) - -

| Flatwise tenslle, ps! (MPa)
ST°F (-55°C) 1350 (9.3) - 107504 - 1600 (11.0)
75°F (24°Q) 1095 (7.6) -1 103000 43530 13900E.6)
250°F (120°Q) - - - | - -
300°F (150°C) 345 (2.4) 340 23 470 32) 1 125 (0.!6) 51335)

wmmmwmmﬁhmmaﬂzlww

! Metal: Tersile shear 0.063 in. (163 mm) 2024-T3 dad, honeycomb skins © 020 in. anmm‘;dﬂ.m—mmsmnnm

0002 (055 men) NPS0S2, flosting roler peel 0.0250.063 2024-T3 dad

FM® 300 EPOXY FILM ADHESIVE
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Table 5 | Humidity and Fluld Exposure'

sampe Dscpion Doy | e |
\ (390 gsm) (390 gsm) (390 gsm)
Tensile shear, psi (MPa) after 30 days at 120°F
(50°C), 95 - 100% RH' 5185 (35.8) 6225 (42.9) 5535 (38.2)
Tensile shear, psi (MPa) aftar 7 days immersion in:
194 fuel 5030 (34.7) 6240 (43.0) 5550 (38.3)
Anti-icing fluid 4915 (33.9) 6275 (43.3) 5250 (36.2)
Hydraulic oll 5100 (35.2) 6130 (42.3) 5350 (36.9)
Hydrocarbon fluid 5155 (35.6) 6095 (42.0) 5125 (35.3)
Tensile shear, psi (MPa) after 200 hours in Skydrol*
hydraulic fluid at 150°F (66°C) 4935 (34.0) 6350 (43.8) 4860 (33.5)
% FM 300, AV 300K and FM 300M fim adhesiv with 28 127 priman: Typical averags resuls
* Metal: Tensile shear 0,063 ko, {163 mem) 2024-7 clad
Fastad ot 75 24°0)
* A product of Selutia, Inc.
Table 6 | Effect of Humidity Exposure on Film Prior to Bonding*
Control 15 Day Exposure
‘ Property ‘ Test Condition (no exposure) at 54% RH
br.rman_wnrzrmo 7‘8@(331) mm’
4700 (32.4) 4800 (33. 1) !
Tenside shear, psi (WPa) ‘ w @2.1) 5200 (35.9)
Tested at 300°F (150°Q) 3400 (23.5) 2600 (17.9) |
L E __mwme| aswen)
roller pesl, lsfin (kN/m) Tested at 75°F (24°C) 28 (49) 2849 ‘
28 (5) 29(5.1)"
Honeycomb sandwich peel, In-b/3 In. Tested at 75°F (24°C) 75 (110) 75 (110)
68 (100) 69 (100) |

!

"Semiple: PV 300K files achesive, 0.08 psf (390 gam) with R 127 primer

Metal: Tenslle shear 0.063 In. (1,63 mar) 202613 dlad
Honeywomb dds 0.020 In .51 mm) 202473 dadd

W16 in. (676 mm) 0.002 (0,65 mm) NP 5052

Horwycomb

Hoating roller poel  DOZS0.061 2026-T3 dad
Cure cyche: 60 mimses to 350°F (175°0

@ mirnnes at 35077 (175°0)

40 ped (028 MPe)

www.ytec.com * 02013 Cytec (ndustries Inc. » AFAD-G0002 « Rev. 02 » 3 October 2013 | Paged
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Table 7 | 300°F (150°C) Heat Aging Studles'

Hours Tensile shear Tensile shear Honcycomb sandwich peel Flatwise tensile,
exposure psi (MPa) psi (MPa) in-1b/3 in (Nem/m) psi (MPa)
tested at 75°F (24°C) | tested at 300°F (145°C) tested at 75°F (24°0) tested at 75°F 24°Q)

Control 6070 (41.8) 2980 (20.8) 64 (34) 1380 (9.5)
1440 4460 (30.8) 3720 (25.6) 35(52) -
2880 4700 (32.4) 3400 (23.5) 41 (60) 960 (6.6)
4320 4300 (29.7) 3430 (23.7) 26 (39) 1000 (6.9)
5080 3910 (27.0) 3530 (24.9) 23 (39) 990 (6.8)
5760 3210Q2.1) 3450 (23.8) 20 (30) 950 (6.6)
7200 3580 (24.7) 3450 (23.8) 20 (30) -
7920 3270 (22.6) 2960 (20.4) 17 @25) 780 (5.4)

Sarphe: M 300K film achesive, 0.08 puf 090 gu) with BR 127 rimes

Motsk  Toruile shae: 0.063 in. (1,63 mew) 2026-T3 cad

Honmycomb skine  0.020 In (0 51 mm) 2024-T1 clad
Honayoomd N6 In {676 mm) 0,002 0,65 mm) NP 5052

Cura cychec G0 minses bo 35071 (17570
6 mimses at I50°F (175°C)
W ps 028 MPe)

KGR Stress Strain Dats

The heart of Cytec is new technology for structural adhesives is the KGR-1 extensometer, This instrument provides the basic,
definitive property of a structural adhesive - its shear stiffness. KGR-1 records the entire stress strain curve for the adhesive in
environments reproducible in the laboratory.

This technology benefits both the designer and the adhesive formulator. The designer and stress analyst use this technology
to predict the service perfarmance of the achesive bond, including strength, creep and fatigue in emi reproducibl
in the laboratory.

Until Cytec developed the KGR-1, test methods to obtain shear stiffness were either inaccurate or too costly to allow
sufficient data for statistical confidence. A measure of the difficulty in obtaining this stiffiness is that movements of one
quarter of a micron (0.00001 inches) must be detacted with clarity and reliability. KGR-1 does this over a temperature range
of -67°F (-55°C) to 500°F (260°C) in hostile environments reproducible in the laboratory.

The economy of operation of KGR-1 makes stiffness data affordable to the designer. This economy allows statistical
confidence necessary for practical analysis. In addition to stiffness, KGR-1 provides the shear stress strain relationship over the
entire non-linear range up to and inchuding ultimate failure.

Rt is established that fatigue |ife and residual static strength are dependent on strain at uitimate stress, The larger the strain,
the longer the fatique |ife and the higher the residual static strength (the strength after the joint has seen the required
fatigue loads). This data defines limits for creep and fatigue conditions. It is possible to perform proper stress analysis of
bonded sircreft primary structure. Accurate predictions are now possible for the bond performance over

the life of the alrcraft.

Apart from ks value to the designer, KGR-1 technology is invaluable to the formulator of structural adhesives. Stress strain
properties beyond the linear range define the adhesive’s performance in fatigue and toughness.
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If you are interested in acquiring 8 KGR-1 exersometer for he'p in your own work, please contact &
Cytec representative.

Table 6 | KGR-1 Stress Strein Data for FM 300K Adhesive Film, o.ospsfmom)umwmm
1 = Shear Stress, ps| (MPa). = Shear Straln, In/in. G = Shear Modulus, psi

Test Linear Limit (LL) Knee (KN) Ultimate Fallure (UL
Temperature f b3 G f b3 f b3
75°F (24°Q | 2060 (14.2) 0.0156 131,500 (307.5) | 6100 (42.1) 0.0932 | 7210 (49.8) 0,5446 |
20°F (104°Q) | 916 (6.32) 0.0150 64,700 (246.2) | 3000 (20.8) 0.0835 | 5190 (35.8) 1.2073 |
2200F(104°C)" | 745(5.04) 00273 27,500(189.8) | 1880 (13.0) 0.1047 | 3100 (214} 1.0744

! Posthond exposure 1o 100% RH st 140°F (60°0) Lavtil seturated
Figure 9 | Shear Stress vs. Shear Strain for FM 300K Film Adhesive in Various Environments KGR-1 Instrumentation

3000
- FM 300K, 75°F (24°C)
2 6000
&
A
= FM 300K, 220°F (104°C)
@ Ax0
5 -
o e
'5. B =, FM 200K, 220°F (104°0), wet
2000 =
=Ll
v =KN
A =UL
ol
0 02 04 06 08 10 12 14 16 18

Shear Strain (in/in)
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APPLICATION NOTES

Preparation of Aluminum
A clean, dry, grease-free surface is required for optimum performance. A recommended procedure for ceaning aluminum
skins prior to priming or bonding is the FPL deaning method:

1. Vapor degrease, alkaline clean, rinse and check for water break
2. Prepare a sodium dichromatesulfuric acid solution as follows:
2. Mix the following ingredients:

Sodium Dichromate 34 grams FED-O-5-595A
Water 700 ml Deionized water recommended
Sulfuric Add 304 grams  FED-O-A-115, Class A, Grade 2

b. Add additional water to make one liter
This solution will dissolve 1.5 grams of 2024 dlad aluminum per |iter.

MNOTE: Chromic acid is highly corrosive. All contact with skin and tssues must be prevented. Wear impervious apron, boots
and gloves as well as splash-proof goggles and face shield when preparing and/or using chromic acid. if airborne
concemtration of chromic acid exceeds the 8-hr TWA established by OSHA, respirators approved by NIOSH must be worn.

Chromic acid solutions should be prepared and handled only in fume hoods or other adequately ventilated areas even
when the TWA is not exceeded. Traces of chromyl chioride may occur in the vapors above heated chromic acdid solutions
prepared from chlorinated water.

3. Immerse aluminum part in sodium dichromate/sulfuric acdd solution at 155 + 5°F (68 = 3°Q) for 10 minutes
(clad aluminum) or 5 minutes (bare aluminum)

4. Spray rinse with water at or below 75°F (24°C)

S. Immerse in cold water

6. Repeat spray rinse checking for warter break

7. Dry in & vented oven below 150°F (65°C)

In addition to the FPL etch cleaning method for aluminum, the phosphoric acid anodizing (PAA) surface treatment1 is now
being used by a large number of aircraft facturers due to the improved surface bond durability provided by the PAA
treatment.

Primer Application

Although not mandatory, BR 127 corrosion inhibiting primer is recommended for use with FM 300 adhesive in the bonding
of aluminum details. BR 127 primer offers superior durability and resistance to hostile environments within the bond line and
also may be used as a protective coating outside the bondad areas. Apply BR 127 as follows:

1. Allow BR 127 material to warm to rcom temperature prior to opening container
2. Thoroughly mix before application and agitate during spplication

3. Spray or brush coat to a dry primer thickness of 0,0001 inch (0.0025 mm) nominal with a 0.0002 inch (0.0050 mm)
maximum thickness

Alr dry 30 minutes minimum prior to using
Oven dry 30 minutes at 250 = 10°F (120 2 6°Q)

" Bosing patent 4 005,012; April 18, 1978
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Bonding Procedure

Bond FM 300 film adhesive at pressures ranging from 15 = 100 psi (0,10 « 0,63 MPa) depending upon the application, For
press, cl pressure diaphragm or vacuum bag curing use the following cure cycle:

1. Heatup to 350°F (175°C) In 30 — 60 minutes

2. Hold at 350°F (175°Q) for 60 minutes

Compatibility
The cure temperature, pressure and gel time of FM 300 film adhesive make it compatible for co-cure or simultanecus
autodave runs with FM® 61 and FM® 96 film adhesives as well as BR 127 primer.

PRODUCT HANDLING AND SAFETY

Cytec Industries recommends wearing dean, impervious gloves when working with epoxy resin systems to reduce skin contact
and to avoid contamination of the product. Materials Safety Data Sheets (MSDS) and product labels are available upon
request and can be obtained from any Cytec location supplying aerospace materials,

DISPOSAL OF SCRAP MATERIAL
Disposal of scrap material should be in accordance with local, state, and federal regulations.

CONTACT INFORMATION
GLOBAL HEADQUARTERS for AEROSPACE MATERLALS

Termpe, Arizonp

tel 480.730.2000

fax 4807302088
emai  custinfo@cyteccom

NORTH AMERICA
Arahelm, California Greernille, Toms Hawre de Grace, Maryland Cytec Carbon Fiber
tof  714.630.9400 tel  903.457.8500 o 410.939.1510 Pledmon?, South Carclins
fax 7146664385 fax 9034578558 fax 4109333100 twf 8642715720
Orange, Calfornia Winoes, Minnesots D’ Aircraft Ansheim, Califoria fox 8642995373
el 714.639.2050 tel 5074543611 o 7146328444
fax 7145324006 fax 5074508195 fax 7146327164
EUROPE ASIA
Wrexham, United Kingdom Ostringen, Germany Shanghai, China
tol +441978.665200 tof 4897253534111 tof 4862157468018
fax +44 1978.665222 fax 4487253534102 fax +86215746.8038
Tha dirta and ik srovidad in this do huve bown clrisined #rom carehally e product descrided.
W“M“u“"‘ y of wy Mo Mmmnmmmm«NMthNmnm
of this e vnm-dmmn- umwmmwummn&
umw-ﬂuuwmmumwuhm mbmum
mh*xﬁowuwmwﬂmmmwwwﬁwthmmoﬂﬁmumw Tl Cyonc ham e right
-y o

AL TR%S 410 TH PrOPATY 0F THNT NespecTwS Own .
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3M
Scotch-Weld™

Structural Adhesive Film
AF 555

Fechnmeal Data Sheet

Product Description

Key Features

JExcellent pre-bond humidity performance on composite subsrates.
OOne-year oultime at ambient conditions
JUnsupported version available for reticulation.
OFilm adhesive can be cured from 300°F (130°C)up to 355°F (180°C).
OJExcellent shop handling characteristics (easy to use in shop).

TAvailable with hght-weight conductive screens for lightning strike/composite

surfacing applications
Available Constructions: Weight Nomunal
Construction {+ .005) L/t* | Thickness (muls)
Scotch-Weld AF 555U Film 0.015 2.5
Scotch-Weld AF 555U Film 0.030 5.5
Scoteh-Weld AF 555U Film 0.035 6.0
Scotch-Weld AF 555U Film 0.050 8.0
Scotch-Weld AF 555U Film 0.060 10.0
Scotch-Weld AF 555U Film 0.080 13.0
Scot¢h-Weld AF 355M Film 0.015 2.5
Scotch-Weld AF 555M Film 0.030 S.5
Scotch-Weld AF 555M Film 0.0325 5.75
Scot¢h-Weld AF 555M Film 0.035 0.0
Scot¢h-Weld AF 555M Film 0.050 8.0
Scotch-Weld AF 555M Film 0.060 10.0
Scotch-Weld AF 555M Film 0.080 13.0
Scot¢h-Weld AF 555K Film 0.050 8.0
Scotch-Weld AF 355K Film 0.080 13.0
Scoteh-Weld AF 555K Film 0.100 16.0
Scotch-Weld AF 5551 Film 0.050 8.0

NESC Request No.:

TI1-12-00783

Code; U = Unsupported Film

M = Non-Woven Supporting Carrier (Matte)

K = Knit Supporting Carrier

L = Lightweight Non-Woven Supporting Carvier

Scotch-Weld AF 2535 (lms are oeange in both their uncured and fully cured form

3M ™ Scotch-Wdd ™ Structural Adhesive Film AF 555 is a thermoseting. modiCed
epoxy adhesive [Im. It was designed for bonding of composites in conjunction with

honeycomb or in a monolithic strcure. Scotch-Weld AF 555 Film can be co-cured,
co-bonded with composite prepregs, or used 1o bond cured composite.
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3M™ Scotch-Weld™
Structural Adhesive Film
AF 555

Typical Cured

Note: The following technical mformation and data s based on limited 3M testing
Physical Properties

conditions and should not be used foe specification purposes.

1. Torsion RDA
Test Equipment: Rheometric Dynamic Analyzer

IM™ Scotch-Weld™ Structural Adhesive AF 555 Film unsupported adhesive was cured under standard
conditions. Specimen size: 33.848 (L) x 1244 (W) x L. mm (T).

1.00E+11 ¢ ;05
‘-;-13‘ T00E410 + FeSessssssnan, {04
3 2 1.00Es09 |03 §
3 P i o ey ' (=]
= 2 1.00E408 - lo2 §
83 [ &
§ 8 1.00E07 | f 01
w .o |

1.00E+08 * - - S 1o

0 50 100 150 200 250
Temperature [C]
~a~ G [gynicm2] —a— G* [dyn/cm2)] —e— tan_delta

1. Dry / Wet Glass Transition Temperature

Cured Scotch-Weld AF 555 Film dry unconditioned vs. Scotch-Weld AF 555 Film aged in DI water
for 1000 hours at $0°C.

Onset Temp Tan Delta Paak
F[C) F[C]
Scotch-Weld AF 555 Film 304 [151] 338[170)
unconditioned
Scotch-Weld AF 555 Film aged 279 (137 325 [163)
in DI water for 1000 h (@ 80°C

NESC Request No.: T1-12-00783
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3M™ Scotch-Weld™

Structural Adhesive Film

AF 355

Typical Cured Note: The following technical information and data is based on limited 3M testing
Physical Properties conditions and should not be used for specification purposes

(continued)

I11. Metal to Metal — Overlap Shear
Overdap Shear Specimens: 1° wide, /2" overlap specimen, 0,063" thick, FPL etched and phosphonc acid
anodized 202473 bare alumimum, Primed with 3M™ Scotch-Weld™ Structural Adhesive Primer EW-5000,

Test Temperature Scotch-Weld AF 555 Film Scotch-Weld AF 555 Film Scotch-Weld AF 535 Film
“F (°C) U 0,030 Wt. PSI (MPa) M 0050 Wt. PSI (MPs) K 0.080 Wt. PSI (MPz)
67 (-55) 4776 (33) 4850 (33) 4770(33)
75 (23) 5416 (37) 5634 (39) 5765 (40)
277(136) 2606 (18) 301621} 4355 (30)
350(177) 1571 (11) 152611} 2252 (16}

IV_Metal to Metal - Floating Roller Peel
Floating roller peel specimens: 12" wide, 0.063" back punel, 0.025" skin 2024-T3 bare alumnum, FPL

etched and phosphoric acid anodized. Primed with 3M™ Scotch-Weld™ Structural Adhesive Primer EW-5000

Test Temperature Scotch-Weld AF 555 Film Scotch-Weld AF 555 Film Scotch-Weld AF 555 Film
“F (*C) U 0030 WL PIW (N25mm) | M 0.050 Wi, FIW (N25mm) | K 0.080 Wt PIW (N25mm)
67 (-55) 2297) 25¢111) 20 (8%)
75(23) 38(169) 37(165) 31(138)
180 (177) 394173 39(173) 29(129)

V. Metal to Honeycomb — Flatwise Tensile
All properties were measured on 2¥ x 2" honeycomb sandwich bonds. Primer used 3M™ Sccech-Weld™
Structural Adhesive Pnmer EC-3917. Tested in accordance with MIL-A-25463B and ASTM C-297,

Test Temperature

Scotch-Weld AF 555 Film
0.06M Wt. Supparted, Unreticulated

°F °"C PSI (MPa)
75 (23) 117 (73)
277 (136) 468 (3.24)

Skin: 0.02" thick 2024.3T bare, FPL etched. Honeycomb Care: 050" thack, 1/4" cell, 0.004 o], 5052 alumisnan

NESC Request No.: T1-12-00783
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3M™ Scotch-Weld™

Structural Adhesive Film

AF 555

Typical Cured Note: The following technical information and dats is bascd on limited 3M testing
Physical Properties conditions snd should not be used for specification purposcs.

(continued)

VL High Temperature Durability Data — Metal to Metal Wide Area Overlap Shear
Bonds were mide on FPL etched and phosphoric acid anodized 2024-3T bare aluminum and exposed at
350°F (177°C). Overlap shear values were obtained at 75°F (23°C) and at 350°F (177°C) &s indicated below,
Primer used 3M™ Scotch-Weld™ Structurs] Adhesive Primer EC-3917. Tested in accordance with 3M TM C-265
(Aluminnm to Aluminum Blister Detection Test),

Scoteh-Weld AF §55 Film
Hours of expasure at 350°F (177°C) WM WL IR e
2t 75°F (23°C) a1 350°F (177°C)
0 3942 (27.2) 1981 (13.7)
240 4206 (29.0) 2066 (14.2)
864 4312 (29.7) 2115 (14.6)
1440 4193 (23.9) 2121 (14.6)

VIL High Temperature/Humidity Durability Data - Metal to Metal Wide Area Overlap Shear
IM™ Scotch-Weld™ Structural Adbesive Film AF 555 was exposed at the following temperature/humidity and loads
for the number of days specified below before measuring crecp. Bonds were made on FPL etched and phosphoric acid
anodized 2024-T3 bare eluminum - using Scotch-Weld BC-3917 Primer and Scotch-Weld AF 555 Film 0.06M wt.
supparted, Specimens prepared in accordance with 3M TM C-265 (Alumminum to Aluminum Blister Detection Test).

Measured Sustained

Temperature | Humidity | Load Creep Creep Load

F (O | RH%) (PsD) (years) (mil) _ (mm) (days) |

140 (60) 100 2000 3 <05 (0.0127) 150

140 (60) 100 1500 3 <0.5  (0.0127) 150

140  (60) 100 1100 3 <05  (0.0127) 150

140 (60) 100 800 3 0.5 (0.0127) 150

300  (149) 800 3 <0.5 (0.0127) 150

75  (23) | amblent 1600 3 <05 (0.0127) 150

VIIL Thick Adherend Shear
Scotch-Weld AF 555 Film tested on 1/2* thick FPL etched, Phosphoric Anodized 2024-T3 Aluminum primed with
3M™ Scotch-Weld™ Adhesive Primer EW-5000 AS. Full repart available from 3M Technical Service upon request.

Test Temperatore, Ultimate Stress, Ultimate Strain, Shear Modulos,
°F (°C) psi (MPa) % psi (MPa)
465 (-54) 9660 (67) 0309 0.171 (0.0012)
75 (24) 7610 (52) 0.556 0.063 (0.0004)
200 (93) 5220 (36) 0.935 0.041 (0.0003)
277 (136) 3790 (26) 1.344 0.011 {0.00008)

NESC Request No.: T1-12-00783
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3M™ Scotch-Weld™

Structural Adhesive Film

AF 555

Typical Cured Note: The following technical information aod duts is based on limited 3M testing
Physical Properties conditions and should not be nsed for specification purposes.

IX. Composite to Honeycomb — Short Beam Shear

All properties were measured on 3" X 6" specimens configured with three (3) plies of BMS8-256, Type IV,
Class 2, Style 3K-70-PW co-cured at 350°F on each side of BMS8-124, Type 1, Class1, Grade 8.0 (.50 inch
thick and transverse with 6" dimension) honeycomb core with cne ply of IM™ Scotch-Weld™ Structural

Adhesive Film AF 555 at each core/skin interface. Beam shear was tested in a three point configuration with

2.4.00 +0.05" span with the tool side up (in compression) to MIL-STD-401 guidelines.

Test Temperature Constroct Ib, kN
75°F (24*C) Scotch-Weld AR 555M Film 030 paf 2360 10.5
75°F (24*°C) Scotch-Weld AP 555M Film 035 psf 2316 10.3
75°F (24°C) Scotch-Weld AF 555M Film 050 psf 2202 9.79
75°F (24°C) Scotch-Weld AF 555K Film .050 psf 2264 10.1
75°F (24°C) Scotch-Weld AF 555K Film .0R0 psf 2485 11.1

X, Compoasite to Composite — Flatwise Tensile

All properties were measured on 2" X 27 specimens configured with three (3) plies of BMS8-256, Type IV,
Class 2, Style 3K-70-PW co-cured at 350°F on each side of BMS8-124, Type I, Class1, Grade 8.0 (50 inch

thick) honeycomb core with one ply of Scotch-Weld AF 555 Film at cach core/skin interface. Flatwise Teasion

Test Blocks were subsequently bonded prior to testing and tested in accordance with MIL-STD-401.

Test Temperatyre Congtruct PSI MPa
-65°F (-55°C) Scotch-Weld AF 555M Film 030 psf 1156 7.97
75°F (24°C) Scotch-Weld AF 555M Film .030 psf 1170 8.07
160 *F (71°C) Scotch-Weld AF 555M Film 030 psf 1000 6.89
_65°F (-55°C) Scotch-Weld AF 555M Film 035 psf 1087 7.49
75°F (24°C) Scotch-Weld AF 555M Film 035 psf 1062 7.32
160 °F (71°C) Scotch-Weld AF S55M Film 035 psf 949 6.54
-65°F (-55°C) Scotch-Weld AF 555K Film .050 psf 849 5.85
75°F (24°C) Scotch-Weld AF S55K Film 050 psf 1092 7.53
160 °F (71°C) Scotch-Weld AF 555K Film 050 psf 1129 7.78
-65°F (-55°C) Scotch-Weld AF 555M Film 080 psf 1174 8.09
T5°F (24°C) Scotch-Weld AF 555M Film 080 psf 1266 8.73
160°F (711°C) Scotch-Weld AF $55M Film .080 psf 1137 7.84

=5
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3M”™ Scotch-Weld™

Structural Adhesive Film

AF 555

Typical Cured Note: The following technical information and data is based on Kmited 3M testing
Physical Properties conditions and should not be used for specification purposes.

XI. Composite to Composite Overlap Shear
All properties were measured on 1" wide, 1/2* overlap specimen cut from epoxy/graphite fiber, ten ply
unidirectional composite. Composite panels were cured using ten plics of carbon fiber prepreg, available as
“Toray 3900-2/T800S", baving an areal weight of 190 grams/meter” and a resin content of 35% (from Tory ™
Carbon Fibers America, Incorporated, Decatur, Alabama), Tested in accordance with ASTM D3165,

IM™ Scotch-Weld™
Structural Adhesive Film AF 555
Test Temperature 0.06M We.
°F °C PSI (MPa)
75 (23) 5224 (36.0)
277 (136) 2938 {20.3)

XIL Compesite Double Cantilever Beam (DCB) Test Per BMS 8-276
Mechanical Test to determine strength after Glasochrom Pencil Markings
Composite Material Spec BMS 8-276

Adhesive Scoich-Weld™ AF 555 Film 0.05M Wt Supported
Test Condition 75°F
Width Crack Length Arca Encrgy Glc
in in inA2 in*lbf in*lbffin*2
Lot# A 0.498 4227 21071 9.466 4490
Lot # B 0.497 3.856 1.9164 8.038 4213
Lot#C 0.497 7.839 18959 19.182 492
Lot # D 0.500 5.074 2.87 14972 5.901
Lot# E 0.498 6384 31792 16,040 5050
Lot#F 0.497 7.332 36440 18.035 4.949

X111 Out Time: Room Temperature Exposure
Scotch-Weld AF 555 Film was exposed at 77F (23C) / ambieat humidity for the number of months specified

prior to bonding, Primer used was 3M™ Scotch-Weld™ Structural Adhesive Primer EW-5000. Overlap shear was

tested in accordance with ASTM D1002. Floating Roller Peel was tested in accordance with ASTM D3167-97.

Overlap Shear Specimens: 1" wide, 1/2" overlap specimen, 0.063" thick, FPL etched and phosphoric acid
anodized 2024-T3 bare aluminum. Primed with Scotch-Weld EW-5000 Primer.

Scotch-Weld AF 555U Film 0.030 wt,, Overlap Shear vs, Out Time

Test 0 Moath 6 Months 12 Months
Temperature PSI (MPa) PSI (MPa) PSI (MPa)
75F (23C) 5416 (37) 5243 (36) 005 (35)
277 F (136C) 2606 (18) 3277 (23) 3208 (22)
350F (177C) 1571 (11) 1499 (10) 1410 (10)

J6
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3M™ Scotch-Weld™

Structural Adhesive Film

AF 555

Typical Cured Note: The following technical information and data is based on limited 3M Lesting
Physical Properties conditions and should not be used for specification purposes,

XIII. Continued — Out Time: Room Temperature Exposure

Scotch-Weld AF 555M Film 0.050 wt., Overlap Shear vs. Out Time

Test 0 Month 6 Months 12 Months
Temperatore PSI (MPu) PSI (MPa) PSI (MPa)
7SF (23C) 5634 (39) 5099 (35) 5164 (36)
277 F (136C ) 3016 (21) 3459 (24) 3855 (27)
350F (177C) 1526 (11) 1650 (11) 1654 (11)

Scotch-Weld AF 555K Film 0.080 wt., Overlap Shear vs. Out Time

Test 0 Month 6 Months 12 Months
Temperature PSI (MPs) PSI (MPs) PSI (MPa)
7SF (23C) 5765 (40) 5410 (37) 5840 (40)

277F (136C ) 4355 (30) 3519 (24) 4009 (28)
350F (177C ) 2252 (16) 1819 (13) 1981 (14)

Floating roller peel specimens: 1/2* wide, 0.063" back panel, 0.025" skin 2024-T3 bare aluminum, FPL
etched and phosphoric acid anodized. Primed with 3M™ Scotch-Weld™ Adhesive Primer EW-5000.

Scotch-Weld AF 555U Film 0.030 wt., Floating Roller Pecl vs. Out Time

Test 0 Month 6 Monthsg 12 Months
Temperature | PIW (N/2Smm) | PIW (N/25mm) | PIW (N/25mm)
-67F (23C) 22 (97) 20 (89) 24 (107)
75F (136C ) 38 (169) 35 (156) 30 (133)
180F (177C ) 39 (173) 38 (169) 40 (178)

Scotch-Weld AF 555M Film 0.050 wt., Floating Roller Peel vs. Out Time

Test 0 Month 6 Months 12 Months
Tempersture | PIW (N25mm) | PIW (N/2Smm) | PIW (N/25mm)
-67F (23C) 25 (111) 27 (120) 20 (89)
75F (136C ) 37 (165) 36 (160) 36 (160)
180 F (177C) 39 (173) 40 (178) 40 (178)

Scotch-Weld AF 555K Film 0.080 wt,, Floating Roller Peel vs. Out Time

Test 0 Month 6 Months 12 Months
Temperatore | PIW (N/2Smm) | PIW (N/2Smm) | PIW (N25mm)
-67F (23C) 20 (89) 21 (93) 24 (107)
ISF (136C) 31 (138) 32 (142) 36 (160)
180 F (177C ) 29 (129) 40 (178) 41 (178)
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3M™ Scotch-Weld™
Structural Adhesive Film
AF 555

Typical Cured Note: The following technical information and data is based on limited 3M testing
Physical Properties conditions and should not be used for specification purposes,

X1V. Out Time: RDA vs. Room Temperature Exposure

Test Bqtdpmc:mﬁzkhmﬂc Dynamic Analyzer.
Heat-up Rate = 5°C/min.
Strain = 02%
Data Collection Frequency = 30 sec.
Construct = 3M™ Scotch-Weld™ Structural Adhesive Film AF 555 0.05 wt.
Scotch-Weld AF 555U Film 0.030 Wt.
Minimum Temperature @ Time & Minimum
Viscosity (Pa*s) Minimuom Viscosity (Min.)
Viscasity F (C)
Initial 1.44 332 (167) 29
3 Months 1.22 336 (169) 29
6 Moaths 1.85 332 (167) 28
9 Months 1.66 329 (165) 28
12 Months 1.85 332 (167) 28
Scotch-Weld AF S55M Film 0.050 Wt
Minimum Temperature @ Time @ Minimum
Viscosity (Pa®s) Mininum Viscosity (Min.)
Viscosity F (C)
Initial 8.86 338 (170) 29
3 Months 7.96 336 (169) 29
6 Months 11.27 332 (167) 29
9 Months 11.05 336 (169) 28
12 Months 7.85 338 (170) 29
Scotch-Weld AF 555K Film 0.080 W',
Minimum Temperature @ Time @ Mintmum
Viscosity (Pa®s) Minimum Viscosity (Min.)
Viscusity F (C)
Lnitind 4.53 332 (167) 29
3 Months 4.78 329 (165) 2
6 Months 4.36 327 (14) 28
9 Months 5.17 327 (164) 23
12 Months 5.84 324 (162) 27
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3M™ Scotch-Weld™
Structural Adhesive Film

AF 555

Typical Cured
Physical Properties

Note: The following technical informatioa and data is based oo linited 3M lesting
conditions and should not be used for specification purposes.

XV. Out Time: 90°F / 50% RH Exposure

DSC vs. Out Time @ 90°F (32°C) / 50% RH
Samples of 3M™ Scotch-Weld™ Structural Adhesive Film AF 555U 0.035 wt. and AF 555M 0.050 wt
were copditioned @ 90°F (32°C) / 50% RH for 60 cays.
Equipment: Perkin Elmer DSC 7

Ramp Rate: 10°C/min.

Scotch-Weld AF 555U Film 0.035 wt. Unsupported

Peak Exotherm
Onset Temperature °F [°C] Delta H [J/g] Temperature °F [*C]
initial 315(157] 289 334 [168)
14 days 315(157) 296 331 [166)
21 days 313 (156) 280 336 [169]
39 days 313 [156) 302 331 [166)
60 days 311 [155]) 2% 331 [166]
Scotch-Weld AF 555M Film 0.05 wt. Supported
Peak Exotherm
Onset Temperature “F [*C] DduH[JI@ Temperatare “F [*C]
initial 315[157] 289 340 [171]
14 days 313 [156] 287 336 [169]
21 days 315[157) 287 336 [169]
39 days 315[157) 290 336 [169]
60 days 307 (153) 300 331 [166)
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3M™ Scotch-Weld™
Structural Adhesive Film
AF 555

Note: The following technical infarmation and data is based an limited 3M testing

Typical Cured
Physical Properties conditions and should not be used for specification purposes.

XV. Continued — Qut Time: 90°F / 50% RH Exposure
Open Time Data -~ Minimum viscosity vs. out-time at 90°F (32°C)/50% RH
Test Bquipment: Rheometric Dynamic Analyzer.
Frequency =1 Hz
Heat-up Rate = 5°C/min.
Strain = 0.2%
Data Collection Frequency = 30 sec.
Construct = 3M™ Scotch-Weld™ Structural Adhesive Film AF 555 0.05 wt.

NESC Request No.: T1-12-00783

Time to Minimum Viscosity Eta* @ Minimom Viscosity
(min) ®)

Initial 24.133 1.58E+01
14 days 24,133 1.60E+01
21 days 23.467 2.02E+01
39 days 239 1.75E+01
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3M™ Scotch-Weld™
Structural Adhesive Film
AF 555

Product Application

XVL

Surface

Note: While this information is provided as a general application guideline based upon
typical conditions, it is recognized that no two applications are identical due to differing

to determine suitability of prodect for particular intended uae.

Preparation
A thoroughly cleaned, dry, grease-free surface is essential for maximum
performance. Cleaning methods that produce a break free water film on
metal surfaces arc generally satisfactory.

A. Aluminum: Phosphoric acid anodize (3M Test Method C-2780), Caromic acid

anodize with or without a chromate seal (3M Test Methods C-2801 or C-2782)
mpwfcmmmynmavmw
FPL Exch has also demonstrates improved durability performance.

FPL Bxch — 3M Company (3M Test Method C-2803 or ASTM D 2651)

1. Alkaline degrease — Oakite® 164 solution 9-11 ozJ/gallon of water at
190° + 10°F for 10 to 20 minutes. Rinse immediately in large quantitics of
cold numning water (3M Test Mcthod C-2802).
*Available from Chemetall Qakite, Berkeley Heights, NJ.

2. Optimized FPL Exch Solution (1 liter):
Material Amount
Distilled Water 700 ml plus balance of liter (see below)
Sodium Dichromate 28 to 67.3 grams
Sulfuric Acid 287.9 to 310.0 grams
Alumirm Chips 1.5 grams/liter of mixed solution
Note: Review and follow safety and precantionary information provided by
chemical supplier prior to preparation of this etch sofution.
To prepare 1 liter of this solution, dissolve sodium dichromate in 700 mi of
distilled water. Add sulfuric acid and mix well, Add additional distilled water to
fill 1o 1 liter. Heat mixed salution to 66 to 71°F (150 to 160°F). Dissolve 1.5
grams of 2024 bare aluminum chips per liter of mixed solution. Gentie agitation
will help aluminum dissolve in sbout 24 hours.

To FPL etch pancls, place them in the above solution at 150 to 160°F (66 to 71°C)

for 12 to 15 minutes.

3. Rinse immediately in large quantities of clear ranming tap water,

4. Dry — Air dry approximately 15 minutes followed by a force dry at 140°F
(maximum).

5. Current theory suggests that both surface structure and chemistry play a
significant role in determining the strength and permanence of bonded structure,
It is therefore advisable to bond or prime freshly cleaned surfaces as carly as
possible after prepering to avoid contamination and/or mechanical damage.

<]11-
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XV1. Continved ~ Surface Preparution

B. Aluminum Honeycomb Core

1, Soak in clean aliphatic naphtha (conforming to TT-N-95A) for five minutes
L room temperature. Dry 10 minntes at 140°F (maximum).

2. Optional — Immerse in etching solution above for 2 minutes 155 = 5°F.
Rinse, air dry and force dry in a similar marmer o skins,

C. Titanium CP or 6AI 4V both Turco® 5578-L* and improved phosphate fluoride
processing have been used successfully with 3IM™ Scotch-Weld™ Structural
Adhesive Film AF 555,

1. Vapor hone 140 grit in water — rinse thoroughly with clear running tap water,
2. Degrease — solvent or alkaline process.
3. Immerse for 15 minutes at 185 + 5°F in the following bath:
Turco® 5578-L — 420 grams
Distilled water — Balance to make | liter
4. Immerse for 1 minute in 170 + 5°F distilled water.
5. Spray rinse for S minutes in hot tap water ~ 130°F.
6. Air dry for 10 to 20 minutes.
7. Force dry for 15 minutes &t 140°F (maximum),
8. It is advisable to boad or peime freshly cleaned surfaces within foar hours.
*Available from Henkel North America.

D. Stainless Steel - Type 301

1, Vapor hone 140 grit in water,

2, Rinse thoroughly in clear running tap water.

3, Alkaline degrease — see procedure sbove,

4, Rinse thoroughly in clear running tap water.

5. Immerse for 10 minutes at 75 + 5°F in the following bath:
Distlled Water 73-95 az/gal
Nitric Acid 42* Be 30-50 oz/gal
Hydroflucric Acid 70% 3-5 oz/gal

6. Rinse thoroughly in clear running tap water,

7. Alr dry for 10-20 minutes,

8, Force dry for 15 minutes at 150°F,

9, Bond or prime within four bours alter preparing,

E. Cured fiberglass or carben fiber reinforced epoxy resin based reinforced

plastic.

NESC Request No.: T1-12-00783

1. Abrade with 180 grit paper ar 3M™ Scotch-Brite™ Scour Pad (do not
cut through resin into reinforcing fibers).

2. Degrease using acctonc or using an unsized cheesecloth pad.

3, Air dry for two hours minimum.
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AF 555

XVIL Primers
For most applications, use of a corrosion inhibiting primer is suggested to
obtain maximum boad durability in meist, corrosive eavironments, 3M™
Scotch-Weld™ Structural Adbesive Primers EW-5000, EW-5000AS, and
EC-3917 have all been successfully used with 3M™ Scotch-Weld™ Structural
Adbesive Film AF 555, Because of its characteristics which allow both spray
and brush application methods, either Scotch-Weld EW-5000 or EW-S000AS
are normally suggested for use with Scotch-Weld AF 555 films, For suggested
application techniques, refer o the respective primer date sheets,
Primer Coverage
with Scotch-Weld AF 555 Film will normally be found with uniform primer coverage
in the 1-3 g/m? range (dry weight). This is approximately 0.1 mils as measured
by an [someter®, As the primer weight is increased a gradual decrease in low
temperature peel strength will be found along with increasing levels of cobesive
fracture in the primer layer (exception: properly controlled 180° T-Peel
does not normally show this effect), Where specific tests and required strength levels
arc involved, a few simple experiments with varied primer coverage will be required
10 establish an allowable primer coverage range. Further applications can then be
controlled by correlating color or thickness standards for the acceptable nge.
*Isometer from Forster Instruments, Ontario, Canada.

Scotch-Weld EWS000 & EWS000 AS Primers Application
The following cycle is suggested for these primers when used with Scotch-Weld

AF S5 films:
EW5000 & EW5000 AS EC-3917:
Cured Thickness | 0.10-0.28 mils 0.10-0.20 mils
Alr Dry 30 minutes 60 minutes
Force Dry 180 = 5°F for 30 = § minutes | 250 = S'F foc 60 = 5 minutes

XVIIL Adhesive Film Application
Care should be taken during application to avoid contamination of the adhesive
and substrates by any substances which will interfere with the wetting action of
the adhesive.

Layup:
A. Scotch-Weld AF 555 U, M, or K Films
1. Cut a portion of film sufficient for the assembly from the stock roll with
protective liner(s) in place.
2. If the film has one protective liner, place the exposed adhesive against the

substrate using the liner as a protective cover. If two liners are present, remove

one and follow as above.

3. Position film and rub out all air between the adhesive and the substrute. Use of

& rubber roller will facilitate this process.
4. Remove protective liner.
5. Complete assembly being careful to avoid tapping air and cure.

-13-
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XIX. Cure Conditions & Characteristics
IM™ Scotch-Weld™ Structural Adbesive Film AF 555 is designed to provide
short cure times in the 300 to 355°F temperature range. While performance cutside
this cure temperature range has not been fully investigated, limited results suggest
that cure temperatures 8s high as 375°F may be used as well as longer cure times at
200°F (6 hrs.) to obtain useful performance.
A. Standard Cure Cycle for Positive Pressure (Antoclave) Cure
~ 4 5°F/min. rise rate to 355 2 5°F.
~ Vacuum bag target: 28 inches Hg.
- Release (vent) vacuum bag pressure when positive pressure reaches a level of 15 psi.
~ Positive pressure target: 15-20 psi. Pressures as high as 45 psi can be used. If 45 psi
pressure is being used to cure overlap shear specimens, shimming must be used to optimize
bond line thickness.
~ Soak time: 120 minutes + 5 min. @ 355°F bond line temperature.
~ Cool down @ 10°F/min. to 75°F.
- Release positive pressure whea bond line temperature reaches 100°F.
B. Weight Loss During Cure (3M Test Method C-274):
Less than 1% (60 min at 250°F)
C., Cure Time and Temperature
For temperatures from 325 to 355°F, a cure time of 120 minutes at temperature
is suggested. Following cure, it is suggested that pressure be maintained until
the assemnbly has been cooled to 100°F or below,
D. Heat up rate
Bond line temperature rise rates between 1°F/imin. and 20°F/min. have beea used
successfully with Scotch-Weld AF 555 films, It must be noted that hot entry cures
at 300°F and above can be expected to produce recéuced performance duc to
formation of bood line porosity.
E. Cure Pressure
1. Positive Pressure Cures
During cure, pressure is reguired 1o keep parts in alignment and to overcome
distortions and thermal expansion of the adherends. When bonding honeycomb
assemblies with non-perforated core, pressure is required to overcome the
thermal expansion of air in the honeycomb cells. Positive pressure between 20
and 80 psi have been used successfully with 3IM™ Scotch-Weld™ Structural
Adhesive Film AF 555, For very small area bonds, however, pressures at the
higher end of this range may produces excessive squeeze out and adhesive bond
application of vacuum for 15 to 20 minutes prior to application of hest and
pressure is suggested to assist in removing any resiiual adr trapped in the assembly.
Normally, the vacuum is released following application of positive pressure @
15-20 psi, For problem assemblics, maintain the vacuum during the heatup cycle
to about 130°F to further assist in providing void free bonds.
2. Vacoum Curing
Scotch-Weld AF 555 films can be successfully cured using vacoum cure
i For performance comparable to positive pressure cures, Scotch-Weld
AF 555 films should be cured uging a vacuum level in the range of 8-22 inches
of mercury. Higher vacuum levels yield excessive porosity and comesponding
strength reductions. Scotch-Weld AF 555M versions have shown a high level of
pecformance retention across the 10-25 inches of mercury vacuum level range.

-14-
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XX. Complimentary 3M Products for use with Scotch-Weld AF 555 Film
3M™ Scotch-Weld Adhesive Primer EW-5000
3M™ Scotch-Weld Adhesive Primer EW-5000 AS
3M™ Scotch-Weld Adhesive Primer EC-3917
3M™ Scotch-Weld Core Splice Adhesive AF-3024
3M™ Scotch-Weld Void Filling and Edge Sealing Compound EC-3524 B/A

Precautionary Refer to Product Label sand Matorial Safety Data Sheet for health and safety information before using this prodact,

Information For additional health and safety mformation, visit www IM.oom/mads ot call 1-800-364-3577 or (651) 737-6501.

Additional Information in the US,, call toll free 1-800-235-2376, of fax 1-800-435-3082 or 651-737-2171. For U.S. Military, call

or To Order 1-866-556-5714. If you sre cutside of the U.S,, plesse contass your nearest 3M office or ons of the following braaches:
Australis Austris Brazil Cannda
6124989711 tel 01-86686-298 1¢] 5519 3838-7876 ted 800-410-6880 ext. 6018 tel
6124989710 fxx 01.86686-229 fax 55 19 3838-6852 fmx $00-263.3489 fax
China Denmark France Germany
B6-21-62753535 10l 45-43-480100 sel 0810-331-300 16l 02131-14-2344 tel
B6-21-62190658 fax 45-43-968596 fax 30-31-6195 fax U2131-14-3647 fax
Ttaly Japan Karea Natherisads
02-7035-2177 tel 03-3705-8245 el 0237714114 1l 31-71-5450-272 el
02-7035-2125 fax 03-3709.8743 fax 02-786-7429 fax 31.71-5-450-280 fax
South Africa Spain Switzerland Unlted
11-922-9111 td 34-91-321-6000 01-724-5114 tal (0) 161-237-6174 8l
11-922-2116 fax 34-91-321-6002 fax 01-724-5068 fax (0) 161-237-3371 fax

Important Notice IM MAKES NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED
WWWMORFM‘BSPMAMWHM.MBW
for detexmining whether the 3M p is fit for n particalar purpose and for usec'’s methed of applicati
Plaase remnemnber that many faciars can affect the use 2ad perfi od’ll\( dh m-mwm
materials to be bonded with the p the sarface properation of those ials, tho p dectod for wse, the
mnmumumummmwmnmumuw
o pezform xre among the masy factors that can affect the use snd performance of 8 IM prodict. Given the variety
olkwn“muﬂeaﬁewuﬁpafumdnﬂp&oa.wdwamwwlym&em
knowledge aad control, it is casontinl that tho wser the 3IM procact o d vhether it iy &t for a particular
puspose and sustable for the user's method of spplicetion.

Limitation of Remedies If the 3M product is proved to be defective, THE EXCLUSIVE REMEDY,

and Liability AT 3M'S OPTION, SHALL BE TO REFUND THE FURCHASE PRICE OF OR TO REPAIR OR REPLACE THE
mmmwcrmmﬂmnmmhuwmmmmm
imcidental, or pardless of the legal theory ssseried, inclading, but not himised 0, contract, negligence,
mmxwmahnhdny
This peoduct was mazufactured wader & SM quality standand registered mder AS9100 stamderds.

Asrospacs and [

M Camtac Sullding 225-1N-14

5L Paud, MN 551441000 Ploeso Racycla Pristnd In LSA

1-800-235-2378 © 3M 2007. A rghts reserved,

ww Mo 67-G700-0089-3

Figure A18. Scotch-Weld AF555M Film Adhesive Material Properties
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The Al honeycomb fill material used was procured from Texas Almet part number

3.1 1/8 .0007P 5052 (3.1 pcf), 1/8-inch hexagonal cell size, 0.0007-inch foil gauge,

P = perforated, 5052 Al alloy). The ROHACELL® foam used was ROHACELL® 200 WF,
which is a closed-cell rigid polymethacrylimade foam and was procured from Evonik Industries
(reference Figure A19 for the ROHACELL® foam material properties).
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Product Information

ROHACELL® WF

Polymethacrylimide Foam

ROHACELL® WF is a closed-cell rigid foam
based on polymethacrylimide (PMD) chemistry,
which does not contain any CFC's,

ROHACELL® WF has been designed for use
primarily In aerospace apphcations; in
addition to conforming to our material
specification shect, it satisfics the wusual
industry requirements such as MIL and CMS
specifications.

ROHACELL® WF rigic foam can be processec
at pressures of up to 0.7 MPa anc
temperatures of up 10 130°C. It is therefore
highly  suitec for autoclave prepreg
processing and  all typical resin infusion
processes

) EVONIK

INDUSTRIES

After heat treatment, ROHACELL® WF can
even tolerate curing temperatures of 180°C
at a pressure of 0.7 MPa

Tre thermo-formability of ROHACELL®
provides a tremencous manufacturing
advantage.

ROHACELL® WF is also easy to shape by
machining.

For further information, please contact our experts by phone +49 6151 18 1005 or e-mall

rohacell@evonik.com
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Properties of ROHACELL® WF

| ROHACKHLL®
21 AF

Propemies ROHACH L® ROHACELL* ROMACELL® S1angar
31 WF 1 'AF 110 %F 200 WF

Density g/m? |82 | 75 106 | 208 | 180 845

B ol 325 468 .47 12.81 | Ase D622
Conpressive WFa 08 [ 1.7 16 %0 150 844
SHwath ps | 11e | 248 | 1305 | AsTe D 1621
Tensile sirength | MPa 16 |22 3.7 |68 |10 527-2

s | 232 | 310 536 956 | ASTM D 638
Shear strength | MPa | o8 (1.3 24 50 | O 53204

05 |16 [ 125 348 25 | AsTi € 273
Euste modulus | MFa L 7s 1 es 1180 | 350 | 15052722

ps 10,875 [ 15.225 26,100 50750 ASTM D 633
Shear moculus | MFa | 2¢ | 22 70 150 | DI 53294

o3 | 3480 | 6,090 10,170 | 21750 | asTi €273
Staain ar hreak L 30 | 3.0 3.0 135 |10 527.2

ASTI D 638

Tocheital dits of our prodects are typical vabies for the nomicdd density.

@ evonix

INDUSTRIES

Figure A19. ROHACELL® Foam WF 200 Material Properties
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A2.3 Test Support Hardware Materials

Mounting accelerometers to the test panels is critical for ensuring acquiring quality acceleration
data. The accelerometers must be fully seated 360° for optimal response. For the initial
pathfinder tests (using the 0.187-inch Al plate) the plate was drilled and tapped for 1/4-28 thread
and the PCB350 accelerometers were mounted and torqued directly to the Al plate. With the
monolithic composite panels it is not possible to mount the accelerometers directly to the test
panel and ensure they will remain installed during the pyroshock event. The approach for
mounting the accelerometers the monolithic panel was to drill and tap the composite panels with
a 7/16-14 thread and to procure steel inserts with a 7/16-14 outer diameter thread and an inner
diameter thread of 1/4-28. Figure A20 shows the threaded inserts that were used for all of the
monolithic panel tests. The inserts were threaded into monolithic composite panels until flush
with the front surface of the panel and bonded in place using Hysol® 9394 adhesive. The locking
keys were not use and were removed after installation of the inserts.

Heavy Duty
Stainless Steel

Figure A20. Threaded Insert for Accelerometer Mounting

The composite sandwich panels produced new challenges for mounting the accelerometers to the
Group Il and Group 111 test specimen. The installation method chosen was to procure blind
threaded inserts, which are potted in the sandwich panel such that the top of the insert is flush
with the front facing composite face sheet. Mounting of the accelerometers consisted of
threading into the insert and torque to specified torque value. Figure A21 shows the blind insert
that was used to install the accelerometers to the composite sandwich panel. Figures A22 and
A23 depict examples of the ROHACELL® Foam and Al honeycomb sandwich panels prior to
insert installation, respectively.
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| HONEYCOMB PANEL WITH
ﬂ/‘ )_ POTTED-IN FLOATING INSERT

VANES

|-— PATENTED FLOW
CONTROL

PROPRIETARY DATA
OF MARKETING MASTERS, INC.
NOT TO BE RELEASED WITHOUT
EXPRESSED WRITTEN PERMISSION

PART NUMBER EXAMPLE

AEP1{ T - .3[
‘ SPECIFY (N) FOR NON-LOCKING THREADS

BASIC PART NUMBER

U.S. PATENT NO. 4,973,208 AND 5,632,562

§ 35
.L -EENGTHDASHNUMBB!(SEETABLEK)

NUT ELEMENT MATERIAL (SEE TABLE Ili)
THREAD SIZE (SEE TABLE )

WWW.CLIPNUTS.COM

MARKETING MASTERS, INC.
* 1871 NW Gilman Bivd., Issaquah, WA 98027
Tel 1.425.451-0514 Fax 1.425.454.2932

TOL on 'Y

X=
Xxwata
X0 =Lt
ANGLES - 3

CODE IDENT.
62063

INSERT, POTTED-IN TYPE

BLIND THREADED, SELF-LOCKING

NON-SELF-LOCKING, FLOATING NUT

AEP1035 SH1/2
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TABLE B - MATERIAL AND FINISH

NUT ELEMENT

CARBON STEEL PER ASTM 5085
THREADS PER ASESTO
FINISH: CADMIUM PLATE PER QQ-P416, TYPE Il, CLASS 2

CORROSION RESISTANT STEEL PASSIVATE PER AMS 2700,
IN ACCORDANCE WITH ASTM A582 AND S0OUD FILM LUBE PER
CR AM35540 AS 6272, TYPE1

NOTES: UNLESS OTHERWISE SPECIFIED

1. TOLERANCES, UNLESS OTHERWISE SPECIFIED, JOO( =1 .010

2. AN ADHESIVE BACKED INSTALLATION TAB PT-7 IS FURNISHED WITH EACH INSERT.
@PM“ MEET LOCKING TORQUE REQUIREMENTS OF NASM25027.

4. SUFFIX N TO BASIC PART NUMBER INDICATES NON LOCKING NUT.

5. MAXIMUM BOLT ENGAGENMENT SHOULD NOT EXCEED "L" MINUS 080",

INSERT, POTTED-IN TYPE
BLIND THREADED, SELF-LOCKING
NON-SELF-LOCKING, FLOATING NUT

AEP1035

Figure A21. Clipnut Sandwich Panel Blind Insert for Accelerometer Mounting
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Figure A22. ROHACELL® Foam Sandwich Panel Prepped for Insert Installation
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Figure A23. Al Honeycomb Sandwich Panel Prepped for Insert Installation

For subjection of the composite panels to test, the panels are suspended at the top two corners of
the panels using straps and shackles, with 1/2-inch fasteners. Since the compressive strength of
the composite sandwich panels is relatively low, it is not possible to torque the 1/-2 bolt and nut
to 55 foot-pounds (ft-Ib). To resolve this issue stainless steel sleeves were procured and
machined to specific lengths so the sleeve would be just under flush with the backside composite
face sheet to accommodate the fastener torque load. Initially, the sleeve with the flange was
machined to length and bonded to the through hole machined in the sandwich panel. After the
first panel was fabricated in this manner, it was decided to machine the sleeve to remove the
flange and not bond them to the panel. The sleeves were inserted into the through holes in the
panel during assembly of the panel into the test fixture. The sleeves were re-usable and sleeve
pairs were machined in ~ 0.010-inch length increments from 1.070 inches up to 1.140 inches.
Figure A24 provides detail on the stainless steel composite sandwich panel mounting sleeve.
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"WITTEN FR5STENERS

352 SERIES
THRU-HOLE SLEEVE, PROTRUDING

POTTING HOLES
A ﬁ_L

+ 1.D.

A
i

i

A

4|L

KNURLED SURFACE

FEN

TABLE | P TABLE I

DASH LD. A B B DASH L
NO. +.005 +.020 +.010 NO. +.030
-101 153 550 253 -4 .250
-103 179 .550 379 5 312
-105 202 600 302 -6 .375
-107 217 .600 317 -7 437
-109 265 670 365 -8 .500
-111 .280 .670 .380 -9 562
-113 327 730 427 -10 .625
-115 342 730 442 -11 687
-117 .390 .800 490 -12 750
-119 .405 .800 505 -13 812
-121 452 .850 552 -14 875
-123 467 .850 .567 -15 937
-125 515 .920 615 -16 1.000
-127 .530 920 630 -18 1.125
-129 640 1.050 140 -20 1.250
-131 655 1.050 755 -22 1.375
-133 765 1.170 .865 -24 1.500
135 .780 1.170 880 -28 1.750

EXAMPLE: PART NUMBERING SYSTEM
352 — 105 — 9 — A

Series Prefix

Thread Code No. (Table [)
Length Dash No. {Table 1)
Material:

A=Alum Alloy (Chem Film Finish)
C=Carbon Steel (CAD Plate Finish)
Z=Carbon Steel (Zinc Plate)
SS=Stainless Steel

SP=Stainless Steel (Passivate)

WITTEN COMPANY, INC.
918-272-9567

Note: A dash number -125 with a length of -20 fabricated from passive stainless steel was used.

Figure A24. Witten Company, Through-Hole Sleeve for Mounting Sandwich Panels
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In addition to the inserts and sleeves, the test support hardware for the pyroshock testing
included the sacrificial LSC plate, the backing support plate, and the LSC standoff shims. The
LSC plate and the LSC standoff shims were fabricated from 5052 Al alloy (except for the
composite LSC plates as noted in Table 7.0-4 (test Group 111)) and were expended in test, thus
not re-usable. Two backing support plates were fabricated from 5052 Al alloy and were re-used
through the entire test series.

A2.4 Melamine Acoustic Foam

The MAF tests were not included in the baseline task assessment plan and were added to the task
assessment plan in the August 15, 2014, scope update to the assessment plan. The MAF used for
these tests was procured from Soundcoat in accordance with the MSFC generated melamine
foam drawing (reference Figure A12-2). The acoustic foam was configured with a thin layer of
conductive Kapton® film covering both the front and backsides of the acoustic foam. Figure A25
provides the material properties of the MAF and Figure A26 provides information on the
Kapton® film.
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.......................‘.....................‘...........
‘o ! Burt Drive, Doer Park, NY 15729 % Tol.
trmstrong Aversie, Irvme. CA 92605% Tel, NE-955

_‘A/Vmwr Technical Data Sheet
j

Product o Features & Benefits):

LR RN )

SOUNDFOAM ML is a lightweight, flexible, epen-cell melumme based acoustic quality feam having excellent
flame® and heat resistmce. [t exhibits a very low degree of flunmakility, does not drip upan ignition, ceases to
bum afler temoval of ignition soarce, mmd produces a minimum amount of smoke. Compared with vome glass-
fiber based scoustical products, SOUNDFOAM ML b better strengtl, lower compression =, ind higghor
vesilaency. It is recommended for use 2 acoustic o thermal insulation m aevospace, marine, o ground units, etc.,
where light weight, heat nesistance, and fire safety are of the utmost concem. It is availsble plain or with
decorative and progective surface finishes of reinforced fuminized polyester film, Tedlar®, Nomex®, etc, For
customer convenience, the foan is supplied with one of severnl high performance pressure-scasitive adhesives
for eaee of inatallation, S Ifi ML iz available in dandard sheet sizes or i custom sheet gizes or as custam
cut pats.

The scuand thsomption performamce of elastic porous materinls is determined mainly by the porosity and nirflow
ressstance (air pameability ) of the materials. Sound absorption data for viricus sarface finishes are avaiksble
upun reqaedt. Followmg are typical sound absorptsom curves.

Soundfoam ML
ASTM E 1050

o oy

Sound absorption in %

1o 0o 10000
Frequency In Hz

e Soundioam ML/ 12T == Scundlosm ML /S0 2 mm  —8=— ScuncloamiiL / 254 mm
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Bhsioal Properiics.
Chemical Type Flexile Melam ine Foam
Color: Grey
Thickmess. mm (in.): Std 6.4 (0.25), 12.7 (0.5), 19.0(0.75), 25.4 (1), nnd S0.8 (2)
Sheet Size, mm (in.): Std 1219 x 610 {48 x 24) or 2438 x 1219 (96 x 48)
Density, keim” (Ib/) 9 (0 562) per ASTM D 3574-77 Test A
Tensile Strength, kPa(psi) 120 (18) per ASTMID 3574-77 Tet E
Elongation, %o: 20 per ASTM D 3574-T7T Test E
Teur Strength, Nm (Fo'm) 87(0.5)per ASTMD 3574-77 Test F
CLD (25%), ‘.\""mm"(psik 0.01 (1.4) per ASTM D 3574-77 Test C
Compression Set (5074), % 30 per ASTM D 357477 Teat D
Thermal Conductivity, 46 (0.25) per ASTM C 117 ot 24°C (75°F)
kealm/hr.m’."C (BTU.inbr.&”."F):
Service Tempemiure: ~43% to 200°C (45" to 392°F)
HFlame Resistance®: e FAR 25843 (b) Vertical Bum Test
o Bum Length: 2.54 cm (1.0 .}
o Post Bum Time: 0 5, no drippimg
e FAR 2585%(a)
o Pus
« UL-94
o Meets HF-1 and V-0 classification requirements
e ASTME 84 Tunmel Test
Flame Spresl: 2.5
o Smoke Developed: 16.9
* ASTME 162
c <25
«  ASTME662
¢ <100
Alrflow Resistivity: 13410 Rayle'm
el Sound Pe e

Sound shserption coefficieats measured per ASTM C 384:

Thickness \ Frequency 125 250 200 1000 2000 4000
6.4 mm (025 in} 0.08 0.0% 010 020 039 a8t
127 mm {0.5 in} 013 nis 0,26 043 076 0.93

254 (1.00n) 0.18 0,25 0.50 0.82 097 1.00

For further mformaticn regirding this product, plense contuct cur Technical Sapport Depirtment at 1-800-394-
8913, ext. 147,

Visat us oo the web af yoww soundcont som o see our complete line of absorption, damping, and bestier
materials for the OEM marketplace.

\WeoLnproar

The inform yion cocanedhernn s hased on Inbarmery test dats Seveboped by or far Sowadoon s
The tayer mvast tast tos preduc 20 Stermmine its masabokty for bis specific application Seft A
datx cheet far 8¢ specific prod ONDOOAT DISCLAIME ANY RESPONSTBIL
RECOROENDATIONS, 3) 00 QIENTIAL DAMAGES FROM USE AND &)

Revina

........ Keeping it Quiet for 40 years

ewedioe reliahle, bart i1 srauracy or comgletsacss is not guaranceed

© a Soundoont produst dter fiorsughly conmiling imetruckocs <n the
K ARRANTIES OF FITNESS AND PURPOGE, 2) VERBAL

QLATION CF ANY PATENTS CR TRADEMARKS HELD EY OTEERS

VI

*Thiz nemencal flame pread raang s not mtesdedtoreflect Sarwds precmited by this or sy cther matrnal sader actial fiee condibone The Frdeal Trads Coneniznion contidee
that there meno exiting test methods of todicd reparding lamsmabdity thae are sccunats indicators of the peformamce of cellslar platic matenale usder actual fee confitons
Any remlt of exirning mefhods, sech ot ASTM D 1652 and UL-24, are inteaded anly a5 2 meassrement of Bie peformance of such matenals undsr mpeoia. controlled conda ens

Figure A25. MAF Material Properties
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T Riner 0
THE BOEING COMPANY OPM NUNBER:
EXPENDABLE LAUNCH SYSTEMS b 2
DETAIL PROCESS MATERIAL RECORD

[Yme

FILM, POLYIMIDE, BLACK, CONDUCTIVE

0Pt MO14 AFFECTED: MTR RCOUIRED: | RECEIVING TEST ANNUAL MSDS REQUIRED

Cyes D w0 Oves @w | Diar O avorr mvé X ves [] w0
PROGRAMMODEL . XPRCIFICATION + NANUFACTURER CERTISICATION
Gonora None R ves [ wo
‘CHECK ONE OF TREFOLLOWING: ~ PROOUCT
(B Ouy mom ang. andior clatz. Ksted only.
[ Hoy trom mig. or from 3y dletributs: who sopplind ey, product

MANUFACTURER ANDJOR DISTRIDUTOR

Dupont Films 160 XC

(600) 9675507

Flecitoye
A'LILG | <§tC-38L-LTIA
UNIT 52T QUANTITY TO ORDER NOW MAZARD FLAG | RIOKAGE UFRE (MOS) | STORAGE TEMPERATURE
Rol 14 ;. NA ¢
me:ﬂ NA CF

PURCHASE OFDER TO SPECIFY

Rodl width of 43 nches, mqbewbwmwotm.‘smwod qwnmumlmwumwACqu
o cordy ¢

2-18 GHz rengo ond supplier DC spocdication. S

sudpce resistivity of 300 to 430 ahenaeq,

| meets fim thickngss of 1.5 te 1.8 milv and OC

MAPE NITRUCTIONS
"MLPE REPORT NUMBEI(SR): "MFS QUALIAICATION REPORT NUMBERIS!:
WILL THIS DPM REVISION HAVE A COSTISCHEOULE IMPACT ON MANUFACTURING? [[]  ves )
| Pt CANCELLATION COMMENTS INVENTORY DSFORNON
] scaar ] weouno
7] issuemasance [ serur sor cxson
ORIGIIATOR ENVIRONMENTAL SCAVICES APPROVED BY DaTe
M. Goodeich N/A IR Markus 4-18-02
SUMMAKY OF CHANGE AND REASON >

Rwvivad 1o updato DPM title and reflect buy fom manutacturor andior distnbedor istnd ondy.

VOLD0E1 (1% WA 2000 SIVIED

Figure A26. MAF Kapton® Film Data
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A3 Fabrication

The EM42 personnel fabricated all of the composite panels at MSFC. The panels were

fabricated per the steps listed in MSFC work orders approved by EM42 Engineering and the task
assessment technical lead (see Figure A27, A28, and A29 for monolithic, sandwich, and MAF as
typical examples). Figure A30 shows a pictorial overview for assembly of a ROHACELL® foam
sandwich test panel.
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Title: Pyroshock Pathfinder

Work order number: 0320

Panel ID: 0320A001
0320 = Work Order Number
1 = [M7 Prepreg material fiber type
001 = panel number

Panel Dimensions: 36” x 72”, _%lks
Panel Materials: IM7/TC350 6K 5HS, 280 gsm, 427

NOTES:
- Only materials listed in the applicable OWIs are permitted in the work area to aid in the
prevention of contamination. Materials containing silicones and tools used with those matcrials are
prohibited in the work areas.
- Vacuum bag material shall be verified to have no visible contamination prior to installation onto
test panel for curing with an inspection distance of 6-18 inches using adequate shop lighting.
- For metallic support hardware, wipe down using lint free clean wiping cloths and Acetone or
Methyl Ethy] Ketone (MEK) to remove any potential contamination that could be introduced into the
processing.
- Identity of test panels shall be maintained throughout processing, photography, and testing.
- If any anomalies occur during processing of this panel contact the NASA/EM40 Lead Engineer
immediately and document the occurrence per EM40-OWI-37.

All Kraft paper used through all processing steps will be of the acid-free type.

Table 1. Process and Material Identification Table.

. Time Out | Time Inta
Material Identifying Numbers Date Used | of Freezer | Freezer | Initials
TCAC 23434 11 {36fona & HRS | — W/
1 T#j00%2 - 173 ‘
Roit #+(
IM7/TC350
Within
Shelflife
Material Identifying Numbers (Y/N} Initials
Airweave 70 300/ 52 Y T
Sealant Tape 0T Jg620 /2 \ i
Release Film A5000 ok Y I
P peel Ply (striped) | Aone 1 Sedk Y g4/
| vacuumBag /0316275 y T
Process .. Date Time initials |
Part was bagged NERYET floe pm ey
Part was placed in ,
autoclave it /23/9013“ G ot Adum TA
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Prepreg/Adhesive Preparation
1. Place lint and sowdar free latex gloves on when handling prepreg at ull times.

INITIALS -

2. Record out time on NMIH label when removing any frozen materizl, If label is full, attach another labef
adjacent to the previous one. Weigh prepreg/adhesive rolls and jot number next to out zime also fill our this
info in tabie 1.

3. Allow 4 hours to thaw for large prepreg rolls. Return material to freezer immediately after cutting for
your panel to minimize out time.

4. Record ambient temperature and humidity below.
Temperawre____“72 °

Humidity 45" 3 K7

Laminate Construction
L. Environment requirements for temperature and humidity for all steps of lay-up shall be maintained
during the operation per the following:

Temperature = 70 +/- 5°F

Humidity = 40 —,'5/5%

INITIALS: _J

2. Cut a piece of solid reléase film that is larger than the cut plies. Label the film with the panel 1D along
with the 0°, 45° and the 90° ply directional rosette on the edge of the film. Placement of rosette should be
placed as seen below. Place the release film on top of the baseplate 100l shown in Figure 3.

“T4 Y00 ERENCE LINE (REF, ToaL

'

Figure 1. Rosette Location

3. Lay up plies of IM7/TC350 prepreg placed in the sequence listed in table 1. A vacuum cebulk should
always be performed after the 1st ply and at 5 ply intervals thereafter. After final debulk, repeat process for
the second face sheet.

INITIALS: A/
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Table 1. Lay-up Sequence and Debulk Locations.

Ply# Timme of Debulk P"&(‘i’;;i‘:;‘)'"“ Initial
1 0 TN AT
Debulk for 5 minutes Start time: 7/00  Stop time; 7457 TN AT
2 0 T A7
3 s 0 T¥ T
4 B 0 ar P
5 0 T er
Debulk for § minutes Start time: 37p0  Stop time:F./0 T 7]
6 . 0 T o
7 0 T pr
8 . 0 Tu_Pr
9 0 JA P
10 0 I’ 7T
Debulk for § minutes Start time:g " 2 Stop time: § 30 gh pPr
11‘ _ ‘_ Q TN T
i2 0 )
13 | 0 gy pr
14 0 SM Pr
15 0 Jr_pr
Debulk for § minutes Start time: /9,45 Stop time: /0. 3p T~ P
16 0 i
17 0 ar  pT
18 0 A /77‘“
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ay-U Bagpin
Bagging Sequence for Cure:
List of materials

1. Tool—aluminum, steel, Invar, composite {tool plates must be relesse coated or film
covered)

. Release coat or film ~ Frekote 700NC or 770NC, FEP, TEDLAR

Silicone/Rubber Edge Dams - Thicker than laminate

Laminate

Release coator film ~ frekote 700NC or 770NC, FEP, TEDLAR

Caul plate— aluminum, steel, Invar, silicone rubber sheet {metal caul plates must be

release coated or wrapped]’

7. 2.2 gsy polyester bresther —1 or more

B. Vacuum bag

9. Vacuum sealant

o w o w N

10. Glassyarn string - (alternatively or additionally breather may wrap over top of damto
contact edge)

]

Figure 3. Lay Up

1. Follow Figure 3 as a guide to panel lay up materials and layer sequence. Ensure curing plate has been
solvent wiped to remove potential contaminants using MEK or acetone and clean lint free wipes. Wipe ina
linear motion \t%,prevem recontamination.

INITIALS: _

2. Install thermocouple to monitor the tempereture of the part during cure. Bag part per Figure 3. Before
bagging an EM40 engineer must check and sign off.

INITIALS: J EM40 ENGINEER INTIALS: ZZM'(

3. Encompass lay up in vacuum bag in preparation for cure cycle. Pull vacuum at 25 inHg minimum. Leak
check vacuum bag by disconnecting the vacuum line and installing a vacuum gauge. Ensure that the leak
rate does not exceed 1.0 inHg after five minutes, If leak is detected completely replace vacuum bag and
repeat process.

NESC Request No.: T1-12-00783
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4, Keep track of which thermocouple wire number is assigned to 9‘;5 panel during the cure by noting here:
# ¢ Roer oF Clave befwmn koy-up Tabfe ond Pene,

BE5 Front sbcfpve befden Kaul Ploft cnd frael
5. Cure times and temperature shall be recorded using the autoclave data recorder for waceability. Print the

recorded cure cycle profile and artach it to the Shop Traveler. Cure the panel using the autoclave per the
following cure cycle:

® 75%°10 350° @ 3°/min ~= 1 hour 30 min
e 350" hold ~= 2 hour 0 min
& 350°to 75° @ 5°/min ~= 60 min

Pathfinder Panel Cure Cyel
- Autaclavae cure at 50 - 100 psi

TC350 TOUGHENED EPOXY RESIN SYSTEM: Cure cycla

00F Hold st 350°F for 120 minutes minimum.
{tamperatusre based on lagging themocouple}
YOF
Cool down at
Hest up at §°-10 Fimin.
R 2-5Fimin.
QUF =
Below 160 F relcase
preseurs and emave
100 F = (temperature basad on
laggmg tharmocoupie}
—

™E 5.5 hes Jokt Cort fome
Uded Fxix Autoclave.

6. Remove all sharp edges from the as-cured panels using a file, rasp, or abrasive paper. Mark with panel

identification, core ribbon direction, 0° orientation, 1.0" from the edge of the panel using a paint pen.

7. R;[c/o’rd all anomalies or process deviations below and coordinate with EM40 Lead Engineer:
gre-

DATE: (1125 l2012- mITIALS: JA/

8. Deliver cured panc! to EM20 for NDE inspection. Attach results of inspection fo the end of this Work

Traveller.
DATE: _/mu,MTLALS: 3 Z

NESC Request No.: T1-12-00783
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§. Provide the results of the NDE inspection to the lead EM40 engineer.
DATE: INITIALS:

10. After NDE, use the template to drill center holes (See attached drawing) and drill only two .5162-inch
holes that will be required on one end at each corner for hanging the panels
DATE:_/2//7 /286 INITIALS:

11. Instali/bond provided inserts (#1428SKS) into the center holes of the panel. The inserts shall be flush
with the | on one side. Please nmovvckmg parts of the inserts
DATE: /2//F {20 I~ INITIALS

12. Provide a copy, of the fabrication trave EV32.
DATE: (gy'g 2% [ANITIALS:

13. Provide gured panel to EV32
DATE: LZZ/zZaeo/’-—mrmLs g/

NESC Request No.: T1-12-00783
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Title: Pyroshock Pathfinder

Work order number: 0320

Panel 1D; 0320A002
0320 = Work Order Number
1 =IM7 Prepreg material fiber type
002 = panel number

Panel Dimensions: 36” x 72”,}6&?.5
Panel Materials: IM7/TC350 6K SHS, 280 gsm, 427

NOTES:
- Only materials listed in the applicable OWIs are permitted in the work area to aid in the
prevention of contamination. Materials containing silicones aud tools used with those materials are
prohibited i the work areas.
- Vacuum bag material shall be verified to have no visible contamination prior to installation onto
test panel for curing with an inspection distance of 6-18 inches using adequate shop lighting.
- For metailic support hardware, wipe down using lint free clean wiping cloths and Acetone or
Methy! Ethvl Ketone (MEK) to remove any potential contamination that could be introduced into the
processing.

Identity of test panels shall be maintained throughout processing, photography, and testing,
- If any anomalies occur during processing of this pane! contact the NASA/EMA40 Lead Engineer
immediately and document the occurrence per EM40-OWI1-37.
- Al} Kraft paper used through all processing steps will be of the acid-free type.

Table 1. Process and Material Identification Table.

: Time Out | Time Into
Material Identifying Numbers 7 Date Used | of Freezer | Freezer | Initials
TeAC 2342 | /2720 1 /8aw2t )
LOT#/()G?/.I' 73 |12/ /2512 / ‘oo p-m
EOI/ L
IM7/TC350
? Within
Sheiflife
Material Identifying Numbers (Y/N) Initials
Airweave 70300/625 2 Y J7U
Sealant Tape LeTH 7662012~ Y ar
Release Film Ased  )coleF Y T
Peel Ply (striped) | me  user Y gM
Vacuum Bag /02 )02 9 Y J4
| Process I Date Time Initials
Partwasbagged | ///R7/ ALV /80 pn TAM
Part was placed in |
autoclave \ II/JZS/JDIJ- 1?-‘“ Am T
2
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Prepreg/Adbesive Preparation
L. Place lint and powder free latex gloves on when handling prepreg at all times.

INITIALS__ T &/

. Record out time on NMIH label when removing any frozen material, If label is full, attach another label
adjacent to the previous one. Weigh prepreg/adhesive rolls and jot number next 10 out time also fill out this
info in table 1,

3. Allow 4 hours to thaw for large prepreg rolls. Return material to freezer immediately after cutting for
your panel to minimize out time,

4. Record ambient temperature and humidity below.
Temperature er

Humidity LS BRH
Laminate Construction

L. Environment requirements for temperature and humidity for all steps of lay-up shall be maintained
during the operation per the following:

Temperature = 70 +/- 5°F
Humidity = 40 — 55%

INITIALS: _J&/

2. Cut a piece of solid release film that is larger than the cut plies. Label the film with the panel 1D along
with the 0", 457 and the 90° ply directional rosette on the edge of the film. Placement of rosette should be
placed as seen below. Place the release film on top of the baseplate tool shown in Figure 3.

[ET=]__100L¢* REFERENCE LINE (REF) . TooL

HREN T
; ’

Figure |. Rosette Location

3. Lay up plies of IM7/TC250 prepreg placed in the sequence listed in table 1. A vacuum debulk should
always be performed after the 1st ply and et S ply intervals thereafter. After final debulk, repeat process for

the second face Zyet,
mimiaLs: JA

NESC Request No.: T1-12-00783
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Table 1. Lay-up Sequence and Debulk Locations,

Ply # Time of Debulk | Ply orientation nitial
1 ///—_',D/ : o (degrees) g ta
Debulk for 5 minutes Stanjztlu}r-le o Stop hme% B = w2
i 45 IN
-4 0 T/
B 5 405 AL —
Debulk for 5 minutes Start time: 7! 24 Stop time: & 08 Tz/
6 ' -45 JA/
7 90 TJA
; LI
1 a J;(/
0 - 0 T
Debulk for 5 minutes Start time:y;¢/57 Stop time:G ‘¢4 77 A/
Tl ' 90 o7
2 90 JA
13 45 Ju 1
1 47 45 37\/ |
5 0 9
Debuik for 5 minutes Start time: /@ / 570 Stop time: {2 ‘oo aqr
: s
L 45 JA/ ]
18 I 45 fe7. %4 71
Leged . [2/03/ 2672~ )00 P T
4
: T1-12-00783
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Lay-Up & Bagging

Bagging Sequence for Cure:

List of materials

1. Tool— aluminum, steel, Invar, composite (tool plates must be release coated or film

covered)
Release coat or film - frekote 700NC ar 770NC, FEP, TEDLAR
Silicone/Rubber Edge Dams — Thicker than laminate
Laminate
Release coat or film — Frakote 700NC or 770NC, FEP, TEDLAR
Caul plate —aluminum, stee), Irvar, silicone rubber sheat {metal caul plates must be
release coated or wramdﬂ
2.2 gsy potyester bresther — 1 or more
Vacuum bag
Vacuum sealant

el SO R U ]

L

10. Glass yarn string - (alternatively or additionally breather may wrap over top of damto
contact edge}

5 o & o o

Figure 3. Lay Up

1. Follow Figure 3 as a guide to pane! lay up materials and layer scquence. Ensure curing plate has beer
solvent wiped to remove potential conteminants using MEK or acctone and clean lint free wipes. Wipe in a
linear motion to prevent recontamination.

INITIALS: T

2. Install thermocouple to monitor the temperature of the part during cure. Bag part per Figure 3. Before
bagging an EM4{) engineer must check and sign off.

INITIALS: ¢ EM40 ENGINEER INTIALS: 6\M

3. Encompass lay up in vacuum bag in preparation for cure cycle. Pull vacuum at 25 inHg minimum. Leak
check vacuum bag by disconnecting the vacuum line and installing a vacuum gauge. Ensure that the leak
rate daes not exceed 1.0 inHg afier five minutes, If leak is detected completely replace vacuum bag and
Tepeat process.

NESC Request No.: T1-12-00783




NASA Engineering and Safety Center N[I)ESZ]:I;#P VlO
Technical Assessment Report 12.00783
Title: Page #:

Empirical Model Development for Predicting Shock Response on | 90 of 793
Composite Materials Subjected to Pyroshock Loading

4. Keep track of which thermacouple wire number is assigned to this panel during the cure by noting here:

kY 7po/

P /
S. Cure tirr'xgs- and emsgrature shall be recorded using the autoclave data recorder for waceability. Print the

recorded cure cycle profile and attach it to the Shop Traveler, Cure the panel using the autoclave per the
following cure cycle:

e  75°to 350" @ 3°/min ~= 1 hour 30 min
® 350° hold ~= 2 hour O min
® 350°to 75° @ 5°/min ~= 60 min

finder de

- Autoclave cure at 90 - 100 psi
Fite Wgme ! Dproskeck fuphfinder 03204003
TC350 TOUGHENED EPOXY RESIN SYSTEM: Curs cycis

WOF

sy

Hold at 353°F fo 120 minubss minimam.
(temperature based on lagging thermoccupie)

Cool dawn al
510 F/min.

Below 160 F reloase
pressurs and mmove.
{termperature basad on
laggng thamocouple)

TRE

6. Remove all sharp edges from the as-cured panels using a file, rasp, or abrasive paper. Mark with panel
identification, core ribbon direction, 0° orientation, 1.0" from the edge of the panel using a paint pen.

7. Record all anomalies or process deviations below and coordinate with EM40 Lead Engineer:

—AonE . =

DATE: /2 /0% [20/>INITIALS: T

8. Deliver cured panel to EM20 for NDE inspection. Attach results of inspection to the end of this Work

Traveller.
DATE: /2 [Qgén-mmus:_ T

NESC Request No.: T1-12-00783
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9. Provide the results of the NDE inspection to the lead EM40 engineer.
DATE: _ INITIALS:

10. After NDE, use the template to drill center holes (See attached drawing) and drill only twa .5162-inch
hales that will be required on one end at each corner for hanging the panels
DA‘I‘E:(.Z[[Z /2+ /2—INITIALS:

L1. Instafl/bond provided inserts (#1428SKS) into the center hales of the panel. The inserts shall be flush

with the panel on pne side. Please remove locking parts of the inserts
DATE: /AZF[?é:M_JNI’I'MLS: ;ZZJC ol

12. Provide a copy of the fabrication trayeler to EV32.

DATE:fe2 /620 52612~ INITIALS: ﬁu B

13. Provide,c panel to EV32
DATE;H/J%-/V INITIALS: ;Z&

NESC Request No.: T1-12-00783




NASA Engineering and Safety Center N[I)ES?:I;#P VlO
Technical Assessment Report 12.00783 '
Title: Page #:
92 of 793

Empirical Model Development for Predicting Shock Response on
Composite Materials Subjected to Pyroshock Loading

Title: Pyroshock Pathfinder
Work order number: ¢320

Panel 1D: 0320A003

0320 = Work Order Number
1 =IMT7 Prepreg material fiber type
003 = panel number

Panei Dimensions: 36" x 72", 54 plies
Panel Materials: IM7 12K, 150gsm/TC350, 24

NOTES:

- Only materials listed in the applicable OWIs are permitted in the work area to aid in the

prevention of contamination. Materials containing silicones and tools used with those materials are
prohibited in the work areas.
- Vacuum bag material shall be verified to have no visible contamination prior to installation onto

test panel for curing with an inspection distance of 618 inches using adequate shop lighting,

- For metallic support hardware, wipe down using lint free clean wiping cloths and Acetone or
Methyl Ethy] Ketone (MEK) to remove any potential contamination that could be introduced into the

processing.

Identity of test panels shall be maintained throughout processing, photography, and testing.
B If any anomalies occur during processing of this panel contact the NASA/EMA40 ] ead Engineer
immediately and document the occurrence per EM40-OWI-37.
- All Kraft paper used through all processing steps will be of the acid-free type.

Table 1. Process and Material Identification Table.

NESC Request No.: T1-12-00783

Time Qut | Time Into
Materlal Identifying Numbers Date Used | of Freezer | Freezer | Initials
T<hC A3423 12/ facer o/
Al 7 2K, 150 ssmsp 359 i ‘
41 2% KeSin Contemt
mr/tcaso | Kot # /f
Within
Shelflife
Material Identifying Numbers {Y/N) Initials,_
Airweave FI300({0RAS52 Y TN
Sealant Tape LoT 7 JpL RO 2 Y 37‘" |
Release Film 5000 |f y'o/j-}' Y {71-//
# Peel Ply (striped) fMne ude . Y ik
Vacuum Bag /03/0 299 Y J?’
Process . Date _, lime Initials_
Part was bagged (2 /12 fRof > &30 Ay
Part was placed in o ®
autoclave /l//3 /&20/3" ?ﬂf"d'ﬂm ‘jﬂ
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Prepreg/Adhesive Preparatipn
1. Place lint and poyder free latex gloves on when handling prepreg at all times.
INITIALS J_'p&y o

2. Record out time on NMIH label when removing any frozen material, If label is full, attach another label
adjacent to the previous one. Weigh prepreg/adhesive rolls and jot number next to out time also fill out this
info in table 1.

3. Allow 4 hours to thaw for large prepreg rolls. Return material to freezer immediately afier cutting for
your panel to minimize out time,

4. Record ambient tenﬁaemmre and humidity below.
v,

Temperature
Humidity

Laminate Construction
1. Environment requirements for temperature and humidity for all steps of lay-up shall be maintained
curing the operation per the following:

+

Temperature = 70 +/- 5°F

Humidity = 40 — 55%

INITIALS: ;

Z. Cut a piece of solid release {ilm that js larger than the cut plies. Label the filin with the panel ID along

with the 0° 45° and the 90° ply directional rosette on the edge of the film. Placement of rosette should be
placed as seen below. Place the release film on top of the baseplate tool shown in Figure 3.

T60L o° REFERENCE LINE [RE YooL

Figure 1. Rosette Loration

3. Lay up plies of the material placed in the sequence listed in table 1. A vacuum debulk should always be
performed after the | st ply and at 5 ply intervals thereafter, After final debulk, repeat process for the second
face sheet.

INITIALS: TR 7 2

NESC Request No.: T1-12-00783
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Table 1. Lay-up Sequence and Debulk Locations.
Ply # Ply orientation (degrees) Initial
1 45 g T
| Debulk 5 minutes [@* 2 2 g 48
2 -45 T pr
3 0 JE P
N 4 0 I i
5 a5 IN P
6 -45 aM PT
Debulk 5 minutes | /] f 23— A 4§ :
7 90 JNMN PT
8 90 JapPT
9 45 TV T
10 -45 IV pr
1 0 JN P
Debulk 5 minutes |5 - 0O LIS
12 0 ?f’ i
13 a3 NPT
14 -45 57
15 90 cN PT
16 0 M AT
Debulk 5 minutes |3 '0'$ a4 .
17 45 TN PT
I 18 45 oM Pl
19 0 TN pT
20 0 TH _PT
21 45 NPT
Debulk 5 minutes 27109 4:38
py) ‘ -45 JM
23 | 90 bl
24 90 NPT
25 45 NPT
26 45 oA Pl
Debulk 5 minutes [ . ¢ € 5-2¢ ]
27 0 JN PT_
28 0 JN pT
29 -45 IM_PT_
30 as IN P
31 90 NPT
Debulk 5 minutes (S $57m 7 204Am
32 T 90 X pr
4
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33 -45 T PT
5 R Y
35 0 0T
36 o IR eI
Debulk 5 minutes | F, 5~ 0494 _
37 45 s AT
38 45 :;,’A) p,
39 90 A |
40 S0 A %’j
a1 -45 N
| Debulk 5 minutes |G Y0 G!sy
a2 a5 J~ PT]
a3 0 SA PT
i o lom oL
45 -45 oM PT
% : 45 - ar T
Debulk 5 minutes | / / ‘5o Bl
47 90 WPy
48 9% TV T
29 -25 UM T
50 45 JM PT
s o SH AT
DebulkSminutes | /'O [ 4O
52 0 f%d PT
53 -45 TN P
54 45 JU ;"7"
5
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1. Tool— aluminum, steel, Invar, composite (tool plates must be release coated or film
covered)

Release coat or film — Frekpte 700NC or 770NC, FEP, TEDLAR

Silicone/Rubber Edge Dams —Thicker than laminate

Laminate

Release coat or film — Frekote 70ONC or 770NC, FEP, TEDLAR

Caul plate — aluminum, steel, Invar, silicone rubber sheet (metal caul plates must be
release coated or wrapped)|

2.2 gy polyester breather — 1 or more

8. Vacuum bag

9, Vacuum sealant

10. Glassyarn string - |alternatively or additionally breather may wrap over top of dam to

contact edge)

7 3 9 F

T e e e Y

/

@ ownoawoN

~

BT B
Figure 3. Lay Up

1. Follow Figure 3 as & guide to panel lay up materials and layer sequence. Ensure curing plate has been
solvent wiped to remove potential contaminants using MEK or acetone and clean lint free wipes. Wipe in a

linear motion event recontamination.
INITIALS: jﬂ r’a

2. Install thermocouple to monitor the temperature of the part during cure. Bag part per Figure 3. Before
bagging an EM40 engineer must check and sign off.

NimaLs: TAPT EM40 ENGINEER INTIALS: 28WAZ_

3. Bncompass lay up in vacuum bag in preparation for cure cycle. Pull vacuum at 25 inHg minimum. Leak
check vacuum bag by disconnecting the vacuum line and installing a vacuum gauge. Ensure that the leak
rate does not exceed 1.0 inHg after five minutes. If leak is detected completely replace vacuum bag and
repeat process.

NESC Request No.: T1-12-00783
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4. Keep track of which thermocouple wire number is assigned to this pancl during the cure by noting here:
# Y ~Tool #5 —Fart

5. Cure times and temperature shall be recorded using the autoclave data recorder for traceability. Print the
recorded cure cycle profile and attach it to the Shop Traveler. Cure the panel using the autoclave per the
following cure cycle:

o 75°t0350° @ 3°/min ~=1 hour 30 min
s 350" hold ~= 2 hour O min
o 350°to 75" @ 5°/min ~= 60 min

Pathfinder Panel Cure Cycle

- Autoclave cure at 90 - 100 psi

TC350 TOUGHENED EPOXY RESIN SYSTEM: Cure cycle

00T - Held et 350°F for 120 mirutes minirum.
(lemperature based on lagging thermocoupie)

Cool down at
510 Fimin.

Below 180 F_releass
pressure and Mmove.
QMIIM on
lagging themooouple)

T™E

6. Remove all sharp edges from the as-cured panels using a file, rasp. or abrasive paper. Mark with panel
identification, core ribbon direction, 0° orientation, 1.0” from the cdge of the panel using a paint pen.

7. Record all anomalies or process deviations below and courdinate with EM40 Lead Engineer:
Hlone

DATE R/ oo »-—mumiaLs:_TH

8. Deliver cured panel to EM20 for NDE inspection. Attach results of inspection to the end of this Work
Traveller.

DATE: /2. //Y /20 INITIALS:_ o) ! 14
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9. Provide the results of the NDE inspection to the lead EM40 engineer.
DATE: INITIALS:

10. After NDE, usc the template to drill center holes (See ettached drawing) and drill only two .51 62-inch
holes that will be required on one ¢nd at each corner for hanging the panels

DATE: ///6 /7= INITIALS: J¥ GE

11. Install/bond provided inserts (#1428SKS) into the center holes of the panel. The inserts shall be flush
with the panel op one side. Please remove locking parts of the inserts
DATE: 2/17/t> _ INITIALS:_ J#/

12. Provide a copy of the fabrication traveler to EV32,
DATE: ///8//3 __ INITIALS:_J#

13. Provide cured panel ta EV32
DATE: INITIALS:.

NESC Request No.: T1-12-00783
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Title: Pyroshock Pathfinder

Work order number: 0320

Panel ID: 0320A004
0320 = Work Order Number
| = IM7 Prepreg material fiber type
004 = panel number

Panel Dimensions: 36™ x 72", 27 plies
Panel Materials: IM7/TC350 6K SHS, 280 gsm, 42"

NOTES:
- Only materials listed in the applicable OWIs are permitted in the work area to aid in the
prevention of contamination. Materials containing silicones and tools used with those materials are
prohibited in the work areas,
- Vacuum bag material shall be verified to have no visible contamination prior to installation onto
test panel for curing with an inspection distance of 6-18 inches using adequate shop lighting.
- For metallic support hardware, wipe down using lint fee clean wiping cloths and Acctone or
Methyl Ethyl Ketone (MEK) to remove any potential contamination that could be introduced into the
processing.
- Identity of test panels shall be maintained throughout processing, photography, and testing.
- If any anomalies occur during processing of this panel contact the NASA/EM40 Lezd Engineer
immediately and document the occurrence per EM40-OWI-37.

All Kraft paper used through all processing steps will be of the acid-free type.

Table 1. Process and Material Identification Tabie.

Time OQut | Time Into

TcAC 23429 R/ 132 2
F4 7 GK S HS FBOSSIn

7C 30 6L R KeSom
LoT* 100912 -1T2
IM7/TC350 w3 - Bt 3

Material Identifying Numbers Date Used | of Freezer | Freezer | Initials

Within
Shelflife
Material Identifying Numbers {Y/N) Initials
Airweave 20300/02S > Y CTR)
Sealant Tape &7 # /0620 /12— Y JN
Release Film 1 spog U.¢ Jer Y T
X Peel Ply (striped) | Alome o..S?g/ Y TV
Vacuum Bag /03 /629 '9‘ Y Y
Process , Date | Time Initials
Part was bagged /-1//‘//,;20/3—’ /{30 TN P
Part was placed in
autoclave /;2//‘7 /_zg/,z 6 08 nm (T PT]
2
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P A ive Preparation
1, Place lint and powder free latex gloves on when handling prepreg at all times.
INITIALS .

2. Record out time on NMIH label when removing any frozen material, If label is full, attach another label
adjacent to the previous one. Weigh prepreg/adhesive rolls and Jjot number next to out time also fill out this
info in table 1.

3. Allow 4 hours to thaw for large prepreg rolls. Return material 1o freezer immediately after cutting for
your panel to minimize out time,

4. Record ambient tempe: and humidity below.
Temperature
Humidity R

Laminate Construction

1. Environment requirements for temperature and humidity for ali steps of lay-up shall be mainzained
during the operation per the following:

Temperature = 70 +/- 5°F
Humidity = 40 — 5§%
INJTIALS:

2. Cut a piece of solid relcase film that is larger than the cut plies. Label the film with the panel ID along
with the 0°, 45° and the 90° ply directional rosette on the edge of the film. Placement of rosette should be
placed as seen below. Place the release film on top of the baseplate tool shown in Figure 3.

Tuw

[ET=1 _ 700L or REFERENCE UNE (REF) TooL

Figure 1. Rosette Location

3. Lay up plies of the material placed in the sequence listed in table 1. A vacuum debulk should always be
performed after the Ist ply and at § ply intervals thereafter. Afier final debulk, repeat process for the second

face sheet,
INITIALS: éZE‘ ! ;

NESC Request No.: T1-12-00783
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Table I. Lay-up Sequence and Debulk Locations. ‘
Ply # Ply orientation (degrees) Tnitial (2 /13 o0 =
1 45 ¥
Debulk 5 minutes | [ "2 0 /. 40 I Iiﬂ
2 -45 TN T Y8
3 0 JN_pPT JE
a 0 J p7 VB
5 45 A iE
¢ w5 e o U
| Debulk Sminutes [ F&~ I 30
s 3 W ot b
B 90 Yo 73 g
s 45 JUo7 JX 3{\
10 -45 T Pr OB (
11 ‘ 0 A T/ |
Debulk § minutes (X' 5§~ o0V JEt ;
12 0 0T IR / - I ke
N TR i AR 2
14 9 TR
15 45 UNEr T8\
16 0 TN AT AL
Debulk 5 minutes | §° "2 ¢~ ;S|
17 0 JR AT TB]
18 -45 I Pr B C
19 45 JP PF 71z | >
20 %0 JN PrIF «
21 30 T
Debulk 5 minutes [/n. 04/  /d >0 LA / ->)
2 - -45 M TR
23 45 0 pr T8
24 0 JNM o1 T3
25 0 IV PF Tz
| 2 -45 :7/U Pr J /
27 a5~ e JB| S
e 20
4
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Lay-Up & Bagging

Bagging Sequence for Cure:

List of materials
1. Tool - aluminum, steel, Invar, composite (tool plates must be release coated or film

covered)

2. Release coat or film — Frekote 700NC or 770NC, FEP, TEDLAR
8. Silicone/Rubber Edge Dams —Thicker than faminate
4. Laminate
S. Release coat or film - Frekgte 700NC or 770NC, FEP, TEDLAR
6. Caul plate— aluminum, steel, Invar, silicone rubber sheet (metal caul plates must be

release coated or wrapped]]
7. 2.2 psy polyester breather —1 or mare
8. Vacuum bag
9. Vacuum sealant
10. Glass yarn string - (alternatively or additionally breather may wrap over top of damto

contact edge}
? 9§

1§ ]
| e e 03 o oy b 2 e e e ~-

{e]

B O © oo

Figure 3. Lay Up

1. Follow Figure 3 as a guide to panel lay up materials and layer sequence. Ensure curing plate has been
solvent wiped to remove potential contaminants using MEK or acetone and clean lint free wipes. Wipe in a
linear motien Lo prevent recontamination.

INITIALS:

2. Install thermocouple to monitor the temperature of tae part during cure. Bag part per Figure 3. Before
bagging an EM40 engineer must check and sign off.

INITIALS; EM40 ENGINEER INTIALS:

3. Encompess lay up in vacuum bag in preparation for cure cycle. Pull vacuum at 25 inHg minimum. Leak
check vacuum bag by disconnecting the vacuum line and installing a vacuum gauge. Ensure that the leak
rate does not exceed 1.0 inHg after five minutes, If leak is detected completely replace vacuum bag and
repeat process,
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4. Keep track of which thermacouple wire number is assigned to this panel during the cure by noting here:
4N = Do LTS~ Fart
5. Cure times and temperature shall be recorded using the autoclave data recorder for traceability. Print the

recorded cure cycle profile and attach it to the Shop Traveler, Cure the panel using the autoclave per the
following cure cycle:

* 75%t0 350° @ 3°/min ™= 1 hour 30 min
* 350° hold ~= 2 hour 0 min
e 350°to 75" @ 5°/min ~= 60 min

Pathfinder Panel Cure Cycle

- Autoclave cure at 90 - 100 psi

TC350 TOUGHENED EPOXY RESIN SYSTEM: Cure cycle

WOF Hold at 250°F fer 120 minubes nEnimum,
{terpereture based on lagying thermosouple)

Cool down al
Heat up at 5°.10 Fimin.
N 2°5°F/min.
200F -
Below 160 F release
WesEre and emove,
100 F = {temperature hasad on
lagging thamdooipie)

THE

6. Remove all sharp edges from the as-cured panels using a file, rasp, or abrasive paper. Mark with panel
identification, core ribbon direction, 0° orientation, 1.0" from the edge of the panel using a paint pen.

7. Record all anomalies or process deviations below and coordinate with EM40 Lead Engineer:

DATE: /4// //ol INITIALS:_ /. z

8. Deliver cured panel to EM20 for NDE inspection. Attach results of inspection to the end of this Work
Traveller. /
DATE: /212 /1 mNmiavs, ¥
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9. Provide the results of the NDE inspection ‘o the lead EM40 engineer,
DATE: _ INITIALS:

10. After NDE, use the template to drill center holcs (See attached drawing) and drill only two .5162-inch

holes that will be required on one end at each corner for hanging the panels
DATE: j/ ZZé INITIALS: GR

11, Install/bond provided inserts (#14283KS) into the center holes of the panel. ‘The inserts shall be flush
with the panel on one side. Please rcmov:/locking parts of the inserts

DATE:_/ /76 /f2> _ TNITIALS: Jj7

12. Provide a oo/y of the fabrication traveler o EV32,
DATE: /2/6 / 2 __INITIALS: T &/

13. Provide cured panel to EV32
DATE: ___ INTTIALS:

NESC Request No.: T1-12-00783
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Title: Pyroshock Pathfinder

Work order aumber: 0320

Panel ID: 0320A005
0320 = Work Order Number
[ =1IMT7 Prepreg material fiber type
005 = panel number

Panel Dimensions; 36” x 72”, 38 plies
Panel Materials: IM7 12K, 150gsm/TC350, 247

NOTES:
- Only materials listed in the applicable OWIs are permitted in the work area to aid in the
prevention of contamination. Materials containing silicones and tools used with those materials are
prohibited in the work areas.
- Vacuum bag material shall be verified to have no visible contamination prior to installation onto
test panel for curing with an inspection distance of 6-18 inches using adequate shop lighting.
- For metallic support hardware, wipe down using lint free clean wiping cloths and Acetone or
Methyl Ethyl Ketone (MEK) to remove any potential coniamination that could be introduced into the
processing.
- Identity of test panels shall be maintained throughout processing, photography, and testing,.
- If any anomalies occur during processing of this panel contact the NASA/EM40 Lead Engineer
immediately and document the occurrence per EM40-OWI-37.

All Kraft paper used through all processing steps will be of the acid-free type.

Table 1. Process and Material Identification Table.

NESC Request No.: T1-12-00783

Time Qut | Time Into
Material Identifying Numbers Date Used of Freezer | Freezer | Initials
TCAC 23423 /24;5'-/1 w4
212K 50, i
£ " OTEMIT ) a0 T
3UL 29 LosinCondeit
wm7/1e3s0 ity /2, /3
Within
Shelflife
Material Identifying Numbers {Y/N) Initials
Airweave 70300/pASR Y LT J
SealantTape |20 7 s0{ 20/2 Y L TR
Release Film | 4.0an st /et ¥ LT TA)
Peel Ply (striped) Y AT Tw)
VacuumBag | /p 3/8299 ¥ LT TAS
Process Date Time Initials
Partwasbagged |/ -/§ ~/ A £:00 pm LT T K
Part was placed in )
autoclave /A ~20 =~ /2 6 O0npy | TN
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Prepreg/Adhesive Preparation

1. Place lint and powder free latex gloves on when handling prepreg at all times.
WITIALS £ 7.

2. Record out time on NMIH label when removing any frozen material, If label is full, attach another label
adjacent to the previous one. Weigh prepreg/adhesive rolls and jot number next to out time also fill out this
info in table 1.

3. Allow 4 hours to thaw for large prepreg rolls. Return material to freezer immediately after cutting for
your panel to minimize out time.

4, Record ambient temperature and humidity below.
Temperature
Humidity ¢ 2 =
Laminate Constroction

1. Environment requirements for temperature and humidity for all steps of lay-up shall be maintained
during the operation per the following:

Temperature = 70 +/- §°F
Humidity = 40 - 55%
INITIALS: E Z

2. Cut a picce of salid release film that is larger than the cul plics. Label the film with the panel ID along
with the 0°, 45" and the 90° ply directional rosette on the edge of the film. Placement of rosette should be
placed as seen below, Place the release film on tap of the baseplate tool shown in Figure 3.

7] TOOL " AEFEAENCE LINE TooL

Lo-v “.' f. :

BT

s . /ma’.mmﬁoums :
wazesa-yy”?
¥4 K- / v . S

Y/ITNESS DE

Figure 1. Rosette Location

3. Lay up plies of the material placed in the sequence listed in table 1. A vacuum debulk should always be
performed after the 1st ply and at 5 ply intervals thereafter. After final debulk, repeat process for the second
face sheet.

INITIALS: /,

NESC Request No.: T1-12-00783
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Table 1. Lay-up Sequence and Debulk Locations.

Ply # Ply orientation (degrees) Initial
1 45 £T
Debulk 5 minutes | [ ; OOI:n blm- M&H‘ EL
2 -45 PT T4
3 0 LT IH
4 0 LI I8
5 45 PT._14
6 -45 LT IA
Debulk S minutes | /700 =078 | AT 18
7 9 £7. 3.4
8 90 PT. S A
9 45 L7 T8
10 -45 2L TX&
@ 0 7. 38
Debulk 5 minutes |12:00 — /r85 /. T4
12 0 I XA
13 a5 LT TR
14 -45 P7._ T8
15 90 A7 T4
16 90 7 J.8
Debulk 5 minutes | 2:4$~ — 30> 27 T4
17 45 }7’ gc
18 -45 PT RC.
19 0 2T B0
20 0 IEZ 6
J 21 -45 £T AC
Debulk 5 minutes | 389 3'sb -4 5 27 8.
22 45 (2 AC
23 %0 PT AC |
24 90 Lﬂc
25 45 £7 BC
26 35 A7 'AC
Debulk 5 minutes | 4D nm — ¢ 80am LT AC
27 [ T 1.4
N 28 0 7. 34
29 -45
30 45 ﬂ]f CIA
31 90 AL Lo
Debulk 5 minutes 1528~ — . 05— V7. T4
32 90 £z J8.
4
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33

-45

T T8,

34

45

7. A

35

0

36

0

P oA

PT_Tn

Debulk 5minutes | 55 — jj 28

L IN

37

-45

LT INn

38

45

AT
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Lay-Up & Bagging

Bageing Sequance for Cure:

1. Tool - aluminum, siezl, Invar, compesina {focl plates must ba release costed or film
covered)

. Release ccator film— Frekota 700NC or 77ONC, FEP, TEDLAR

3. Silieone/Rubber Sdge Dame - Thizkzs than laminate

4. laminate

5. RAzlzzss coator Al — Frekote 7OONC or 770NC, FEP, TEDLAR

6. Caul plaze—sluminum, steel, Invar, silicone rutber sheet {meisl caul plates must te
release coated or wrapped)|

7. 2.2 osy polyester breather — 1 or more

8. Vatuum bag

5. Vacuum sealan:

12. Glass yarn string - (alternatively or additionally breather may wrap over top of dam e
contaci edge)

T o © O O

Figure 3. Lay Up

1. Follow Figure 3 as a guide to panel lay up materials and layer sequence. Ensure curing plate has been
solvent wiped to remove potential contaminants using MEK or acetone and clean lint free wipes. Wipe in a
linear motion to prevent recontamination.

INITIALS: £, I

2. Install thermocouple to monitor the temperature of the part during cure. Bag part per Figurs 3. Before
bagging an EM40 engineer must check and sign off.

INITIALS: 7. 7. EM40 ENGINEER INTIALS:

3. Encompass lay up in vacuum bag in preparation for cure cycle. Pull vacuum at 25 inHg minimum. Leak
check vacuum bag by disconnecting the vacuum line and installing a vacoum gauge. Ensure that the leak
rete does not exceed 1.0 inHg after five minutes. If leak is detected completely replace vacuum bag and
repeat process.

NESC Request No.: T1-12-00783
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4. Keep track of which thermocouple wire number is assigned to this panel during the cure by noting here:
#Y=Taol . #'5 - Part

5. Cure times and temperature shall be recorded using the autoclave data recorder for traceability. Print the
recorded cure cycle profile and attach it to the Shop Traveler. Cure the panel using the autoclave per the
following cure cycle:

* 75°to 350" @ 3°/min ~=1 hour 30 min
e 350° hold ~= 2 hour 0 min
e 350°to 75° @ 5°/min ~= 60 min

Pathfinder Panel Cure Cvcle

- Autoclave cure at 50 - 100 psi,

TC350 TOUGHENED EPOXY RESIN SYSTEM: Cure cycle

- = Hold et 350°F for 120 minutes mirirum.
{temperature oasec on lagging hermocauple)

WTF -

Coal down st

o 510 Fmin.

T 2°5°Pmin.

Belay 100 F_misase
pressure and eeova.
(tarnperalure base3 on
Rpgng hemwocouple)

100 7 -

THE

6. Remove all sharp edges from the as-cured panels using a file, rasp, or abrasive paper. Mark with panel
identification, core ribbon direction, 0° orientation, 1.0" from the edge of the panel using a paint pen.

7. Record all anomalies or process deviations below and coordinate with EM40 Lead Engineer:

DATE: fA-20~2 NITIALS: /2 7

8. Deliver cured panel to EM20 for NDE inspection. Attach results of inspection to the end of this Work
Traveller,

DATE: /2 =2 1 o )N2INITIALS: - J. !J
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9. Provide the results of the NDE inspection to the lead EM40 engineer.
DATE: INITIALS:

10. After NDE, use the template to drill center holes (See attached drawing) and drill only two .5162-inch

holes that will be cqu.tred on one end at et for hanging the panels
DATE:; 2 [gg;é 2, INITIALS: )

11. Install/bond prov:ded inserts (#14288KS) into the center holes of the panel. The inserts shall be flush
with the panel side. Please remo king parts of the inserts
DATE,Z ?/_3 t.S INITIALS: 7 /‘(Jﬁ

12, Provide,a copy of the fabrication (ra’vg‘lc[ to BV32.

DATE: INITIALS:

13. Providg curgd panel to EV32 ?
DATE:2/f5/20s3 ™NITIALS: +/

8
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Bascline
Elective Date: 2/11/08

EM40 CONTRACTOR SUPPORT WORK ORDER

1. WORK ORDER TITLE: 2. PAGE 4 of
Pyroshock Characterization Panel 11-18 3. WORK ORDERNUMBER: 33,
4. REQUES T COMPANY /FROJECT:  jasFC/EV32
5. CUSTOMER CONTACT NATE: 6. CLSTOMER PHONE NUMBER:
Dawvid Ordway 256-544-8087
7. CUSTOMER CONTACT ADDRESS: 8. QUSTOMER CONTACT EIMAIL ADDRESS:
MSFC, Bldg 4600, Rm 2103 david.o.ordwayisnasa.gov
9. SUBMISSION DATE:  apy 15, 2013 10, ANTIOPATED NEED DATE: Jun 28,2013
11. TYPE OF WORK: 12, QUAUTY ASSURANCE (QA) COVERAGE:
Drop-down List |DEVELOPMENT TEST I Drogr-down List NON QUALITY SENSITIVE ]

13. PESCRIPTION OF WORK:

1. Fabricate sandwich/Jaminate pand with the laminate and core spedfications as stated in Attachment 1 where the pand's
dimensions are 39inches by 75 indhes from IM7/TCI50 iaurrently focated in Bidg 4720). O degreeisalong the 6 foot sde. Joints
between ply segments shall "butt’ togethes for unitape and avedap 1/2 inch for fabric and shall not be within 2 inches of the next
ply.

2. Assemble sandwich pane per Attachment 3 utilizing facesheets and core as specified in Attachment 1 and Adbesive Filem
AF-S55M, Part 1D 105769, Lot 727932, Manufactures: 314, 36 indy/50 yard/0.05 inch thick roll aurrently located in Bldg 4720 {verity
with Ron Lee). See Attachmment 4 for AF-555M Viscoelasticity data.

3. Autoclave cure sandwich panel per Attachment 3.

4. Following panel cure perform Pulse Ultrasound and Flash Thermography NDE on the panel and provide results to EM42 and
Ev32.

5. After NDE, contact £523 for water knife use, Use the template to machine panel edges to 3 foot by & foot,

6. Install/ond provided inserts (PN AEP1035-45375) into the center holes of the panel, The inserts shall be flush with the panel
on one side. Please remaove lodking parts of the inserts, Also install insert (P/N 352-125-20-55) into the 2 ade boles

7.Provide a copy of the fabrication traveler toEV32.

B.Provide cured panel 1o EV32

Please coordinate any changes with the NASA ME&P Engineer

14. FUNDING COOE (if applicable):
15. CUSTOMER SIGNATURE / DATE:

DAVID ORDWAY S s A b o-on o Date:April 17, 2013

Swin 00308 17 GHeP 0 L5T0

FOR NASA USE ONLY:
16. NASA M&P ENGINEER APPROVAL:
Digptay s by BRAN COLLINS
R ‘\ DN i, ov LS. Govirrimel, Susiih B3, eon P iasi, com BRIAN
B I N COLLINS COLLING, 0.9 2342 19200232 1001 1nbeeins Date:Apr 17,2013
Oate; 201394 17 6700 36 950

17. QUALITY ASSURANCE SIGNATURE (if applicable)

Dare:

CHECK THE MASTER LIST
at https:/irepository.msfc.nasa.govii es/c tloi_list?parentName=EMA0
VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE

NESC Request No.: T1-12-00783
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DETAILED INSTRUCTICNS

EM40-FORM-005 EM40 Contractor Suppert Werk Crder is a work autherization document used to request
support from Marshall Space Flight Center's Materials and Processes Laboratory to conduct manufacturing
support related actvities. The information provided in this document will be reviewed and approved by the
responsible NASA EM40 Engineer and forwarded to the necessary suppert organizations. An estimated
cost and completion date will be generated and reported back to the requesting customer prior to start of
the work order.

Black: Entry Explanation:

Enter short title of the work requested to be performed

Enter page number and total page number

A work order number will be provided by the NASA M&P Engineer

Enter company / project name that is requesting work

Enter customer contact’s name

Enter customer contact's phone number beginning with area code

Enter customer contacts address

Enter customer contact's email address

Enter the date Work Order was submitted to NASA

Enter the anticipated date that end item should be delivered to customer

Check the type of work to be performed:

Flight / GSE = Flight rated or Government Supplied Equipment hardware
Qualification Test = qualification test hardware

Development = development test hardware

Test / Equip. Check = testing of eguipment associated with TPS activities
12  Check the type of Quality Assurance Desired:

QS = Quality Sensitive work will require a NASA QA audit of the Shop Traveller where
Government Mandated Inspection Points will be assigned and approved by QA
representatives upon completion

NQS = Non Quality Sensitive work will only require Contractor Level Quality signoffs

13 Enter a detailed description of the work requested. Specifics should include but are not limited too

Type of matenal to be used (customer supplied matenals must have an MSDS attached)

Type of substrate material to be used and any special substrate preparations required

Material thickness requirements andfor layup requirements

Environmental setpoints reguired during processing

Environmental setpoints reguired post processing

Post processing duration required before handling and/cr testing etc.

If the abeve information is not known, the requesting customer may specify "per program
parameters” if applicable (i.e. External Tank, Ares | Upper Stage)

14 Enter funding code information if applicable. Primarily used by NASA internal projects
15  Enter customer signature and date

16 NASA M&P Engineer will sign upon approval

17 Enter NASA Quality Assurance signature and date if work is deemed Quality Sensitive

ot D00 NO O BN -

- O

EMA0-FORM-005

Figure A28. Composite Sandwich Panel #11-#18 Fabrication Work Order

NESC Request No.: T1-12-00783
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PR Nelce

Elective Date: 2/11/08

EM40 CONTRACTOR SUPPORT WORK ORDER

1. WORK ORDER TTTLE: 2. PAGE | oF ,

Pyroshock Characterization Mdammne Panels 3. WORK ORDER NUMBER: 80
4. REQUEST COMPANY /FROJECT:  MSFCITVI2
5. CUSTOMER CONTACT MATAE: 6. CUSTOMER PHONE NUMEER:

Dand Ordway 2565448087

7. QUSTOMER CONTACT ADDRESS: 8. CUSTOMER CONTACT EMAIL ADDRESS:

MSFC, Bldg 4600, Rm 2102 david.0.ordway@nasa.gov
9, SUBMISSION DATE: 06/18/2014 10, ANTIOPATED NEED DATE: 07730014

11. TYPE OF WORK: 12, QUALTY ASSURANCE (QA) COVERAGE:

Drop-down List [DEVELOPMENT TEST ] Dropy-demm List [ NON QUALITY SENSITIVE |

13, CESCRIPTION OF WORK:
1. Bond the melamine foam panels to the aluminum or composite panels as spedfied in the Attachments utilizing the self
adhesive,

2. Deliver panel to customes

3. Provide a copy of the fabrication traveler 1o customer

5.25 inches, with a dearance lor a -20 UNF bol, ie. 0.515-inch.

Please coordinare any changes with the NASA ME&P Engineer

4. Stainless sted deeves are tobe fabricated from provided steel tube. Dimensions are 0625 -inch in diameter and alength of -

14. FUNDING CODE (if applicable):

15. CUSTOMER SIGNATURE / DATE:
gy sgrd ty DAL RO
DAVID ORDWAY e s e m o Date: 051872014
oo JN400/6 32000 000 e 0w
FORNASA USE ONLY:
16. NASA M&P ENGINEER APPROVAL:
Date: 02/19/2013
17. QUALITY ASSURANCE SIGNATURE (if applicable
Date:
CHECK THE MASTER LIST

at https:/irepository.msfc.nasa.goviissuances/component/oi_list?parentName=EMA40
VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE

NESC Request No.: T1-12-00783
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DETAILED INSTRUCTICNS

EM40-FORM-005 EM40 Contractor Suppert Werk Crder is a work autherization document used to request
support from Marshall Space Flight Center's Materals and Processes Laboratory to conduct manufacturing
support related actvities. The information provided in this document will be reviewed and approved by the

responsible NASA EM40 Engineer and forwarded to the necessary support organizations. An estimated

cost and completion date will be generated and reported back to the requesting customer prior to start of

the work order.

Block: Entry Explanation:

1 Enter short title of the work requested to be performed

Enter page number and total page number

A work order number will be provided by the NASA M&P Engineer

Enter company / project name that is requesting work

Enter customer contact’s name

Enter customer contact's phone humber beginning with area code

Enter customer contact's address

Enter customer contact's email address

Enter the date Work Order was submitted to NASA

Enter the anticipated date that end item should be delivered to customer

Check the type of work to be performed:

Flight / GSE = Flight rated or Government Supplied Equipment hardware
Qualification Test = qualification test hardware

Development = development test hardware

Test / Equip. Check = testing of equipment associated with TPS activities
12  Check the type of Quality Assurance Desired:

QS = Quality Sensitive work will require a NASA QA audit of the Shop Traveller where
Government Mandated Inspection Points will be assigned and approved by QA
representatives upon completion

NQS = Non Quality Sensitive work will only require Contractor Level Quality signoffs

A DO NDO RN

- O

13 Enter a detailed description of the work requested. Specifics should include but are not limited too

Type of matenal to be used (customer supplied matenals must have an MSDS attached)
Type of substrate material to be used and any special substrate preparations required
Material thickness requirements and/or layup requirements
Environmental setpoints reguired during processing
Environmental setpoints reguired post processing
Post processing duration required before handling and/or testing etc.
If the abeve information is not known, the requesting customer may specify "per program
parameters” if applicable (i.e. External Tank, Ares | Upper Stage)
14 Enter funding code information if applicadle. Primarily used by NASA internal projects
15  Enter customer signature and date
16 NASA M&P Engineer will sign upon approval
17 Enter NASA Quality Assurance signature and date if work is deemed Qualty Sensitive

EMA0-FORM-005

Figure A29. MAF Panel Fabrication Work Order
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Figure A30. Composite Sandwich Panel Fabrication — Pictorial Presentation
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A3.1 Post-Panel Fabrication NDE

Two methodologies are commonly used for NDE of composites, phased array ultrasound
(PAUT) and flash infrared thermography. Both of these methodologies were used for the
IM7/R913 composite pathfinder panels. The pathfinder composite panels were 0.20 inch thick,
which is approaching the maximum thickness for infrared thermography inspection. It was
determined from inspection of the composite pathfinder panels the surface texture and overall
panel thickness reduced the detection capability of infrared thermography. Based on the test
results only the phased array ultrasound inspection methodology was used for the task baseline
IM7/TC350 composite panel NDE, which was not limited in resolution by the panel surface
texture or thickness. Figure A31 shows the IR thermography results and Figure A32 documents

the phased array ultrasound results for the composite pathfinder panels.
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Thermographic Inspection Report
Work Order 2012-0298

Prepared For
James Walker
NASA MSFC
James.L.Walker@nasa.gov
(256) 961-1784

Prepared By

Scott Ragasa
UAH RSESC

Joseph.S.Ragasa@nasa.gov

(256) 544-3935

Specimen Information

Project NESC Pyroshock
Serial Number Pathfinder
Surface Preparation None
Special Handling None

Inspection Equipment

Infrared Camera FLIR SC6000
Lens 25 mm
Heating Method Flash Lamps
Hood Configuration Small FOV

Inspection Settings

Capture Software EchoTherm 8
Image Size 640 x 512
Capture Frequency 10 Hz
Capture Duration 27.6 sec
Flash Duration N/A
Flash Delay 0 msec
Flash Frame 10
TSR Skip Frames 1
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Overview

The panel was subdivided into four quadrants according to Figure 1.

Quadrant I Quadrant |

Quadrant 1 Quadrant IV

Figure 1
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The thickness of the panel ks approaching the
Y= maximum that can be Inspected by flash
thermography. A reduced acquisition rate of 10
frames per second was used to achieve the best
compromise of detectability and interrogation
depth,
818
3 Figure 2 shows the logarithmic time versus
N temperature curve over a3 nominal area of the panel.
N Note the slight upward trend when the panel back
154 wall is reached.
; N
e
009 2% 098 288 e 7
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Indication: 03

oce

panel.

" e esy T

RIS thermographic data are the result of a surface condition.

NESC Request No.: T1-12-00783

Two indications, approximately 0.25" by 0.25", were found in inspection
location D3 and denoted by the red circles. Time-temperature cursors,
shown in red and green, were placed on each indication and measured the
average intensity value of the local 3 by 3 pixel area, A blue reference time-
temperature cursor was placed over a nominal area for comparison.
Piotting the data from the two indications and the reference point shows
that both indications deviate from the behavior of nominal areas of the

In addition to infrared thermography, phased array uRrasound (PAUT) was
used to inspection the panel, PAUT did not detect any anomalies at grid
location D3, and as a result, it is believed the indications present in the
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Comments

The surface texture of the panel also influenced the acquired data. As shown in Figure 3 the raw, first derivative, and second
derivative images (2, b, and ¢, respectively) exhibit 3 mottied texture in the infrared images.,

Figure 3a Figure 3b Figure 3¢

The combination of infrared thermography and phased array ultrasound nondestructive inspection techniques provided a thorough
Interrogation of the panel. The surface texture and overall panel thickness reduced the detection capability of infrared

thermography.
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Appendix

Revision A

Overview and Full-Size Quadrant Mosaics
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Raw Data - Overview

n"nunre

Quadrant 111 Quadrant IV

Page 70f 21
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Raw Data ~Quadrant |
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Raw Data - Quadrant Il

NESC Request No.: T1-12-00783

Page 90f21




NASA Engineering and Safety Center

Document #:

Version:

. NESC-RP- 1.0
Technical Assessment Report 1200783
Title: Page #:
Empirical Model Development for Predicting Shock Response on | 133 0f 793
Composite Materials Subjected to Pyroshock Loading
July 18, 2012 WO: 2012-0298 Revision A

Raw Data - Quadrant il
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Raw Data - Quadrant IV
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First Derivative = Overview
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Quadrant ||

Quadrant |
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Quadrant Il

Quadrant IV
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First Derivative = Quadrant ||
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First Dernvative — Quadrant IlI
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First Derivative - Quadrant |V
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Second Derivative — Overview

Quadrant Il Quadrant |

Quadrant 11} Quadrant IV
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Second Derivative — Quadrant Il
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Second Derivative ~ Quadrant IV
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Figure A31. Pathfinder Composite Flash Infrared Thermography Inspection Results
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EV32 Pyroshock Pathfinder Panel

Work Order 2012-0298

18 July 2012

Prepared By

Matthew R. McDougal

EM20 Nondestructive Evaluation Team

NASA Marshall Space Flight Center

{256) 544-7783

matthew.mcdougal@nasa.gov

Description 36" x 72" composite panel
Part Numbers 120298001
Inspection Equipment
Instrument Olympus TomoScan Focus LT, SN FLT-1180
Software Olympus TomoView 2.9R13
Scanner Amdata Catamaran
Probe Olympus 2.25L64-A2 MHz Phased Array, SN G0120
Wedge Olympus SA2-0L-IHC
Inspection Settings
Mode Pulse Echo
Frequency 2.25 MHz
Law Configuration 0° linear scan, 8 aperture, approx 0.1" focus
Acquisition Range 16.8 psec
Filter None
Gain 15d8
Compression 5samples
Scanning Rate 0.6 in./sec

Scan Resolution

0.0295" x 0.03394"

Couplant Submerged in water
Orientation Scanned from back surface in 3 columns
with edge with writing at the bottom.
Images oriented to front view.
Notes None
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Panel Overview Fage 2of 5

Photo of panel, oriented to match other imagery

Panel Overview

Page3of s

Overview composite image of data from all three scans.

Ten indications were noted on this panel. Seven of the ten indications were corroborated by being seen in 2 separate scans, Szes vary and most of the
indications appear to be approximately midway through the panel thickness, There are also several indeterminate areas with scattered small reflectons,
Notably, none of the indications appear to correlate with indentions and markings visible on the rear surface of the panel.
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Indication Details Page 40of 5

Center column scan showing location of 10 numbered indications.
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Indication Details Page Sof 5
X Y Width Height Depth
Indication (inches) (inches) (inches) (inches) (% thick}
1 27.8 54 0.68 0.51 S52%
27 46.4 6.1 0.26 0.24 79%
3 34.9 0.7 0.15 0.36 56%
a 25.8 75 0.24 0.47 €0%
5 44.6 17.9 0.24 0.17 74%
6 50.6 28.6 1.27 2,33 63%
7 49.1 279 024 035 74%
8 3%.0 334 0.48 0.79 54%
9 27.8 31.8 020 020  80% |
10 23.0 25.6 0.29 055 59%

|

Table of indication data
Data about the indications are summarized in the zbove table. The zero point for measurements Is approximately 0.5"
Inset from both edges at the top right corner of the panel. X |s measured from the right edge of the paneland Y is
measured from the top edge of the panel. Width is in the X dimension and height is in the Y dimension. Depth is scaled
such that 0% would be the top surface, 100% would be the bottom surface. All of these measurements are very rough.
Later, all of the indications were reconfirmed by hand scan and more accurate locations marked directly on the panel,

Image of indications as marked on panel surface

Figure A32. Pathfinder Composite Phased Array Ultrasound Inspection Results
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Figure A33 illustrates typical ultrasound inspection data of the monolithic IM7/TC350 composite
panels and the high-level assembly quality of the panels (no significant indications were found in
any of the TC350 composite panels).
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Ultrasonic Inspection Report

Pyroshock Panels
Work Order 2012-0620

14 December 2012

Prepared By

Matthew R. McDougal

EM20 Nondestructive Evaluation Team
NASA Marshall Space Flight Center

Description
Part Numbers

Instrument
Scanner
Probe
Wedge

Mode

Frequency

Law Configuration
Acquisition Range
Filter

Gain
Compression
Scanning Rate
Scan Resolution
Couplant
Orientation

Notes

NESC Request No.: T1-12-00783

(256) 544-7783

matthew.mcdougal@nasa.gov

Specimen Information

~ 36" x 72" composite panels, 0.2" thick, qty. 2
0320A001 and 03204002

Inspection Equipment

Olympus Tomoscan Focus LT, SN FLT-1130
Amdata Catamaran

Olympus 2.25L64-A2 Phased Array, SN G0120
Olympus SA2-0L-IHC

Inspection Settings

Pulse Echo

2.25 MHz

07 linear scan, 8 aperture, approx. 0.1" focus
16.8 psec

None

13.5dB

5 samples

0.7 in./sec

0.0295" x 0.0394"

Submerged in water

Scanned in 3 columns, min. 5" overlap.
Panel text at bottom left,

None




Document #:

Version:
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Panel 03204001 Page 20f 7

Gated for front surface

No Indications noted.
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Panel 03204001 Page 3 of 7

Gated for through-thickness.

One tiny Indication.
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Panel 03204001 Page 4of 7

Gated for back surface.

No indications noted. Patterns are due to air bubbles trapped under panel during scan.
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Panel 03204002 Page 50f 7

Gated for front surface.

No indications noted,
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Panel 03204002 Page6of 7

Gated for through-thickness.

No indications noted
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Panel 03204002 Page 7of 7

Gated for back surface,

No indications noted, Spots are from air bubbles trapped under panel during scan,

Figure A33. Ultrasound Inspection Results of Monolithic Test Panel #1 and #2

Phased array ultrasound (also referred herein as pulse echo ultrasound) was also used for NDE of
the composite sandwich panels. The technique used was entirely acceptable for the through
thickness of the composite face sheets and the bond line between the face sheets and the fill core
material. Results from the pulse echo ultrasound for composite sandwich panels #11 through
#18 are documented in Figure A34. Ultrasound inspection, however, is not a suitable NDE
method for evaluating flaws in the foam filler core material. A study was undertaken to evaluate
an acceptable NDE methodology for resolving a flaw (crack) in the ROHACELL® foam. Two
methods were evaluated; digital radiography (DR) and computed tomography (CT). The results
of the study are documented in Figure A35, which show only the CT method was able to detect
flaws in the foam filler material.
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Ultrasonic Inspection Report

Pyroshock Panels

Page1of 5

Work Order 2013-0397

Description
Part Numbers

Instrument
Scanner
Probe
Wedge

Mode

Frequency

Law Configuration
Acquisition Range
Filter

Gain
Compression
Scanning Rate
Scan Resolution
Couplant
Orientation

Notes

NESC Request No.: T1-12-00783

30 May 2013

Prepared By

Matthew R. McDougal

EM20 Nondestructive Evaluation Team
NASA Marshall Space Flight Center

(256) 544-7783
matthew.mcdougal@nasa.gov

Specimen Information

~ 36" x 72" composite sandwich panel, 0,12" facesheets
03324011

Inspection Equipment

Olympus Tomoscan Focus LT, SN FLT-1190
Amdata Catamaran

Olympus 2.25L64-A2 Phased Array, SN G0120
Olympus SA2-0OL-IHC

Inspection Settings

Pulse Echo

2.25 MHz

0° linear scan, 8 aperture, approx. 0.17 focus
16.8 psec

Nane

20dB

5samples

0.7 in./sec

0.0295" x 0.0394"

Submerged in water

Scanned in 2-3 columns, 4-6” overlap.
Panel text at bottom left.

None
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Panel 0332A011 Front Page2of §

Front side, gated for facesheet thickness.

No indications noted,

Panel 03324011 Front

Page 3of 5

Front side, gated for bondline.

No indications noted,
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Panel 0332A011 Back Page 40of 5

Back side, gated for facesheet thickness.

No indications noted,
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Panel 03324011 Back Page 50f 5

Back side, gated for bondline.

No indications noted.
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Ultrasonic Inspection Report

Pyroshock Panels
Work Order 2013-0397, Part Il

14 June 2013

Prepared By

Matthew R. McDougzl
EM20 Nondestructive Evaluation Team
NASA Marshall Space Flight Center
(256) 544-7783
matthew.mcdougal@nasa.gov

Scott Ragasa

(256) 544-3935

joseph.s.ragasa@nasa.gov

Pagelof 5

University of Alabama in Huntsville

Specimen Information
Description ~36" x 72" composite sandwich panel, 0.12" facesheets
Part Numbers 0332A014
Inspection Equipment
Instrument Olympus Tomoscan Focus LT, SN FLT-1190
Scanner Amdata Catamaran
Probe Olympus 2.2 5L64-A2 Phased Array, SN G0120
Wedge Olympus SA2-0L-IHC
Inspection Settings
Mode Pulse Echo
Frequency 2.25 MHz
Law Configuration 0° linear scan, 8 aperture, approx. 0.1” focus
Acquisition Range 16.8 psec
Fliter None
Gain 20dB
Compression 5samples
Scanning Rate 0.7 in./sec
Scan Resolution 0.0295" x0.0384"
Couplant Submerged in water
Orientation Scanned in 2 columns, 4-6” overlap.
Panel text at bottom left.
Notes None
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Front side, gated for facesheet thickness.

No indications noted.

Panel 02324014 Front

Front side, gated for bondline.

No indications noted.
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Back side, gated for facesheet thickness,

No indications noted,
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Back side, gated for bondline.

No indications noted.
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Ultrasonic Inspection Report

Pyroshock Panels

Work Order 2013-0397, Part lll

Matthew R. McDougal
EM20 Nondestructive Evaluation Team
NASA Marshall Space Flight Center
{256) 544-7783
matthew. mcdougal@nasa.gov

Description
Part Numbers

Instrument
Scanner
Probe
Wedge

Mode

Frequency

Law Configuration
Acquisition Range
Filter

Gain
Compression
Scanning Rate
Scan Resolution
Couplant
Orientation

Notes

NESC Request No.: T1-12-00783

9 July 2013
Prepared By

Scott Ragasa
University of Alabama in Huntsville
{256) 544-3935
joseph.s.ragasa@nasa.gov

Specimen Information

~ 36" x 72" composite sandwich panels, qty. 6
0332A012, 0332A013, 0332A015, 0332A016, 0332A017, 0332A018

Inspection Equipment

Olympus Tomoscan Focus LT, SN FLT-1190
Amdata Catamaran

Olympus 2.25L64-A2 Phased Array, SN G0120
Olympus SA2-0L-IHC

Inspection Settings

Pulse Echo

2.25MHz

0 linear scan, 8 aperture, approx. 0.1" focus
16.8 psec

None

20d8

5samples

0.7 in./sec

0.0295" x 0.0394"

Submerged in water

Scanned in 2 columns, 4-6" overlap.
Panel text at bottom left.

None
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Front side, gated for facesheet thickness.
No indications noted.

Panel 03324012 Front

Page 3 of 25

Front side, gated for bondline.

No indications noted.
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Back side, gated for facesheet thickness.
No indications noted.

Panel 02324012 Back

Page 50f25

Back side, gated for bondline.

No indications ncted,
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Front side, gated for facesheet thickness,

No indications noted. Patterns are due to surface features and wrinkles.

Panel 0332A013 Front

Page 7 of 25

Front side, gated for bondline.

No indications noted. Patterns are due to surface features and wrinkles.
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Back side, gated for facesheet thickness.

No indications noted.

Panel 0332A013 Back

Page 9 of 25

Back side, gated for bondline.

No indications noted.

NESC Request No.: T1-12-00783




NASA Engineering and Safety Center D°°S“ge”‘#: VS(‘;
: NESC-RP- 1.
Technical Assessment Report 12.00783
Title: Page #:
Empirical Model Development for Predicting Shock Response on | 170 0f 793
Composite Materials Subjected to Pyroshock Loading
Panel 03324015 Front Page 10 of 25

Front side, gated for facesheet thickness.

No indications noted.

Panel 0332A015 Front

Page 11 of 25

Front side, gated for bondline.

No indications noted.
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Panel 0332A015 Back Page 12 of 25

Back side, gated for facesheet thickness,
No indications noted.

Panel 0332A015 Back Page 13 of 25

Back side, gated for bondline,

No indications noted.
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Front side, gated for facesheet thickness.

No indications noted,

Panel 0232A016 Front

Page150f 25

Front side, gated for bondline.

No Indications noted.
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Back side, gated for facesheet thickness.

No indications noted.

Panel 0322A016 Back

Page 17 of 25

Back side, gated for bondline.

No indications noted.
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Front side, gated for facesheet thickness,

No indications noted. Patterns are due to surface features and wrinkles.

Panel 03324017 Front

Page 19 0f25

Front side, gated for bondline.

No indications noted.
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Back side, gated for facesheet thickness,

No indications noted.

Panel 0332A017 Back

Page 21 of 25

Back side, gated for bondline.

No indications noted.
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Front side, gated for facesheet thickness,

No indications noted.

Panel 0332A018 Front

Page 23 of 25

Front side, gated for bondline.

No indications noted,
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Panel 0332A018 Back Page 24 of 25

Back side, gated for facasheet thickness.

No indications noted. Patterns are due to surface features and wrinkles.

Panel 0332A018 Back Page 250f 25

Back side, gated for bondline.

No indications noted.

Figure A34. NDE Ultrasonic Inspection Results of Composite Sandwich Panels #11 - #18.
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Data Sheet for MSFC ACTIS Scanning

[ Date:6/4/2013 | Work order #:2013-V-0397

Notes: Pyroshock Char-Comp Matenals. Perform DR on test sample to attempt to resclve crack

in foam.

Record system verification checks (date/time, otherwise nfa):
1 2

2 3
Offset; 9/4/2013 | 0813 9/4/2013 | 0822
Gain: 9/4/2013 | 0814 9/4/2013 | 0823
Find Geometry: | n/a 1va

CHECK THE MASTER LIST - VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE
hitp Aem20.msfe.nasa gov'ol hitm

EM20-NDE-FM-002
09212009

NESC Request No.: T1-12-00783
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Data Sheet for MSFC ACTIS Scanning

Sample on table. Looking CT 180 degrees to CT 0 degrees.

Slice Slice i Indications’Notes Thumbnail

name Hei :

A00D1 | DR l Start = 440; end = 80; field width = 400mm;
aperture width = 1mm; linatron pulses =2
A0002 | DR Start = 440; end = 80; field width = 400mm;
aperture width = 2Zmm,; linatron pulses =2
A0003 | DR { Start = 440; end = 80; field width = 400mm;
E aperture width = Imm; linatron pulses =1
A0004 | DR | Start = 440; end = 80; field width = 400mm;
’[ aperture width = 2mm,; linatron pulses =1
‘ AD00S ‘ DR } Start = 440; end = 80; field width = 400mm;

CHECK THE MASTER LIST - VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE
hitp em20.msfe.nasa gov/oihitm
EM20-NDE-FM-002
09212009 Page |2
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Data Sheet for MSFC ACTIS Scanning

| Slice | Indications/Notes | Thumbnail |

Height

Slice

hame

| aperture width = 2mm; linatron pulses =1; set

oversampling to 3.0

| ADDDG ’ 315 Test slice. Crack visible.
[ ;
|
|
|
i
!'

Supplemental data: Slice A0001

Supplemental data: Slice A0002

CHECK THE MASTER LIST - VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE
hitp Aem20.msfe.nasa gov'ol hitm
EM20-NDE-FM-002
0921-2009 Page |3
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Data Sheet for MSFC ACTIS Scanning

Supplemental data: Slice A0003

Supplemental data: Slice A0004

CHECK THE MASTER LIST - VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE

hitp Aem20.msfe.nasa gov'ol hitm
EM20-NDE-FM-002
0921-2009
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Data Sheet for MSFC ACTIS Scanning

Supplemental data: Slice A000S

Supplemental data: Slice A0006

CHECK THE MASTER LIST - VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE

hitp Aem20.msfe.nasa gov'ol hitm
EM20-NDE-FM-002
0921-2009
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Data Sheet for MSFC ACTIS Scanning

Conclusien/summary: Five digital radiographs (DR) and one CT slice was collected in this study.

The ¢rack did not show inthe DRs_ It did show faintly in the CT slice. Use of the CT scanner in

DR mode doesn’t seem feasible in this case, A CD containing the collected CT images in jpeg

format accompanies the hard copy of this report. All CT images are archived at the lab and

remain available for subsequent analvsis,

CHECK THE MASTER LIST - VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE

hitp Aem20.msfe.nasa gov'ol hitm
EM20-NDE-FM-002
0921-2009

Page |6

Figure A35. DR and CT Evaluation of Core Filler Material after Assembly
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B1.

Appendix B.  Pyroshock Test Reports

Pathfinder Tests

The test report documenting the test results from pathfinder test group, tests 1 through 3 is
documented in the attachment below.
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National Aeronautics and Space Administration

George C. Marsh_all Space Flight Center
Marshall Space Flight Center, AL 35812 October 9, 2012

Reply to Attn of: E[40'12'022

TO: EV32/David O. Ordway
FROM: ET40/Timothy C. Driskill

SUBJECT: Initial Tests for the Composite Materials Pyroshock Development Test,
NESC-DEV-12-014

The aluminum and solid composite pathfinder panel test articles were tested in the ET40
Pyrotechnic Shock Facility, building 4619, room 170. Testing was completed on September
10, 2012, The test was run in accordance with Test and Checkout Procedure, (TCP) NESC-
DEV-12-014. Two tests were run on the aluminum pathfinder panel and one test was run on
the solid composite pathfinder panel. The accelerometer test setup is shown in appendix A of
the TCP and in the photographs section of this report. No visual damage to the test articles
was noted.

Please direct any questions or comments regarding this test to Mr. Craig Garrison at (256)
544-7197 or craig,garrison@nasa.gov.

A
¢ C. Driskill

BrancH Chief
Structural Dynamics Test Branch

Enclosure

cc:
EE04L/MSFC: C105/Steven Gentz
ES22/David Parsons

ETO01/File (w/o enclosure)
ET40/Timothy Driskill
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Overall Setup, Test T0O1
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Test Data

Accelerometer Location to Plots Channel Mapping
Data Data
Acquisition Accel. Plots
Channel Location Channel*
2 Al 1
A2 2
4 A3 3
5 A4 4
6 A5 5
7 A6 6
8 A7 7
10 A8 8
11 A9 9
12 A10 10
13 Al1 11
14 A12 12
15 A13 13

*Channels were renamed for automated data analysis
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Test Data
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Test TO1

Aluminum Pathfinder Panel

10 gpf, FLSC

The Spec. line for Test T01 is the Estimated Source Shock
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10k 8500
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Initial Compaosite Materials Pyroshock Dev Test, NESTO1, NESC-DEV-12-014, SRS, Damping: 0.05, 8/10/2012
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Test Data

SRS
Test TO2

Aluminum Pathfinder Panel

22 gpf, FLSC

The Spec. line for Test T02 is the Estimated Source Shock

Hz. SRS g’s

50 500

1750 13,000
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Initial Composite Materials Pyroshock Dev Test, NEST02, NESC-DEV-12-014, SRS, Damping: 0.05, 8/16/2012
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Initial Composite Materials Pyroshock Dev Test, NEST02, NESC-DEV-12-014, SRS, Damping: 0.05, 8/16/2012
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The Spec. line for Test TO3 is the Estimated Source Shock
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1.0 INTRODUCTION
1.1 PURPOSE

2.1

3.0

3.1

The purpose of this procedure is to define the steps necessary to perform a pyrotechnic
shock test in the Pyrotechnic Shock Facility in Building 4619 using pyrotechnic
devices.

Test Article: 3°x6°x0.19 aluminum setup plate or 3°x6°x0.2” solid composite pathfinder
panel with LSC plate and LSC backing plate.

Program: NESC Type of Test: Pvrotechnic Shock Development Test

Test Purpose: To capture the acceleration time history of initial test setup and
instrumentation checkout panels.

The Pyrotechnic Shock Facility is located in Rooms 170, 170A and 170B of Building
4619. Room 170A is designated as the Control Room. The area between Room 169
and 170 is used for storage of secondary pyrotechnic devices. Room 170B is used for
storage of initiators. All detonation of pyrotechnic devices will be in Room 170.

SCOPE

This document contains the steps and/or references the procedure to conduct the test.
SAFETY

Follow all emergency and safety requirements specified in ET01-DYN-SHK-FOP-001.
Responsibilities

The Test Engineer will be responsible for all activities occurring in the hazardous test
area and for the safety of personnel involved in the test activities. It is the responsibility
of each individual in a test program to fully comply with the requirements of this
document and to report any individual not complying. Failure to do so could lead to

serious personnel injuries or death.

TEST REQUIREMENTS AND INFORMATION

DOCUMENTS
APPLICABLE DOCUMENTS

Test Requirements: Pyroshock Response Characterization of Composite Materials Test
Plan NESC Task # TI-12-0783, 7/2/2012

Test Procedure: ET01-DYN-SHK-FOP-001  Pyrotechnic Shock Tests
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97M00201 SET UP PLATE, COMPOSITE TEST PANEL PATHFINDER
97M00201 MOD SET UP PLATE, COMPOSITE TEST PANEL PATHFINDER
97M00202 LSC BACKING PLATE, COMPOSITE TEST PANEL PATHFINDER
97M00203* LSC PLATE, COMPOSITE TEST PANEL PATHFINDER

97M00204¥ LSC SHIM, COMPOSITE TEST PANEL PATHFINDER

97M00205 10 GR/FT LSC, COMPOSITE TEST PANEL PATHFINDER
Nete! * Add "-MoD" 4o He pﬁu.‘q Nomber &r a-tested oA Figumtinn

3.1.2  REFERENCED DOCUMENTS

ET01-DYN-OWI-001 Documentation Control

ETO1-DYN-OWI-002 Test Operation Procedure Preparation and Change Control

32 TEST INFORMATION

3.2.1 The instrumentation locations are given in the drawings listed in the applicable

documents and appendix A for the test.

3.2.2  Pyrotechnic shock tests may be performed on the test article in the order and

configuration directed by the test requester.

3.2.3  The shock test will be performed on a room temperature test article.

3.3 TEST REQUIREMENTS

3.3.1  The Test Engineer will be in charge of all test preparations and activities.

3.3.2  All activities will be coordinated with the Test Engineer.

3.3.3  All changes to the procedure will be coordinated with the Test Engineer.

3.3.4  The development test articles will be tested with pyrotechnic shock test runs as directed

by the test requester. The test article information will be recorded in this TCP.

4.0 TEST DATA

a. The test data includes a time history of the real time shock recorded over a 50
millisecond or longer interval and the units are g’s peak versus time.

b. The second plot is a Shock Response Spectrum (SRS) using 5% damping and a

1/6 octave shock spectrum analyzer. The SRS is computed over the frequency
band from 50 to 10,000 Hertz. The SRS units are g’s versus frequency.

¢. The data will be acquired on a Nicolet BE256LE data acquisition system and the

SRS analysis will be performed using a personal computer and the Shock

Analysis Tool Analysis Software.

d. Sample rate of 1 million samples per second will be used for response from the

accelerometers.
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5.0 TEST SETUP
1 | TEST ARTICLE AND SHOCK PLATE SETUP

The test setup is shown in Appendix A.
Suspend the shock plate from ceiling using straps or cables and shackles.

o oe

Instrument shock plate. Each accelerometer’s torque will be to 30+5 in.-lb.

Torque wrench: _M659921 Torque value: 39 a-lb.  Duet 1-21-2012

e. LSC plate and LSC backer plate to Test Panel. Each Y2- i3 bolt's torque will be

to 55 ¥ §ft-lb.. Torque wrench: M 59925 Torque value: 55 £t-lh.
: Due: Hf21{2o (2 -fo.

Suspend 1 accelerometer near the plate. Connect to data system for recording. (AI'.'?)

(4 corne hales wivh

6.0 TEST OPERATION Muokticy D=rleys)

6.1 INITIAL TESTS FOR THE COMPOSITE MATERIALS PYROSHOCK DEV. TEST
a. Record and verify the test information below and in appendix B.

Test No.: i Date: 3/’0/10 12, Test Article Desc.: Aluminum Plate, 3'x6°x0.19”
Shock Source LSC Core Load: 10 GR/FT Explosive Material: RDX Sheath: Al
Actual Length Used: 48.5"

Measure the overall width of the FLSC: 0.130" 4 0.(37"

Measure the width of the FLSC inside the apex (inverted chevron): 0,094 "

. Verify that the shock plate is ready for testing per section 5.1.

At the start of each test day, complete ET01-DYN-SHK-FOP-001, section 6.

. Photograph the locations and orientations of all accelerometers.

Perform the test per sections 7, 8, and 9 of ET01-DYN-SHK-FOP-001.
Photograph the test setup after the test. Photograph and document any post-test
visually inspected observations under this test number in appendix B.

"o e o

f. Verify that the test run has been completed. _]L/'Qg,n. 2/i0f2ere

6.2 INITIAL TESTS FOR THE COMPOSITE MATERIALS PYROSHOCK DEV. TEST
a. Record and verify the test information below and in appendix B.

Test No.: 2 Date: gl Gfﬁl} Test Article Desc.: Aluminum Plate, 3°x6°x0.19”
Shock Source LSC Core Load: 22 GR/FT Explosive Material: CH-6 Sheath: Al
Actual Length Used: 48"

Measure the overall width of the FLSC: 0. 78"
Measure the width of the FLSC inside the apex (inverted chevron): _0. (20"

. Verify that the shock plate is ready for testing per section 5.1.

. At the start of each test day, complete ET01-DYN-SHK-FOP-001, section 6.
. Photograph the locations and orientations of all accelerometers.

Perform the test per sections 7, 8, and 9 of ET01-DYN-SHK-FOP-001.

o oo o
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6.3 INITIAL TESTS FOR THE COMPOSITE MATERIALS PYROSHOCK DEV. TEST

a. Record and verify the test information below and in appendix B.

TestNo.: _3  Date: Yfro /2412 Test Article Desc.: Composite Panel. 3°x6°x0.2”
Shock Source LSC Core Load: 10 GR/FT Explosive Material: RDX Sheath: Al
Actual Length Used: _ 4g"

Measure the overall width of the FLSC: 0. 130" 4 O.132"

Measure the width of the FLSC inside the apex (inverted chevron): _0.094*

. Verify that the shock plate is ready for testing per section 5.1.

At the start of each test day, complete ET01-DYN-SHK-FOP-001, section 6.

. Photograph the locations and orientations of all accelerometers.

Perform the test per sections 7, 8, and 9 of ET01-DYN-SHK-FOP-001.
Photograph the test setup after the test. Photograph and document any post-test
visually inspected observations under this test number in appendix B.

mean o

g. Verify that the test run has been completed. Vjer
Wro 2012

7.0 RECORDS

The test report for this test will control and include the following records:
a. This “AS RUN” TCP.
b. The test data and the equipment list.

The test report is controlled by ETO1-DYN-OWI-001, Documentation Control.
However, due to the ITAR designation for the test results, the test report and data will

be securely controlled. The test report will be available no later than 30 days after test

completion. The Test Requirements will not be included in this TCP or in the report,
but a copy may be filed with the report for future reference.

8.0 TOOLS. EQUIPMENT, AND MATERIALS

The equipment used during this test will be listed in a table as part of the test report.
The list will include test equipment calibration due dates.

9.0 PERSONNEL TRAINING AND CERTIFICATION

Personnel certified as Propellant and Explosive Handler are required to conduct this
test.
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documented.
L hiCiiss Bian 1/ 12012
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Initial Tests for the Composite Materials Pyroshock Development Test

Test Article Panel: Aluminum or Composite, Vertical Position
Supports: Straps and Shackles
3.00
.| A1 A3 A5 A7 A9 A11
A2 A4 A6 A8 A10 A12

e

L~ Linear Shape Charge
.~ Blasting Cap

NESC Request No.: T1-12-00783
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| Revision:
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TEST DATA SHEET

TestNo.: 1 Date: 8/10[2012. Test Article Desc.: Aluminum Plate. 3'x6°x0.19”
Test Article Configuration: Hang,aq

Test Article Drawing #: 97M00201

“Material: Aluminum 5052 S/N: Pathfinder

Test Article Drawing #: 97M00202 Material: Aluminum S/N: Pathfinder
Test Article Drawing #: 97M00203* Material: Aluminum S/N: Pathfinder
Test Article Drawing #: 97M00204* Material: Aluminum S/N: Pathfinder

Test Article Drawing #: 97M00205 Shock Source

LSCL/N: neae

LSC Core Load: 10 GR/FT Exploswe Material: RDX Sheath: Aluminum

Actual Length Used:  48.9"

Accelerometer MFG: PCB Model: 350C02 € 358802

Location S/N Location S/N Location S/N Location S/N
_ 1 1448 2 Y43 2 L1441 o 30712
5 31328 b =313 2} 31331 : 8 3135]
L9 31332 10| 31334 It 31334 31349
Aluminum LSC panel severance: ({e3/ No ) '3 I}‘-{37

Post-test visually inspected observations: Bo t;ﬁggcelcmmdeg J d notloose forgye
Date wasobtulned for all |3 qccelerometers

TestNo.: 2 Date: 8[/4[2012. Test Article Desc.: Aluminum Plate. 3’x6°x0.19”
Test Article Configuration:  Haaq,aq

Test Article Drawing #: 97M00201

“ Material: Aluminum 5052 S/N: Pathfinder

Test Article Drawing #: 97M00202 Material: Aluminum S/N: Pathfinder
Test Article Drawing #: 97M00203* Material: Aluminum S/N: Pathfinder
Test Article Drawing #: 97M00204* Material: Aluminum S/N: Pathfinder
Test Article Drawing #: 97M00205 Shock Source LSC L/N:

LSC Core Load: 22 GR/FT Explosive Material: CH-6 Sheath: Aluminum

Actual Length Used: 45"

na

Accelerometer MFG: PCB Model: 350C02 & 350802

Aluminum LSC panel severance: ({YesY No )
Post-test visually inspected observations: _Rofts £ aecelecemeters did not Jopse Forque.
_Datn was obdnined for all [3 accelerometers

Location S/N Location | S/N Location S/N Location S/N

il 1448 2 | J1y43 3. 11441 Y 3072,

5 31328 b 31329 7 [ 31331 g 31351

9 [ 31330 lo__| 31334 " 3133 12 31343
3 937
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TEST DATA SHEET, cont.

Test No.: 3 Date: 9/iof2012 Test Article Desc.: Composite Panel, 3°x6°x0.2”
Hﬁﬂ‘haﬂ
Test Article Drawing #: 97M00201 MOD Material: IM7/R913 S/N: Pathfinder
Test Article Drawing #: 97M00202 Material: Aluminum S/N: Pathfinder

Test Article Configuration:

Test Article Drawing #: 97M00203¥

Material: Aluminum S/N: Pathfinder

Test Article Drawing #: 97M 00204 97M00204* Material: Aluminum S/N: Pathfinder

Test Article Drawing #: 97M00205 Shock Source

LSCL/N: _pa

LSC Core Load: 10 GR/FT Explosive Material: RDX Sheath: Aluminum
Actual Length Used: _ 48"

Accelerometer MFG: PCB Model: 350C02
Location S/N Location S/N | Location S/N Location S/N
3334 | 2 | 31340 | 3 31338 4 _ [3672
B 31328 G 31333 | 7 Y392 g |13135]
o Tt usses T T a3 | 1o Tueasi]
Aluminum LSC panel severance: ((Yed/ No ) 15 | 1937 |

Post-test visually inspected observations: Bults and accelcrometers did net loase Forque.

qQ _5 O {i:«e;{ r!“

Qccelerpmeters.

Nofe:  Add “_mop" de Hhe D,—qu.‘._’ o e Qs-tested Confisvoratinng.
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Tables

Table 1 Equipment List
Data System Settings
Table 2 Test T0O1 - Al. panel, 10 gpf

Table 3 Test T02 — Al. panel, 22 gpf
Table 4 Test TO3 - Al. panel, 10 gpf
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9/10/2012

All 3 Tests
NAME NEMS SERIAL NUMBER |CAL DUE DATE |INFORMATION
Data Acquisition 2011288 2011288 7/26/2013
Nicolet Channel 2 001-2 001-2 7/26/2013 Al
Nicolet Channel 3 001-3 001-3 7/26/2013  |A2
Nicolet Channel 4 001-4 001-4 7/26/2013 A3
Nicolet Channel 5 002-1 002-1 7/26/2013 A4
Nicolet Channel 6 002-2 002-2 7/26/2013 A5
Nicolet Channel 7 002-3 002-3 7/26/2013 A6
Nicolet Channel 8 002-4 002-4 7/26/2013 A7
Nicolet Channel 10 003-2 003-2 7/26/2013 A8
Nicolet Channel 11 003-3 003-3 7/26/2013 A9
Nicolet Channel 12 003-4 003-4 7/26/2013  |Al10
Nicolet Channel 13 004-1 004-1 7/26/2013 All
Nicolet Channel 14 004-2 004-2 7/26/2013 Al2
Nicolet Channel 15 004-3 004-3 7/26/2013 Al3
Power Supply M652262 ACA7 1/11/2013  |ch. 1-13
Torque Wrench M659925 DHG92271 11/21/2012 |55 & 28 ft.-Ib.
Nicolet Analysis Software |TEAM256 V7.20 7.20 7/26/2012 Verification date
Shock Analysis Software  [Shock Anal. Tool V1.2.5 [1.2.5 5/21/2009 Verification date
System Analyzer M624300 0793X3816 11/14/2012
Electrostatic Locator M624299 D13077 11/14/2012

Tests T01 and TO2
NAME NEMS SERIAL NUMBER |CAL DUE DATE |INFORMATION
Accelerometer M653302 11448 9/1/2012 Al
Accelerometer M653298 11443 9/1/2012  |A2
Accelerometer M653296 11441 9/7/2012 A3
Accelerometer M659353 30712 8/31/2012 Al
Accelerometer M6E59525 31328 8/31/2012 A5
Accelerometer M659526 31329 8/31/2012 A6
Accelerometer M659528 31331 8/31/2012 A7
Accelerometer M659547 31351 9/1/2012 A8
Accelerometer M659527 31330 8/31/2012 A9
Accelerometer M659531 31334 8/31/2012 Al0
Accelerometer M659533 31336 8/31/2012 All
Accelerometer M659545 31349 9/1/2012 Al2
Accelerometer M653294 11439 9/7/2012 Al3
Torque Wrench M659927 0709093897 11/21/2012 |[35in-Ib
Table 1
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Test TO3
NAME NEMS SERIAL NUMBER |CAL DUE DATE |INFORMATION
Accelerometer M659531 31334 9/7/2013 Al
Accelerometer M659537 31340 9/7/2013 A2
Accelerometer M659535 31338 9/7/2013 A3
Accelerometer M659353 30712 9/7/2013 A4
Accelerometer M659525 31328 9/7/2013 AS
Accelerometer M659530 31333 9/6/2013 A6
Accelerometer M662961 40292 9/7/2013 A7
Accelerometer M659547 31351 9/6/2013 A8
Accelerometer M659527 31330 9/6/2013 A9
Accelerometer M662963 40295 9/7/2013 Al0
Accelerometer M659533 31336 9/7/2013 All
Accelerometer M662959 40274 9/7/2013 Al2
Accelerometer M653294 11439 9/5/2013 Al3
Torque Wrench M658783 2384 2/13/2013 35in-Ib

Table 1 - cont.
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TEAM256 SETTINGS
Date: 08-10-2012
Time: 08:05:38

FREF kA xR Ak Rk KA AT R A AR A * OT OBA], SETTINGS ****rdkdk ket s kb krrwk e xdhxk &

Storage Path: C:\TEAMPRO
Filename: Data
File Number: 001

Settings Path: C:\TEAM256

Settings File: NESO01.SET

Export Path: D: \ATEST\NESC_1\NESTO1\RAWDAT~1
Export Format: FAMOS

Average RBlocks: No

Between Cursors: No

Ahkkrk kAKX AR KA IR AT E R bk A% RECORDER SETTINGS * W%k khrx s kdkorwkhshdhkd

BE1
Frequency A : 1.0000 MHz (Internal)
Pre Trigger : 48000 Samples (48.00 ms)
Segment A : 1000576 Samples (1.001 s)
Number of Blocks 1
Digital Event Channels : 0
Analog Channels
Nr. Name Min Max Units Coup. Amp. Filter Trigger
1 XXX_1 -55.56 55.56 kg's pk GND + 33.00 k Off
2 NES_2 -64.81 64.81 kg's pk DC + 33.00 k Basic
3 NES_3 -64.81 64.81 kg's pk DC + 33.00 k Basic
4 NES_4 -54.05 54.05 kg's pk DC - 33.00 k Basic
5 NES_S -56.60 56.60 kg's pk DC + 33.00 k BRasic
6 NES_6 =-56.07 56.07 kg's pk DC - 33.00 k Basic
7 NES_7 -58.25 58.25 kg's pk DC + 33.00 k Basic
8 NES_8 -55.56 55.56 kg's pk DC + 33.00 k Off
9 XXX 9 -55.56 55.56 kg's pk GND + 33.00 k Off
10 NES_10 -56.07 56.07 kg's pk DC + 33.00 k Off
11 NES_11 -54.05 54.05 kg's pk DC + 33.00 k Off
12 NES_12 -57.69 57.69 kg's pk DC + 33.00 k Off
13 NES_13 -55.56 55.56 kg's pk DC + 33.00 k Off
14 NES_14 -55.56 55.56 kg's pk DC - 33.00 k Off
15 NES_15 -53.57 53.57 kg's pk DC - 33.00 k Off
16 ROC_16 -55.56 55.56 kg's pk DC + 33.00 k Off
17 ROC_17 -55.56 55.56 kg's pk DC + 33.00 k Off
18 ROC_18 -55.56 55.56 kg's pk DC + 33.00 k Off
19 ROC_19 -55.56 55.56 kg's pk DC + 33.00 k Off
20 ROC_20 -55.56 55.56 kg's pk DC + 33.00 k Off

Engineering Units Scaling

XXX_1 0 + 9.2593 k * Voltage (g's pk)
NES_2 0 + 9.2593 k * Voltage (g's pk)
NES_3 0 + 9.2593 k * Voltage (g's pk)
NES_4 0 + 9.0090 k * Voltage {g's pk)
NES_S 0 + 9.4340 k * Voltage {(g's pk)
NES_6 0 + 9.3458 k * Voltage {g's pk)
NES_7 0 + 9.7087 k * Voltage (g's pk)
NES_8 0 + 9.2593 k * Voltage (g's pk)
XXX_9 0 + 9.2593 k * Voltage (g's pk)
NES_10 0 + 9.3458 k * Voltage (g's pk)
NES_11 O + 9.0090 k * Voltage (g's pk)
NES_12 0 + 9.6154 k * Voltage (g's pk)
NES_13 0 + 9.2593 k * Voltage (g's pk)
NES_14 0 + 9.2593 k * Voltage (g's pk)
NES_15 0 + 8.9286 k * Voltage (g's pk)
ROC_16 0 + 9.2593 k * Voltage (g's pk)
ROC_17 0 + 9.2593 k * Voltage (g's pk)
ROC_18 0 + 9.2593 k * Voltage (g's pk)
ROC_19 0 + 9.2593 k * Voltage (g's pk)
ROC_20 0 + 9.2593 k * voltage (g's pk)
Trigger Settings :

o
o
Fh

Auto Trigger:

Table 2 - Test TO1
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Date: 08-16-2012

Time: 13:36:2

AEXI KT KRR F R Ak kX kX XXk *x %% GLOBAL SETTINGS ****xddkkdhdhkw kb dkrkkxdxdox

Sterage Path:
Filename:
File Number:

3

Settings Path:

Settings File
Export Path:
Export Format

Average Blocks:
Between Cursors:

EHEKEKTHFFH AR KK R XK KT AT K

BEl

Frequency A :
Pre Trigger :

Segment A :

Number of Blocks
Digital Event Channels :
Analog Channels

Nr. Name
XXK_1
NES_2
NES_3
NES_4
NES_5
NES_6
NES_7
NES_8
XXX_9
1 NES_10
NES_11
12 NES_12
13 NES_13
1 NES_14
15 NES_15
16 ROC_16
17 ROC_17
18 ROC_18
19 ROC_19
20 ROC_20
Engineering
XXX 1
NES_2
NES_3
NES_4
NES_5
NES_6
NES_7
NES_8
XXX 9
NES_10
NES_11
NES_12
NES_13
NES_14
NES_15
ROC_16
ROC_17
ROC_18
ROC_19
ROC_20

WO U s W -

=
-

CO000CO0ODOOOVOOLODOOOODO

Trigger Setting

I I I e e e

+

TEAM256 SETTINGS

C:\TEAMPRO

Data
001

C:\TEAM256
NES02.SET
D: \ATEST\NESC_1\NEST02 \RAWDAT~1

FAMOS
No
No

Min

-55.
-46.
-46.
-45.
-47.
-37.
-38.
-37.
=55
-37.
-27.
~28.
-37.
-37.
-26.
-55.
=55
=55.
-55.
-55.
Units Scali

VOLCLUVVYWOOLVWYLVYLVYVVYWVYWVYVWLYWVYWOYWYWY

Auto Trigger:

56
30
30
05
17
38
83
04
56
38

.2593
.2593
.2593
.0090
.4340
.3458
.7087
.2593
<2593
.3458
.0090
.6154
.2593
.2593
.9286
.2593
.2593
.2593
.2593
.2593

1.0000 MHz (Internal)
48000 Samples (48.00 ms)
1000576 Samples (1.001 s)
1

0

Max Units

95
46.
46.
45.
47.
37,
38.
37
55
37
27.
28
3
37.

AR AANN IR AANRAANANANATARTAAA

56 kg's pk
30 kg's pk
30 kg's pk
05 kg's pk
17 kg's pk
38 kg's pk
83 kg's pk
04 kg's pk
56 kg's pk

.38 kg's pk

03 kg's pk

.85 kg's pk

04 kg's pk
04 kg's pk

.79 kg's pk
.56 kg's pk
.56 kg's pk
.56 kg's pk
.56 kg's pk
.56 kg's pk
ng

* Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage

¥ X % F % K K F F K ¥ ¥ ¥ F % F F * #

Off

Table 3-Test TO2

Coup. Amp. Filter

GND + 33
DC + 33
DC 4 33
DC + 33
DC + 33
DC " 33
DC + 33
DC + 33
GND + 33
DC + 33
DC + 33
DC + 33
nC + 33
DC + 33
DC + 33
DC + 33
DC + 33
DC + 33
nc + 33
DC - 33

{g's pk)

(g's pk)

{g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)

(g's pk)
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Trigger
Off
Basic
Basic
Basic
Basic
Basic
Basic
Ooff
off
Off
Off
Ooff
Off
Off
Off
Off
Off
Off
Off
Off
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Date:
Time:

HRIKFKAKKAXXRKRXNNINN N NN CGLOBAL SETTINGS %X * ok ko hokdkddekdede hk k% %% x %

12

TEAM256 SETTINGS

Storage Path: C:\TEAMPRO
Filename: Data

File Number: 001
Settings Path: C:\TEAM256
Settings File: NES03.SET

Export Path:

D:\ATEST\NESC_1\NESTO02\RAWDAT~1

Export Format: FAMOS
Average Blocks: No
Between Cursors: No

hkhkhkkhkkhkhhkhkxkkk*kxrk*** RECORDER SETTINGS *****kkxddhkrhhhrhhihahin

BE1
Frequency A :
Pre Trigger :
Segment A :
Number of Blo

cKsg:is

Digital Event Channels :

Analog Channe

1s

Nr. Name Min Max
1 XXX_1 -55.56 55.56
2 NES_2 -28.85 28.85
3 NES_3 -31.58 31.58
4 NES_4 -30.00 30.00
5 NES_5 =-28.30 28.30
6 NES_6 -28.04 28.04
7 NES_7 -28.57 28.57
8 NES_8 -28.30 28.30
9 XXX 9 -55.56 55.56

10 NES_10 -28.04 28.04

11 NES_11 -27.03 7.03

12 NES_12 -28.30 28.30

13 NES_13 -27.78 27.78

14 NES_14 -27.27 27.27

15 NES_15 -8.929 8.929

16 ROC_16 -55.56 55.56

17 ROC_17 -55.56 55.56

18 ROC_18 -55.56 55.56

19 ROC_19 -55.56 55.56

20 ROC_20 -55.56 55.56

Engineering Units Scaling

XXX_1 0+ 9.2593 k-*

NES_2 0+ 9.6154 k *

NES_3 0 + 10.526 k *

NES_4 0 + 10.000 k *

NES_5 0 + 9.4340 k *

NES_6 0 + 9.3458 k *

NES_7 0+ 9.5238 k *

NES_8 0+ 9.4340 k *

XXX_9 0+ 9.2593 k *

NES_10 0 + 9.3458 x *

NES_11 0 + 9.0090 k *

NES_12 O + 9.4340 k *

NES_13 0 + 9.2593 k *

NES_14 0 + 9.0909 k *

NES_15 € + 8.9286 k *

ROC_16 © + 9.2593 k *

ROC_17 O + 9.2593 k *

ROC_18 O + 9.2593 k *

ROC_19 0 + 9.2593 k *

ROC_20 O + 9.2593 k *

Trigger Settings :
Auto Trigger: of

1.0000 MHz(Internal)
4B000 Samples (48.00 ms)
1000576 Samples (1.001 s)
1

0

Units

kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's
kg's

pk
pk
pk
pk
pk
rk
pk
pk
pk
pk
pk
pk
pk
pk
pk
pk
pk
ok
pk
pk

Voltage
Voltage
Voltage
Veltage
Veltage
Voltage
Voltage
Voltage
Voltage
Veoltage
Voltage
Voltage
Voltage
Veltage
Veltage
Veoltage
Voltage
Voltage
Voltage
Voltage

Coup. Amp. Filter
GND + 33.00
DC + 33.00
DC + 33.00
DC + 33.00
DC + 33.00
DC + 33.00
DC + 33.00
DC + 33.00
GND + 33.00
DC + 33.00
DC + 33.00
DC + 33.00
DC + 33.00
DC + 33.00
DC - 33.00
DC + 33.00
DC + 33.00
DC + 33.00
DC + 33.00
DC + 33.00

(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
(g's pk)
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Table 4 - Test TO3

Trigger
Off
Basic
Basic
Basic
Basic
Basic
Basic
Off
Off
Off
Off
Off
Off
Off
Off
Off
Off
Off
Off
Off
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B2. Group | (Monolithic Panel Tests)

The test report documenting pathfinder group tests 4, 5, and the task assessment baseline Group |
tests numbers 1 through 10 are documented in the attachments below.
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National Aeronautics and Space Administration

George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812

January 20, 2015

Reghy Aot ET40-15-006

TO: EV32/David O. Ordway

FROM: ET40/Timothy C. Driskill

SUBJECT: Additional Initial Tcsts and Start of the Composite Materials Pyroshock

Development Test, NESC-DEV-12-028

REF: ED73.1

The solid composite pathfinder panel and solid composite pancl test articles were tested in the
ET40 Pyrotechnic Shock Facility, building 4619, room 170. Testing was completed on February
22,2013. The test was run in accordance with Test and Checkout Procedure, (TCP) NESC-
DEV-12-028. Two tests were run using composite pathfinder panels and five tests were run on
the solid composite panels for Group I - Tests 01 to 05. The accelerometer test setup is shown in
the photographs section of this report. Accelerometer location A4 was not used in Pathfinder test
no. 4 due to an improperly threaded insert installed at that location. No post-test observations

were noted.

Please direct any questions or comments regarding this test to Mr. Craig Garrison at (256) 544-

7197 or craig.garrison{@nasa.gov.
Timothy C. Driskill

Branch Chief
Structural Dynamics Test Branch

Enclosure
cC:

ET01/File (w/o cnclosure)
ET40/File

C105/Steven J. Gentz
ES22/David S. Parsons
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Typical Test Setup — Rear of Panel
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Cut Plate and LSC Installation
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Typical Test Outcome
Cut Plate Severed
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Test Matrix As Run

Test Date Panel ID Test ID

Composite -

il 11-30-12 Pathfinder #4 Initial Test #4
Composite <

2 12-5-12 Pathfinder #5 Initial Test #5

3 1-23-13 0320A001 Group 1 Test 1

4 1-29-13 0320A002 Group 1 Test 2

5 2-5-13 0320A004 Group 1 Test 4

6 2-8-13 0320A003 Group 1 Test 3

7 2-22-13 0320A005 Group 1 Test 5
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Typical Test Setup — Front of Panel
Accelerometer Locations
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| Typical Test Setup — Front of Panel
Accelerometer Locations
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PYROSHOCK DEV. TEST
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Add. Initial & Start Composite Mat. Pyroshock Dev Test, NEST04, NESC-DEV-12-028, SRS, Damping: 0.05, 11/30/2012
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