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Multifunctional Materials:
Working Smarter Together

Final Program and Exhibitor’s Guide

SAMPE Fall Technical Conference and Exhibition

Cook Convention Center, Memphis, Tennessee
September 8-11, 2008

Co-located with
*American Society for Composites Annual Technical Conference

*ASTM D-30
® s &

Spanesored by the
SAMPE Great I.r.ll.'fs Chapter




elcome to Memphis and the 30" SAMPE lntermational Technlcal Con-
ancum COMBINED with the American Soclety for Composites Confer- Table of Contents

ence, SAMPE's CGreal Lakes Chapter (fonmerly the Michlgan Chapler) and Conference AL-A-Glance . L0
ASC have worked hard to pul together for you a dual conlerence whereas A
you pay one reglstratlon and you can attend any of the SAMPE or any of Conference Tracks. . .. .. .... 4
the ASC Sesslons. Most ol the tme you will have up o twelve sesslons o

choose from. all running simultaneously, ConventionCenterLayout......20
Our conference theme s, "Multfunctional Materials: Worklng Smaner To-

gether, and a multifaceted strategy was implemented to assemble the Exhibitor Listings . . . . ... .. 21
most up-lo-date infommation on multifuncikonal and advanced material tech-

nolodies, The conference features wo Keynole Speakers—one [rom SAMPE General Information. . .. . .. 19
and one from ASC—aind SAMPE will be hosting three Featured Speakers,

ve panels, and educational lutorals. On Thursday we will be hasting a day- ITAR Restriclions . . ........ 6
long Dob workshop on “Structurally Integrated Enengy Harvesting/Storage

Capabllities” along with a Mulllfunciional Materials track and & Nanomaterk Keynote Address . . . ... .... 7
als track, There will also be vendor exhibits and exhiblt break thme 50 you

can visit with the exhibitors and nol miss any of the sesslons, Luncheon. . ............. 15
There will also be a Networking Outing attended by both SAMPE and ASC Outstanding Paper Award

on the rooftop of the Historlc Peabody Hotel. Allerwards, Beale Strect Is a Winners 11
block away (o experlence Memphls's Southern hospltalty, Blues Musle and =~ © 0 7 rrnrnrno0ne0e
fantastic BEQ. S PO T T8 i ) 8] e w12 3
We hope thal vou will enjoy the Conlerence, Exhibits, and Networklng be-

tween lwo compalible sockelies! Technical Program . . ....... 7
Thank you for attending, Tutorials. . . ...... ety
Michael T. Wilson, SAMPE General Chalr

Anthony Vizzinl, ASC Conference Chaloman Virtual Career Falr. . ... .... 3
Ronald Gibson, Nicholas Glanarks, and Brad Lucht, SAMPE Technical Pro- 3

gram CoChalrs Wichita ‘02 Call for Papers. . 28

e e e e e e e e e e e e e e e

Attention SAMPE Conference Attendees!

This year's SAMPE Fall Technical Conference Is co-located with the ASC Conference. f'\

All registered SAMPE Conference Attendecs ane [ree o aftend ASC Conference programs on
any day covered by your SAMPE reqistration. Simply show yvour badge Lo receive admittance £ ]
to any ASC sesshon room. The ASC Member Luncheon bs not Included. Y

ASC Final Programs are avallable al the SAMPE Reglstration ares.
SAMPE Thanks Our Organizing Commitier:

General Chair Exhibits Co-Chalrs
Mike Wilson, Consultant Brian Hull, Lewcolt
Ter.hnlcal Program Co-l:halrs Guru Rathawate. 0. R. Rathamvate &
- Fublicity Chair
Megan Toscas, College-Park Industrics
Finance Chalr
Audio/Visual Co-Chairs Mike Wilson, Consultant

Kenan Wollborg, College-Park Industrics Sponsors Chair

Volunteers Co-Chairs Brian Faul, General Dynamics Land Systeimns
Ralph C g,
Cerman Villanweva, University of Michigan

%27F > % 95 F



Tulorink 00 AM

= Design of Composite Alrcrall Struciures—
Roour L3

« Compisiies Fabricalon Technodogies-
Roourr LA

= Inirochictbon Lo Composile Maberlils-
Booun L5

= Mechanical Testing of Composile Malerials-
Roourr L

*Sesslon contas AR papers ‘

Exiulbiis Chomed

8100 AM

SAMPE Haynote
Baltroom CAD
= Multifunciional Matertals for Adaplive &
Aslorvombe Systomns: An Overview

Spnndom

= Manooormposiics: Processkg) 1TA®
Rowurr Suftama Miaslsalpol

*+ Desilgn for Multifunctionalily; Capabiiity vs.
Application 1A-Hoom LI12

+ Acrospace Struciures & Applications 1A=
By L3

+ Infrastructure Applications 1A-Room LIQ

* Manufichiring & Processing Advances 1A-
Roum L5

W15 AM

Fanel Gil3 AM
+ Defense Applications of MulRiunctional
Mt erinls-Room L4

T0:30 AM Vendor Beeahk
Seanlons L1400 AM
* Manocomposites: Frocessiig 18-
Roomr Subtana Mississippd
+ Daesign for Mullifunctiotainy: Capabiiy
va. Applicaiion 1 B-Roont L1Z
* ferospace Strectures & Applications 18-
Hoour LS
* Infrastruciune Applications | B-Room LIG
« Manufnchiuring & Frocessing Advances 165-
Rocurt L5

Panval 110 AM
« Deelersi Applicatbons of Mualtfmctional
Maberlals-Roeimr Li4

Extilbits AM -~ 500 M

ASC Baynote B0 AM
Battocem C&D
Sesaionn S5 AM

+ Manocomponsibess Applicalions 1A-
R Suftans Miaslsslpol
= Elcctromeynetic Multifusstional
Materfals | A-Room Li2
+ Composite Fatigue & Fracture 1 A-Room L3
= Comnpisdtes fon the Autanotive ncsiny 1A
Boom LIO
= Composiies from Agriculiied Products 1A~
Room L3

Fanal 15 AM

* ndusirial Applications of Multifunciloml
Haterials-Noom LI14

130 AM Vendor Brenk

Seagicna 11400 AM

= Manocomposites Applications 1105
Rosame Seftanas-Mr

= Llectrornagretic Maskifumect korul Materiaks 1 B-
Room 112

= Cornposie Palpse & Fooure 15-Room L3

= Conniposiles for the Aubomollve sdusny | B-
Room LiQ

» Coimposites from Agriosiueal Products 16~
Moo LS

Fanel L L1 AM
= Fulure Directbons of Multfunctbonal
Materlals Research-Hoorm L4

1000 mm ~ 4:00 pan

Tulorials 2060 M

= Manocomposiies Technobogy-Room. L3

* Thamoplastic Composites Technologes-
Fosom L4

* Processing Sclence for Composibe Stnucunes
Mansfacharing- Room L5

= Dminiage Toderance of Cornpostos
Arulysis & Teshing-Room LE

Tutourfals I"ﬂ?ﬂﬂl!‘ ales Sﬂ'pc'laﬂﬂ Froust conlerenoe
regadration

Sezsiom 4100 FM

+ ManCoomposites Mocessing LA
Rocurr Sutlans - Mississl e

& Mancstruchieed Mukifiscional Maderials 1A~
Roonr L2

+ Diesignt for Multifunetionality: Capahiily va.
Application 2A-Room Li4

+ Infrastruciure Applicatbons 24-Roosn LID

» Manufacturing & Processing Advances TA-
Bocun L5

+ Compensiie Design & Aralysts 1A-Risom L3

3: 15 FM Vendor Break

S amloma

* Manocompensibes Processing 15
Rocurr Sublance Miasiaslpsd

+ Mamcstruchered Mullfecional Materials |5
Boam LI2

*» Composiie Design & Analysis 1B Boom LS

* Manudaciuring & Processing Advances 205
Boscurr LS

+ Bnvrorrmental Considerations. 1 B-Hoom;: LD

345

343 M

Committes Chadra Faned
* Heinventing Really) The Quest for
FhulBunciional Material Froperthes-Booem: L14

Welcome Receptlon
Tritnite b Torm Cates 8:-00 FM

44

Festured Lecture L5 P
= Hesearch on Mullllunctional Materials &
Siructural Health Monltoring in dapa -
Roarn 14

Sensdons 2:00 '™

* Coanposites for the Automotive Industry 24—
Room Suftana-Plasisslppd

= ThemmoMechamteal Multifundional Materials
1A-Reowr LIZ

= Conmpwslie Falkpee & Frachre 2A-Room LIG

* MDE & Structural Health Moniloriong 1A~
Boom LI

= Composites from Agriculiueral Products 24-
Room L3

= Carbon-Carbon Composites & Fowns 14-
Koo L3

S¢15 M Vendar Break

Smaiong 3a5™

= Manocomponibes: CHTCRE Alignment 16—
Koo Suftanas-Missdss/ppl

* ThenmoMechanioal Multifunctional Materiais
1B-Room LI2

* Compendic Faligee & Prociure 28-Rooi L0

+ MDE & Structural Health Monitoring 18-
Rocarm L4

= Testhisg of Compoites 1 B-fomm L5

* Carbson-Carteon Composifies & Fomms 16—
Rasarm LY

A Night st e Peatsdy
Jdaint SAMPE/ASC Metworking Socia

i T




Seasbona 15 AM
* Manocomposiles: Elecirical & Thermal [4-
Hooun Subfarus Miasdsslpol
* Mnocomposiies: Analysis & Characterization
1 A~Room L12
* Thenmopdastic Composites | A-Room 15
* Sandwich Structures 1 A-Room LI10

Dol Workshop 815 AM - 300 PFM
= Structurally integrated h'-u'g,;r Harvesting
Stowage Capabdlitics—Soom L3

Pamel LR
¢ Bequirements for Ihe Meat Generatlon of
Composites Engineers—Hoom [L14

1030 AM Breah

Bk 11100 AM
* Manocomposites: Electrical & Thema 108
Roout Suftanas-Misstssippd

+ Manocomposilies: Analysis & Characterization
1B-Room LIZ
= Themmoplastic Composites | B-Room LS

» Sandwich Struclures 1B-Room LIG

+ Iigh Temperalure Reskrs & Composies 153
Koo L4

“Sesslon contabns ITAR pagers. ‘

Peastired Lectire LS P

= Polymwer Manooomposfies Reseah in Canacia-
Room LI4

Semsdons 200 M

= Manufacturing & Frocessing Advances 534°-
Rowun LS

= Massc Inchestrial Applications 1A
Bowu Suitana-Missd salppl
+ Thennoplastic Composlies ZA*-Room L1
* High Tanporalure Resins & Composlies 14°-
Room Lo
¢ Multifunctional Materials with integral RDE
1 A =Roam LI12

Dol Workshop 9:15 AM - 5:00 FM
¢ Dol Workshop Structurally integrated Energry
Harvesting S omge Capabiities-Room L3

B 15 reak

(vel
* Thenmoplastic Composites 20-Room L4
* Iigh Tampaature Resins & Composes 26"
Roont LID
* Joints In Compaosite Structures. 10 - Room L3
= Resins & Adhesives | B-Room LIZ

h
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We make it visible.

NEWPORT
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Program Tracks

Manotechnology

Monday, 2-5 FM. Seplember 8

Hanocomposites Technology-Tutorial freqeiies additional fee)
Instrucion Drs, Mg o & Kyto Kissall, Manorfdge Matenivs Inc

Tuesday, SeplEmber 9

15 AM Room: Sultana Misissippl
Processing 1A*
Sesskont Chain Holly Stretr, Tennessee Technological Unfve, Cooleville, TR

17:00 AM Room; Sultanae-Mississippl
Hanocomposites: [1:]
Sessia Chaln Holly Sirelz, Tennessee Technological Univ., Cooheville. TN

200 M Roons: Sultans-Mississppl

Nanocomposites: Processing 24
Session Chalr; Derrick Dean, University of Alatsama, Bimmimgfusn, AL
3045 PP Room: Sultana Mississippl

Hanocomposites: Processing 28
Sessdon Chalr: Derrich Do, University of Alabarsa, lrmvinghuer, AL

Wednesday, Sepltember 10

Gl 5 AM Roor SallanaMississippl
Hanocomposites: 1A

Sessdon Chair: Dermick Dem, University of Alaborma,
11:00 AM Roods: Sultars- Mississippl
Nanocomposites: Applications 1B

Session Chair Derfel Dessn, University of Alabaria, Blrnghusr, AL
3A5PM Roormy St Missbsipn

HManocomposiies: CHT/ACHT Alignment 1B
Session Chary Chuck Bikls, The Fenrsyfvands Stale Univ., Universiiy Park, PA

Thursday, Seplember | 1

15 AM Room: SultanMiss|ssippd

Manocomposlies: Hlectical & Thenmal 1A

Session Chair: Greg Yandek, Air Fovoe Resawch Laf, Edwards AFS, CA
15 AM Rooms L12

HManocomposites: Analysis and Characlerization 1A

Sassfon Chalr: Chuck fSakls, The Feneeadvanli Staie Unfv., Universily Fark, A
1100 AWM Room Sultas Misskssippl

Hanocomposiles: Becirical & Thenmal 1B

Session Chalr: Greg Yandek, Alr fovce Resawch Lab, Edwaros AL CA
11:00 AM Room; 112

Hanocomposiles: Analysis and Characterization 1B

Sossion Chalry Chock Bakls, The Fanressfvarils State Unhy., Urniversiy Fark, PA
1515 P - 200 MM Room; LIO

Teatured Leciure: Polymer Hanocomposiies Research in Canada
Presenter; Suong V. tos, Concorda Unlversily, Momiresl, Quebec, Caninia
Moederaiors: Ron (b, Dnfversfily Nevada-Heno, Rena, MY and Mok Gle
narfs, Genersl nanics Land Sysberns, West Bloomileld, M1

200 M Roomy Sultana-Mississippl

Mano-ndusirial LA
Sesalon Chafr: Patrfck Lake, Applied Sclenees, fne, Cedarville. OFf

Wrminghaer, Al

3:A5 M Roomn Seltmmna: Misslssipp|

Hanocomposiles: Fire Behavior 1B

Sesslon Chaln: Antopio Avila, Universidade Pedend de Mlinds Gerals, Mo
Fonbe, MG, Brash

ITAK restricted papers. ‘

44

Multifunctional Materials

Tiesday, Seplember 9

15 AN Roome: L12

Design for Multifunctonality: Capability vs. Application 1A
Sessfon Chatn Gall Jaferson, University of Sowth Alibarna, Mobile AL
h15 AM - 1200 P Room: L14

Defense Applications of Multifunctional Materials-Panel

Amel Modenrors: Dr. Rohard Yals Alr Fowoe Reseanch Lab and O, BL
{“Las%) Lee Alr Force OfToe of Sclioniific Ressanch

1100 AM Room LIZ

Design for Multifuncionality: Capability vs. Application 18
Session Chale Call selferson, Univarsity of Somth Alsbarma, Mobile, AL
200 Room L2

HManostruciured Multifunctional Materials 1A

Session Chairy Lawrence Dreal, Michigan Stve Universily, East Lansing, M
2,001 ' Rooem: LIA

Design for Multifunctionality: Capability vs. Application 24
Sessfon Chair Seun Hahn, NASA Langley Research Center, Hanpicon, VA
A5 1M Room: L12

Hanostruciured Multifunctional Malerials 15
Session Chairr Liwrence Drasl, Michipan Sisie Unfversity, East Lansing M1

. Seplember 10

Wiz

15 AM Room: L12

Electromagnetic Multifunctonal Materals | A

Sesaivet Chanirs Sansfy Franklond, Matiomad insfae of Aerospace, Maripion, VA
15 AM - 1030 AM Room: L14

Indusirial Applications of Multifunctonal Malerdals-Fanel

Forved Mowdheralon O N Mathasiate, G Hafawale & Assocbelas, e
1100 AM Rocarii L12

Ele thc Multifunctional Materials 1B

Seaslon Chalry Sarah Frankbnd, Mational instfiase of Acmspaece, Hampion, VA
00 AM - 12:15 PM Roome: L14

Future Directons of Multifunctional Materials Research-Panel
Forrel Moderalon: Alan Kindak Lau, The Hong Mong Polwechnic University
1115 MM - 2200 MM Room; LI

Featured Lecture: Research on Multifunctional Materdals & Struc-
fural Health Menitoring in

Fresenier [, Mobuo Takeda, Tha Universdiy of Toko, Chiba, Japan
Moderatom: Bon (ibson, Universily NMevacda-Reno, Reno, MV and Mok Gl
rais, Genersl Dynamios Lasd Syslems, Weat Bloommeid, M

2000 ™M Roony L12

Themmo-Mechanical Multifunconal Materials 1A

Session Chars (reg Odagand, Michipm Techaolooical Univ,, Houghion, M1
545 '™ Room: L12

Thermo-Mechanical Multifuncional Materials 1B

Session Chir Creg Ocdegard, Michinw Technological Unlv., Hoeghion, M1

Thursday. Seplember 11

Be15 AM - 900 AM Reosoar: L10
Featured Lecture: lonlc PolymerMetal Composiie as a New Aclua-
tor and Transducer Material

Presenion Mwarg Kim, Dnfversdty of Nevade, Reno, MY

Moderators: Bon Giibson, University Mevada Rend, Reno, MV and Mok Gl
rais, General Dynantos Land Sysferms, West Bloonnfiald, M1

h1 5 AM - 500 MM Room LS

Dob Workshop

Cppatirers: Bl (Les®) Lee, Alr Foroe Ofice of Sclentlfic Resaarchy Janres
Thaoimas, Mol Resanch Lefy angd Brasce Laffabitna, Ay

400 MM Rooni L



M anday, Scpumbr:r 8 Tutorials

Cost for Tulorlals: Tutorlals are half-day courses thal require a separate cost from the cost of reglstration at the confer-
ence, A printed course handoul s ncluded In the price,

Prices are: $ 150 with conlerence registration = $100 [or students + $175 [or other reglstrants

Manday, 92 AM - Noon, September 8, 2008 Manday, 2 - 5 PM, September 8, 2008

Design of Composite Alrcraft Structures Nanocomposites Technology

Instructor; Frof. Dowg Calms, Montana State University Instructor: Drs. Jamg Zhu and Kyle Rissell, Manoridge
Composites Fabrication Technologles Materiats Inc.

Instructor: Dy, James C. Lestle, ACFPT Inc. Thermoplastic Composites Technologies

Introduction to Composite Materials Instructor: D, Conchur O'Bradaigh. Elre Composites
Instructor: v, Carl 1. Zwehen, Compaosites Consultant Pmmnacbg:cn for Composite Structures Manufacturing
Mechanical Testing of Composite Materials Instructor: Frofs, Anoush Poursartip, Goran Fernlund, tnk
Instructor: Prof. Daniel 0. Adams, University of Utah versily of British Columbia

Damage Tolerance of Composites: Analysis and Testing
Irstrictor: D, Keshavamarayana Raje, Wichita State University

Important session information for all attendees.

SAMPE Restricted Papers —ITAR Regulations Session Admittance @)

(REVISED PROCEDU 6/05)

Several papers o be presented at this conference will be restricted papers governed by ITAR (International Traffic in Arms Regulations)
The U5 citizens SAMPE list used at previous conferences will not be avaitable. If you plan to attend any presentations resiricted by ITAR,
you must bring proof of citizenship plus the ather verfication documents as shown below. Please note that only LS citwens and U.S
Resident Aliens can be considered for attendance at these restricted presentabions.

Admittance to restricted sessions and access to restricted technical papers is implemented and confrolled by U.S. International Teaffic
in Arms Regulations (ITAR). Al resiricted session attendees MUST abide by the procedures and submittal of verification documenis as
noted below — no exceptions:

ATTENDEE CLASSIFICATION IDENTIFICATION & PROOF OF EMPLOYMENT REQUIREMENTS

U5 Government Employees. 1. Proof of Citizenship (for example, passport, berth certificate, volers registration card,
naturalization papers), and,
2 Personal photographic identfication (passport, driver's bcense, corporate 1D, ete )

1. Proof of Citzenship (for example, passport, barth cerificate, voters registration

card, naturalization papers), and,
2. Personal photographic identification (passport, driver's boense, corporate 1D, etc ), and,
3. Certificati jentials based on DO Form 2345 (see below for details)

Resident Aliens (U.5) 1. Resident Alien Card, and,

2 Personal photographic identfication (passport, driver's kcense, corporate 1D, efc ), and,
3. Certilication credentials based on DD Form 2345 (see below for details)

DD Form 2345 individual cetification credentials (required for U.S. & Resident Alens) must be from one of the followng;

Copy of an approved and active DD Form 2345 for the individual, or,

Copy of an approved and active DD Form 2345 for the individuals employver PLUS evidence of cument employment status
with that employer (corporate 1D, business card, etc ), or,

A listing of the individual's employer in the most recent DoD quarterly Quakfied U.S. Contractor Access

List PLUS evidence of cument employment status with that employer (corporate |0, business card, efc ).

OO Form 2345 may be downloaded and completed online in order to apply for approval to be listed on the Gualified .S, Contractor List,
wwwedlis diamiliep/. Allow at least 4 weeks prios to the SAMPE sympeosia or technical conference dates for this process

How to get your ITAR Clearance:

Bring all of the above listed dentification, proof of employment and certfication credentials to the fo the SAMPE Clearance counter at the
SAMPE Registration area. Your documents will be verfied and you will be peovided with a stamp indicating your ITAR diearance. Photo
10 will be checked against your ITAR badge before admittance is granted to any ITAR presentation.




deqﬁ Scptm.rber 9 Technical P rogram

B00 AM - 900 AM Baliroom G
SAMPE Keynole Presentation

“Multifunctional Materals for Adaptive & Autonomic Systems: An Overview”
By Dr. B.L. {"Lea] Lee, Alr Force Offfce of Sclentific Research, Artlingtont, VA

The efforts to develop 4 newer generation of structures with more advanced performance and higher system efficlency
have been guided by two criterdan () the achievement of maximum load-camylng capability per unit welght or volume
and (b} the mcorporation of specilic Tunctional propertles diclated by the system requirements with minlmum welght
penalty, Traditionally. these two ssues are addressed separately, resulting n a passive structure of optimum load-camy-
Iy capabliy with compartmentalized functlonally often in the fomm of attached components. However, this approach
Is 1o stark contrast o blological systems, in which jolnted rameworks and complex materials mpan active functionality
Al multiple length scales within the materials. Our new challenge has been (o leam [vom and minde nature’s design by
developlng “multifunctional® kad-bearing structures with ntegrated functional properties. such as remediation of cracks,
thermal management, vibratlon mitkgatlon, detecthon of external threats, protectlon against clectiromagipetlc radkatbon,
bullt-in communication channel, sell-supply of power. etc. The reallzatlon of analogous synthetle structures, which can
accommodate the above-clied [uncllons, depends on the comblnation of pew “multifunctional” materdals that nherently
possess the capacily (o meet the requiremants for spectfic functionality as well as mechanical load canying capahility.
It Is hoped that individual matertal elements are simultancously paficlpating in distinct, beoeficlal physical processes
thereby delivering trily dramatlc lmprovements in system-level elliclency nstead of ncremental Improvements encoun-

tered In mono-functional materls,

Rocem Sullima-Misslssippl

Hanocomposites: Frocessing 1A-18

Sesalon Chalr Holly Strelr. Tennesser Technological Unlveraily, Cooloey:
e, T

15 AM
Reinforced Films Made by Crosslink Reaction Between
Water-Soluble Sulfonated Carbon Nanotubes and

Sulfonated Polystyrene, ¥. Dal, H Halping South Dakota School
of Mines and Technology, Rapld City, SD; LS. Welsh, Alr Foree Reseanch
Labeorstary, Kirtland AFB, Pr

U4 AM
Cure Behavior of Epoxy/MWCNT Nanocomposites: The Ef-
fect of Manotube Surface Modification, M. Abdalla, 0. Dean,
Urthoersity of Alibama o Brmingham, Brminghum, AL P Robirson,
Tushegee Liniversfty, Tuskepee, Als B Mo, Alabama Stafe Unbversfly,
Monlgomeny, Al

10:00 AM

Folyimide Manocomposite Membranes for Separation of
Water and Ethanol, 1.0 iroh, W, Mang, A AnlinMensai, )P, Lee,
Urtiversity of Cinchiriati, Clinclamatl, O

11:25 AM

The Effects of Single-Wall Carbon Nanotubes on the Shear

FPlezoelectricity of Blopolymers, C. Lovell, LM, fite Gerald, Degart -
ment ol Materials Sclence and Enpnecring, Univers®y of Vilpinda, Chir-
Iottesyiibe, WAs L5, Harrison, Advanced Materiats and PMrooessing Branch,
MASA Langley Research Cenler, Hamgdon, VAy O Fark, Matlonal nstilute
of Aercspace. Hompton, VA

Ao L12
Design for Multifunctonality: Capability vs. Application 1A-
1B

Sesalon Chalr: Gall Jefferson, nfvosdty of South Alsbama, Mobie AL

@15 AM
Crosslinked Templated Mesoporous Silica Aerogels as Mul-
tifunctional Materials, 1 Lu, 1. Luo, 0. Chur, Ohklahoma State Unl
versily, OR; 8, Mullk, C. Salirbou Leventls and M. Leventis, Missourl Undoer
slty of Sclence and Technology, MO

A0 AM

Carbon Nanotube Metworks: In Situ Sensing of Damage
Evolution in Fiber Compaosites, E.T. Thostenson, T, Chou, Ll

versity of Delaware, Mewark, DE; L Gao, Bed fng Unhversily of Acronmsics
and Astronmstics, Geijing, China

1005 AM

Strain and Temperature Sensing Froperties of Multiwalled
Carbon Manotube Yarn Composites, S5 Hahng T.5. Gsles,
MASA Langley Research Cenler, Hampton, VA: G.0. Aeflerson. Mational
nstitute of Aerospace, Hunplon, VA

11:00 AM

Analyzing Interlaminar Shear Strength of Multh-Scale Com-
posites via Combined Finite Element and Progressive Fail-
ure , ML Garg. P Abdl, Alpha Star Corporation,
Long Beach, CAr 5. Mchugh. Lockheed Martin Corpogation. Palo Alto, CA

11:25 AM

Talloring Thermal Froperties in Composite Materials and
Its Interfaces for Thermo-Mechanical Applications, AKX Roy,
Alr Force: Research Labeoratary, AFRL /AT, Wright Fatterson AFE, ON; S

Sitm, 5. Gangull, University of Dapton Research instiute, Dagton, O V.
Varshniey, Unhoersal Technology Corporation, Dayton, OH

Verudonr Breaks
Tusesadiny & Woerdnescoy

1030 AM - 1 100 AM

I 05 FM - 545 MM
Complimentary coffee will be mallabbe in the
il tion hall, sponsored by ASC
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Rocumi LS

Aerospace Structures and Applications 1A-1B

Sesalon Chalr: Geoupe Khumvand, denarnl Dynamics ATF, Burfingioun, VT
15 AM

Proton Exposure Tokerance of Rohacell 31 HF Foam,

F. Homee, B Brawley, Johns Hophins University Appiied Physics
Labotatory, Laurel, MD; 0. Hubert, Point Mage, CA; A, Daugherty, B Marl-
nelll. Maval Alr Weapons Center, China Lake, CA; D, Price, Raylheon Space
and Alrberme Systerms, Bl Segunido, CA

00 AM

Safe-Life Coupon Tesling of Aluminum Lined Pres- -
sure Vessels with Straln Ranges Exceeding Elastic

Limits, r.8. Ellott, A S, Heronymus, Genersl Dynaenics Armament and
Technical Products, Lincoln, NE

10:05 AM

Design and Manufacturing of Quasi-Three-Dimenskonal Wo-
ven Composites, 0. Lu, K. Rosario, Michigan State Linlyersiy, East
Lanising, M1 BB Raju, U5 Aney RDECOM TARDEC, Warren, Ml

11000 AM

Residual Stress Modeling in the Milling Process Considering
the Tribological Behavior of the Material Palr for Dry Con-
dilons, BM. Atraham, SY. Ll J Morchouse, Georpla instibute of
Technology, Allanta, A

11:35 AM

Design, Characterization, Control, and Optimiztion of A
‘Super String” Deployable Structure, M. Buckier, M. Zupan. Uil
versity of Marytand Baltimore County, Ballimore, MD; M.A Brown. TTH
Rescarch, Laurel, MD

1150k AM

Epoxy Paint Failure in B-52 Fuel Tanks — Preliminary Devel
opment of a Model for the Process, R Candiiot, &, Aband,
LW, Lenz. LE Stevenson, T. Whitiner, B Cash, W.T. Stevenson, Wichita

State Undversily, Wichita, RS

Rt LIG
Infrastructure Applicaions 1A-1B

Sessfon Chalr: Mwai-Chimg W, Wane Stale Unlversity, Demofr, M)

D15 AM

Status of Using Fiber-Reinforced Polymer Composites In
U.5. Bridges, L.0. Trimncaflsou, 1.1, Federal Mighway Administration,
Rescuirce Cenler Stnuctures Techridcal Service Team, BaRimore, MD
10:05 AM

Comparison of Composite Slab Deflecions Under Blast
Loads Using A Proposed Simple Fractical Analytical Model
and A Procedure Involving RISA-3D, M.A. Parugd, A Sal, P Shah,
Teaas A & M University-Kingsyille, Ringsyille, T H. Bstrada, The Lnshversity
ol Pacfic. Stockion, CA

11:00 AM

Damage Sensing of Bond Interface Between FRP Reinforce-
ment and Steel Qirders, 5. Yamada, Y. Yoshida, 5 Salto, Toyohashi
University of Techniology, Toyohashl, dapan; S Yamada, Topy dostrics,
Liel. Tosohashi, Japan; L Romdya, Pukul Fibertech Co, Toyohashl, Sapan
11:25 AM

Development of Fiber Reinforced Cementitious Composites,
HAZ W, Waytve State Universaly, Detroit, M1

T echnicat P rogram

Roxcare: 1.5

Manufacturing & Processing Advances 1A-1B

Session Chlr: Sungho Yoo, ke Stale University, Ames, 1A

15 AM

Foldable GFRF Boat Using Partially Flexible Composites, 4
Todorohd, K. Fumsagal, R Matsuzahl, Tokyo Instilute of Technobogy, Tohyo,
Jagaan

G40 AM

Thermal and Thermal Stress Analyses of the State-change
Tooling, A Vuppala, 5. Luc, Unkversity of Mevads, Reno, MV G, Cal-
verl, ). Cas, L Clements. 2Phase Technologles, e, Santa Clas. CA
1005 AM

Block Copolymers for Epoxy Toughening. & fasolil, 5, Schurikdl,
M. Macy., M. Wells, Arkerna, Ring of Prussia, PA; R incubll, S6 Magoet,
Arkerma, Lacq, Framoes C. Mavann, Arkema, Cerdalo, France

1100 AM

Effect of Low Profile Additive (LFA) on the Physical and Me-
chanical of Polyester, MK Samswat, KMB Sarsen, L
Emst, Delll Unbversity of Technology, Dellt. The Melherlands: B Crimbr-
fien, DSM Composites Resin, Zwolle, The Metherlands, F. Lauterwasser,
ESM Composiles Resin Deuschiand CrmbH, Ludwigshalen, Gerrmarny
11125 AM

Impact Characterization of Core-Filled Pultruded Biocom-
posite Panels, LA Vuppatapati, K. Chandrshekhara, W.E Showalter,
Missour Unlversity of Schence and Technology, Rella, MO

1050 AM

A Design of Experiments (DoE) Approach to Material Frop-
erties Optimization of Electrospun Nanofibnes, S8 Coles, [
K. Jdacobs, K. Kirwan, Unbversity of Warwich, Coventry, U J. Stanger, ML
Tucher, Crop and Pood Besearch instibute, Christchurch, Mew 2ealand

Ao L14

Defense Applications ol Multifunctonal Materials - Panel
15 AM - 12:00MM

Faned Modersiors: Dr. Rchard Vala, Alr Foece Research Lab ang De. UL
FLes?) Lee Alr Morce Offfce of Sclendific Kesearch

Two major drifvers governing the development of new De-
fense systems (or the Tuture Avmed Forces have been the
achlevement of maximum Joad-carrying capabllity per unit
welght volume and the Incorporatkon of a varkely of func-
tional propertles dictaled by the system requirements. Tra
ditlonally, these two lssues are addressed separalely, re-
sultlng I incremental lmprovements In monofunctional
materlals. However, dramalkc limprovements in system-level
efficiency can be achleved by developing “multifunctlonal®
materlals that lnherently possess Lthe capacily o shnultane-
ously meel the above two requirements. This panel discus-
ston Is ntended to provide an overview of how the above
described goals can be achleved and to assess the present

needs, future possibilities and potential barrkers.
Pamielists:

Mr. Bl Baron (Alr Porce Research Lab, Alr Viehiches Dired oraled
[x. Danmy O Belen (Army Research Lab)

Cr. Ecward Siverman (Northrop Gasnme b

br., Jim Thomas (Maval Research Lab)p

Or. Richard Viala {Alr Force Rescarch Lat, Materlals Direciorte)

Vendor Breaks
Tueescday & Wednesdamy

D050 AR - 1 10 AM

IS - X5 M
Complimentay coffee will be mallabshe n the
endalbaliican hall spensored by ASC.
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Rocan: Sultars-Mississippl

Hanocomposites: Processing 2A-28

Session Chalr: Derrick Dew, University of Alabama, Blirmingfus, AL

2:00

High-Temperature Cyanate Ester Adhesives Reinforced with

Alumina « MR Kessler, W, Lio, X, Sheg. M, Akine,

lonwa Stale University, Ames, 14

225 M

Effect of Surface Morphology Modifications on Mechanical

Properties of Fiber Reinforcements, M5 Buckder, HC Mabecht,

M- Zupamy, Lintversity of Maryland Balthoeore County, Baltimore, MO

2:50 M

A Two-Tier Approach for Addition of MWHT to Manufacture

Fiber-Renforced Nanocomposites, A Fodigues, C

Lim, M. Curnan, P, Fashanl, B. Minade, Wichita State University, Wicha, 18

A5 M

Fabrication of Ferroflulds at Controlled PH Values for Bio-

medical Hons, R Asmatube, B. Cooper, H Misak, Wichia

State University, Wichita, KS

410 PM

Solvent Evaporation and Agitation Time Effects on Mechani-

cal Properties of Polymeric Nanocomposites, 1.4, Shency, i

Asmealub, 1. Bahr. Wichfia State Univessity, Wichita, RS

Rosam L12

Hanostructured Multifunctional Materials 1A-1B

Sessbon Chai: Lnvrence Drzal, Michigan Staie Universlly, East Lanslng, M1

2400 PH

Enhancing the Through-Thickness Thermal Conductivity of

Carbon Fiber Polymer-Matrix Composites by Nanostructur-

Ing the Interlaminar Interface. & Han. 17, Uin, ¥, Yamada, D.OL

Chumg, Unidversity at Buffalo, State Ursiversity of Mew York, Buifalo, Y

225 I

Multiscale Fiber Reinforced Composites Using A Carbon

Hanofiber/Epoxy Nanophased Matrix: Processing Proper-

ties, and Thermomechanical Behavior, 1.1 Green, D Dean, 1

Valdyn, University of Alabama at Bimmingham., Birmngham, Al

2:50 0™

nmm Optimization of Exfollated Graphite Nanoplate-

e: Extrusion vs Precoating of PP Powder,

rlH Ihb.l\ Halatzicon, 1. Palaeshima, LT, Drzal, Michigan State Undver-

alty, Fand Lansing, M

345 M

The Effect of Exfoliated Graphite Nanoplatelet Size on the

Mechanical and Electrical Properties of Vinyl Ester Nano-
W. Liu, Inhwan Do, H Pukushima, LT, Drasl Michigan

Suate Unlversaly, East Larsing, M

A 1O PH

Hanostructured Coupling Agents for Multifunctional Com-

posites, K. Green, M. Abdalla, N, Horton, A Noble, . Do, Unlv. of Al
barmea o iSmmingham. Depd. of Materials Scenoe & Bimmingham,
AL; M.T. Universal Technology Corp,, Daylon OH: 1L Flelding, Alr Foroe Re-
search Laby, WPAIT, O 5. Miller, Polvineric Materlals Branch, Structures
& Maberials Divisbon, MASA Jobn H. Ghenn Research Cenler, Cleveland, 0N

435
Multifunctional Folymer-Matrix and Cement-Mairix Structural
Materials, 0.0.L Crurxg, Univ. o Bulfao, Stabe Univ, of Mew York, Bufals, By

Technical P ragram

Room L14

Design for Multifunctionality: Capability vs. Application ZA
Sesafon Chalr: Scun Kahing, MASA Langey Reseach Center. Hampion,
VA

20000 PP 1 Place Outslanding Piper

Fabrication and Electromechanical Characterization of A
PFeroelectric Structural Fiber for Multifunctional Composites,
¥, Lin, H.A. Sodano, Arizona Stale Undversity, Tampe, AZ

225 M

Mechanical and Interface Properties of Carbon Nanofibers
for Polymer s, T. Orkan, Q. Chen, M, Maraghl, L
Chasiolis, University of linoks sl Lrtana-Champaky, Urbara, 1L

250 M

Deformation and Fracture of Epoxy Manocomposites with

Sillca ncluslons, Q. Chen, | Chasbotis, Univ. of llincts ab Urbana-
Chanpalign, Urbssa, L C. Chen, Unly, of Dayton Research kndiute, Dayton,
OFL A Ry, Alr Force Research Lab,, Wright Patierson AFB, Daylon, OH

Ao L10

Infrastructure Applications 2A

Session Chair Hwai-Chitng Wi, Waye Stale Unlversity, Detrolt, Mi

200

Dynamic Mechanical Thermal Analyses of Polymeric Con-
crete Repalr Matertals, 7.5 fushing, US Ammy Enginecr Research and
Develogunent Center Geolechnical and Struchines Laboratory, Vicksburg,
M5

225 MM

Lifecycle Predictions of Filament-Wound Folyurethane Util-

Ity Poles, M. Brown, M. Berksoy, RS Technologhes, a Division of Hesin
Systems, ., Calgary, Alterta, Canada

Rooaein L5

Manufacturing & Processing Advances 2A-28B

Sesafon Chalr: Dale Broafies, Quickstep Technologles. Brighion, M

200 ™

HMon-Autoclave Prepreg Manufacturing Technology, ©.0 Bond
JM, Griffith, G.L. Hahn, The Boelng Company, Berkeley, MO

225 ™

The Creation of Ductile, Composite Frepregs, with Close o
up o . Ford, B, Criffiths, inbegrated Materbals Techmology Lid
1AM, Baary 54 Ecmumics, Sadfoli, UK

250 ™

Tool-Shape Optimization to Minimize Warpage in Autoclave
Processed L-5 Part, AR Khorsand, J. Ragha-
vart, O, Wangg, Unbversity of Maniioba, Winnipeg, Canada

HONEYCOMB
Raw Material, Machined Parts, Bonded Assemblies|
Steve Flack
Ph. 817-649-7056 Fax 817-649-3154
http:/fwww texasalmet com
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Manufacturing & Processing Advances 2A-2B (Continued)
345 M

Development of Time-Tem perature-Transformation Diagram
during Cure of Folymer Compaosites Using Shear Rheome-
try and Thermal Analysis, P. Kashand, 5. Al Soltani, F. Ghods, B
Miriabe, Wichita Stafe Unhversily, Wichia, K5

A0

Development of a Ultra-High-Pressure RESS System for Syn-
thesizing Nano-Sized Energetic Materlals, A C Contopassd, KA
Huo, Pl Farwa, TH, Wawiemia, LT, Essel, The Pennsshamnia State Lini
varsity, Linlyersiy Park PA

A:5351M

Effects of High-Fressure RESS Operating Conditlons on the

Slre of Synthesized Nano-Scale RDX Partickes, 1.0 Wawlemila,
H.H. Ruo, P Ferrar, AC Corlopassl, J.T. Essel, The Pennssivania State
Uribversily, Linlversity Park, P4

Rocwti) L3

Compaosite Design & Analysis 15418
Spasfon Chalr: Bd Scrmpes. SASA Marshall Space Might Cender, MSIT, AL

00 FH
Finite Element Analysis of Off-Axis Unidirectional Lami-
nales with mtralaminar Damage, ¥. Zhang, Institute for Ao cspace
Research, Mational Research Councll Canmels, Oltawa, O, Caracda

235 M

A Computational Approach for Predicting A- and B-Basis Al-
lowables for Polymer Composites, G, Atsrnet, M. Garg. Alpha
Star Corporatbon, Long Beach, CA; M. Rera Talaggan|, Delfl Unhversily of
Technology, Delil, The Netherknds

250 M

MultiLayer 2D Numerical Model for Z-Fin Composite Lami-

nates: Com and Fallure, H. Huang AM
Waas, Linlversay of Michkpan, Ann Arbar, M
345 M

Investigaion of Composite Surface Effect Ship (SES) Hull
Structure Under Hydrodynamic Loading Using Fluid-Struc-
ture Interaction, 5. Ma, It Mahfiez, Nanccomposites Labormory, Ocean
Engineering Department. Florida Atbanlic Unheersity. Boca Raton, FL

A 10 M

Investigation of Infusion of Ultra High Molecular Welght
Polvethylene (UHMWPE) and Carbon Manotube (CHNT) into
Low Density Folyethylene (LDPE) Filaments, #, fhan, i Mah.
fuz, T, Levenbourl, Florda Atlandic University, Boca Balon, FL

A5 TH

Life Prediction of Carbon Fiber,FERK Thermoplastic Com-

posite Material for Structures Design, £ Danhumbo, R Heller, B
Westerman, The Boedng Cou, Seitibe. WA A, Ruratshl. S.W. Tsal ). Wang,
Sanford Unbversily, A

Vienlor Breaks
Tuesclany & Wednescky

1050 AM - 1100 AM

X151 - 315 FM
Comnplimenitary colles will be avallalie in ihe
cxduibition hall, sponsoncd by ASC.

Technical P rogram

Rodr L10

Environmental Considerations 15

Sesalon Chalr: Gerneder Keves, University of Michigan-Oedrborn, Dearborm,
M

245 M
Stochastic Modeling of Damage Evolution and Stiffness
Degradation in Under Environmental Ageing, &

Rahman, A. Haguee, Universily of Alabama, Tuscaloosa, AL

410 M

Particle and Fiber Exposures During Processing of Hybrid
Carbon-Nanotube Advanced Composiies, B Wardle, M Vi
1octe, R Cuazroan deVillora, B0 Garcla, A John Hanl, M. Hallock, Massa
chuseits stilute of Technobogy, Carmnbridge, MA: D Bedlo, K. Ahn, Lidves
slly o Massichisselts, Lowell, Lowell, MA

Ao L14
Retnventing Reality: The Quest for Multifunctional Material
Properties- Panel

45 M- 500 M
Panel Moderaion Steve Rodgers, T Integraled Stnrchres, Saft Lake Cliy,
LT

The foundational enahler for any technology s dlscovering,
developing or creating the rghl material to support that
technology. Most often, engineering has been the fine art
of compromise; the materlal propertles may nol always be
perfect for the application, bul they can be effectively op-
timkred through appropriate deskn rades, Now, however,
there s a new class of materlals deslgned for optimization.
materials in which the properties are deskpoed for multiple,
and sometines mutually exclusive, Tunctlons.

This panel will ghve vou an opportunity to hear rom the
leaders of SAMPE's Technlcal Communities about how they
pursue the creatton of Mulilfunctional Materlals, Presenta
tlons on the development of resins, the effective use of
nanotechnolony, the onsel of new predictlve com puler
modellng technlgques and the mpact of mulifunctional de-
velopment on the reabm of morphling materkals will be ol

lowed by 3-minute questlon and answer perbod.
Fanelists

Lafetra Clgton Tate, Ph.D, Applied Technology Deeclomte, NASA
Joseph HL Koo, Sc. D, The University of Texas al Austin

Dawid By, Accehys Soltware inc.

JedT Bowr, Al Force Research Lab

Welcome Reception-Ballroom E
500 P~ 600 1P

On the Exhibits & Ballroom Level
Joln us for the Welcoming Becep-
ton, an excellent place o nel-
work with new and existing col-
leagues and business partners.

Joint SAMPE/ASC Tribube

to Tom Gales
B:00 M

FMlemphis Room al the

Marrioll Hotel

This speckal jolnt ASC/SAMPE sesshon will ghve the [rends

and colleagues of Tom Gates an oppotunily (o share thelr

speckl memaorles of Tom, who passed away on Aprdl 18,
3.




Wednesday, September 10

Rocwri Sultases Misslssipgpd

Hanocomposites: Applications 1A-1B

Sesalon Chalr: Devrick Deon, University of Alabama, Blneringhaer, AL
15 AM

Processing and Performance of Manoclay Infused Low Den-
sity Foams. D.C Roblimson, MV, Hosr, 8. Jeelanl,
Tushegee Universily, Tushepes, AL

GeA0 AM 5 Place Cuilstanding Paper

Stab Chamcterization of Ballistic Fabrics Impregnated with
Shear Thickening Fluld, HeL Rao, J. Mayo. e, MV Hossr, 8, Jee
L, Tusheges Linlversity, Tisheges, Al

10:05 AM

Manocomposite Mold Design and Manufacturing: Part 11: Mold
Manufacturing and Testing, K. tn, B Rice, [, Jobsson, J, Hartings,
T. Glenchur, J. Hickey, Uiy, of Dayton Research mstitute, Daylon, OH
1100 AM

Synthesis and Characterization of Nanocomposite Coatings
for the Protection of Metal Surfaces, R Asmatuhs, 5, Bevart, Wich-
Ita State Lniversfly, Wichita, K5

11:25 AM

Effect of Surface Modification on the Rheclogy of Montmoril-
lomite Clay,Folyimide Manocomposites, L0, ich, Uniy, of Cincirmatl
Cancinnatl, Oy £ Cowcla, Ceneral Cectric Aromit Engines, Cincinnmatl, OH
11:50 AM

Potting Compound Strength Enhancement Using Carbon
HManomaterials, 1. Baslman, M. Cuzman, A Bodriguez, B Minake, Wich
ita State Lnlversily, Wichita, KS

Roam: L12

Electromagnetic Multifunctional Materials 1A-18

Sexsion (hair Sarh PrianMond, Mafonal institale of Acrcspace, Hampion, VA
915 AM

Measurements of Shielding Effectiveness in Folymer Coat-
ing and Composite Systems, & Small, M, Hesch, T. Malsted, L
Inrcvalions corporabed, Bleckaburg, VA

G AM

Multifunctional Integration and Characterization of Thin Film
Slilcon Solar Cells on Carbon Fiber Reinforced Epoxy Com-
posites, K, Mmmng, HT. Habn, Y5 s, Univ, of Califomi, Los Angeles, G4

10:05 AM

Mechanical and Electromagnetc Characterization of Pultraded

FPolymeric Composite Materials, £ Lackey, 1.0 Vaughan, B Averill, L
Beninett, W, Eliobl Hutchorall, RO, Gordon, Uniyv. of Misssippl, Unhoersity, MS

11:00 AM
Three Phase Composites for Multifunctional Structural Capacitors,
F. Chao, M. Bowlber, X. Tan, MR Kessler, lowa Stabe Universily, Amies, W
G Liang, Morthwestem Moldechnical Universiy, X1an, China

11:25 AM

Structure-Battery Composites for Marine Applications — Part
I: Multifunctional and Fabrication, Wi Fogse 1, 1P
Thomas, Multifunctional Malerials Branch, Maval Research Labortory,
Washington, [DUC; MLA, Siddig Qidwal, A. Rohalgl, Sclence Applications
Intemational Copomiblon, ©/'o Maval Research Lab, Washingbon, D
11:50 AM

Structure-Battery Composites for Marine Applications — Part
Il: Multifunctional Performance Characterization, A Rohaigl,
M.A Bicdiq Qidwal, Sclence Applications intemations] Coporation, cio

Maval Rescarch Labomtory, Washington, D0C; WA Pogue 1, LF, Thomas,
Mullifunciional Materials Branch, Maval Research Lab., Washington, DUC.

Technical P, ragram

Ao L

Composite Fatigue & Fracture 1A-1B

Sesafon Chiln Kovin Roudels, Pennasyhvianda Stale niversily. State Col
lege, FA

th15 AM

Fatigue Modeling of Marine Composites, B.C Strauch, KL, Rouse-
I, Applied Rescarch Lab, The Passyivanis State Univ,, State College, FA
A0 AM

Influence of Time-Dependent Damage on Creep of Multidinec-
tional Folymer Composite Lamnates, A Asad, | Baghavan, Comgpeos
R Materials & Stricures Hesearch Ceoup, Uniy, of Maniobay, Winnipeg, Cnada
10:05 AM

A Computational Investigation of Impact into Mult-Plles of
Flain-Woven Fabric, ML Crujcic, W, 2 Bell, T. He, €. Ambiere, Clomeon Lind-
versity, Clemson, SC: B A, Cheeserman, Anny Reseaich Lab. Survivabdlity
Materials Branch, Aberdeen, Proving Ground, MD; KL, Roadela, LF, Tarter,
Applied Rescarch Lab,, The Peapesylvania State Univ,, State College. I'A
1100 AM

The Bearing Strength of Titanlum-Oraphite Fiber Metal Lami-
nates, LM Humdiey, LT, Habn, L8, Yang, Univ. of Callformia Los Angeles,
Los Angeles, CA: A B Facclano, Rayibeon Missle Systemns, Tucson, AZ
11:25 AM 2 Place Owtstanding Paper

Strain Mapping for Performance and Fallure Prediction in

Composites Using Digital Image Cormelation, or. Dilon, LR

Tarter, . Byrme, CL. Rachau, C L Muhisten, )0 Collins, The Pennsylva
nila State Unlversily, Uinlversity Fark, FA

11:50 AM

Mode | Failure in Z-Pinned Co-Cured Laminated Compos-

Hes, sH Sonl, L Frecks, J. Kubn, Alr Force imstitite of Technology,
Wright-Fallerson AFG, OH

2008 SAMFE Fall Technlcal Conference
Outstanding Faper Winners

Universiy, Tempe, AZ
2 Place Quistanding Paper

K 1 hrnaepe (
', Billcn 5 Christop 3
pher L. Rachan, Christopher Lo Mohlsteln, and James
G, Collins, The Pennsylvanka Stale Unhversily, Universiey
Park. A

3 Flac istanding Paper
Initial I of Hhve Com posites Comsor
i Strvctirnl © i ey, Hannes P, 'ichs
Mullimath: Englneering Sermvices Group, Livonia, Mi

SAMFE Congratulates the Authors of the
Ouistanding Fapers|
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Composites for the Automotive Industry 1A-18

Session Chair: Libby Berger, Oenerd Modors, Waren, M1

15 AM

Intertaver Hybrkd Composites of Chopped and Woven Carbon
Fiber, PLA Janeey, Materials Infovation Techniology LUC, Fletcher, BC
G4 AM

Initial Design of the Automotive Composites Consortium
Structural Composite Underbody, 1 fechs Multhsatic Engl
neering Sorvices Group, Livends, Mi

10:05 AM

Materials and Processes for a Structural Composite Under-
body, L. Berger, Genenal Motors Rescarch and Development Center, War-
re, M E. Banhs, Polywhects Manufcturing L., Livonia MI; B Wicsioshl,
USCAR, Soulhliebd, M

1100 AM

Creep Characterization of Seven Aulomotive Composite
Materials, M.C Cook, JM. Hemshane, The University of Tulsa, Tulsa, O
and £.Q. Houstan, Pord Motor Company, Detroit, M

11525 AM

Design Considerations for Enermy Absorption in Automotive
Sandwich Composites, 1 Van Ctten, S.E Stapleton. DO, Aduns,
Unbversity of Ltah, SaB Lake Clty, LT

11:50 AM

An Integrated Approach Linking Process to Structural Mod-
efing with Microstructural Characterzation for Injection-
Molded LongFiber Thermoplastics, & righiep Mguyeon, 5K Bap-
arapalll, M.T. Smilth, Freillc Morthwest Matbonal Laboratory, Hichland, WA;
V. Bunc, B.L Prame, RE Roris Jr., Oak Ridge Madional Laboratory, Oak
Ricge, TRG LM Mhelps, CL Tucker 11, University of Hlinols aft Urbana-
Chaneipaign, Department of Mechanical Science and Enginecring, Urban,
W Ko i, oL Wan), Molcflow: Rhaca, Rhaca, WY

Ao LS

Composites from Agricultural Products 1A-18B
Seasion Chale Miohaed Kesshor, bowa Sale Linfvordty, Amnes, 14

k15 AM

High Strength Green A, Metravall, Department of
Fiber Sclence & Apparel Desin, Comell Universiy, thaca, BY
T AM

Flant Protein Based Plastics and , O, Crewell .
Srinhawsn, M. Babol, M.A Resslor, W, Graves, M, Helgeson, lowa Stabe
Uriiversily, Ames, 1A

1005 AM

Bio-Based Materials from Vegetable Oils, A Campanelia, K.
Wool, Unkversily of Delaware, Mewark, DB

1100 AM

Curing and Froperties of Thermoset Cancla Oll Based Res-
Ins, M. Fahimban, Dev| Adhikarl, .1 Raghavan, University of Manitota, Win
nipeg. Camacay B P, Wool, University of Delaware, Newark, DE

11:25 AM
Thermal Analysis of Blo-based Rubber Composites from
Plant Ofls, 5. Yoon. lowa State Universfly, Ames, 1A and Bumoh P
ticual instinste of Technology, Cyeongbuk, Roreny W, Jeong, M. Valerde,
R Larcck M Kessber, lowa Stle Undversity, Ames, 14
11:50 AM

of Poly(Lactic Ackd)/Folypropylene Blends, .-
Fhang, L Ceigortan, J. B, T. Robliseon, 5. Ray Chaudiord, YTC Amerla
nc.. Camarillo, C4

Technical Prngnm
Rocare: 114
Industrial Applications of Multifunctional Materials-Panel
G115 AM - 130 AM

Faned Moderalon Ouru B Hathuseate, 0.8 Kathawabe & Assoclees, ine,
Every Industry Is faclng many challenges today due to the
Increase In oll prices and the global awareness on devel
oping covirommentally friendly products, These two events
have irkggered concerns and worry at every level from poll-
tickans and Industriallsts to the common man. The engl-
neering communily s belng challenged I a by way. This
forces materlals engineers and schentists o think of ways
and means to ook at how multifunctional materkals can be
used (o bulld high performance and efficlent products In a
creative way at fow cost

Our team of panelists consisting of experts from global
Industry and academia, discuss thelr views on how mul
tunctional materlals can be used (o develop products to
ovieroome some of these problems.

Panelists:

W.H. Rathe fhong, Washinglon State Linbversity

Jim Huene, E-A R Specialty Composites, nc.

Abhijit Cupla, Northem ! (finols University

Alan KT, Law, The Hong Hoig Politechnic University

Ao L14

Future Directions of Multifunctional Materials Research-
Fanel

11000 AM - 12415 FM

FPurred Moderaton: Alan Kin-tahk Law, The Hong Kong Fotitechinic University
The development of multifunctional materlals has been un-
dergolng 4 progressive perdod since the last decade, the
felds of research and applications have covered a lamge
variely of ramges which Include but nod limited (o chvil n-
frastructures. acrospace structures and components, do-
mestlc product design and development, micro-eleciro-me-
chanical systems (MEMs), Nano-cleciroamechanical systems
(MEMs), blo-medical and blo-englneering applications. In
this panecl sesslon, the discussion will be focused on the
future development of multiifunctional materals and strosc.
tures, and how to get stal on creatling cross-disclplinary
research and collaboration between unlversitles, research
centres and the ndustry, W which the connection between
upstream research and then downstream applications has
to be effectively linked. The identiflcation of the future
trends on materials research and then namowing down the
focus to multlfunctional-materials research to support the
directlons will be discussed.

Paanelista:

[ue&oon Lim, Roroa Liniversily

Deborah DL Churigy, University al Buftalo

Jinseng Leng, Harbin institute of Technobogy

Fesss Maguire, Multifunctional Mat'ls & Struchares Entespaise T
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Featured Lecture: Research on Multifunctional Materials &
Structural Health Monbtoring in Japan

1:15 FH - 2400 FH

Fresenter; Dr. Mobuo Takedi, The Untlversily of Tokyo, Chiba. Japan
Moderators: Ron Gibson, Dlversity Mevade Reno, Remo, MY and Mok Gl
naris, Denerl Dinantcs Land Syalerns, West Booemfleld, M7

The author has been leading a serles of Japancse Indusiry-
untversity collaboration projects on smart materlals strue-
tures and structural health monkoring (SHM) these several
yedrs, Some representalve rescarch results are presented
o multHunctkonal materals and SHM of composie struc-

tures developed in these projects.

Rocem L14
HDE & Structural Health Monitoring 1A-1B

Sesslon Chalr: Bl Apovinde, Wapne Stale Unfversity, Detodl, Ml
2:00 M

Ultrasonic Nondestructive Evaluation of Composite Mater-
als and Structures, D Ha, lowa State Linversity, Ames, 14

2:25 M

Automated Portable Ultrasonic Disbond Inspection System
for Qround Vehicle Metal Matrix Composite Track Shoes, 5.
#hae, D Xang, F. Yan, 2. Ren, inlellgent Autorsation e, Rechviile, MOy
BB Rajs, LS, Ay RDECOM/TARDEC, Warren, M

350 MM
Acoustic Emission (AE) Monitoring of the Pulsatile Flow of
Com Ol In Water Suspension a Porous Medlum, o

Through
. Chungag, B0, Ayverinde, Wanne State Linlversty, Detrodt, Mi
54501
Evaluation and Detection of Bonding and Delamination in

Sandwich Structures by Thin Fitm Thermal Sensor, M. Rl
Alam, M5 Anghelescu, Ohlo University, Alhens, OH: G, Eberle, Alcan
Technology & Munageren Lid, Neuhausen, Switzerland

Acl0 P

Frequency and Temperature Aspects of Fatigue NDE of Some
Sandwich Beams, £.0. Ayorinde, Wayne State University, Detrolt, H1

Rocami L12
Thermo-Mechanical Multifunctional Materials 1A-1B

Sessfon Chalry Greg Odegard, Michigan Technolopical Universily, Hough-
kon, M

2000 M

Full Fleld Straln Analysis of Lightwelght Aluminum Foam
Hybrid Structures, G. Reves and A. Tabskala, Unhversity of Michigan
Dearborm, Dearbam, MI

2257M

Damping. Tensile, and Impact Properties of Superelastic
Shape Memory Moy (SMA) Fiber Reinforced Polymer Com-

posites, .. Raghavan, T. Bartklewice, 8, Boyko, M. Rupriyanoy, Uirvessity
ol Manitoba, Winnipeg, Cansdas; M. Rajapakse, Unhversity of Baitish Colum-
bla, Vincouver, Canada; 5 Yo, Manitoba Hydro, Winnipeg, Canada

250 M
Cure Behavior of Dye-Doped Epoxy System for 2-Photon

Fluorescence Imaging. KL Tolvols, A.C. Youngy, (5.0 M, AK, Jen,
University of Wiashington Materlal Science & Engineering. Seattle, WA

Techmical Prngnm

345 I

The Design of a Hybrid Material for Multifunctional Perfor-
mance Lsing Advanced Analysis Techniques and Testing, &
Askard, K. Melsers, O, Weckner, (L X, The Boclng Company, Scalthe, WAr
S.A, Siltng, Sandia Matlonal Laboratorkes, Albuguerdue, fM

MA5TH

Tensile and Interface Properties of Small Diameter Fibers

Using Nano-Tensile Testing, . Hant, . Pemumadu, Universty of
Tenmesses, Raoaviile TH

Room: L10

Composite Fallgue & Practure 2A-28

Sessfort Chait Golam Mevwar, Wayne Stae Unfrarslty, Datndr, MI

200 1M

Mixed Mode Testing of Woven Fabric Polymer Composites,
TP Bruece, 1T, Wood, The University of Weslerm Onlario, London, Canads

T25 M

Damage Mapping of Fatigued Skin-Stringer Specimens in

Three V. Feret, . Hubert, McGilll University, Monlreal.

Caniday |, Parts. Bombardier Aerospace, StLaurent, Canack

250 MM

Stress Hedistributions I Umit Cells of Fiber-Remforced

Compaosites with Interface + V. Mondmaghn, LA

Codoy, MA. Panco, P Acosta, Unbversily of Peerto Rioo al Mayagiler,

Mayagiez. PR

AL I

Tenslle Fallure of Fibrons Monolithlc Composiles, nD#. Hro

bk, M. Zupan, University of Maryland Baltboore County, Ballknore, MD

410 M

Strain-Life Fatigue Approach Applied to (lass Fibre Rein-

foroed ne, . Retihop!, Exponent, Fanmington Hlls, M A

Conbe, Fard Molor Compaty, Dearbom, M

35 '™

Delamination Fracture Mechanisms of Continuous Fiber
tes Subjected to Mixed Mode Loading, 1.0

Polymer
Bruce, LT, Wood The University of Western Ontario, London, Oritarko,
Canada

Aot Sullana Mississippl
Composites for the Automotive Industry 2A

Session Chalr: Libby Berger, Cenerd Molom, Ware, M

200 MM

Effect of Manoclay Dispersion on Processing of Polvester
Hanocomposite, M. All Bashir, . Hubert, MeGill Untversity, Montreal,
ek

225 ™M

Multi-Task Research Program to Develop Commodity Grade,

Lower Cost Carbon Fiber, ©.00 Warren, F.L Paulauskas, P.5. Baker,
. CHI Eberle, A, Mashar, Cak Rldge Mational Laborslary, Cak Ridge, TH

Verulor Breads
Tussciy & Wetbnesainy

VO30 AM - 1100 AM

EI5PM- XA5 M
Complimentary colliee will be aaillable In the
exhibdibon hall, sponsored by ASC.
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Composites from Agricultural Froducts 2ZA

Session Chalr: Michisef Keaster. lowa State University, Ames, (4

2:00 P

Effect of Chemical Modifications of Bamboo Fibers on BFRP
Composites, i Kumar, K, Hishwiha, ndian imstfute of Technology
Defid, Mew Delhl, ndia

h25 M

Studies on Application of Under Water Shock Wave on Jute

Fiber and Its Characteristics, o.M, Shalir Rabman. H Machara, 5.
Itoh, Hasmamolo Unitversity, JAspan

Rocmn: L3

Carbon-Carbon Composites & Foams 1A-18

Session Chair: Patrick Lake. Applied Sciences, Inc., Cedanvilte, ON

2:00 1M

Hano-Aramld Fiber Reinforced Folyurethane Foam, cgo
Sertimes, Marshall Space Fikght Center, MSFC, Al A, Frances, E.L DuPont
de Nemours and Company, Rlchmond, VA

225 PM

Preliminary Flexural Testing Results of Aluminum Foam-Foly-
propylene nterpenetrating Phase Composites, n Dulkhan, i

Rayess, I Hadiey, The Universily of Detrolt Mercy, Detroit, M
2:50 M

Electrode Grade Composite Graphite From Coal Feedstocks,
EB Kennel, M. Mukla, AJH Stilker, JW. Zondio, West Viginia Unlvers®y,
Morgantown, WY

L Py Beieant mappiying WO T Suppo tn Asroagace Prres sros 1081

ad

Quality Material Inspection, Inc.
i} Ccniresm Ditve, Hasbrgron Daach A G660
Phasws. THE B00 4500 Faa 74 D00 4250 £l sslenliyse s oom

Technical P, ragram

45 P

Structural Carbon Foams From Waste Coal, ©8 Kemel P
Mukka, O.A Obajicke, AH. Stiller, West Vinginda Unboersity, Morgantonrn,
WA LA, Wedle, Banner 19k, NC

10 M

Highly Graphitle C/C Composltes for Thermal Management,

A Falmer, I Lake, [ Barton, M, Lake, Appled Sclenoes, inc., Cedarvile, OH
&35 '™

Machining, Bonding. Sealing, and Venting of Carbon Foam

for Production Tooling, €0, Shives, 0., Miller, B Shso, AR, Fran-
cls, (LM, Haschak, CrafTech intesmeat bonal, Parma, 00

Roomy Sultana-Mississippd
Nanocomposites: CHNT/CNF Alkmment 1B
Sesadort Charir: Chuck Bakds. The Pernsafanila State Unlv,, Universiy Pk, A

345 M
Processing of Hybrid Advanced Composites Utilizing Capillari-
Wetting of Aligned Carbon Nanotubes, H. Cebed, A G
de: Villoria, BL, Wardle, DS, Sato, I Yamsmolo, K, lshiguro, E.L Carcia,
AL Hut, S, Wicks, Massachusells instite of Technology, Cambricge. MA

MIDI™

Tailored Aligmment of Functionalized Multiwvall Carbon Mano-
tubes In Epoxy, A Shanma, CE, Bakis, Englaeering Sclence and Me-
chianles Depl., Pesmsyivania Stabe Universly, University Park, FA: K. Well
Wang, Medhanical Enginecring Dept., Unlv. of Michigan, Ann Ao, M

M35 M

Electroconductive FET/SWNT Films By Solution Casting, &w.
Sdeinert, DR Dean, Unlv. of Alvbama sl Binningham, Brmingham, AL

Roame L5
Testing of Composites 1B
Sesslon Chair: [on Adarms, Wyonnlng Test Mehres, Inc., Salt Lake City, T

HA5 MM

Tensile Specimen Design and Experimental Procedures for
Characterizing Polymeric Composites Using X-Ray Based Ml
cro-Tomography, V. func. & Frame, Ouk Rldge Mational Lat, Caks Ridge,
TH: B.A, Facillc Mortfwest Mational Lab,, Richland, WA S, Case, Vi
finia Polytechnic nstibde & State Uniy., Dept. of Engineering Sclence and
Mechanics, Backsbarg, VA S, Young, D, Pemanadu, Univ, of Tennessce,
Civil & Environenental Engineering. Perkins Hall, Bnoavdile. TH

210 M
Funconalired Surface Single Fiber Pull-Out: Experiment, =
Marhduila, H Maleck, M. Zupan, University of Maryland Ballknore Coumty,
Ballirmore, MO

S35 ™
Comparisons of Interfacial Shear Strength Measurements

for Bonded Materials and Composite Materials, A tirshnan,
LR Xu, Vomderbill Unhversity, Mashyile, TH

A Night at the Peabody
00 M - B:00 M
Partlcipate In this SAMPE/ASC jolnt sockal evenl, a fun gath-
ering leaturing cocktalls, food and greal company, Aller
this jolnt get-together, pursue your own plans of dinner and
fun on Beale Streel,
Buses will shuttle allendees bo and from the Peabody Hobel, Buses will
begir boading 4k 545 FM at the Mermphis Marriolt Hotel Lobby Level and
will run contimeously until S:00 PFM for the convenlence of lhose visiting
Beale Street. If you are planming (o stay cul on Beabe Street later than o0
PM, trolley can reburm you te the Mengphils Marriolt Dowrnbown Hotel il
10:50 P'M. The trodbey runs every 5 misites, with 4 plckhup station al the
Peabody Holel and 1s 31 per ride

ds to this event are included with full registration. Additional lichets

mrchased af the SAMPE Reglstralkon arca for $55.
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Featured Lecture: lonlc Polymer-Metal Composite as a Mew
Actuator and Transducer Material

B:15 AM - 900 AM

Frosenter: Kwang Mim, Unfversity of Nevads, Reno, MY

Moderators: Ron Gibson, Dlversity Mevade Reno, Remo, MY and Mok Gl
naris Oeneral Dynantics Land Syalerms, West Bloomfleld, MI

lonke Polmer-Metal Com posites (IPMCs) are 8 unlque poly-
mer ransducer that when subjected to an mposed bending
stress, exhlblls a measurable charge across Lthe chembcally
and/for physically placed effective elecirodes, The current
state-of-the-art 1FMC manufacturing lechnkque Incorporates
two distinct preparation processes: initlal com positing pro-
cess and subsequent surface electroding process, Due 1o
different preparation processes, morphologkes of precipi
tated platinum are skniicantly different. o this presenta-
toa, the baske principles of IPMC actuator transducer and
Its manufacturing technlques will be discussed.

Roscur) Sllissa Mlsslssippl

Hanocomposites: Electrical and Thermal 1A-1B
Sessfon Chalr: Greg Yandok, Afr Porce Nesearch Lady, Edwards AP CA

D15 AM
Hanostructured Thermal Interface Pastes for Microelectron-

o Cooling, C Ln, D.OL Chung University at Baffalo, State University
o New York, Bulialo, WY

A0 AM
Adherent Carbon-Based Fitms Exhibiting High Electrical

Conductivity, ¥. Yamada, DD Ching. Univessity sl Bulfalo, Stale
Uritversity of Mew York, Builala, MY

10005 AM

Dielectric Froperties of Zn0/FVDF Flexible Composites, ©
Dugdeylren, M. Paplla, Sabunel University, kmbil, Turkey

11:000 AM
Folyimide Nanocomposites for Tunable Coefficient of Ther-

mal CLR Sharma. MR Colemean, Cora Lind. The Unslversity
of Toleda, Toleda, OH
17535 AM

Carbon Manotube Reinforced Polymers for Multifunctional
Composite Structures, 5. Chag | Foedinger, Malerials Sclences
Corporaticn, Horshaem, PA: M, Wetsenberger, M. Meler, University of Ken
tuchy Center for Applied Enerqy Research, Lexingion, KY; LK. Robets,
LS, Aoy Aviation and Misslle Research Development and. Engineceriong
Center Redstone Arseral, AL

11:50 AM

Electrical Conductivity Measurements and Lighining Strike
Results of Nano/Macromaterials Enhanced Polymeric Com-

posites, T. Gibson, University of (ayton Research Institute, Dayton, OH
J- Chase Flelding. Alr Force Research Laboratory. Materials and Manfac
tuingy Directerate, Wirkght-Patlerson AN, O

Roorm LIZ

Hanocomposites: Analysis and Chamcterization 1A-1B
Session Chalry Chuck akls, The Ferveadvands Sane Dnlv, University Park, FA

B:15AM

Mechanical Characterization of Mult-Wall Carbon Nanotube/
Foly(Methyl Methacrylate) Nanocomposites: & Metrology
Comparison Study, LU, Omegarn, JUH Koo, LU ke PS5, Ho, Austin, TX

Techmical Prngnm

Cha AM

A Scaling Parameter for Determining Exfoliation Efficiency
In Nanocomposites, 1LA Stretz, VDN, Palla, Tennessee Technologl-
eal Unlversity, Coohedlle, T

1005 AM

Chemistry of Mechanical Perdformance: Memory, Self-Heal-
Ing Behavior, and High Impact Resistance In Nanocompos-
m,f,_l,'_ Posvefl, CLW. Beall, C. Boolh, Texas Stale Universiiy San Marcos,
San Marcos, TX

1100 AM

Multiscale Modeling of Bending Behavior of Carbon Mano-
tube-Reinforced Composites, L. Cul, L, S, Beljing Unbversity of
Aercnauthes and Astronmitics, Belfing, China

11725 AM

Dynamic Mechanical Analysls of Graphite Platelet and Nano-
clay Reimforced Vinyl Ester, and MWCHT Reinforced Myvlon
6,6 Manocomposites, A. Abnagableh, 8. Cupta, . Fajs Mantena, A
Alistaz, Composiie Struchures and Nano Enginecring Research, The Linl
versity of Mississippd, University, M5

1150 AM

Uncertain Mechankcal Properties of Nanocomposite Materl-
als, LR Xu, A Wrishnan, ©M, Lukchart, Vanderblit University, Rashille.
™

Rooitn L5

Thermoplastic Composites 1A-1B

Sesslon Chaln Pdie Valdva, The Universly of Alabarma of Bomingham,
Bmingha, AL

@15 AM

Manufacturing Study of Unldirectional ASAD/FERR Tape,
G0, Brvcakgh, R Canavaey, J, Lo, JM. Booquel, P Malkon, BireCompos-
es Tecranta, An Cholll Raa, dreabhiing Co. Galway, reland

AT AM

Processing and Mechanical Chamacterization of Thermoplas-
tic Nanocomposites, 5. Roy, I Marasimnhan, Universly of Alabarma,
Tusealoos, AL

1005 AM

The Effect of Forming Processes on the Environmental Re-

sistance of Carbon/PFS, 5. Wijskamp, A Lessink, B Lenferinl W,
Kok, Ten Cate Advanced Congosiles, The Netherlands

1100 AM
Continuous Reinforced Thermoplastic Composites for Alr-

craft Applications, M. Pavaloro, Ticoma Enginecring Polymers, Ames
mary, MA

11525 AM

A Comparison of Maximum Use Temperatures for High Per-

formance Composites, i1 Ramathal, M, Pavalon,
Thcona Englnecring Polymers, Amesbury, MA

11:50 AM

Full Fleld Strain Analysls of Woven Composites,

. Reyes and 5,7, Mane, University of Michigan-Dearborn, Dearbom, M

HBreaks
10030 AM - 11000 AM
H15M - A5 MM

w
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Sandwich Structures 1A-18

Session Chair: Alan Netifes, NASA Marshall Space Mlght Center, MSPC AL
15 AM

Study on Fallure Mode of Aluminum/FU Foam Sandwich
Flate Under Bending Loads, L. Sur, W, Chen, Deljing University of
Acronmitics and Astronmaics, Deijng, 'K China

T AM

Assessment of Extruded Polystyrene Foam for Sandwich
Com posite , G0 Wellnits, |, Mishboghi, MEEM Degpart-
ment, Michigan Technological Liniversity, Hosghton, FELD, Zawlsa, The
Dow Chombeal Compary, Dow Chesnbeal LS. A Midland, M

10:085 AM

Cyclic Response of Pin-Reinforced Foam Core Sandwich
Panels, 5.M. Storck, ML Zupan, University of Maryland Baltimon: County,
Baltimone, MOy DDA Cwtle, Cranficld University, Cranfleld, LK

11600 AM

A FastenerFree Primary Structural Joint Between Sandwich
Panels, 1 H Fogarty, The Bocing Company, 51 Louls, MO

11125 AM

Modeling High Velocity Impact of Fire Exposed Sandwich
Composites, .. Mosbrucker, M, Hmson, Lo Gibbon, md CA Uken,
Morth Dakota State Uinlversity, Fargo, ND

11:50 AM

Compression After Impact Testing of Sandwich Structures
Using a Four Point Bend Test, AT fettes. LR Jackson, HASS
Marshall Space Flight Coler, Hunlsville, Als T.5. Cates, NASA Langley
Research Center, Hempton, VA

Rocwrny L1A

Requirements for the Next Generation of Composites Engl-
neers - Panel

Gl 5 AM - 1030 AM

Farved Moderator Bead Lucht, Honoywell FMST, Kansas Cily, 80

What should engineering education be like n the future (o
prepare the next generatbon of composiles engluoeers?

Mod Wylng the engineering education system will require the
continuous and cngolng lnleraction between englneers in
Industry and educators In academe,

Whalt role can SAMPE play to Facllitate the exchange of deas
and Informaltkon belween these groups?

The pancibsts will discuss thelr views on whal academla can
dolo provide Lhe composiies engineers thal industry necds,
and what Industry can do to support the development of
academlc programs that will produce these engineers,
Pamelists: :

Beny Wang, Morida Stde Unhversity

Les Kramer, Lockheed Martin Missiles and Pive Control

Siwrichar Yarlagadda, Unbversity of Delawane

Gl Hahin, Bocing Phantom Works

Bechry Abekel Magid, Winomen Stale Linlversay

Peler Wi, Spiril AeroSysterms

Breaks
1030 AM - 11100 AM
H15PM - 545 M

Technical Prngnml

Ao LY

Structurally Integrated Enemy HarvestingStorage Capabili-
tes - DoD Workshop

15 AM - 500 PM

Ongpartirers:s L (*Las?) Lee, Alr Force Office of Sclentiflc Resaarch, Jantes
Thamas, Ml Resawch Labr avd Brsce LaMalting, Ay Sescarch Offics
Usahle elecirdcal enengy can be hanvested from amblent
solar radlation, waste heat, and mechanical vibrations rely-
Ing on photovoltale, thermoelectnlc thenmionle, and plezo/
magnelo-electrie means respectively, Harvested electrieity
can, i tum, undergo mmediale insio usage (e.q. sell-
powered sensors), of be stored In capacitors or batlerles
for - or ex-situ usage. Batterles, capacitors or other mi-
cro-devices for enemy storage as well those elements used
for energy harvesting can be embedded or Integrated nlo
load-bearing structures n varioos fonms such as thin film
laminates or surface coating layers,

Spcalers and Presentistions:

Mimeu Taya, University of Washirgton - Reymobe: *Enengy Harvesting and
Storage Systerns and Thelr Integration to Acro Vichiches™

fruce Lamning, MY Enerpy Systoms “Mull iknct ol Power Systems Lsing
Fleaibbe Thin Film Scbid State Lithium Batteries and Polyerystalline CIGS
Solar Cells™

Jerty Fleming, Luna nnovation: “Development of High Power Density
Thermoededric Modubes for a Minkaturtzed Thermeal Energy Harvesting Syvs
tem”

Cregy Carmnan, UCLA: “An Chverview of Mechanical and Thermal Enegy e
veesting Systertis Developed af (CLA"

Max Shicin, University of Michigan: “FlberBased Devices for Solar and
Thermmal Enery Harvesting Composites for Aarospace Applications®

Tom Hal, LCLA: "MuBifunciional Enengy Harvesting & Storage Structural
Composiies”

Manty, Dvnn, Uiniversity of Colornde *Design Methods (or Multifactional
Compoaites with Energy Harves!ing and Storage Pmet lonallties”

Ann Marke Sasiry, Universfly of Michigar: *intercalation of Ll in Structural
Materials: Toward Struchamnl Batteries for Compact Power™

Brian Sanders and Creg) Relch, Alr Porce Research Laly: “Snsclurally inle
graled Thermal Enerpy Harvesting Systern™

Erie; Wetael, Anny fesearch Laby “Straciural Batteries and Capacitors for
Armiy Applications®

Slckdigq Qidwal, Maal Reseqech Labe “Structurally integrated Encrgy Stor
e Comnposites (o Unmanned Linderwator V ehicies®

R L14

High Temperature Resins & Composites 1B

Sesslon Chair: Stan Prybyla, Breakihmigh Technology Developient,
Brechsillbe. OH

1000 AM

Evaluation of Toughness and Hot/Wet Performance of Ep-

silon Resin System, W.r. L. 5 Lehemann, Henkel Corporation, Bay
Point. €A

11425 AM

Improved Matrix for Carbon Fiber Composites for Aircraft,
5L Bender, A Econcmy, University of Mlinods ab Urbsa-Champakg, U
Fwaria, IL




Thursday, September 11

Koo L10

Featured Lecture: Folymer Nanocomposites Research in
Canada

1:15 M - 2400 FH

Fresenfer: Suong V. Hoa, Comcordia Unfversity, Momlres., Quebec, Caruada
Moderators: Ron Gibson, Unlversily Nevada-Reno, Remo, MV and Mok Gla
narls, Generl Dynantcs Land Syalerns, West Bloomfleld, M1

Rescarch on polvimer napocom posites In Canada has been
focused mainly on the Incorporation of nanoparticles such
as panoclays, carbon panotubes. carbon nanoflbers oo
polymerks systems ncluding thermoplastics such as epox-
les, polystyrene, polylactic ackd (PLA), and polyethylene
terephthalate (FET). Apart from Industrial uses, skniflcant
applications are for acrospace. Sknlfkcant advances have
been made for the incorporation of clays nto ¢poxies. DI-
Terent moedels have been developed:

Model for the effects of differenl mixing parameters (tem-
perature and speed of mixing) for the high speed mixing
ProCess.

*Model [or the absorption of water into polymer nanocom-
posites

Model for the ncrease in fracture loughness due o fine
dispersion of particles.,

Incorporatkon of carbon nanolubes Into e poxkes have been
shown o fomm a sensor nelwork thal can provide more
consistent detection of occumrence of cracks In composite
laminates as conmpared o straln gauges,

Rocwm LS

Manufacturing & Processing Advances 3A
Seasion Chalr: Date frosfus, Quéckstep Technodogles, Brighion, M)

200 MM

RESRM Hozzle Flex Boot Matertal Replacement, .o

Jordan, DL Gominge, ATH Launch Systems. Promontory, UT

2251

FEINBR Closed Mold Fabrication Process Develop- ‘
ment, 0. Cewrinspe, - Jordan, ATH Launch Systems, Promon:

tory, UT

LE0 M

Fabrication of Silicon Carblde and Refractory Metal Based
Composites for Nuclear Applications Using Polymer Infiltra-

ton and Pyrolysls, AR, Singh, AP Singh, School of Mechanical and
Aerospace Engineering. Ohlahoma State Unlversity, O

Aowcwn: Sultie-Mississipn
Nano-Industrial Applications 1A
Session Chalr: Patrick Lake, Appiled Sclences, Inc., Cedarville, O
2:000PM

Industrial Applications for Carbon Nanofiber Reinforced
Polymer Composites, C. Leer, I Lake, [ Burfon, M. Lake, Applled
Schences, nc, Cedaryille, OH

28 MM

MetalFree Thermal Conductive Polymers, £ Hammel, X Tang, A
Edler, Electrovac AG, Klostarnenbung, Ausiria

2:50 M

Smart Nanocomposites for Industrial Health Monitoring, o
Mateshoward, f. Mallik, 8. Mamayanan Sundararmethy, M_Dadhanla, W, LL
D. Husd, Y.H. Yuri, ML Schulz, 0, Abot, Wondong, E. Head, V. Shanev, C.
Jwyasinghe, P, Salunke, L Lee, Universily of Cincinnall, Cincinnall, OH; 8.
Yarmobenko, [ Sanhar, Math Carolina AT State Link

Technical P, ragram

Roomi 114

Themmoplastic Composites 2ZA-2B
Session Chalr: Selvier Allay. The University of Alabam o Brrmingharn,

Birmierghar, AL

200 M

Frestressed Carbon/Fiber Thermoplastic Electro- n
magnetic Raligun, A Lhtelickd, . Boot, R Mysliwler, K

Osent, US Anmy RDECOMARDET Bendl Laboratories, Watery

Thet, MY

225 1™

Processing and Characterization of Thin-Walled Long Fiber
Feinforced Thermoplastic (LFT) Composites, 1 ming 5 M

lay, UL Vabdya, LB, Andrews, The University of Alsbarna al Birminghan,

Birmingham. AL

250 MM

Development of a Thermoplastic Prepreg Manufacturing

Process by Continuous Resin Infusion, 1O Ragone, K. Mallick,

University of Michigan-Deartom, Deartsom., M1

%A51M

Infuence of Nancclay Additlon on Properties of Unsaturat-

ed Nanocomposite Gel Coat System, F. Lawahar,

Hammy, Durban Unsiversity of Tedmology, Durban, South Afrkca; M. Bakesu

bramarian, indian nstitute of Technology Madoes, Chennal, india

210 PH

Damping Behavior of Long Fiber Reinforced Thermoplastic

(LFT} , A, Goel, Pennsvivanla State Uiniversity, University

Park, PA; KK, Chawla, UK. Valdya, University of Alabarma al Birmingham.

Birrningham, Al

435 M

Preparation and Characterization of Commaodity Thermo-
Retnforced with Natural Fiber Byproduct, .4 Fugua.

5, Mo, and COA, Uiven, Monh Dakota State Unhversily, Fargo, M

Roome L12

Multifunctional Materials with Integral NDE 1A

Session Chalr: Scama Perooly, Proto Mamidacturing Inc.., Vistantl, M1

200 ™M

Direct Laser Fabrication of Conical Si Tips With Nanoscale
Sharpness, P Moening, 0.0, Geargiey, The Unlversity of Toleda, Tor
ledo, CH

225 TH

Effect of lon Bombardment on the Properties of Magnetron
Sputtered Samarium Cobalt Films on Chromium Underiay-

ErS, MK, Chantasaly, Weslern Michigan Linlversily, Ralamaeoo, M .
Wang, Swinbume Linlversily of Technology, Hiwtheen, VIC, Ausiralla; 5.
Peroely, Probo Maalacturiog Ine., Ypsilantl Mi
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High Temperature Resins & Composites 2A-28

Session Chaln St Pt Beoakdtiroagh Technmology | Developiment,
200 M

Influence of Fly Stacking Sequence on Anlsotroplc

Tandon, WK, Ragland, Unhersily of Daylon Bescanch institute, Dayton,
Ot OA Schoeppner, A Porce Research Laboratory/REBC, WPAFR, OH
Thermal Oxidative Barrier Coating for Folymer Ma-

trix Composites, w.R Ronk, T.A. Bullions, GE Aviation, Cin

ZE0PH

High-Tempemature Finishes for Silicon Carbide-Re-

Adbeyend Technologhes, ine, Albudguergue, MM

345

of High-Temperature Resin Transfer Mokling (PETE “
330, PETI-375, AFR-RTM, and AFR-ETM Modified), T Stoage.
of Dmyton Kesearch institute, Dayton, OH

A 10FM

ed o Service Environment, &, Putthanan. .7, Taridon. “
Unhversity of Dayton Resesch instflide, Dayton. OH; G.A. Schoopper,

Room L10

Brechwidile. O

Oxidation Growth In Laminated Composites, o1 <

rd5imM

clinall, OH -
,RE Allved, 1M, Gosat, .. Barkow, -

Comparison of Physical and Mechanical Properties

Materfaly & Manulacturing Directorsde, WPAFS, OH; T, Gibson, Linhvorsity

Thermo-Oxidative Characterization of BMI Subject-

AFRL/RXBC, WPAFB, OH

Starter Kits
w/instructional DVD

Information

Are you ready for infusion?

www.RESININFUSION.COM

Composite

Vacuum

Techmical Prngnlm

Rowcwmn Sultana:Mississippd

Hanocomposites: Fire Behavior 1B

Sesalon Chaln Antonic Avils, Unlversididle Pedens de 8imes Gerds, Hor-
sopte, MG, Bl

3AS5 M

Resldual Impact Strength of Manocomposites after Intense
Heat , AP Avila, Universidade Federal de Mlinis Cerals, Belo

Horlzonte, Brazil: LH. Koo, The Unbversily of Texas ab Awvstin, Austin, TS
AQ Bracarense, Uinhversidade Federal de Minas Gorals, Belo Horfoomt e,

Brazll
10 M
Kinetics of Thermal Degradation of Thermoplastic Polyure-

thane Elastomer Nanocomposites, 0WH Ho, JH, oo, JC, Lee,
A Erchove, The Lhi\-u:l.lydhu.u:d Auisdiry, Austin, TX

AiS5 M
Enhancement of Flame Retardancy in Epoxy and Bisma-
lelmide/Carbon Fiber Composites by the Incorporation of

Buckypaper on the Composite Surface, & Wu, L Bao, C, Thamg,
& Liang, B. Wang, Mordda State Linlversaty, Tallshassce, Fl.

R 1.5

Joints in Composite Structures 18

Sesslon Chalrr Gigrn Hafhariveile, (AN Bathawale & Asocldes, .. Lake
Orfon, M

AL M

Hybrid Composite ‘
Semmes, Marsholl Space Flight Conter; MSPC, AL

A 10 M

Bearing Strength and Fallure Behavior of Bolted Stitched
CFRP Laminates, A Yoshinura, Y. lwaborl, Advanced Materials Group,
Acrospace: Research and Developmen! Directorabe; JAKA, Tokyo, Aapan
435 M

Joining Thick Composite Panels with the Use of Unitary 3-0

Woven Couplers and Fatches, A Bogdanovich, [, Mumgalov, STES,
., Cary, BC; 000 Ochoa, S.M. Lee, Texis ARM Universsly College Sta
o, TX

Techniques, F. Thomuas. I-

Rocrmm L12

Resins & Adhesives 1B

Sexsfon Chain Terry Tsuchiyama, The Boofng Company, Seatfle. WA

HAS5 M

Advanced Epoxy System for Lame Scale Composite Ship
Component Manufacturing Using the VARTM FProcess, .
Faranovsky, Triangle Polymer Technologies, ., Trimgle Parh, B A
Hedhar, B Bedick, Norih Carcling AST Stale University, Creensboro, BNE
H10m

Results of an Out Time Study of a New 350°F Cure Structur-
al Adhesive Fllm, F.E. Rajar, D. Salihov, 3M Acrospace and Alrcradl
Malntenance Division, St Paul, MR




Registration Howrs
Monday, Seplember 8
Tuesday, September o
Wednesday, Seplember 10 7:30 AM = 5:00 PM
Thursday, September 11 7:30 AM - 1:30 FM
Registration s located right outslde of Ballrooms AREB on
thee Exhibit Hall Ballvowan Level In the Cook Conmventlon
Cenler.

7:30 AM = 5:00 FM
7:530 AM = 5:00 FM

Exduilvic Homrs

Tuesday, September 9 10:00 AM - 4:00 PM
Wednesday, September 10 10:00 AM = 4:00 PM
Exhiblis are located in Balltoom A on the Exhibi Hall Ball-
room Level In the Cook Convention Center. Exhiblts are
closed Monday and Thursday,

Cni-site Registrotion

D st (10 ot the pre-reqlsaration fomm that 1s in the Prellmb
nary Program. You must il out an on-site registration fomm
when you are ready (o reglster, Paviment In foll must be
made al the tme of reglstration. Acceptable forms of pay-
ment are cash, check, VISA, MasterCard, Amerlcan Express
and Discover.

Exhibrits Iall Aslmission

ALL MUST BE REGISTERED AND BADGED TO ENTER THE
EXHIBIT HALL. Conference registrants are automatically ad-
mitted Lo the exhibits with thelr badges, Exhibit hall adols-
shon Is [ree, and those not attendiog the conference, but
who deshre admission, must register al the SAMPE reghstia-
tlon area located righl outslde of Ballrooms A&B on the Ex-
hibit Hall Ballroom Level in the Cook Conventlon Center.

Exfuibit Hall Riles

People under 1.3 vears of age are nol permitled on the ex-
hibit floor at any thime regardless of alfiliation or clrcwm-
slances. This rule applies o exhibllors as well as attend-
ees. Photos may only be taken with the permission of the
booth personnel. There Is no smoklng I the Conventlon
Center.

ITAR Hegulations — Restricted Papers

Bring the required ldentilicatton, prool of enploy-

ment and cenificatlon credentlals as listed on page
G, to the SAMPE Clearance counter al the SAMPE Reglstra-
ton area. Your documents will be verlfled and you will be
prowlded with a stamp indicating your ITAR clearance. Pho-
1o 10 will bee cheched against your ITAR hadge before admii-
tance Is granted 1o any ITAR presentation.

Viawdor Breaks
Tucsadiny & Wednesday

10530 AP - 1100 AM

XI5 -345
Complmentary collee will be availabike in the
wxhilbrithon hall, sponsored by ASC.

Geeneral Infommﬁan

Sermeellertlon/R efndSubstitution Policy

Mo relund will be given Tor fallure (o altend, late andval,
unattended events or early de parture from the meeting. Re-
fund requests must be nowrlthig, i advance of the show
according to the refund guidelines.

Relunds are processed aller the conference. There s o
chamge lor making a substbutbon. The approplate member/
non-anember rale will apply o the attending substitute.

Session Clairs, Panel Moderators, and Speakers Meet-
img, Room 202,

It Is very Important that all paper presenters, sesslon chales,
panel moderators and panclists attend the speakers meet-
gy at 7:00 AM on the day of your session, presentation or
panel. This will provide you with the opportunity 1o meet
the other session/panel participants, coordinate with your
session chalr or panel discussion moderator, arange [or
pre-loading of presentations, and also hear announcements
froum the technlcal program chales.

Velunteer Center - Room 201
Check i here [or vour assigument and Instrpctlons,

Netes

* Mo Phone, Camera of Becording Devices

« For the countesy of our speakers, these devices are nol
permitted durdog any conlerence program.

+ All presentations are n English.

* Altlre at all events s business casual.

o Il you have a disability and require speckal needs,
please note them on our registration fomm.

For Farther Information Contact
SAMPE
1161 Park View Drive, Sulte 200
Covina, CA 917243751
Phone: +1 626.331.0616 « Fax: +] 626.332.8020
Waebshe: wiww. Sampe.org
Reglstration:
Priscilla Heredla. ext. G10 « E-Mall: priscilla@sampe.om
Exhibils:
Karen Chapman, ext, 616 « E-Mall: Karcn@sanmpe.org
Membership:
Palricia Padelford, ext, 632 « E-Mall: patriclaesampe.org
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Tuesday
10:00 AM - 4:00 PM

Wednesday
10:00 AM - 4:00 PM

10:30 AM - 1 1:00 AM

3:15PM-345FM
Complimentary coffee will be available in the ex-
hibition hall, sponsared by ASC.

Wednesday

10:30 AM - | 1:00 AM

3:15 PM - 3:45 PM
Complimentary coffee will be available in the ex-
hibition hall, sponsored by ASC.

3M Asrospace

3M Center, Bldg, 225-1H-14
5L Foul, MM 55 143-1000
«1 BO0-235-2376 - www. 3M
A leadiog sapglies o the globsl aerospace industry, providing innovaltive
prodhwcts and solulions bo OEMs and MBOs in the commerclal, buslpess,
qeneral. amid imilitoy aviation industrles, 5 has more Dan 30 inajor
technobogy and prodiuct plationns, as well as technical suppoit, sales
& distributhen networks that can help industry beaders stay competitive,
Some o AM's many products. inchede adheshves & pes: alwasdyes:
primers & costings: protective, decosatlve & mellectlve s o o ke
acropace oporations more cffective, profilalde, sale & elficient.

AFEL/AX

2677 Hobson Way, Bidg. 853, Area B
WPAFD, OH 45433

&1 9372550460 « www . wpalb.af milfafd frx
Muaben fals amd Maeualioe b g, diiectosate, headouartored af Wiight-Patter-
son AN, with an additionsl research Gacility st Tyndall AFG, Pla., deselops
malorials, processes and v turing technologies fos air

Az

il

enall, spaceorall, mibssiles, vockets and grosml-basod systens amd thel
struchmal, dlectronic and oplical components. Ther rescarch includes
revodutionary mnoscile amd botechoologies, as well a5 nonstrsctural
materials such as coatings. Mulds and greases. All Poroe prodasct. cen-
ters, logpisthes centers aml opevaling commands vy on Uhie directonates.
eapeitise in mietallic and ponmdallic strectural materdals, nondestne:
Hve inspection: malerials wsed in aevospace propalsion: systonms, Scn

Exhibit Floor
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Entrance

Exhibitors Products & Services

son pmlerials, Lser-hardened materals, systeoes suppord amd advanced
manufacturing imethods tosolve systom, expeditionary deplogment, and
opuiﬂund chall enges.

Alrtech International

5T00 Skylab Road

Muntingion Beach, TA 92647

#1 T14-800-8100 » www.alrechoniine. com
Aintech Advanced Materials Croup mamafciones vacman baging and
conmpenite Lol vsterials Tor resin Dafusion, lsand Wy up, am osenaw-
tockaye cures up o P50, Our produd e includes viacum bags made
Lo any size amnd shape. rebease s, peel plies, brcathers, scalant Lpes
amd pnch maee, Char resin infusdon tooling systeims produce anloclayes
quadity @t rooim temmperatue oues, Techidcal sendoe worldwide. Kitting
ol o producis i also avallable for libor sayving cost reductions,

Alcan Baltel Corpomtion

108 Palrway Court

HMorhvale. RS 07647

1 201-767-1800 « www alcanbaltel com
Alcan Balleh Corporation s a worldwide supplier of struchural core mate-
s For todays st advanced compasites. Wie offer an eatomsdve amay
of prodhucts inclisding BALTER® balsa core, AIREXS IVC, PET and now,
new Aber reinforced L foam cores amd LANTORD pon woven ols, Al
can Ballek offers laninate sopgpethons and technkeal supgs. Choose
Mean Baltek for over sisly years of innovalive thinking in compesite
construction.

01

T8

>
»



American Autoclave Company
dnsper, GA

&1 T05-692-4480 - www americanautoclave, com
Aumerican Autoclave Company mamdachues new and remmanafsctunes
wsed auloclaves bo customer process pequireinents ranging froom BRD
to full scale produdction unils 12 Inches to 206 feet in diameter, Our
servioes include: Inspection, relocation and renovation of exdsting an-
loclaves, on sile service, replacement parts, repalrn, mainlenance, and
upgavdes, including controd systemnm updates, and conversions, in add
o, new apd used ovens, presses, cooling systons, similar and custom
reqguireinents.

AF.COM. Manufcturing LLC

1366 Morwich Road, PO Box 264
Painfield. CT 08374

&1 BA0584-TR1T - www, preprege.com
ACM 15 8 mamilacturer of stiuchaal Towghened Dhenmosc Epasy
Frepoogs with cure tomperalines taging boog 19007 to AOKT. Thse
sysbons are available on st conmercially availabile rdnforcenent
fabaics and fibers. Custoo prepreggiog and toll coating servioes as well
as “Towpregs” are avidlable fov Mament winding, bradding amd weavimg,
Lightnding, Strbhe prepeog ace avallable bor composile alresall,

TH0

123

Applied Aerospace Structures Corp.
3437 5, Nrport Way, FD Box 61809
Siockion, CA 95306

&1 20596833250 - www.amscworld .com
Fatwicator of metad bond and composite sbuctures for production and
prodolype/spores ogranes. Masimian auloclave size 30367 disimeteor,

307

Sclences, Inc.
141 West Xenla Avenue, PO Box 579
Cedarville, OH 453140579
&1 G37.766-2020 ext. 139 « www. PyregraiProducts com
Applicd  Sclences, Inc, (ASH develops novalive carbon imateriats
amd thelr applications for varflous comimercial and militany customers,
ASl's mamilacthiming afflliste, Pyrogal Froducts, Inc. (PP, is one of the
worlds leading producers of high-qualily, affodable, mulli funcional
cartron manofibers. Froduocts include Pyogqral-liba vaporgrown carbon
manofiber which can be added to composite malerials o enbance the
st materials’ stremgth, stilleess, and doctibeal comiuctivity, Curment
proqiuction capacily B 70,000 e yenr; and capamsion plans are under
development.

Assembly CGuidance Systems, Inc.
27 Indusitrial Avenue, Chelmsford, MA 01824
&1 9T8-244-1 166 - www assemblygilde.com
Laseiguide projects CAD lmsges ety onto tooding, elloalnating tem-
plates for hand-ayed com positis. Automatic 1y Verlfication: maceable
quatlity conlrol decwmnenation of ply presence, location, fiber ofcnta.
tion. KitCuide improves nesting cliciency by projecting ply plichup se-
quence, LaserT™ow software provides ks dita and lrstantd display from
any digital model. Universal Lascrguide: the ondy wireloss, tmgetiess,
portable multitasking 50 ey systemn wilh AutoAln and Autol'ocus,

514

03

AvPre, Inc. — Advanced Processing Technology
PO Box 16546

Morman, O 73070

1 405-350-3848 « www. AVpIOINGC. com

T317

Bondtech

1730 Hwy 2227

Somerset, KY 42503

#1 G06-677-2016 » www, bondiech.net
Bondbech specializes in the manulactwring, designiog, enginecing, and
selling of autoclyves and auloclave systems for acrospace conposies,
Bampidbech Conporation mamnalacdures e most refable autockaves bn the
marhet, providig you with many years ol saile service,

211

44

Exhibitors

Bumham Composite Structures, [nc.
4203 W. Harry, Wichim, K5 67209

+1 316.9046-5800 » www.BumhamCs,com
Bamnthain Comnposite Sruclures, Inc. is o composiles supplien with ca-
pa bilitiess including design & Labwication of high pefonmance composite
band tools (Epoxy o Bismalefimide), probolype ool Fiber Lok booting,
rednforcoment materials & eggorate Kis, We atso fabrbcate oo posite
parts, We can suppont your tool string with Catia V5 desibgn, 5oaxis mill
ing. autorlave curbng, and laser & ullsasonlc inspection capabilities. Cur
renl beoling programs include P55 Joint Stike Fighter, Morthrop Gram:
man’s Global Hawh & JUCAS, Bocmg's BP8T & JUCAS, & Rastheon's
Herizon Winglels,

TS5

Canyon Composites 521
1548 Geminl Flace, Anahelm, CA 93801

&1 7148918101 « www canyoncomposites. com

Canyon Composiles (5 a leading supplier of coinples aerospace s
tures and an expanding aciospace fabaication and assenldy Company
imvalved in all levels of prime spacecrall amd airerall mamidacture. Our
Anahein, CA facility s 51,500 sq ik, divided fundionally to provide
optimal enviromments for dilferen pocesses, We have fatricatod and
asseinbled haidware on spaceoall uwsing stale of the at materials and
processes, We are a full complimentary machine shop as well Lo suit
many versatile machining necds, Supported by clicitels such as Bocing,
TRV, MASA and the DOD,

Card Zels Microlmaging, Inc,

One Zebis Drive, Thomwood, Y 10594
+1 S14-681-7627 » hitpn/www. 2elss com imicro
Offcring a Dul line of uprightl, nverted, stereo luo
rescence & conlocal miooscopes, image analyss
syslerns & digital caporas for bomedical & clinical
microseopy. Debis specalizes in igh spocd, high

205

We make it visible. resolution digital Bnaging systems for demanding
applications,
Chemir Analytical Senices 502

2672 Metro Bivd., Maryland Helghts, MO 83043

«1 BO0659-TE59 « www.chemir.com

Chemnir Analyical Sendoes ovides osdomized analytival services 1o
solve challenging problems voodving commmer and industial products,
plasties, coatings, adivesives, composites, coramios amd more, We spe-
cialize in del; Lati fal and cont | idemtification, Eilure
analysis, competitive product analysis and polymer testing, Chemin akso
prowidhes lesting and expert witness testimony for logal Bsues.

CoastLine Intermational

274 Bangor Street, Lindenhurst, WY 11757
1 631-226-0500 + www coastdineini.com
Courst Line Inteymational has supplied the aouspace and composite ino
dustries since 1960, Coast Line works very closely with owr manulac
hwres ko provdde bechnloal help and the best sendoe possible, Coast Line
stocks Alrtech viscumn bagging products, Alrtech looling materiats, e
ol technical labecs, 5M prodoects, AC Tech asrospace sealonls, Mashk
Ol protective products, ZpChen comosion inhibdtos, lubdcants ad
hesivis, and deaners, Wichitech hol bonders, pressune sensitive lapes
froam fntevtape, Permwecel, Tesa, 3% and Morton abrasives, with stocking
lowabioens in Mew Youwr, Akanta GA and Bedin MA.

THOO

Composlte Materials and Structures Cenber

Michigan State University

2100 Englneering Bulkding, Cast Lansing MI 48824-1226
+1 5173534696 « www eqr.msu,edu fomsc

Connposite puilerial RED: multilunctional composite maleiials produced
through the Incorparation of mpoparticles, new & novel nanoreinforoe:
ments froo graphite & ceflulose, strictune process) e peoperty relation
ships for sustainable. blobased strectral composites, non-destiuctive
evaluation o compaosil lerfals, envil Iy beenign processing
& labrication of compaosite materials, & composite vehicle design. Ap
anlmately 25 faculty, 5 full time technbclans & 5 professionats stall
wilh expertise in processing, design, characlerization, & mod-
ng, ol coam possile materials,
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Products & Services

Composltes Oiwe

B3 W Algonquin Road, Sulte 600

Artington Helghts, 1L 60005

«1 BO062I-6688 « www composiiescne one
As the lugest provider of composite paterials for today's cinerging mar-
hets, Composites One puts you bn tosch with the raw materials needed
Fow your agpllcations, We offes o vardety of products including resins, gel
coals, fibemlass-and even MEO accessories, We defiver whal you mecd,
when you need it When you work with Composites One, you are guarn.
tewd a complebe produd ine, technical & reguiatory kssw-how, £ online
businiss solulions. Experionce the Power of One., Compositos One.

Cytec Engineened Materinks

2085 E. Technology Clrcke, Sulte 300
Tempe, AZ B5384

o1 A80-730-2000 « www cytec com fenglneered materals

Cytes Englisecred Materiats (CEM) s a global provider of technobogica-
Iy widvanced materials and material solubiom Tor acrospace and other
eatreme demand applications. CEM pmoduces high perffoimanee, pre
Impregnated composites and adheshves, ablatives, and carbon carbon
materlals for Wgh-tevnperature appllcatbons and sl cone-based sealams:
a varlety of specially thanmoplastie matedabs: and FA™ and pltech-based
carbon fibers. CEM offors a range of vacoum only e preprogs, Thdr
exdusive tooghened resin ansfer ovolding materials allow for design
Rexdbility over tradithomal materkils.
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Delsen Testing Laborstores, Inc.
1024 Gmnd Central Avenue
Glendale, CA 912301

&l B18-24T7-4106 « www. delBen.com
An indepemdent bbomabory engaged in the mechanical, electrical, and
Numimability testing of coglveerbng composite and droult board matesi-
abs for the aemospace, elodmonle, and aulomotive industries,

T2

Dexmet
7 Gireat Hill Road

CTOaT0
&l 203-713-1514 = www.dexmetcom
Desmiet provides expanded maberial Tor Ughtning Strike and Shiclding
profection for aivcrall and composite applications. Ow esperienced en
gineccring tean and 150 cotified facilithes design amd manufaciire mate-
ral bo your specifcations and deliver it on o, Deunel contimies to
develop new costings Lo meel the indusdn’s requiranents, We are your
gl necring resource for Lightnbog Sdrike and Shiclding matedals, fnom
our thin Rattencd mesh of 0,001 inch b widths up bo GO7 wide,
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DLAB

1621 Falcon Drive

DeSoto, TE 75115

&1 9722303500 - www . diabgroup.com
DIAL s a global supplicr of core materials and com posite solutions,
serving a wide range of markets including masine, wind enoaay, Iranspor-
Lation, aerospace and industry. DIAES Divinyeell and Renicel polyower
Toaum cores, end grain Pro-Balsa, and Divilette Core Bedding Adbesiyes
are designed for deanding applications. Services inclede analysis, test
ing, and taining.

417

Euro-Composltes

13213 Airpark Drive

Elkwood, WA 22701

&1 S40-8F5.6600 « www. e O
Furo Composdies ks a global player inthe feld of advanced and demand-
g commposiies products, We sendoe o ciustomers globally lom twee
locations, We e woildnide one of Uhe lcading produces of comples
composite parts, We deliver o o customors justindime, highest qual
Ity readytoassembde pans, fonmed and milled composites. pancis,
lomdnates, and honeyoomb cone materiials. One thimg has comabned un-
changed as we grow: Our providing of the hghesd quality prodocts apnd
services.
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Evonllk Degussa Conporation
378 Interpace Farkway
. M 07054

«1 9735418230 « www.evonik.com
Evonlk Degussa Corporation i the U5, subsbdlay of Evonik Industries,
e oreative industilal group irom Genmany operating in thiee business.
areas: chemlcats, epengy amd real estate, Evonlh offers a wide range of
iggh gualiny ;ped.uIt_!,l chermicals and custor e mufacturimg services e

ntld o bismalcimide, cpoxy, phenolic, pobdmide, unsatunted poly
esler amd vimyl ester binder resins for composite applications, Stog by
booth 510 to learn how Evonik can create value and poovide a compeli-
tive ﬂlﬁefor your next project.

Evounlk Foams, Inc,

1560 Hwy 371 South

HMagnolla, AR 71753

+1 8014953403 » www ROHACELL com
Evondb. Bohim Ginb, Evonik Poais, e, ouaintaioe the world leadership
posithon as manulactures sellen of e wides) range of strectural sand-
wich paned foam core, mmarkebed wder Hhe ade name BOHACELL®D,

Fabc Deveboprment. Inc.

1217 Ml Street

Cuakertowm, FA 18914

1 215-536-1420 » www labricdevelopment. com
Pabwic Developenent, Inc. offes the unigue oo bination of design and
development combined with production capabilitics. We can supply all
foams of teatile structures including woven, kaitted and taaided (ab-
ties, Reinforcements con be produced om all Bber types including
carbons: standard and wivahigh moduolus, Reviar, l'dtﬂ'ﬂ.m. Specina,
Mcalon, Tyranno, Quaz, and Cesonics, In addition, lesile pefonms
e also produced Lo near net shapes fon BT and VARTM applications.,
Pabiic Development's Dualily System is registered to AS9100B and
VSO0 | 120000,

510
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FlackTek. Inc.

1708 Hwy 11, Bldg. G

Landmem, 5C 29356

+1 BEABSS.THL] » www apeedmixer.com
Discover the unique possibility of nondovasive mising. MackTek, Inc,
will be demonstrating e lab siee SpeedMiver which las the capadity
o wbn sampdes ooan 5700 grams, offers quich and unifonn mixiog and
abesolitely no clean op! Able Lo dispese, a5 well as mix, powders, pul
ties, pastes, bow viscosity materlats, without alr entrapment, and all done
in o matter of secomds,
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Generml Fastics Manufacturing Co.

4510 Burlingbon Wy

Tacoma, WA S8400

&1 2534735000 + www.generiplastics. com
AsG 001500000 cortified manifachurer of LASTAFOAME rigid and
Mesible high-density polyuwetane foam amd Looling materials, We pro-
vide advanced mataials e wse in composile core, nucear romspont.
vemsels, composite booling, thermolooming, ourine FRP stosctm e, and
Inadusdrial styling ndustrics, We are specialisis o Dulilling highpes for
muance, high gisality rl‘.thhmmb. 'I'I'i! hmln very broad manalactuiing
capability (CMC maching wesion, bomding, pelnting, labrics
tion, assembly, and are quaﬂltd o st major airframe and defense
quality systems aml materis speckiications,

3le

GrafTech Intermabonal
12900 Snow Road, Farma, OH 44130
+1 216-676-2000 « www graftech.com
GralTech International is ome of the world's Ligest manulactioers of
high quality graphite and carbon based produdds, GralTech manubachures.
waphite ceclrodes, carbon refiactory systams, thenmal management
products, el coll and olher spedalty gaphite and carbon products foo
the steel, dectionios, power generation, semiconducton, b podation,
peliochemical, and other metals ima

T35




Henkel 300
2850 Willow Pass Road, Bay Polnt. CA 84565
+1 B25458-8000 - www benkelna.com @ero-

Space
Henked ™ ae A grOp g struciusal ad-
hesbves and metal sarface treabments, Bey brands

Include Mysol® for structursl adbesives, Turoo® for metal sw o eat-

ments and key product brands of Frehole® mold relesse chemicals and

Alodine® conyversion coatings.

Hunisman Advanced Materials
10003 Woodlech Forest Drive, The Woodlands, TX 77380
&1 281-T19-6000 « www, hamisman.com

Enriching ives through innovatior
Munlsman Advanced Malerials is a global leader and innovator b Dhe
developmaent of high perfonmance composite resing, stereolithography
aml booling materlals, syntactics, adhesives, encapsulants and Lalnat-
gy sysbioms wsed for desiign, proboty ping, pat b cation. modilicetion
aned repair. Por more than GO years, Huntsman Advanced Materials has

500

Exhibitors

ITT Corparation (Pormey EDO Corparmtion )
Integméed Struchimes

&1 6316304215 « www,ITT.com

ITT Inbegeated Stmechunes (15) Valoe Center provides Dull design, analysts,
molotyping and production labwication of sdvanced compeosite st
hural systens, ITT has a dedicated and experienced stall of spedalists
developing oplimized mechanized and static stiuchwes, ITTs team Das
proven designs with high strain, high mocdulus, and post buckbed, oini-
samdiich and hytrid strochimes, wlilizing stale of theant 30 design and
analysis teols, ITTES products incude priosary and secomndary acrospace
strpchwes, odding binks, Eessme vesscls, aod Launch tubes, 1TT's ca-
pabilitics include: braided structures, netshape e fonms, precsion
ament wound struchmes, pre-preg stilfencd and sandwich structures,
resin ransles pvolding (RTME Besin Flm Infusbon (R, Vacimem assisted
RTM iVaRT™My thenmoset and Dhenmoplastic composites, special applica-
Homs and materials.

JPS Composiie Msterisls Comp, TEH0N
2300 5. Murmy Avenue

Anch 1, SC 9634

supplicd oustomerns with a wide range of advanced, cost-effecive prod-
ucl sodutions for Industrles. Incledimg acrospace, automotive, sports
and leisure, marine, wind poser and general ndostny. Om imalerials
are backed by technical support provided by expoienced specialists
who are located throughout the world Lo quichly respond to cusbooer
Aeed,

Hybreid Plasthcs, Inc.

55 WL Runmels Indestrial Drive

Hattlesburg, M5 33401

&1 GO 1-548-3466 « www. hybrldplasdes . com
Hybedd Mastics - manulacheess of POS5 Chemlcals. POSS mamdes the
beneficial propeities of plastics wilth those of eeramies, FOSS enhance-
mend of polymens show drmatically mproved (heomal, diclecric and
mechanical properties. Cistom formubation of thevmoplastic maste
balches and thenmosel concentrales me available. Pestured groducts
will Inclucde: POSS RED Chemalcals, FOSS Flow Alds Tor PEER, 190, 115,
Tealon and FEF resins, MeuShickd radiation hardened encapsulants for
micochectronics, POSS Shot Stop confonnal coathmg for Un whisher
imitigation of lead lree solders and interconmecks.

413
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+1 8166756266 « www.Integran.com

titegran Techpelogies is Uhe world lesder in probecting lroi dansge and
shremihening carbon fiter composiles. and poljmers through the we
of high perffomance nanotechnology enabled metal “™anovale® coat.
Ings. This allows polymerkc pans to e used i mone demanding loading
comditions and composites parts Lo siovive in bigh wear and daimige
envitomnents,

The propestics of ow Manovabe coatings are particalarly well sadbed to
e stain seen by most compaosile and polymer parts, resulting in longer
et lifespan and lower llecyole oomds (repain replacemment). Soluions
include Sanovate M5 for parts, Manovate MY for low CTE looling and
Mamovale EM for EMI skelding applications.

+1 BOA-224-3506 « www .com

IS Composite Materals Corporation - A JPS Industries, Inc, company
o over a bl centiry, JPS Compasite Materials Conp., has een a lead
g manubacturer of mechanically Tonmed sulstrates Tor com posite ap
pications. With many unigque properties, our lbergliss, ammid, themo
plastics and carbon subsitrales provide unlimiled design opporiunities
for the inprovement of exdsting products o the development ol pew
ones, In facl, our substates for advanced composiles are wsed in di
verse applications Usd range o rdomes o drouil boands o ballistic
applications amd personal probecton,

Luma innovations Incorporated

3157 State Street

Blacksburg, VA 24060

&l 5340-552-5128 - www hunalnnovathors. com
Luma Innovations develops and mamdachnes new gencration producs.
For the healthcare, Welecommunications, ooy and delfemse markets, In
Lama’s materials program, & Gmily of st functioml prolective coat
ings is Leing developed o ceate high-performance primers and Lop
conals low ouilitary and coammercial use, wilh sbiribules includimg i oo
roskon, el healing, mpld cure, nonskld and tallored diclodric propeity,
Lanma b5 brvestigating blast and ballistic reskstant coatings, materials and
compsites for critical homeland seeuily applications, Luna R&D abso
Includes sensors and systens.

Magnolla Flastics, Inc.

5547 Peachiree Indistrial Blvd,

Chambiee, OA 30341

1 TROA451-2777 » www, magnollaplastics. com
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Foa over 50 years, Magnolla Mastics has been providing high-pesfor-
mante Epoxy Systoms woldwide to o diversity of markets inciudimg
dervspace; defemse military; ramspontaion; dectronies ‘electrical; gen-
eval‘coammerclal alrerait; indrastucture: pecreathon, spoats; communica-
tons: general industny; alemative cnergy: and mardne, Magnolls poo-
duees a varlely of innovative, biomide fee epoxy conpoumnds jpeudiimg:
adhesives, myntactics, clectrically and thenmally conductive cpoxdes, pot
ting and encapsulaling cpoxles, Wooling resins, and custom-fomtated
and custom: gachaged eposy systems,

>
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Products & Services

Materlal 54

Lozenberg 23

Zaventem Dnussels, AL 1932 Belgum
1 BO1-808-2886 - www. b
Materlal, the world's premiae supplicr of soltware anid design senvices
o filament winding and composites. produces ©ADWIND soltware for
creating winding patterns and Com posiie St softbware Tor the desbn of
commpeeile siyuctimes amd Laminstes, Cadwind generales mandrel shapes
anid by paths, sinulates the winding process, genentes nachine con
ol data for any modern Alament windiog machine and interlices to
iest FEA programs, Matedal’s consulting services help our dients pro
duce composite s of superion quality. amd minimal cost.
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Materials & Sensors Technologles, Inc.
708 Cromwell Park Drive, Subte C

Glen Bumle, MD 21061

&1 410-766-5002 - www, mast-nc, .com
MAST Int. niission B B D serdoms amd comsublling for camorging techno-
ogies In advanced malerials, “DE & chaaoeization of matedals, o
cess, amd laihere analysis, We support many SDE instoements, including
custom ultrasonic cnabliing testiog from 20 KMz be 50 MHz. Cuslom RED
Encoin passes nen-conlact laser and ali coupled wtmsonbc systems. Ad-
vanced MOE besting including thich composite scan can be perffonmed
by on sile autoinated witmsonic inmemsion wates jet multiaxis Cscan
systoms, MAST Inc., with OROS Soluthens LLC, §s prowd to dnlroduce the
Uiirasonic Ciuwe Moniforing Systeni.
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Maverick on

11370 Orooms Road, Blue Ash, OH 45242
&1 513485909519 « www mavedckoom.com
Maverich Corporation is a leader in veseanch, developanent and prodec:
tion of advanoed polyimner materials los Use serosgaoe. imedical. lindustrial
and velated industrics, Maverich's product portlolio indudes sermpace
ualified pobyimdde resins diguid and powder capable ol withsbanding
enviromnents over FHT and a fanlly of alfoedatle, nontode pesies
Tor BTM. anosidave amd oo peesshon molding applications (rom 40007
togreater than G50°T, Maverich bs also an amospace qualiled sounce for
compuession molded composite parts.
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MeCilll Alrfressure LLC

1777 Refugee Road, Columbus, OH 43207-2119
w1 6 14-820-1200 - mop Lo

MheGilll AllrPyessure engiinecss and boibds aloclsves designed (o provide
owr cistomers with a safe, dependabde, and cconomloal way to handle
thedr production. To hdp industry med its changing proessing necds,
we aibo el anmd upgrede existing auodages,

TAIZ
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&1 HHMH = www, bagley.mes mie edu

Foa mmoee Lhan 100 years, the Bagley College of Engineering o Missks-
sippd State Universily has been at the foreliond of education and e
searche Advanding in every aspect, Uhe college s committed Lo pursuoing
excellence in cducation, as well as providing an codrommnent for per
sotal growth and development. The college offas [degee programs,
which are all ABET accrediled, and nine cetificale programs includimg
certificates in materdals and mamifacturing. The college has eatensive
mamfachuing, experimental and compiudation facilities 1o develop and
explore Uhe excitbm world of materiabs,

Myems Inc.

B376 Salt Lake Avenue, Bell, CA S0201
1 323-580-4T23 « www . myersmixer.com
Specializing in design & manufacture of complex mising equipment for
over shaty years, The unigue characteristic of handling com posite imate-
fals requires an understanding of viscosity, Now. lanperature & e,
Myers Engineering ollers design aiteda of numeroos misiog tools Uhal
enhance pooess elliclency, product guality, profitabdlity & codrommen
tal concers

™7

44

Mewport Adhesives & Composlies, Ine,
1822 Reynolds Avenue

Irvine, CAD2614

1 B4G-253-5680  www. Iewportad, com

N NEWPORT

ADHESIVES AND COMPOSITES, INC

Mewport Adiiesives & Composites B one of te legest glotal vertically
integrated advanced materials producens in the world today. A lead
ing producer of advanced composile pepren, materdals amd adhesives
mecting the W] recquis of the acrospace, delfense, ma
time, bdustiial, medical and sporting goods markets and Dk applica-
tions, We remain committed in proyviding trowgh contined inyvestment
in o development and processing capabilities, the material solutions
il sorviees consistently meeting or exoceding, the requinenents of our
cslomers,

HMorAal Fastics

1564 Hickory Springs Industrial Drive
Canton, GA 30115

&1 770-7 200020 « www.normiplastics. com
Mo Hal Mastics has been in bsiness for over thirty fve years, Our cone
bassiness markets ae acrospaoe/defence parts and conples toling, We
pililie Catia, Chonmabion AwuloCad and others,
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Haorthern Fiber Glass Sales, Inc,
102 Tide Ml Rosd, Hampdon, MH 03842
&1 B03826-1910 - www AFGSales com

Northern

FIBER GLASS SALES

Amanulactises’s representalive and distiibuton of prembun guality poo-
coms and sirucheal matedals (o the composites, metal bonding. and
tooling industrics. We offer lechnical sales assistance and service Tor
Bichmond Alrcrafl Froducts, SMewpont Adhesives and Composites, BGF
bmbusiries, Precision Falwicos Group, lenbel - Frehote and Hysol, Hunts
man Advanced Materials, Evonik - Rohacdl, Fibeites - Compoflex, and
Advanced Ceramic Rescanch.

MuSll Technology

1050 Cindy Lane, Carpinteria, CA 3013
+1 BOS-E84-BTA0 - www.nusll.com

T acsospace Industry has sed silcone adbesives & contings for over
e decades, Soomnes have te ability bo makntaln fis clastholty & bow mod-
wlis over @ bioad lepiperalisne gamge, providing an excellent wtility in
space, where spacecrall are oflen exposed Lo these exbiemne lenpera:
hmres, Susil Technology's Litm Low Ouigassing Controlled Volatility Ma
tegials (SCV) eaceeds the ASTHM E 595 requitaments Tor THML and CVCM
by one order of masgnilude. These products should e considered for
application wse n estreme operating conditions Lo avold condensation
in sensitive devices,
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OHOS Solutlons LLC
1401 West ldaho Street
Water Cooler, Sulte 600, Bolse. 1D 83702
w1 2088810720 « www. ORNO5.com
OHOS provides Schendific & systene engineoing lo Goverment and
Commendal sectors incheding | nest generaton M0E Ulvasonic magim,
il RADAR & LADAR applications, bl and high speed high rate digitie
e, WML, granbed OROS exclesive licenses n uilrasonie inaging applica-
tioms for Deep Focus Transducer, & Integrated Pulsar Receiver, Portable
RADAR/LADAR technologhes are belimg, pursaied by a cooperative KED
agrecinent between OROS and BEAITL, OROS I8 prosdding, inspection
ol muctear fuel for the Depl. of Enengy's Advanced Test Heactor, OROS
and MAST aagreed to olfer Uilrasonic Cuse
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Park Electrochemlcal Corp,

48 5. Service Road, #300, Melville, IIY 11747
1 631-4685-3500 - www, com
Faik Hledrochemical Conp. is a global advanced nulerials company
which develops amd manulachines Selcole® Advanced Conposite Ma
tevials and Mova Acrospace Struchures princpally for the general avia
Hon market, Melcole® advapced composile prepregs ane desiipned for
aircrall primary and secondary strochwes, inlerioms and radomes, Mova
acrospace structures. are speciafived hightechnology, Bghtwelght cor
bonfiber camposite parnts which poside unique sclutions (o gencral
avialion. cosmmercial and military aircrafl.

Mhysical Acoustic Corp. MISTRAS Group, Inc.

165 Clarksville Road, Princelon Junctlon, MJ 08550
o1 G097 168000 = www. =]
Prondding a complele MDT mspection & lesting sendoes lor patnors in
academbc. govermment & ndustry incliding off & gas, petrochemical,
muchearn, Fessil fuel, porospace & civil infrastmectune applicati ons.
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Quality Material inspection, inc, 314
5447 Oceamus Drive, Huntdngton Beach, CA 2649

1 714-003-4500 « www qmldnc.oom

Cuality Material Inspection, Inc. provides nondestructive testing senvioes
Featuring Wirasonic and eddy-ourent lechdogies, Addiionally, we of
fer our unbgue Alrscan instnamentation and scannlm, systems Tor A
Coupled Ultrasonic Inspection of advanced maledals to the aorosjrce,
aireralt, automotive, clectronics, and wood products industries.
Quamum Composites, Inc. (GCI) 513
1310 South Valley Center Drive, Bay City, Ml 38706

o] SBSOT2-3063 « www' quaniumoomposibes. com

QU s a leading developer and supplicy of stiuctural and send st
taral themmosel materfal and parts solutioms, QUPs Englneered St
tural Composile (ESC) malerials incdude carbon o glass yeinfomcement
In epoxy, phenollc, ving ester and polyimlde resin matrioes, supplled
under Lytes AMC QC trade names, These materiils proside exoeptional
propertics in throe dimensional compression molded structures, QC1 ol
fers disign, application & Looling engineering services for s materials,
Q01 = a subsidiary of Premis Inc., Morth Blngsille O, & leading supglien
of thenmosel composile solutions,

Renegade Materials Corporation

3383 South Tech Bivd., Springbore, OH A5342
+1 S08-579-T888 - www renegadematerials.com
Preprogs, adbesives, Bk, modding compomds made iom g pefor
mance, serespace tesin systems including BEanalcimide, Polyimide, CE
amld Epocy, Polybimide prepregs for continuous service temperahoes to
AT, U tape or woven Tabrc prepeegs. Highorate and development
scale production using 1500001 & AS9100 Quallly ool Sysicns
and stale-ol theart preprey process controls, Sapo-tilored, Tormulabed
resing, prepregs and flims for engineered solutions In composite appdi-
callons, Any Hesin Any Fiker Any Fller, Mo scbup chames or minionem
bary.
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Flchmond Alrcmft Froducts, Inc.

13503 Fumice Street. Morwalk, CA S0850
&1 562-000-2440 « www,
Richmond Alveralt Froducts, Inc. proudly offers our Vac Pak® Vacuum
Baguginng, process malevials lor all vacuiom
bag applications, Ow Vac Pak product ne
includes Bagging Mhms (up to 2407 wide)
Peel Mies, Beeather & HBleeder materlals,
Schnee  Morchead Tacky-Tape®  Sealant
Tapes. Fressue Scnsitive Tapes, Vacuum
Valves and Hoses, High temnperature inflat.
able mandre Madder materlats, prefonmed
vacimm bags and sheding, Themmooouple
Wire (with moldedon conneclors o by the spod) amd Clean Rodn
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Richmond
Aircraft Products

Exhibitors

Wipimg Clodhs, as well as a wide assoitiment of miscellineois support
imalerials and products. We offer cusiom i frwg ol hical seasled
vacuian bags to M speckal shapes and sires fof any vacuimn baoging
application

SAMFED

1161 Park View Drive, Sulie 200

Coving, CA B1724-3751

+1 6203310616 « www sampe.org

An intemational prodessionsl member-owned socety
prawddes Infonmation via techmdcal forums, Jourmals ami
comferences. As the only technical society encompass
img all fekds b materials and pocesses. SAMPE po
viides a unlgue and valuable formm for scientists, ey .
neers and acadomickans.

504 & 506

Specialty Materials

1449 Middlesex Street

Lowedl. MA 01851

«] 9TB322:-197]1 « www specrmaterals. com
Speckally Materkals mamdachinss boron amd sillcon cartdde (ibers made
via elwernical vapor deposition, boron prepregs, and manosized boron
powders. Our boton wodics are imed eslensively in aonospace and
sporting goods applications, Ow 5C5 silicon carblde Mbess have oot
stamding high temperature mechankcal propaties o Increasing the
strenjih, stillness and wse e perature of Randan matris composites,
ol the toughness of ceramic matris composites. Our Baion manm o
der b5 being developed to provide significantly higher critical coment
densithes bn MlE2 supercondisctons.

T414

Starilte Industries

1111 E. Lancaster Avenuse

Rosemont. FA 19010

&1 B1OS27.1300 « www starlleindustries. com
Sadite Industries desigres dianond and cabide looling specifically Too
counposibes, Diamond & canlbde diiils, countosinks, hole Saws, routos
and saw blades, Designs specifically for furr free holes in Carbon Fiber,
FCD, Beare B Bond and soild Carbloe tools, Stock shzes and specals.

T214

TA Instrumennts

104 Lukens Drive

Mew Castle, DE 19720

w1 3024274000 * wwi talnsinEments. com
More worldwide cwtomers choose TA Istniments as lheir preferred
themnnal amalysis, rheology and microcalorimetry suppier, With dinect of-
fces around e world TA Instrsncnts is unbgqudy qualificd to meet cus.
bomer needs for high technology thermad amalysis, rhedogy amd imicro-
calofmetry producs, excellent tralning and customer support. ease
visit us al our booth, T3S,

T313

Technical Fibre Products, Inc.

259 Route 17K, Newburgh, /Y 12550
«1 BASHET-S066 « www techiibres.com
Froviding samfacimg, e polection & physical peoperty modification
solutiors to the amospace, automotive, constuction, framspostation,
maedical device & recreation ‘oonswnes product markets, Products ino
chsde nomwwoven mals & vells ousde rom araimids, carbon (pan, pitch,
& mickel coated), inbwnescents, polyester, glass, cemmic & quarts. So
luticns can be oustom allored o specilic requiroments such as con-
ductivity, resistivity, EMIRIN shiciding, pasaive Bre prolection. commosion
prolection, bicion & surlaciog adbesive systems.

5l6

TenCate Advanced USA, Inc.

184 10 Basiterfleld Bivd., Morgan Hill, CA, 95037
«1 408.7 760700 » www. tencate.com

FentCate Advanced Composites USA, Inc: a wosldwide supplier ol ther
moscithng and enmoplastic advanced composite materals [on aero
spaee atd cotnimercial mankets.
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Products & Services

312

rFemdale. M1 48220-2308

o1 Z48-414-3730 x301 « www.thermalwave. com

Thenmal Wave hnaging, Inc, (TWI) B dedicaled exclusively o the ad
vancemnent of Infrared Modestractive Testing (MOT)L Pounded in 1652,

we have eslabdisied oursclyes
Thermal Wave

an the workd leader in the de
velopment and  commenclal
Imaging
THE ART OF INSPECTION

ization of thenmographic MOT,
scrving the acrospace, aulo
midive, and power generstion
inaustsies. O peimary mis
slon is Lo prondde our custonvers with com plete, “real world® solulions
that address Uhe entire speciron ol bechnical, economic, and hinnan
Fachors requirements thal are essential 1o loday's global industrial en-
viromment,
Thertmex-Thermatron T416
10501 Bunsen Way, Sulte 102

Loulsville. KY 40299

1 603-064-8152 « www.thermex-thermatron.com

Thenmes Thenmatron mamdachwes enginecred B amd MW heaters dry-
s (o Uhe advance compaosites industry, B and MW heaters e used
to Increase panabecturing Uwough pat, increase manufsctur m, ddds,

and decrease youn encengy usse and conlson foeolpint in Lcturiig
of advance compasile struchures.
THINKY TAOE

‘Corporation
23151 Verdugo Deive, Sulte 107, Laguna Hills, CA 92653
«1 945.768.5001 - hitp:/thinkyusa,.com
This THITHRY pdaer: with of willsout Lhe ise of vacuun, mixes,
imills and degasses maleriabs (0.5q (o Sk in seconds Lo minules in your
pot such s jor, beaker, syringe or carbidge. Patented THINRY mixer i
now applbed toowhile range of applicatbon, by 18,000 wsers in e woeld,

Tcona Englneering Polymens
BO40 Dixde Highway, Florence, 1KY 41042
o1 BOOAIZABAT - prodinfe@doonoom « Wi HoomaComm fCompsis-

11Icona

Performance Driven Solutions™

Fartron® Folyphenylene Sullide (1195 o applications invohdog pre pregs.
non-woyens, lbers, Mancots, Bins & papos. PPS s inhaently Rame
reststant with low sinohe claracteristics, has excellent chemical & hy-
drolysis resistance & hgh lemperatore performance Lo 200°C, Applica:
tons include wings & interoms for the acrospace Indusiry, Celstran®
loawg, ey Myenmopastic composites & unb@rectionad pee poeg tapes of
akss, carbon, aranid o sbinless sted. Veolra® liquid oystal polyoier
(LCF for teatiles & labwics,

217

Tnius CHsen

1065 Easton Road, Horsham, FA 19044
&1 2156757100 - www, TinlusOlsen com
Tinbus Olsen b the leading manulachser & supplicn of lesting sysicos
whieh ane designed lor B D and QU depaniments to measune Lhe stiength
& porlonmance of bolh materials & finished components, Whole saies
of physical tests ave avallable including tenslon, shear, compresshon,
New/bend, punchure barst, bear, peel mefl Dow, bnpect, Giction, stil-
nesms, ool distortbon Vical, & borsion, in acooidance with hey 150, EM,
ASTM, THM, 15, MSetc & Industrial testing standards.

T301

>
»

Toho Tenax Amerca, Inc.

121 Cardiff Valley Road, Rockwood. TH 37854
+1 B00-354-8408 « www ohotenaxamerca,.com
Toho Temas Amcrfca, e, with hepdguanters and manufacduing in
Rochwood. T0, s e USA subsidiany of the dapan based Toho Tenas
Ca, L, a ool leader by suppdying carbon iber Glment, chopped and
ke proaluets to Uhe rapidly expamnding acospace, surlace s porta-
tion, civil engineering and clecionicos e kets,

WebCore Technologies, Inc.

BAZ1 Washington Church Rosd, Mlamisburg, OH 45342
&1 9374352300 - www. webcoreonlline com
WebCore s a desigrer & manulycturer of TVCOR - a family of com posite
sanidwich core products designed for ise in viscuian infusion proccsses,
RTM lite. closed molding & other tesin ramler systens, TYCOR cores
prowicde high strength (o welght ratio, stilleess, npact resistance, s
lation, durability & desbgn Redbifity, while alloniding welght & cost sav
iz, for struchural applications in ransportation, wind encry, marine,
imabusirial, & Infrastrocture markets; excellenl bechnical prodeed 8 pro-
oess suppot avallable,

T30S
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Zwick UISA A0S
1620 Cobb Intematlonal Blvd.. Sulte 1, Kennesaw, GA 30152

&1 7704208555 « www, rwich.com

Endeh/ Aol Testing Systens is o leading manulaciurer of materlals best
ing systems ollering a broad product line of machines for The mechand
cal besding of matedals and components. Applications include tensibe,
copupression, leswre, cycle, mpact, hardness, and other lests acomd-
img Lo ASTM, 150, and other intermatbonal standands. Zwick systems are
available for basic QC requirements as well as comples RED applica
toms, including Tully automated systeos, Headquartered in Allanta, 0A,
Ewich offes local ATLA-acoredibed calibration and vepalr services.,

SAMPE Upcoming Conferences—Save The Dates!

SEFTEMBER 2002

814, SAMIE Eurepe Technical Conference and “Table Top™ Exhibision. SETECO 2, [HE
Inehuistrie & H; ‘Bckrw abens, Augebsurg, Cenmany. Pliose: 433 5-6107.TT66,
Pz + 53 500 T2, B -enall. selsor i oo ogee o, Wi Bt wrwrmt s sumnge. oy

NOVEMILER 2061

1214, Ching SAMPE Conlerenor iy Exhibition 202, Shasyghul Evorbrght Consertion &
Eahbition Center, Bhanghai, China, Phoese + 86 10 G600 5260 Fix: 4806 10 6600
5254 Eoiimnil: srevice Elwmarmpe ovg en, Wb Site: www. sangm.og

MARCIH 200

5, SANIPE Ewrope Technion] Celerem e, 3% Intormatianald Jubiles CanPerrnon and Fenm
{SEICD %), Hoteld Meroure, Pariz, Porte de Versaills, France. Phone: + X3 56107 7T
Fan: # 23 56006 T2 E-mail. oo Eearmpe s nope.ong: Wil Site: wwwsampee-amye.og
MAY 2008

17-21. SAMPE "1, Elahirsore Comvemtion Cemnier, Baltimors, ML, Phose: 41 626331
06 et 60D Elomad: peincilla e ong; Web Site: s smpe. o

SEFTEMIER 2005

1718, SAMPE Berope Trcknioal Cosfrronoe and “TableTop® Exbilation, SETEOM9,
Tertwurth Couart Four Fillars Poel, Tortworth, Fiton Siretol, UK. Phose: 23 56107776
Fin: =80 56100 76080 B-enail s [satipe-suinge ong: Webs Siee: soww minge-minope o

CUTORER o
19.21 SANPE Fall Techmionl Comforenon, Wichita, K5, Phone: 41 6262330 0616 {m1
A1 E-mad; priscilla Snampe ong: Web Site: wwrw,sampe.og

MAY 2010
16-20, SOIPE W10, Beatile Coowention Deoer, Beaitk, WA Phote: +1 806331 0616
et 1T Emmadd: proscillaifeampeong; Wels St wowrw sasnpe. o
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DAMAGE TOLERANCE OF
COMPOSITES : Analysis and Testing

K.S. Raju
Department of Aerospace Engineering
Wichita State University

In constructing wings, one should make one cord to bear
3in and a lower ane in the same position so that if
=aks under strain, the other is in position to serve the
same function — Leanardo Da Ving ( on design of flying

machines)

B® September 2004 SAMPE 08 Fall Technical Conference & 1
Extubition, Memphis, TN

The Composite Action....

» Consider a fiber bundle ( no resin or matrix)..
— All fibers have same geometry & stiffness
— Strengths are different

Fiber no Strength Elbn
&0
a0
9 105
20 105

ammummnur\}—

110
105
100 100 F
105 an
= g5
110 120
120 o o
Ayarage 100
Stdev 1155 . - b =

What is the strength of the fiber
v bundle ¢

B® September 2004 SAMPE 04 Fall Technical Conference &
Extubition, Memphis, TN



Progressive failure of fibers in bundle....

Increasing load
-
step({1) seEp(2) step(d) step(d) slep(d) sep(5) stepif) stepif) step{S])
100 500 700 &0 BOO H505 ai0 a0 810
Fiteer o Strength (b
R
1 80 1] 50 ] B | - fals) o [© ] o 1]
2 20 10 50 70 an 88.88 88,44 B0 | - Fais) v] o
3 105 10 50 70 a0 8850 .- B0 VAT (i) a
4 106 10 50 7o a0 B3.88 8044 80 115 T -Tmilw) a
5 10 10 50 7o B0 BA.AG B 44 B0 1% Tinits) o
L} 108 10 50 7o B0 B8 85 B 44 B0 15 7i-Tnds) o
T 100 10 0 T B0 B8 80 8o 44 80 5. T(-Tws) ]
L 90 10 50 T 50 5855 89,44 00 (-fads) ] a
-} L -] 10 50 fie] B0 Ba 8 Bodq 80 15T Tuis) i]
L] 120 10 50 B0 B0

————— L 8858 Eo.44 VAT B0 fads)
Average 100 / / /

Load
S Load
redistribution redistiibution

——* Fibers can break only once

Bundle fails at 810 lbs [———— > 81 Ibsffiber < Average fiber strength

B® September 2004 SAMPE 08 Fall Technical Conference & 3
Extubition, Memphis, TN

Fiber bundle embedded in resin (matrix)

1

B - Broken fi l !

80

o5 Load is redistributed

100 [retransmitted to the broken fiber

108 by the resin
e «Single fiber can be broken
i1 < :D multiple-times /at multiple
Pl locations

TR «Neighboring fibers “pick-up” load
o locally --stress concentration

B® September 2004 SAMPE 08 Fall Technical Conference & 4
Extubition, Memphis, TN



Agenda

Damage Tolerance, Durability and Resistance
Typical defects in Laminated & Sandwich Composites
Sources of defects

Damage Resistance & Tolerance — Experimental
Observations

— Solid Laminates

— Sandwich Construction (WSU/NIAR)

Analysis methods & guidelines

— Damage Tolerance
« Discrete damage
« Distributed damage

B® September 2004 SAMPE 08 Fall Technical Conference & 5
Extubition, Memphis, TH

Damage Tolerance

e The ability of the airframe (end product) to resist
failure due to the presence of flaws, cracks, or

other damage for a specified period of time (or until
such damage is detected, through inspections or malfunctions, and
repaired)

— Addresses safety
— Assumes presence of certain flaws/defects
+ Methods of damage detection/quantification

+ Growth of damage under service loads
+ Degradation of strength & stiffness with damage growth

References:

R.L. Szivabouwski and GM. Newaz, Damage Tolzrance in Advanced Composites, Technomic Publishing Co.
MIL-HNDBK-17-3F

B® September 2004 SAMPE 08 Fall Technical Conference & 5]
Extubition, Memphis, TH
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Durability

e The amount of abuse or energy a
structure/material can absorb without resulting
in damage!

e The ability of a structural application to retain
adequate properties (strength, stiffness, and
environmental resistance) throughout its life to
the extent that any deterioration can be
controlled and repaired, if there is a need, by

economically acceptable maintenance practices?.
— Addresses economic issues

References:
‘R.L. Seivakowski and G.M. Newaz, Damage Tolerance in Advanced Compositzs, Technomic Pullishing Co.
MIL-HNDBK-17-3F

B® September 2004 SAMPE 04 Fall Technical Conference &
Extubition, Memphis, TN

Structural durability affects the frequency
and cost of inspection, replacement,
repair, or other maintenance

Structural damage rolerance ensures
damage will be found by maintenance

Eesélgn Ultimate practices before becoming a safety threat
o3 1.5 Factor ;

Level of Safety Discrete source evenis fe.g., |
Limit engine burst, birdstrike)
can cause severe damage

;;rd?]’:g:";{f'; ‘li':';_al: but it is known o pilot

| Continued

| | safe flight

- - -l
T | |

' 1 f
Allowable Critical Damage !

Damage Limit Threshold
(ADL) (CDT)

Increasing Damage Severity

B® September 2004 SAMPE 04 Fall Technical Conference &
Extubition, Memphis, TN
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Damage Resistance

e measure of the relationship between

parameters which define an event, or

envelope of events (e.g., impacts using a

specified impactor and range of impact
energies or forces), and the resulting

damage size and type!

Referances:
IMIL-HNDBEK-17-3F

B® September 2004 SAMPE 04 Fall Technical Conference &

Extubition, Memphis, TN

Damage/flaws in Metallic Structures

e CRACKS

— Through thickness /
part through (corner
cracks)

— Modes : I, II and III
— Toughness
— Growth Rate

e DENTS
e SCRATCHES
e Etc..

TITTT11I11T
++43d 1111
0 )
o
+ilid

B® September 2004 SAMPE 04 Fall Technical Conference &

Extubition, Memphis, TN
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Damage/flaws in Laminated Composites

The damage/flaws in fiber reinforced FIBER MATRIX

composites can be classified based on their STTHERT
length scales and the properties they /
affect. The diffreent levels at which damage

can occur ars

; : Eir;nlseﬂié.llent & Interface level ’ INTERFACE
3 00OGO

3. Laminate level

The damage state in laminated composites
will be a combination of the various
damages states occurring at different
length scales. The relative
proportionfoccurrences of each of these
damage states will depend on the material
type, stacking sequence and most

PLY

. LAMINATE
impartantly — the nature of the damage
causing event.

B® Seplember 2004 SAMPE 08 Fall Technical Conference & 11

Extubition, Memphis, TH

Damage/flaws in Laminated Composites
» Constituent and Interface level

fiber
Voids —._
o
matrix [~
Broken .
fiber .
Matrix __| .
crack .
Disbond/
interface l
defect
BR Septembar 2008 SAMPE 08 Fall Technical Conlerence & 12

Extubition, Memphis, TH



Damage/flaws in Laminated Composites

* Ply level-
— Kink bands
» reduces compression load capability
— Fractured fibers
Kink
band
Crack/ group of
L~ fractured fibers
BR September 2008 SAMPE 08 Fall Technical Conference & 13

Extubition, Memphis, TH

Damage/flaws in Laminated Composites

e Laminate level

PLY CRACKS
DELAMINATION
{Interlaminar defect
S
WRINKLES
B® Seplember 2004 SAMPE 08 Fall Technical Conference & 14

Extubition, Memphis, TH
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Typical defects in Composites?®e”

» Debonds e Wrinkles
* Delaminations e Resin cracks, crazing
» Inclusions (release film, » Density variations
bugs, etc.) « Improper cure (soft resin)
* Voids, blisters e Machining defects (
e Impact damage improper hole size, etc)

» Fiber misalignment
e Cut or broken fibers
» Abrasion, scratches

Ref: R.L. Seirakouwshi and G.M. Newaz, Damage Tolerance in Advanced Composites, Technomic Publishing Co.

B® September 2008 SAMPE 04 Fall Technical Conference & 18
Extubition, Memphis, TN

Fabrication/processing induced damage
(defects)?e..

» Abrasions, scratches, * Uncured resin

dents, punctures e Inclusions ( bugs/release
e Cut ﬁbg,.g film,tape, blade)
e Knots. kinks e Tool installation and removal
. Vuidsr e Mandrel removal problems

¢ Tool drop (impact damage)<

e Resin rich/lean areas
/ e Proof testing

e Sub quality materials

Ref: R.L. Setrakowshi and G.M. Newaz, Damage Tolerance in Advanced Compositss, Technomic Pablishing Co.

B® September 2004 SAMPE 08 Fall Technical Conference & 16
Extubition, Memphis, TN



In-field/Service problems~e’...

Vibration

Shock

Lightning damage
Environment cycling
Flight loads
Improper
repair/maintenance

Pebble impact «

Scratches, dents,
punctures

Corrosion
Erosion, dust, sand
Bacterial degradation

Ref: R.L. Seirakowski and GM, Newaz, Damage Tolerance in Advanced Composirss, Technomic Publishing Co.

B® Septermbar 2003

SAMPE 04 Fall Technical Conference &

17

Extubition, Memphis, TN

COMBINATION OF DAMAGES?,

In general, impact events cause combinations of
damages. High-energy impacts by large objects
(i.e., turbine blades) may lead to broken elements
and failed attachments. The resulting damage
may Include significant fiber fallure, matrix
cracking, delamination, broken fasteners, and
debonded elements. Damage caused by low-
energy impact is more contained, but may also
include a combination of broken fibers, matrix
cracks and multiple delaminations. There is some
experimental evidence that, for relatively small
damage sizes, impact damage is more critical than
other defects (see figures). Note that all of the
data shown in these figures are for damage sizes
less than 2 inches (50 mm). Some results for
damages greater than 2 inches (50 mm) suggest
large holes or penetrations are at least as severe
as equivalent sizes of impact damage.

« Impact damage has been
observed to be a severe form of
damage

— Residual strength
-~ Fatigue life

Dammpgod streng v Uindamaged strengih

Damage diamater (In.) or % porosity

na e 13 e

18 %_(___ T
-ﬂ-_____u
- P ——
N\ =
T e
%L
o o —
& Porousy
g3 | © Dslsmination A& Opees hote
[Fillad B areil £ bmpict darags
A Selamination .4 e Larenane
] B’y 84 3 a8

Damags diamster (mm)

Relative severily of defect damage on sfalic compression strength

Cyelic stross, maxiBlatic stross, max

1 —1
1 1
ol e | R T fiam |
i | T— delamination
Yinkile mpact damage
-1 4 wm
LT mim diam hﬂl‘h
[-F ]
a2
q
19 " 1 1 18 1 107
Cyches bo Inilure

Relalive severty of defect damage on compression fatigue strength, =14,
References: \MIL-HNDBK.-17.3F
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Impact Damage Resistance...

e VARIABLES

— EXTRINSIC
» Impactor geometry
e Impactor mass
» Impactor material
» Impact energy,velocity, angle
» Boundary conditions

— INTRINSIC

e Structure type

— Laminated, sandwich , stiffened
etc

» Material(s)
* Layup Schedule
» Structure Geometry

B® September 2008 SAMPE 04 Fall Technical Conference & 19
Extubition, Memphis, TN

Impact Damage Resistance...

o IDEALIZED CONDITIONS
— Flat structures
— Spherical/hemispherical,
cylindrical, conical impactors
— Normal Impacts
— Clamped, simply-supported or
rigid base boundary conditions

— Test sections — rectangular,
circular

B® September 2004 SAMPE 08 Fall Technical Conference & 20
Extubition, Memphis, TN



Impact Damage Resistance...

FMPACTOR NAMETER |mmi|

o 25 50 75
L Alkay & Hanma [43] 1 .
Impactor types T
i Mttt & Hodgw {40] 4 -
— Spherical e
. . Tl & 1“r" 137 : L ]
— Steel, Aluminum, plastic T
Desmpats A Sancdh [33] 1 '
— Impactor diameters BT ——
. U‘SH .tD 3"’ Ihl*wmhll;i;::};éé; :
Chayre S Cfirsen [ 28] 4 -
Willismon & Lagsoe [27] 4 . ] .
Cwpmas & [ogresio | 20] o [ ]
The impactor shapes, sizes and materials are h;ﬁ::*.,’.&_:;f;;{lg::: \ e —
representative of the geometry and material of the NicOomm & Anberi)] 14—
actual object/projectile that causes damage in service. e T — ¢
The objects/projectile (e.qg., gravel, hail stone, hand prrr 1 P
tools, baggage, etc) may not necessarily have a well I st al{15] { -
defined geometry and stiffness. The shapes used in Soconl sl “nE . =
experimental investigations are chosen due to the et ¥
simplifications they facilitate during analysis. Further Bermrd & Lagace {13] 1 *— 1
using a regular geometry can help characterize the g i <
effects of geometric features such as radius, etc., ina s Lol = : : :
systematic manner. Gp o0& 10 18 20 28 30
MPACTOR DIAMETER |incnhes)
B® September 2008 SAMPE 04 Fall Technical Conference & iy
Extubition, Memphis, TH
Damage Resistance...
Eg:.LIIJEMHE
* Test Methods e
- ASTM D7136 WERSHTS
— various... H U H
* Test Apparatus/ Methods PACTOR MERETON

— Static indentation

— Drop-weight impact tests
« Gravity assisted
* Spring loaded

— Impact Pendulums

— Gas guns

* Test Objectives

— Time history of force, velocity,
displacement, energy, strain (if
instrumented), etc.

— Energy absorption

— Impact damage characterization

TAHGET
IMPACTOH

GUIDE
AIRIGAS TUBE
TR - TARGET
PROJECTILE

B® September 2008 SAMPE 04 Fall Technical Conference & 22
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Damage Resistance...

T im

Depending on the relative properties ( stiffness, strength
mass, velocity) of the projectile and the target, the target
undergoes different deformation modes. These deformation
modes result in different damage states. The damage causing
events may be classified as quasi-static, vibratory and wave
propagaticn phenomena depending on the various
combinations of the above mentioned variables.

Quasi-static events are those when the global
deformation of the target is established through out the

l,

%

auasksTanic  |F

F
QECILLATORY VIBRATORY

impact event (or for the duration of contact between the AN ] AN Mo
projectile and target). This situation prevalls when the ™ O r !
fundamental frequency of the projectile is vary large in
comparison to that of the target. The force-time his! for
such impact is characterized E‘ryr smooth sinusoid t-.rpi??mres. WAE COMERCLLID _F
Vibratory impact represents the case in which the g —— O- ------- A \
different vibration modes of the target are involved in the I. [ly
impact process, Depending on the combination of impactor . L
and target properties, certain vibrational modes will be fab Rt Sarakouwski and GilE Newas
dominant. The force-time history for such impacts is T
characterized by the presence of higher frequency osdllations [ “"'*% ] Response
which indicates the presence of different vibratory modes. t —
When the duration of impact is much smaller than b Wave Controlled
the time required by a fexural wave to reach the 1T 4
boundary(ies), such events are known as wave controfled — UL g Oseiallatory
impacts. 4 Tipe
>4 Quasi - Static
B® September 2008 SAMPE 04 Fall Technical Conference & 23
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Damage Resistance — Impact Damage...

e IMPACT DAMAGE STATES
— Distributed, asymmetric damage

Ply / laminate fractures
Distributed matrix cracks
Delaminations

Disbonds

Punctures

dent

Combination of the above in
varying proportions

— Laminated vs. sandwich structures

Core damage

N i

Y Fd

Hard striker/Still Target Hard striker/Flexible

Targel

B® Septermber 2008

SAMPE 04 Fall Technical Conference & 24
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IMPACT DAMAGE...

* DAMAGE
CHARACTERIZATION

e

s
&

5= T

— Destructive methods

» Sectioning

= Thermal deplying

* Non-destructive methods

(NDI)

- TTU
- Pulse-echo
- X-ray
- Tap testing

— Non-contact strain mapping
- et

— DAMAGE METRICS

* Planar damage size
- Diameters, areas
»Projection of all damage
states
- Damage depth
— Dent depth distribution

s
[l AP 0 TR

16-ply
6 Rel: NMASABosng ATCAS
L

;=

B® Septermbar 2003
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IMPACT DAMAGE IN LAMINATES...

o Damage (metrics) depend

on
— Material
* Toughness
« Weave style
— Thickness
— Layup sequence
— Impactor

Impact
Event

fii
Q
s

Impact = f(Material, Laminate, Structural,
Damage and Extrinsic Variablas)

o
.| o] |®

Fitsgs harage [FRETRTEY Fibat & Mt Damags

s | ||

g [(h (=] (ED
weme 1 OB (L]

Ref. LB licewicz & EF. Dost NASA/Boeing ATCAS, NASA-CP-
10075, 1991

B® Septermbar 2003
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Impact Damage in Laminates...

Laminate

Planar Damage size

—

Elastic »
impact

Threshold
Energy

Ref : MIL-HDBK-17-3F

Impact Energy

Juaq [enpisay

The planar damage size and damage depth have
been observed lo follow a characteristic trend as
illustrated in the accompanying figure. At low
impact energy levels which result in low enough
impact forces, the impact behavior will be elastic
in nature. Some amount of the impact energy will
be transferred fo the target struclure as kinetic
(vibration energy) and the remainder retumed
back to the impactor.

At a certain impact energy level, damage is
inittated in the target structure. This energy level
is called as threshold energy level, The threshokd
energy level is dependent on several factors
which Include the [mpactor geometry and
stiffness, target properties (e.g., material, layup,
size, boundary conditions, etc)

The planar damage size and damage depth
increase proportional to the impact energy past
the threshold level, The rate of increase s again
a function of the impactor and target properties.
With Increasing energy levels, the amount of
fiber fracture will increase resulling in tearing of
the laminate. The plies in the damaged region
have less stifiness and
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Impact Damage ...Laminate material effects

- The ability of composite structures to resist or
tolerate damage is sbrongly dependent on the
constituent resin and fiber material properties and the
material form. The properties of the resin matrix are
most significant and include jts ability to elongate and
to deform plastically. The area under a resin's stress-
strain curve indicates the material’s energy absorption
capability. Damage resistance or tolerance is also
related to the materal's Interlaminar fracture
toughness, G, as indicated by energy release rate
properties, Depending on the application G, Gy, or Gy
may dominate the total G calculation. These
parameters represent the ability of the resin to resist
delamination, and hence damage, in the thres modes
of fracture, The beneficial influence of resin toughness
on impact damage resistance has been demonstrated
by tests on newer toughened thermoset laminates and
with the tougher thermoplastic material systems.

Ref : MIL-HDEK-17-3F

120 T T T T x|
i ey Y lr.mum.rl |
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Fillied ymibols -
80 faling weight Impact ests
m
dia.” &0 e
d_. mm &, kNm /‘ [}
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- 158 L 1
- |
0 T
o Damage iniiaton, F,
-t
[ e S L W DU P P B B P B

2 4 % 8 W 12 1 16 8 0 B M
Impact fonce, F, kN

Investigations have been conducted on the effect of fiber
properties on impact resistance. In general, laminates
made with fabric reinforcement have better resistance to
damage than laminates with unidirectional tape
construction, Differences among the carbon fiber tape
laminates, however, are small. Some studies have been
made of composites with hybrid fiber construction, that is,
compaosites in which bwo or more types of fibers are mixed
in the lay-up. For example, a percentage of the carbon
fibers are replaced with fibers with higher elongation
capability, such as fiberglass
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Impact Damage ...Laminate thickness effects

80 = T T T

The damage ( planar size and dent depth) e ‘
formed in laminates has been shown to be dependent R Vo gty | ;M 8
on the laminate thickness. The maximum planar - 4 ol
damage that can be inflicted on a laminate prior to sg | 1, Pecetmbon [ w
penetration, is dependent on the thickness of the Doy e .
laminate. The thicker laminates accommodate more e’ \
planar damage prior to penetration, thus absorbing n "'*_"‘-
maore energy in the process, In addition, the impact x iy
forces associated with planar damage initiation has " "“':.'*--
been observed to be proportional to the laminate i
thickness. B e

- : SATILIN

DAL, ASIMOY AET Unwase |
w17 T Dhgrvtos ireloridee

R i
sob -0 |} S K |
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™ ]
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Thechins, b, sen
o s i : . Damage resistance of 4504590, ASLI50-RF uniweave
Ref : MIL-HDBK-17-31 using 0.5 in. (12.7 men) dian hcenier
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Impact Damage ...Impactor size/shape effects

Impact force, F. kN
0 20 40 80 80 100
L e ol b i, Sl I I J T ] Impact damage depth governed by the
- e A& AR - contact load distribution between the
- N A . 1  projectile & target. With stiffer and
i - % '\i‘r R VS 1 smaller/sharper projectiles, the contact
I * LA - L | force is distributed over a smaller area.
4 . N i A | Since the transverse properties of
: *. A 4 laminates are typically lower than in-
ﬁ;ﬁ el - * : 1  plane properties by order(s) of
Koray, =% I \ 1 magnitude, high contact stresses will
T \ - initiate damage in the laminate. With
el Y N Eg5mmdared | 1 blunt ( large diameter) impactors, the
i \ ® 127-da hemisphere] |  laminate (target) tends to wrap around
! ] A 254-da hemisphere] | the jmpactor as it deforms (bends). This
-0 | o 1 Increases the contact area between the
2 cvisiie gamage- 1 target and the impactor. Thus with blunt
ol enSmeR - Tonuebn ame% | impactors, it takes higher force to initiate

damage in the laminate/target.

impact damage for 1.4 in, { 36 mm) thick AS&epaxy fMamen! wound case
(FWC with impactors of various shapes (Reference 7.5 1.4)

Rel : MIL-HDBKA17-3F
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Impact Damage ...Size effects

Energy Balance....

148 {Prmpreg Tags)

s Demmamne| ®.-P Erorar = Eres = Epmg + Evig + Eges
]
11111 . o .= = i worae - Impact/kinetic energy of projectile
- o dramte s - Kinetic energy retumed (o projectile (rebound)

E
E
E.... : Energy dissipated due to damage formation
E.., : Energy transferred to structure as vibrational

energy (+ damping)

E,,. : Energy associated with residual elastic field

The bending stiffness of the test specimen decreases with
increasing test section (distance between supports). The
i reduced bending stiffness results in lower impact forces,
lower local contact stresses due to increased contact area,
and the energy transferred to the specimen as vibrational
energy increases. Thus the threshold energy increases with
the size/compliance of the structure. This is true for low-
velocity impacts where the global deformation s established
during the impact process. However, under high speed
impacts, the interaction of target and impactor will be

w0 » w .. independent of the boundary conditions on the target.

Enei Er

Ref : MIL-HDBK-17-3F

(ramage
#a, d
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Damage Tolerance Tests..

e Tension Tests
— Dominated by fiber properties

e Compression (Compression-After-Impact*) tests
— In-plane loading
— most severe loading mode (based on strength degradation)
— Failure modes — delamination, local fiber bucklin

(kinking), fracture across net-section, global bucﬂling,

etc.
- ASTM D7137

e Shear Tests
e Flexure Tests
e Fatigue

* This teg! is typically conducted to obtain a measure of the talerance to impact damage and hence the name

SAMPE 04 Fall Technical Conference &
Extubition, Memphis, TN
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Damage Tolerance Tests..
Compression (CAI) tests

The CAl tests are conducted to ablain a measure of the
tolerance of a laminate to a damage caused by a specific
impact event. This test method is often used for
screening material systems.

The test method involves the in-plane compressive
loading of a rectangular laminated specimen. The
loading is introduced along the edges | top & bottom) of
the specimen as illustrated in the accompanying figure.
The stability of the specimen is always a concern during
this test. Thus, appropriate supports along the lateral {
vertical) edges and loading edges must be provided to
avoid buckling problem.

The compressive loading is very sensitive to the
specimen geometry and alignment of the text fixture.
The loading edges have to be parallel and the loading
surfaces have to be perpendicular to the plane of the
specimen. In addition, the two loading surfaces of the
fixture must be parallel to ensure uniform load
distribution along the width and across the thickness of
the specimen. To facilitale a measure of the uniformity
of load introduction along the edges, back to back strain
gages are bonded to the test specimen as shown in the
figure. The specimens are typically preloaded to aboul
100Ib{ to obtain a measure of the bending introduced
due to misalignment of specimen and non-parallelism of
loading edges. Remedial measures are taken if
necessary

HMITE EDGE
EUFPOAT

LIPRIGHT

LOADNG |
PLATEN

T CLAMPED EDDE 11111 T1
SUPPORT ;

[ rRe—
T v

Ref: ASTM DT137
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Compression (CAI) tests...

The bending due to aforementioned reasons may be alleviated
by using an alignment platen and/or shimming. As a rule of
thumb, the load distribution is considered to be uniform if the
differences between strain gage readings are less than §%. If the
impact damage in the specimen is severe encugh (i.e.,
significant dent and fiber fracture), the bending deformation
cannot be avoided.

The compression test is conducted by loading the test fixture
using an electromechanical or servo hydraulic test stand, The
test is conducted under stroke or displacement control at a
constant speed of 0.05 in'min | Rel. ASTM DT 137). The
crosshead or actuator displacement, force and strains are
recorded continuously during the test. The maximum load
supported by the specimen prior to failure is used to compute
the CAl strength.

The CAl strength is given by
REAl Puax
A

Where, Py, is the maximum load prior to failure and A is the
cross sectional area of the specimen.

Depending on the material type, stacking sequeqnce and nature
of impact damage, different failure modes may be observed
under compressive loading. Some of the acceptable modes (per
ASTM D7137) are illustrated in the figure

Fraclure
across the
damage
region

Fracture
away from
the damage
region

]

a3

Longitudinal
splitting

Lo

S0OM

0 )

Wi

Delaminations propagaling
vertically and horizontally.

Ref: ASTM DT137
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Residual Strengths of Laminates..
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In general, for a given laminate type and damage state, the residual strength will be dependent on the loading
made. For example, if the damage state consists of small dent and negligible fiber fracture, the tensile strength
degradation will not be as high as the compression strength. This is due to the stabilizing effect of the tensile
loading ( it tends to straighten the dent). Both tensile and compressive strengths have been observed fo
approach a plateau with increasing damage size and severity. While the residual compressive strength may be
lower in magnitude relative to the tensile strength, the percentage degradation relative to the undamaged
strength may be the same in both cases. The choice of loading mode used to evaluate the damage tolerance of a
certain laminate should be driven by the loading mode associated with the end application. A wrong choice of
loading mode may lead to weight penalties and/or an unsafe structure,

B Seplembar 2008 SAMPE 08 Fall Technical Confersnce & 25
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Sandwich Damage Resistance & Tolerance

investigations at WSU/NIAR

e Funding Agency : FAA William J. Hughes Technical
Center, Atlantic City, NJ

e Program monitor : P. Shyprykevich, C. Davies

e P.I. : 1.S. Tomblin
— Co-P.I: K.S. Raju B.L. Smith ( 1999 — 2001)
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Issues addressed

Sandwich structures with thin-facesheets ( 2 to 6 plies) :
representative of most General Aviation airframes

e Damage resistance — typical damage states

— Effects of facesheet, core (thickness) and impactor diameter on
damage size and type

— NDI methods for damage detection

e Damage tolerance — CAI
— Failure mechanisms

Curvature effects

Scaling effects

Fatigue

Comparison with open-hole configuration

Full-scale testing under combined loading
- Longitudinal, pressurization induced hoop loading

B® September 2004 SAMPE 08 Fall Technical Conference & ar
Extubition, Memphis, TN

MATERIAL SYSTEMS ANDWICH CONFIGURATIONS...

SKINS

sNB321/3K70P PLAIN WEAVE CARBON
FABRIC

«NB321/7781 SATIN WEAVE GLASS FABRIC
CORE

*PLASCORE PN2-3/16-3.0 HONEYCOMB
[ ¥&" & 3" thick]

*DIVINYCELL HT-50 FOAM [ %" & 34" thick]

ADHESIVE
«Hysol 9628.060 PSF NW film adhesive

» Quasi-isotropic, thin skins [0.016" to 0.048"]
» Similar to current GA practices

[(90/45)/CORE/(45/90)]
[(90/45),/CORE/(45/90),]
[(90/45),/CORE/(45/90):]
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LOW-VELOCITY IMPACT TESTING...
« TEST CONFIGURATION 2
—  CLAMPED EDGES £ il L ®
- 8%8 TESTSECTION -3 g
- IMPACTOR DIAMETERS B . . .
. 100" AND 3.00" g T
~  IMPACT VELOCITY . :
+ 86 inisec 8 .,
L]
i! ol - HPETEHI’.RET{.:M
: 5l : +  PEAK IMPACT FORCE
i_ o : ~  PANELS SUSTAIN HIGHER IMPACT LOADS
i = WITH LARGER DIAMETER IMPACTORS
e ‘ - DIFFERENCES TEND TO DIMINISH AT LOWER
¢ o o" . ENERGY LEVELS
3 ::'" R e ire - PROPORTIONAL TO SKIN STIFFNESS
=3
o
o o

: - L - & c.l. DOTIFAAIAR-00/44 January 2001

MEATRAED IMPACT EMEMOY E_ e8]
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NON-DESTRUCTIVE IMPACT DAMAGE
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NON-DESTRUCTIVE IMPACT DAMAGE CHARACTERIZATION...

e Impact damage state governed

by impactor size

— 1" diameter impactor
« Significant indentation depth
* Small planar damage size
» Visible skin damage/fractures
— 3" diameter impactor
« Large planar damage size

« Indentation depth less than
facesheet thickness due to

springback

+ No visible skin damage

Maximum Residual Indentation Depth Agy.. [In]

032 =

0258 -

1 "ume.mmel
I - | BKIN NEBIZ1BKTOF PWCF
1 | CORE: Plascore PH2-316-30 |

I
|
v
| APACTOR DUUMAETER I
f
I-

| & 1w
1 & 300

1—& —r—]

—r—1 o o .
HOMINAL PLY—
__;__:_{LTHICKNESE n

1] - 12 15 n ]
Planar Damage Area (R 4. F [in])

E™ September 2008

DESTRUCTIVE DAMAGE EVALUATION

,l.*;,IL_:;-i'...;#uiL' = L

* 3"IMPACTOR

- NOVISIBLE SURFACE SKIN DAMAGE

SAMPE 04 Fall Technical Conference &
Extubation, Mermphis, TN
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1" IMPACTOR

SKIN FRACTURE
CORE CRUSH
DAMAGE SIZE = IMPACTOR SIZE

CORE DAMAGE PROPAGATES
ACROSS THICKNESS

- CORE FRACTURE
CORE DAMAGE PROPAGATES
ACROSS WIDTH
B® Septembar 2008 SAMPE '04 Fall Technical Conference & 42
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IMPACT DAMAGE IN SANDWICH PANELS & DAMAGE METRICS

= FACESHEET DAMAGE
- Delaminations

- Fractures
- METRICS
+ Facesheet Damage Diameter
+ Fracture Length
« CORE DAMAGE
- Core crushing
- Cell wall fractures
- METRICS
+ Core crush Depth Agye
+ Core Damage Diameter IR, ...

+ RESIDUAL INDENTATION

R

o Y

RESIDUAL
i CRUSHED CORE INDENTATION *

- METRICS »
+ Diameter of Indentation region 2R, A L
+  Maximum Indentation Depth A, R L, 2R —= A
ind CRUSH
damage
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Damage evolution in sandwich panels

The core thickness and impactor diameter influence the
planar damage size significantly, The sandwich panels
with thicker cores produce damage sizes which are
consistently smaller than those of panels with thinner
core. This can be attributed to the two contrasting
damage progression mechanisms in these panels, which
are based on destructive sectioning of impact damaged
panels, as illustrated in the figure. The amount of core
compression that can be achieved prior o core
compaction is limited by the core thickness. The initiation
of facesheet fracture is further governed by the amount
of localized bending that can be accommodated due to
the indentation deformation. Thus, a thicker core, where
core crush depth can be larger, thus accommaodating
more facesheet bending, results in smaller damage
regions and facesheel fracture initiation at relatively
lower energy levels, Further, the core cell damage tends
to propagate across the width of the panel for thinner
cores and thicker facesheets, while the cell walls
collapse n an accordion manner in sandwich panels with
thicker cores, overa smaller area,

I Faceshest and Core

dEmags
inlation

2 Damage progriwwies
i} Facashegl
miCas

3 Faceskest fraciure 3. eofe erushisg &
consokdaton

i Tep Werbaat
! 4, eote eonssidakiss
5 Top faceshest

panEtralion + Can
crushing
penstraticn = Core
sennpbdilion « dimags
IsRiniion i ihs Baokuite
faceshesl
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COMPRESSION AFTER IMPACT TESTIN

'__ !hmm SPECIMEN CONFIGURATION
M T T AT
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RESIDUAL STRENGTH CHARACTERIZATION

+ MAXIMUM RESIDUAL INDENTATION

i _ | ® — RESIDUAL STRENGTH REDUCED
- BY ABOUT 60% IN PANELS
IMPACTED WITH 3" IMPACTOR

+ INDENTATION LEVELS < SKIN
THICKNESS

DE 5

S PPN ST . . — RESIDUAL STRENGTH REDUCED
" . " B BY ABOUT 50% IN PANELS
. L IMPACTED WITH 1" IMPACTOR

¢ | | % _ - INDENTATION LEVELS > SKIN
THICKNESS

04 9

HORMALIZED RESIDUAL STRENGTH N, M
.

=  MAXIMUM RESIDUAL
INDENTATION IS NOT SUITABLE
FOR BVID DEFINITION |

*] 0104 R =R 13 0.2 028
MAXIMUM RESIDUAL INDENTATION DEPTH A, [in]
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BEHAVI F DAMAGED DWICH PANE

FINAL FAILURE MODES

Depending on the state of impact damage and the
sandwich configuration (thintthick facesheet |
thinfthick core), three contrasting failure mechanisms
and resulting final failure modes can be observed in
sandwich panels under in-plane compression loads.

The first mechanism involves a net-section
compression facesheet fracture. This occurs in
specimens with facesheet fractures and excessive
dents such as those cccurring when the impacted
facesheet has been penetrated.

The second mechanism involves the formation of a
dimple which is nothing but the facesheet bending
locally over the damaged core. Under certain
circumstances (e.qg., thin facesheets), the dimple will
only grow in depth ( i.e., bending of facesheet) but
not in its planar size or will be arrested after a limited
growth. This local bending leads to formation of
cracks at the edges of the dimple resulting in
facesheet fracture

ER IN-PLANE COMPR E

In the third mechanism, similar to the previous
mechanism, the dimple forms and grows in depth
and width. At a certain load level, the planar size
of the dimple is arrested by the healthy core and
thus the dimple depth alone increases. If the
facesheet is thick encugh, the bending energy
accumulated in the facesheet locally is released by
initiating new core crush and propagating the
dimple in a unstable manner.

B® Septermber 2008
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Mechanism-I1

Impact damage states & Sandwich Configurations
*Facesheet with deep dents due to impact | e.g., 17
impactor)

*Thin facesheets impacted with large diameter impactors(
e.q., 3" impactor)

*Thick cores

Failure mechanism & Final Failure Mode

Here, the impact damage is effective as a stress raiser.
The bending of the facesheet over the core results in a
region that is less stiffer than the surrounding region
under in-plane compression. This results in a situation
similar to an “open hole”, i.e., a stress concentration. A
crack initiates at the edge of the dimple and propagates
width wise resulting in COMPRESSIVE SKIN FRACTURE

The above mechanism is captured by measuring the
surface sirains (along loading direction) and out-of-
plane displacement at the center of the dimple (damage
region). The variation of displacement and strain with
applied loading is shown in the accompanying plots.
The out-of-plane displacement and strain at the center
of simple increase monotonically indicating facesheet
bending over damaged core. If the core is thin, the
dimple will perturb the back side facesheet resulling in
global buckling
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Mechanism-III

Impact damage states & Sandwich Configurations

+Facesheets impacted with large diameter { e.g., 3"
impactor ) and no visible facesheet damage

+Thick facesheets, Thin facesheets and thin core

Bl MY ] AT

e, O © ==
¥
L. |
SECTION a4

Compressive Force Resuant N [ibdin|

LI B

ma A

Deglagarmerd Pv.'l'i-“:

Compresshs Samin ¢ [micessinein]

Failure mechanism & Final Failure Mode

Here, the impact damage is effective as a geometric imperfection.
Similar to the previous case, the dimple forms and grows in depth
and width and at a certain load level { which is a function of damage
size, facesheet & core properties), the planar growth of the dimple
will be arrested (point B). With increasing load, the local bending of
facesheet will lead to accumulation of strain energy locally. This
energy will be released by initiating the crushing of the surrounding
healthy core. The dimple will propagate across the width of the
panel in an unstable manner resulting in buckling failure of the
panel. If the core is thin, the initial bending of the facesheet will
perturb the backside Tacesheet and trigger a global buckling of the
panel.
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m ive R | Strength ndwich Panel
» Compression Strength (CAI) governed by planar =] l{B0vas) JEoREL
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Comparison of Impact Damage severity with other
Damage states ( Sandwich panels)

* mpact Damage " _ bbbl

— Distributed damage which includes material damage
(facesheet and core damage ) and geometric
imperfection (residual dent)

— Since the facesheet in the damage region retains
some fraction { depends on energy level) of the
initial stiffness, some amount of load is carried by it.
Thus, the damaged region supports some of the

applied loading. I
* Delaminations & Disbonds [facesheet/core]
~ Manufacturing induced.
—Load transmitted through the delaminated/disbond

region causes outward buckling of the facesheet.
Fracture toughness of the facesheet (or faceheet & H

core interface) will govern the propagation of
delamination (or disbond)

—These damage states seldom occur due to impact
loading. Core damage is always present!

[T e
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Comparison of Impact Damage severity with other
Damage states ( Sandwich panels) ...

« Discrete Damage

- Open-hole, notches, etc. (idealizations?) ‘!7 ‘47 47 ‘47 47 ‘47 ‘J?

- Since no material is present in the damage
region, the load has to go around this
region thus generating the stress
concentration effect

— These damage states are easier to simulate
and quantify

1
I
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Comparison of Impact Damage with Open-Hole Damage (Sandwich panels)

In an effort to understand the relative severity of
impact damage and open-holes in sandwich panels,

an experimental investigation. It is interesting to
know that the open-hole may represent the situation
when a repair patch peeling off due to inferior

bonding. Thus, open-hole damage is also a

plausible damage state for sandwich structures.
The compressive residual strength of open-holes
were observed to form the lower bound for impact

damage states possessing the same planar

damage size. With increasing levels of residual sent A
depth and facesheet fractures, the residual strength
of impact damaged panels approach the open-hole
strength, Thus open-hole strength may be used for

a conservative design

WFRIRLNE STRE

STRENGTH N, fbln)

[uaE| ST ), PAHELS

m o @o

HOLE DUAMETER 28, , (isches)

o L TR
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Comparison of Impact Damage with Open-Hole
Damage ( Sandwich panels)...
Increasing impactor size
Mechanism-11
1.0
£ echanism-11T_z=;
-] &
55
S| o
E o Mechanism-I —e—
ol & _—
of & Open-Hole
E o
& e
(]
PLANAR DAMAGE SIZE
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Damage Tolerance - Analysis

Problem statement

¥ Given a structure subjected to far-field
ﬁ‘s ? ? ? ? ? stress (load) ;. T_he structure contains
ol 1 S, N . damage at a location (x* y*,z*)
contained within some region I", which
was inflicted prior to the application of
load.

o;; at/beyond which the structure loses
its load carrying capability

x OR

e e e What is the degradation or reduction in
X D ) T i the load carrying capability of the
structure in the presence of damage?

—>
—
s Required- critical value of o or value of
S
o
i

1

1
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Damage Tolerance - Analysis

Requirements for satisfactory(?) analytical prediction

» Good description of the problem y
1.Geometry of problem A A A

= Structure under analysis <y R —

«Damage metrics +—{ P |

» Planar size, location across the thickness of <
laminate, dent depth, etc. a— r

2.Constitutive properties ( stiffness & strength) e
» Undamaged region P
» Damaged region b v v
= Spatial description of degraded material
properties
3.Loads and constraints/boundary conditions
«Tpols for prediction of stress & strain fields

«Failure criteria and property degradation rules

B® September 2004 SAMPE 08 Fall Technical Conference & BB
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Strength of Notched Laminates

Stress f.am”ﬂm Measured Strength 2
Lay-up Ementrahnn T Roche 2:1:0 i | 1
Re=1/ ke ¥
[or90/0/90]; 5.80 0.172 0.314 5 2
o, i+45/3], 3.68 0.271 0.617
450, /@], 3.68 0.271 0.529 o
[o/+45/0/50); 3.45 0.289 0.435
b, +45/50], 3.45 0.289 0.435
[0/45/90]; 3.00 0.33 0.394 = = g, (R.0)
[+45/90/0/-45], 3.00 0.33 0.465 2 ' 3
[£4570/£45); 2,45 0.408 0.546
[£45/+45], 1.84 0.543 D.909 _ Notched Strength
[+45, -45,]. 1.84 0.543 0.833 " Unnotched Strength
Ref: |.M. Danial, R E Rowlands, and J. B. Whiteside, * Effects of Material and Stacking
Sequence on Behavior of Composae Plates with Holes ® Exp. Mech Vol 14 1974
B® September 2008 SAMPE 04 Fall Technical Conference & BT
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Strength of Notched Laminates
¥
1¥n Graphite-Epoxy AS4/3502 k '
O ok e
4 0 [0
_ 08 m A 45 - (Cp—t—x
o .
- + [£30.);
s
€ o8l D
E‘ " o »
£ a
o .
2 o7} : * Observations
z ¢ 4
S * ’ Notched strength of composite
06 b laminates is a function of stacking
sequence, notch geometry and notch
radius
05 :
Hole Diameter MNotched strength can be different even

though the stress concentration factors
5.C. Tan, Stress Concentrations in Laminated Composites, |
Technomic Publishing Co. are the samel
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‘U‘l

trength of Notched Laminates "

8 o ,. ]
2T o 1 . |
-1 a8 '..__x
3E 100 0 I . :
il E .......................................... i I |
- SR ¥ 1 ~ Average
—z fiber |
............ % strength
38
-8
1 T
i
Process zone — redistribution of
/,,.-r-"" load occurs, Stress distribution
will be altered.

1T 1 3 4 8§ & T 8 8 W0 TN TN

x

K.L. Reifsnider and §.C. Case, Damage Tolerance
and Durability of Material Systems, John Wiley &
Sons, Inc.
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Strength of Notched Laminates

) =

For a general laminate, the process zone
may include delaminations between
adjacent plies, matrix cracking, etc., all of
which cause stress redistribution — across
the width of the laminate and between
the plies. Thus, once some failure is
initiated, the theoretical stress distribution
is not valid.

With increasing notch radius, more
material adjacent to the notch is
subjected to intense stress. Thus a larger
notch will produce more reduction in
strength

%R
Thus, any failure criteria/model to predict
notched strength must account for the
process zone and the notch size effect.
BR September 2008 SAMPE 14 Fall Technical Conference & B0
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Failure Criteria for Notched Laminates

G

WHITNEY-NUISMER CRITERIA

» _Poin riterion

Failure occurs when the stress, o, at
some distance d, from the notch
equals or exceeds the strength, o,
of the unnotched laminate.

i.e., at failure o (R+d,,0)=0,
d, ~ characteristic length

o]

o ] e —.

L

B® Septermbar 2003
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Failure Criteria for Notched Laminates

WHITNEY-NUISMER CRITERIA
« Average Stress Criterion
Failure occurs when the average
stress, o,, over some distance a,
from the notch equals or exceeds the
strength, o, of the unnotched
laminate.
R+a,

i.e., at failure — j'cs\.{x,(}]d:-: =@,

4, R
a, ~ characteristic length

B® Septermbar 2003
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Failure Criteria for Notched Laminates
WHITNEY-NUISMER CRITERIA
Characteristic lengths a, and d,

Consider the stress distribution along y=0 in an infinite
orthotropic plate containing a circular hole

S RORGhR (ORO)

ISOTROPIC Soln

NOTE : this is an approximation

edge of the hole in an infinite

2 A A. Az | Stress concentration factor at the
KT=1+ ;[ [ A A — Ay +—2 1:]
A orthotropic plate

E, T
=1+_]2 E_-_U“J+G- in terms of Engg. constants

SAMPE 08 Fall Technical Conference & 63
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WHITNEY-NUISMER CRITERIA....
Characteristic length d,

Point stress criterion... at failure ¢ (R+d,,0)=0,
Let D'; be the strength of notched plate

At failure...
=§f R 2 R 3 }! R & R {-:l
i S T) 2*'[R+dJ ﬂ[mdu} "(K"'"Ef[ma"] "?[Rm"J Iné
: R
if weleté, =
+d,
Oy 2

o, 2+ +35 (K3 -3Jes 7%
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WHITNEY-NUISMER CRITERIA....

Characteristic length a_
R4a,

Average stress criterion... at failure o J‘UF (x,0)dx =0,
o R

let oy be the strength of notched plate

2 3
Y [ [ B < —3}'5
Rid,) (R+d, |

if weletg, =

At failure...

=,|-_|-:_
-I ﬂ"j-lr
a, &

i

I\J|G|}‘

R+a,

on _ 2(1-£,)
o, 2-& -&i-(Kp-3Jes-&)
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WHITNEY-NUISMER CRITERIA....
Determination of Characteristic lengthsa_ and d_

Consider laminates fabricated using AS4/3502 material. The lamina f 1 1 !
properties for the material are*

Longitudinal Modulus E,,= 20.8 x 10° psi
Transverse Modulus E,,=1.5 x 106 psi [—=
In-plane Shear Modulus G,, = 0.88 x 10° psi
In-plane major Poisson’s ratio v,, = 0.29

Ply thickness T, =0.005in

R

Consider the following laminate configurations for which the characteristic
lengths are required

[ﬂ]ﬂr [i3[}]25 ,[:|:45]25 :[iﬁﬂ]zs

* 5.C. Tan, Stress Concentrations in Laminated Composites, Technomic Publishing Co.
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Using the Lamina properties and Classical Laminated Plate Theory, determine
the stress concentration factor for an infinite plate with a hole

K =1+J%J A”A:z_a,ﬁ—“"‘ll"’;iffz
Lay-up K2
[0Js 6.519
[£30]55 2.842
[+45]5 2.045
[£60]s 1.892

* 5.C. Tan, Stress Concentrations in Laminated Composites,
Technomic Publishing Co.

B® September 2004 SAMPE 08 Fall Technical Conference & BT
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Let the experimental data* for unnotched and some notched data be
available for the laminates being discussed

Lay-up Hole diameter (inches)
0 0.046 | 0.1 0.3 0.6
(0] 11 [ 087|078 077 ] 066 |
! [
I I
[£30],5 : 1 1 0.90 0.80 0.76 : i Notched Strength
t ] hed & ,
[#45hs |11 [ 093] 079 | 072 | 0.69 | LauRRNt
I
! I
[£60],¢ t1 093 | 0.88 | 0.68 | 0.71 :
* 5.C. Tan, Stress Concentrations in Laminated Composites,
Technomic Publishing Co.
R Septermber 2008 SAMPE 14 Fall Technical Conference & ata)
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The characteristic lengths can be determined in two ways. In the first
method, use one notched strength value ( along with the corresponding
notch size) for a given lay-up and substitute into the following equation(s).

oy _ 2
o, 2+&2+388-(K2-3)s5¢8-788)

~ point stress criterion

N _ 2(1-£,)
o, 2-&-& -(K7-3)Jes-¢&%)

Solve the equations for £, & £,

Obtain d, = {i—l)R and a, :[;—IJR
Ep GA

Use the characteristic lengths for predicting strength for other notch sizes.

NOTE: correlation with experimental data ( other notch sizes) will be
dependent on the choice of notch size used for obtaining the characteristic

lengths

~ average stress criterion

B® September 2004 SAMPE 08 Fall Technical Conference & B9
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In the second method, use more than one notched strength value ( along

with the corresponding notch sizes) for a given lay-up and curve fit the
following equations

% (R Y. R *—{K'—"?‘f R Y R Y Eri?:r‘ir;tn‘r’tress
R+d, R+d, LR R+d,

=X = : - - - - ~ average stress
¥ i R 0 R R criterion
3 A (K -3 -
R+a, R+a, R+a, R+a,

Using least square curve-fit to obtain characteristic lengths d, and a,,.

Use the characteristic lengths for predicting strength for other notch sizes.

NOTE: correlation with experimental data ( other notch sizes) will be
dependent on the choice of notch sizes used during the curve fit process.

B® September 2004 SAMPE 08 Fall Technical Conference & T0
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Point Stress & Average Stress Criteria

Unnotched Strength

Motchad Strergth

oA

Characteristic lengths
based on best-fit curve

o
i

1 i 1 i J

1 Hiole dismeter {in) ) Hole diameter {in) La}f,.up do(in) aﬂ (in]
[£45].c [£60].s
o8 0], |0.16 |0.77
E oa
,;% . = | [#£30]5 [0.22 [0.71
3E oo o " & o [£45], |0.24 |0.69
Wl e o oy el o oy | [60] (037 [1.20
: I-m;:.lezckalml¢:¢[7n:| ol i anlezaarrmeru;n: s
B® September 2008 SAMPE 04 Fall Technical Conference & 71
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WHITNEY-NUISMER Point & Average stress CRITERIA...,

Observations

1. Require elastic properties of the material (A;)

2. Strength of unnotched laminate (from experiments /analysis)

3. Strength of at least ‘one’ notched configuration ( from experiments)
4. Uses elastic solutions for stress distributions

« K forinfinite plate is used. Could use carrection factors for finite width

Does not say anything about the micro failure mechanisms and resulting
stress distributions in the process zone

. Used for predicting failure loads (complete loss of load carrying

capability). Cannot be used for predicting loss in stiffness prior to failure
or the load-displacement behavior

Characteristic lengths are NOT material property. They depend on
stacking sequence.

Characteristic lengths are NOT independent of notch geometry

B® September 2004 SAMPE 08 Fall Technical Conference & T2
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Residual Strength Prediction of Impact Damaged Laminates

* Fracture Mechanics Approach

¥

— The impact damage is reduced to an /J\
equivalent slit (Caprino; Husman, (JJ\?—
Whitey & Halpin; Lal) e

* Plate with inclusion

— The impact damage is reduced to a X
region of reduced stiffness (El-Zein & # \
Reifsnider) ¥ u

The above methods do not explicitly represent ! d
the damage states present in the laminates nor - &

do they capture the failure mechanisms under
in-plane loading, However, the above
approaches provide a simple alternatives which
use limited experimental results. The exact
representation of the damage states existing in

Inclusann with

Equivalent sil reduced sliffness

a laminate and the failure mechanisms under in-
plane loading is not a simple task.

B® September 2008 SAMPE 04 Fall Technical Conference & T3
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Equivalent Slit Model- Caprino
18]
Critical stress based on LEFM T T 5 7

o, =K, (nL]%
K, ~ Fracture toughness of material 4

Since a process zone ( psuedo plastic zone) is present at the notch 2L
tip in composites, the exponent 1/2 is replaced by 'm’

. The critical stress o, =K (aL)"

b b

Let &, be the strength of unnotched material

we may write o, = K (aL, )" ......Where L is the size of an intrinsic flaw

Therefore, =< = [L—L”}

The above eqn can be used to predict strength of notched laminates. The value of 'm'
is determined using experiments.

=]
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Equivalent Slit Model- Caprino

Application of model to impact damaged laminates

Assume that the notch length 2L, is the same as that of the
planar impact damage size . Based on experimental observations,
the impact damage size is expressed as a function of kinetic
energy U

i.e, wemay write L =kU"

Let U, be the maximum impact energy level which the material
can withstand without any degradation of strength.The intrinsic
flaw size may be experssed as L, =kU;

The residual strength may be expressed as

oy (U™
=-(3)

since U, is typically unknown, the residual strength is written as

o, =CU*

where ¢ =mx=n

Cand o are determined by curve fitting the experimental data

These values are dependent on material system and lay - up.

B® Seplember 2004 SAMPE 04 Fall Technical Conference &
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Equivalent Inclusion Model— El-zein & Reifsnider

S

This model addresses the fact that the impact damage y  —— oo
region does possess some residual stiffness and strength. e
As a result of this, some of the load is supported by the =
damage region resulting in a reduction of the stress {
concentration effect. |

L] ~—vo]

v £ -
RIS -
e Impact damage region is modeled as an elliptical inclusion with

+4 b =8 reduced stiffness properties
+ =58 A =mA, m<1
aa )=« The stresses are obtained using complex functions approach
o] p—>
o - o, =P+ 2Reliii(z,)+ 13oi z:)]

1 ti o, = q+2Rel4;(z2,)+ (2]
G— —>

T 1111 v, = t-2Refu i () + mti (2]
B® September 2008 SAMPE 04 Fall Technical Conference & TE

Extubition, Memphis, TH



Equivalent Inclusion Model— El-zein & Reifsnider

The global stresses obtained are then used to obtain the local stresses in each ply

The residual strength of composite laminate is determined by averaging a failure criterion over a
characteristic length Do

B+D,
i nm{){,m fs = 1
D, { X%
X; ~ Unidirectional tensile strength

To determine the stiffness ratio 'm’, it is assumed that the ratio
is the same as the ratic of the damaged area to some reference
drea

The reference area A,.,... IS a characteristic flaw size up to which
no significant reduction in strength occurs. It is associated with a
specific energy level

B® Seplember 2004 SAMPE 08 Fall Technical Conference & 7
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Damage Tolerance analysis of Sandwich Panels
P L b $eod

Damage tolerance of sandwich composites with low-
velocity impact damage has been shown to be critical
under in-plane compressive loading. Under tensile
loading, in the absence of facesheet damage, the
residual dents tend to fatfen out resulting in minimal
strength degradation.

The damage in sandwich panels consists of material

damage states | core and facesheet) and a

. geometric damage state which is the residual dent
distribution. Both damage states have to be included

@ in analysis methods for residual strength prediction,

- Two popular methods used for strength preidction
ol T il A are

1. Foundation model | Ref. Moody & Vizzini) - here
the sandwich is modeled as a sheet on a foundation
representing the core. Different foundation behaviors
are used for core in the damaged region and
undamaged region. The foundation can only suppaort
normal loads. Interaction with backside facesheet is
neglected

2 _Finite Element Models [ e.g., Hwang & Lacy)

B® Seplember 2004 SAMPE 08 Fall Technical Conference & TH
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Inputs for FE model

Al

DAMAGE METRICS

B2R_. Residual dent depth distribution

-\\l\ hpgs = hpes(hpg jaxs % ¥)
X

Core crush depth distribution

B2R, - Heg = Hog (%, %)

—@2R,__ Extent of Facesheet
damage region ~ 2R .,

CORE CRUSHI CELL FACESHEET DAM AGE . - RES _ __RES
WALL BUCKLING Residual Stress Field o =™ (x.¥)

h

Hen THE_MAT
RESIDUAL DENT

i

el ¥ Hwargand T. E Lacy . "Mumerical Estimates of the Compressive Strength af Impact.
damaped Sandwich Composies,” J. Composite Matenals, Vol 41, No.3, 2006
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Honeycomb core behavior under Transverse Compression

The typical load displacement behavior of
1 honeyeomb cores under out of plane

LINEAR o compressive loads is llustrated in figure,
ELAETI: CORE CRUSH REGION CONSOLIDATION The honeycomb core response is linear

- L - : within a given deformation limit. Within
Kemusn 2 0 STABLE this limit the core behaves elastically and
Wimae = 0 HITARLE has a relatively high stiffness. At the end
of this region, some failure mechanism is
initiated in the core. The failure mode is
dictated by the core cell wall properties
and geometry. The failure mechanism
can be a cell wall fracture at one extreme
or & cell wall bucklingfwrinkling at the
other extreme. Most practical honeycomb
cores undergo a combination of the
above failure modes. These failure
mechanisms lead to a stable crushing
region where the failure propagates
across the thickness of the core. The
buckling initiated failure leads to a
progressive folding of the honeycomb
core cell walls as illustrated in figure. The
load correspoending to the stabie crushing
regions is a fraction (less than 50%
typical) of the peak load In the elastic
range, The crushing of the core proceeds
until a deformation kimit is reached
whence the load increases rapidly owing
to the compaction of the core material.

COMPRESSIVE STRESS P

P‘If. L

COMPRESSNWE DEFORMATION u
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mage region

Modeling of core da

AP
-
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¥
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of 1Y
/

The modeling of the dimple arrest and
propagation process requires that the
damaged core behavior be modeled
appropriately, The damaged core adjacent
to the facesheet consists of core cell walls
that have been folded and unfolded during
the impact loading. Upon the application of
in-plane compressive loads to the sandwich
panel, the facesheet in the dent region will
bend over the damaged cell walls. These
damaged cell walls { red in color) will not
resist the bending deformation of the
facesheet until the cell walls are compacted.
Upon compaction, the adjacent cell walls (
blue in color) will resist further bending of
the facesheet.

However, the resistance of these cell walls are lower than
that of the healthy cell walls and will begin to crush when the
compressive stress in the core reaches the crush stress

leve

Another approach to model the different regions of the
damaged core is to eliminate the region representing the
folded cell walls and define contacts between the facesheet
and the underlying core region
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Modeling of core damage region
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PRIOR TO CELL WALL
FAILURE INITIATION

A

=

AL

AFTER CELL WALL
FAILURE INITIATION

Upon sufficient loading of the
sandwich panel, the local bending
of the facesheet will initiate failure
in the healthy core adjacent to the
core damage region. This failure
initiation in the core occurs
adjacent to the facesheet. Even
though the analysis does not
indicate failure in the core
elements away from the facesheet,
their behavior will change as
illustrated in the figure, This
change in behavior of a cell
element due to failure of a
neighboring element must be
included in the modeling process.
This can be accomplished by using
material model "switching” option.

NOTE: The cell wall buckling and crushing process is a structural problem involving thin walled
honeycomb structure. During the FE analysis, the honeycomb structure is idealized as a continuum
to reduce the number of elements required to represent the core and thus decrease the
computational effort. The definition of different core material behaviors and their switching during
the analysis is an approximation of observed structural behavior using idealized material behavior,
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