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NIST Mission

To promote U.S. innovation and industrial
competitiveness by advancing measurement

science, standards, & technology in ways

that enhance economic security and improve our
quality of life

NIST’s mission is to help industry with their most pressing measurement challenges!
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Composites Revolutionize

o ‘m
LlamJ\/laI&ne.

few year service life few year service life

Boeing 787 Dreamliner
50% composite by mass

Materials Innovations

- Manufacturing innovations
Quantitative

Measurements Modeling, design, & data

Testing & validation

——

. oy W o Standards

f o — e W -

20 tO 30 year SerVIce Ilfe Pultrusion Conference 2021



CALIBRATED
EQUIPMENT &
MEASUREMENTS ARE
ESSENTIAL

Boeing force
measurements are
traceable to the SI

NIST provides force
standards for traceability




A Revolution is Needed NIST

Measurements
Needed

Durability Requirements
extreme Ts
moisture / water

salt, pH
UV radiation https://strongtigs

es/defauiff es/general |

infrastructure- . |
mechanical fatigue mgffRp Applicatio.jog

Ra!1°nes/ natural disasters
NIST can play a critical role to help develop the measurement
basis to assess the durability of composites for infrastructure
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NIST Laboratory Programs
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My presentation emphasizes composites activities in our Materials Measurement Laboratory and
primarily reflects low TRL (<4) measurement developments. Other parts of NIST operate in high

*

TRL space.
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Composites for Infrastructure Roadmap

NIST Special Publication 1218

ROAD MAPPING WORKSHOP REPORT

ON

OVERCOMING BARRIERS TO ADOPTION OF
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This February 2017 “Road Mapping Workshop”
brought together designers, engineers,
manufacturers, researchers, owners and end-users
to identify barriers and potential solutions
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Composites for Infrastructure Roadmap

Durability Accelerated Test Case Study and Model Improved Costs
. Data Analvsis Correlation to Prediction of 100 and
TeStmg y Field Data Year Service Life Sustainability

Design Data Guidelines Harmonize National to Widespread
Clea ringhouse Repository Standards Global Adoption

Trained

Apprenticeship Designers and
Contractors

Education Curriculum Program
and Training Development Certification

In the absence of legislation, NIST continues to make progress in two key
* areas at the low TRL levels, focusing on the measurement science
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Polymer Matrix Composites

Motivation

The fiber-matrix interphase is critical for integrating the interphase < 100 nm
strength of high-performance fibers with the toughness
of polymer resins into a composite material. However,
the role of interphase in controlling the strength,
toughness & durability of composites under :
environmental extremes is poorly understood or polymer matrix
guantified.

Glass Fiber
m

Objectives Interphase dominates

Deliver tools that quantify the interphase and how it
affects:

ExtremesinT

» Strength, Damage, and Toughness HZO' 02' solvents, salts

* Polymer Dynamics, Relaxation, and Water Transport
* Data, Modeling and Design Tools

Mechanical Fatigue

C UStOme rS a n d Partn e rs : m National Institute of Dental

and Craniofacial Research
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Polymer Composites for Extreme Environments NIST

CHi

Center of Excellence

1851

NIST’s Materials Genome Initiative
MaD

High performance
aerospace composites

T cycles from 80 to 400 K
Low O, permeability
Cryogenic toughness

O O O O O

) —— S #"H Durable interphase
Jeff Gilman Sinan Keten Ken Shull  Ange-Therese Akono  Chris Soles Modeling & data
(NIST) (NU) (NU) (NU) (NIST) cling
e T — | | Sharing tools

Fred Phelan

J Woodcock Jack Douglas
(NIST) (NIST) (NIST) (NIST/AU) (NIST) (NIST)

Gale Holmes Douglas Fox




Interfacial Shear Strength ()

interphase < 100 nm
Interphase
transfers load
to fiber
polymer matrix
McCarthy et al, Composites Science and Technology, 121, 73-81
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Autonomous Interfacial Shear Strength (t¢)

SNAPPY: Autonomous Fiber Fragmentation
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. SNAPPY uses computer vision and

autonomous methods for real
time and high-speed tracking of:

Break locations

Fiber fragment length
Debond lengths at fiber ends
Break morphology

Stress relaxation

Improved T, calculations



Autonomous Interfacial Shear Strength (t¢)

Section 1
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SNAPPY greatly improves counting
statistics — reduced uncertainty
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Step 14: 1.8 % strain

SNAPPY quantifies stress
relaxation — new information
from SFFT measurements!



Autonomous Interfacial Shear Strength (7 ()
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Stress, MPa
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Different resins lead to different break morphologies — affects 7, calculations!
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Mechanophores to image matrix damage

Single Fiber Fragmentation Test Birefringent Images Mechanophore Images
Interfacial Shear Stress (stress fields) (matrix yield)
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Aquaflors to image absorbed water

Water Sensing Fluorescent Dye Molecules (AGFDs) Non-Contact Microwave Dielectric Measurements
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Composites Modeling & Data

Mechanophore Design Mechanical Deformation of CNC Films

ool
- -
NN e & O(\/o 0 O)Y‘AA'-DDS :
OH OH ? OH e
Core
Epon IUUIF‘.‘, Epon 1001F
®

éuun 1001F Epon 1001F

i ] 1 | ]
(b) [ 300 - ,.w T
- flineor- - P
— 100 § "
E R L i
- [ "
& 100 - i i
Iy i i
oo olllidl bt )
v 3 v N
- E 100 100 100 10 &
2 C ol i
- ‘ . / " @ CAtoms e
1k 1 m XN Atoms b -
1 T L 1 [ L L g
(d)10” F 'E o T . {L, T | TRubbery Plateay === o =
- xpt. Temperature 3 &
HoN NH; e s 03909 © 4086 - i
oYy N‘\ b 03957 © 4111 P ] 1
’ \ 04012 © 4135 i F_A| =
4 \“:E e ; 4 80 .'Jncalr-!?g "
® tanios 0 O, {wty gl o ; iy .;
ﬁtﬂwmw ‘;- ! a0 i : ::
) 0= i 9
All-atom (AA) ——— Coarse-grained (CG) & P e e NS T EN AN
10°E | Lii | 00 1055 10 Jo 10
:l.(]'l lﬂo 101 102 103 IO‘ 105 1(]6 IIJ? ].l:lB 109

Menu of CG Options

(@)

O
O
O

Reduced time t/a; (s) at Reference Temperature Tyoq = 403.2K

Iterative Boltmann Inversion (structure)

Strain Energy Mapping (order) Validate modelling out to ~ 30 years!

Slower
Relaxation

Polymer Matrix
Relaxation

>

Increasing NP Size or
Decreasing Surface Curvature

T LI S B S B
o (@) Strongly Attractive Interfaces

\\\\\\

P | - PRI B S SRS RS "
4 0.5 0.6 0.7 0.8
Temperature T

Energy Renormalization (local dynamics)
Dissipative Potentials (viscous dissipation)

WebFF (data archiving & sharing)

=

Comsoft Workbench (data tools)




WebFF — A Platform for Sharing Simulation Data NIST

CDCS (Base)

I ” i I-‘ -—ﬂ—‘ Findable
Schema .
Prary —— Accessible

Custom Components Intero pera ble
Embedded Peripheral Reusable
XML Schema’s XSLT WebFF.py FF Assighment User Manual
(Custom) (Data Output) (Data Input) (FF Usage) (ReadTheDocs)

WeDbFF is a public, central repository being developed by NIST for atomistic modeling
force field data for composites material. Data is curated from published sources
(community) with metadata to provide provenance and quality. This infrastructure can
be expanded into a composites data clearinghouse
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COMSOFT Tools

Modeling tool set to work with shared atomist force field data (WebFF)

Iterative Boltzmann Inversion (IBI)

Application Specific Code

Validated CG Methods

Functional Libraries Peripheral Engines

emica ATl
Dt/ VD Simulator |
o) e
D
Data Classes atabase

A \/

Bond Distribution

Bond Distribution: Target vs. Final

0.010 4

0.008

0.006

0.004 4
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+ Final

Proper coarse graining is critical to improve modeling efficiency
and extend simulations & predict long term performance

Modeling tool for designing new composite materials
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Summary

NIST is supporting a broad range of composites research across our campus and laboratories
Composites for infrastructure is a strategic area where we are currently making investments

The NIST Composites Project / Materials Measurement Laboratory focuses on:

* Role of the fiber-matrix interphase on mechanical properties / interfacial shear strength
* Fluorescence dyes to image matrix damage and deleterious absorbed water
* Non-contact microwave inspection tools for matrix damage and water

 Modelling, data sharing, and analysis tools for composite materials

NIST is interested in measurement and standards issues facing the composites community
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CONTACT FOR MORE INFORMATION

Christopher L. Soles, Ph D

Leader, Functional Polymers Group
Materials Measurement Laboratory

National Institute of Standards & Technology
100 Bureau Drive, Gaithersburg, MD 20899
(301) 975 — 8087

christopher.soles@nist.gov

https://www.nist.gov/mml/materials-science-and-engineering-division/functional-polymers-group

NST

MATERIAL MEASUREMENT LABORATORY
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Mechanophores to image matrix damage
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Mechanophores to image matrix damage
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Mechanophores to image matrix damage
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Composites at NIST
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https://doi.org/10.1021/acsmacrolett.5b00368
https://link.aps.org/doi/10.1103/PhysRevLett.118.147801
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TRANSPORTATION
SECTOR

Automotive Lightweighting T

1% represent share of

. total oil consumption)
Residential and
commercial

5%

Light-duty
vehicles

TOTAL OIL
CONSUMPTION

45%

Motivation

Industrial
22% ©.9 BILLION
BARRELS

The US auto industry lacks the tools to quickly and inexpensively adopt new, lightweight
materials

Objective
Develop new metrology, data and models to help them achieve these goals

2015 CHEVROLET COLORADO FIND ' vATADS AT iy

Accomplishments

. ![Z’rotviding high rate and complex stress state data on CFRPs and developed new mechanical
ests

* New instrumented tension/compression testing system developed

» Formation of new society for DIC and launched new standards activities

* New insights into best practices for interpreting texture data for accurate mathematical
representation

« Our data on evolving yield surface in aluminum used by Ford to save development time and
cost for aluminum bodied F-150 pickup

» Provided guidance and leadership to manufacturing center LIFT on project selection and
review

« Active and pending research agreements: LIFT, Novelis, GM, Caterpillar, Auto/Steel
Partnership, Ford, Dow

NIST MATERIAL MEASUREMENT LABORATORY



Digital Image Correlation (DIC) Standards

Axial Load
e * Calculates deformation in 3D with high resolution I
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Industrial Interactions: Carbon Fiber Composites

=l

“Smart” models to design w/ CFRPs for E’ T
structural components. \We measure m ““Ii

complex behaviors that include:

» High rate for crashworthiness (w/T)
 Interfacial strength
» Single fiber adhesion to epoxy
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COMPOSITES FOR INFRASTRUCTURE ROADMAP NIST

NIST Special Publication 1218

ROAD MAPPING WORKSHOP REPORT Workshop Report makes three key
ON

OVERCOMING BARRIERS TO ADOPTION OF recommendation to overcome barriers
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December 2017
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COMPOSITES FOR INFRASTRUCTURE ROADMAP NIST

NIST Special Publication 1218 Resounding support from our stakeholders!
Variations on the recommendations appear in many bills

ROAD MAPPING WORKSHOP REPORT
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December 2017 To date, none of these bills have been enacted into law
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