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Comprehensive microscopy and
spectroscopy facilities

Processing equipment includes two
autoclaves (700°F 400 psi), four vacuum
presses, a modular prepreg machine,
vacuum assisted resin transfer molding
(VARTM), high-temperature VARTM,
vacuum bag processing, various size ovens,
and a heated head automated tape
placement (ATP) facility




» Great opportunity to €
leadership role in composites

» Top training ground for young talent — hands
on exposure/experience

» Opportunity for government and industry
stronger collaboration

» Goals: innovation, leadership, collaboration,
competitiveness

Goal: To increase the use of
composites in NASA missions



Develop
New Resins
and Fibers

Pre-Pregging of
Composite Tows

Develop Advanced
Manufacturing and
and NDE Processes

TRL 4-6

TR

Testing and Analyses of
Composite Structures

Post-Cure, In-Situ NDE
of Composite Structures

Design and Manufacture of
Composite Structures



Aeronavutics Research Mission Directorate
Advanced Air Vehicles Program
Advanced Composites Project

Pl, Dr. Richard Young
PM, Dr. Stanley Smeltzer

Industry Partners
» Bell Helicopter Textron Inc. of Fort Worth, Texas
e GE Aviation of Cincinnati
* Lockheed Martin Aeronavutics Company of Palimdale, Calif.
* Northrop Grumman Aerospace Systems of Redondo Beach, Calif.
* Boeing Research & Technology of St. Louis
* United Technologies Corporation and subsidiary Prait & Whitney of
Hartford, Conn.

The six firms were chosen for their tfechnical expertise, willingness and ability to share in costs,
certification experience with government agencies, focused technology areas and partnership
histories.



Advanced Composites Project (ACP)

Reduce product development and timeline to certification by 30%

Technical Challenges (TCs)

TC 3Enhanced

TC1 Predictive Capability TC 2 Rapid Inspection Manufacturing



Material Invention Product Design Cycle: 5to 9 Years

Decign Development

Materials

Project Focus
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NASA Project Planning with Partner Input
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Description: Develop bonding process methods leading to improved
manufacturing quality control for co-bond and co-cured structure.

State of current practice: Process development of sandwich structure requires
empirical trial and error testing. Effects of process parameters of sandwich
structure are not fully understood. Bonded joints require labor intensive, time
consuming surface preparation that can be inconsistent and difficult to
certify.

1. Science based process model that eliminates/ reduces trial and error testing

2. Better control of process parameters leading to more consistent / repeatable bond
quality.

3. Automated, reproducible surface preparation techniques leading to more
consistent / repeatable bond quality.

Reduces current development and certification timeline

1. Process model reduces the bonded structure build cycle time

2. Repeatable surface preparation process leads to reduced process development
time and certification time.



flexibility.

Restrictions on the application of adhesively bonc
aircraft stem from a lack of control in current bonding methods [1] [2].

* The premature or unexpected failure of an adhesive bond can usually be
traced to defects in the preparation of the faying surface [3] [4].

« Current surface freatment techniques based on mechanical abrasion such
as grit blasting or sanding, or peel-ply have limited control with respect to
precision and reproducibility, create waste, and can leave behind
contamination that reduces bond performance.

[1] R. Bossi and M. Piehl, Manufacturing Engineering, pp. 101-109, March 2011.

[2] M. Perton, Journal of Physics D: Applied Physics, vol. 44, pp. 1-12, 2011.

[3] G. Davis, Surface and Interface Analysis, vol. 20, pp. 368-372, 1993.

[4] M. Davis and D. Bond, International Journal of Adhesion and Adhesives, vol. 19, pp. 91-105,
1999.
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number of ;ieps that make up the bonding ¢

a higﬁ precision, reproducible
surface treatment process for aerospace structural
metal alloys and carbon fiber reinforced composites
(CFRPs) that is amenable to automation and scale-
up that becomes part of an overall bonding process
leading to the certification of primary bonded

structure on commercial aircraft.

Justification: Process control is a critical
component needed to enable a FAA
approved certification methodology for
adhesive bonded primary commercial
transport aircraft structure.



« Contaminates cc
release plys, coated breather

« Composites fabricated by different techniques may have different types o
contaminants, and may have different surface characteristics (i.e. autoclave
processed parts may have more of a resin rich surface than a part fabricated by
AFP.

A.J. Kinlock, Adhesion and Adhesives, Chapman and Hall, p. 78 1987.



Creates oxygenc:’red surface
gas or open air) species and removes
contaminates

Affects about top 5 nm of surface, no
topography introduced

Must be within 0.5 inches of surface to
be effective

Exposure to plasma is generally not
harmful

Not effective for metallic alloys
Amenable to rapid throughput and
automation

customized fo
adjusting power, frequency
Topography can be introduced
Effective for Al and Ti alloys, can
remove chemical dip steps
Requires safety measures for
operation

Amenable to rapid throughput and
automation



Hand Held Water Conftact Angle Hand Held Fourier transform Infrared
Measurement Spectroscopy

« Places a water droplet on a surface, « Scans a surface rapidly and produces
and measures contact angle in real a spectra that identifies specific
time chemical functional groups and

« Measures arelatively small area species

« Contact angle can be used to infer « Measures arelatively small area
surface energy and wettability « Rapid, amenable to in-line QC

« Rapid, amenable to in-line QC « Applicable to many different

« Does not give any chemical or composite types, although some
molecular level information customization will likely be needed

« As asingle test, reliability it is likely

insufficient

Silicone %
(polydimethylsiloxa
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* Rapid, portable and hig

Device sends a well-controlled dynamic stress to the adhesive bond
that propagates through the composite structure and stresses bond
lines

The application of the dynamic stress on the composite material has
no effect on the integrity of the material or bond when it is properly
constructed

When the bond is substandard (i.e. below design strength as a result

of improper surface preparation or kissing bond), these defects can
be identified



Energetic surface treatment processes and inspection tools are u
development and evaluation

Optimization of process parameters and energies to achieve reproducible
performance and minimize production costs is still required

While differences exist between the methods, parameters can be adjusted to
achieve acceptable results for both plasma and laser based methods

Specific material systems, and specific part fabrication techniques will likely
require customization of these processes to achieve desirable performance in
adhesive bonding

The ability to control the application parameters of the energetic methods
combined with high fidelity, molecular level, rapid inspection techniques
provides a pathway for achieving robust durable bonded systems

Ultimately an acceptable NDI technique to assess bond integrity will likely be
needed to achieve cerlification for primary airframe structure






Description: Develop and validate high fidelity composite damage prediction
methods sufficiently reliable to enable reduction of the element and
subcomponent testing necessary for design development and certification.

State of current practice: Progressive damage methods and transient
dynamic methods are not capable of reliably predicting all failure modes.
Applicability and utility of progressive damage methods and fransient
dynamic methods, either alone or in combination, may depend on the
material form and application. Few, if any, of these tools have been
thoroughly validated. Hence, there is currently more reliance on testing

Benefits over current practice:



Description: Develop rapid design tools to reduce preliminary design timeline
and reduce redesign. Tools are needed to make design architecture and
material selection decisions, to conduct frade studies and optimizations.

State of current practice: Gaps exist in the rapid design tools for simulating
complex failure modes, which results in additional testing. Examples of gaps
include post-buckled skin stringer analysis, damage tolerance analysis, and
warpage residual stresses.

Benefits over current practice:



Description: Identify defect types of most interest to industry and then
develop methods to find, quantify, and efficiently pass composite
specific defect data back for analysis in a digital environment.

State of current practice: Current inspection methods are not sufficient to
quantify all the composite specific defects i.e., micro-cracks, subsurface
wrinkles, bond strength, etc. In addition, current methods for handling
inspection data do not allow for efficient use and rapid disposition of defects.

Benefits over current practice:



Description: Identify automated inspection and analysis opportunities of most
interest to industry by establishing a baseline of current practice for
comparison of improvements, identifying and ranking candidate techniques.
Develop high priority measurement and analysis techniques into validated

State of current practice: Current inspection and analysis methods are fime
and labor intensive. They generate large data sets requiring highly

skilled/subjective interpretation and don't allow for automated data fusion
opportunities.

Benefits over current practice:



Description: Develop Predictive tools to streamline the design, analysis, and
fabrication cycle time, predict automated fiber placement (AFP) induced defects, re-
defining defect thresholds, and improve processability for fiber placed structures.

PEEE__——_—————m—m—m—m—m—m—mssss

State of current practice: Current design and analysis is not linked to AFP processing
and fabrication. AFP induced defects are reduced through time-consuming trial and
error; AFP process models are non-existent. Induced defects require substantial
rework, increasing cycle time and production certification. Current industry rework
specifications are, in most cases, not based on supporting data. Close loop control of
current Hot Air and IR heating systems cannot be achieved.

Benefits over current practice:




Description: Develop cure process models with the goal of predicting
laminate quality and reducing manufacturing rework due to defects, which

e D G ——

State of current practice: Cure process models have been developed to
accurately predict residual stress due the cure process. These physics-based
process models are not currently capable of predicting common cure-
induced defects, such as porosity and wrinkling, or accounting for the effects
of raw material variability on cure-induced defects.

Benefits over current practice:



AFP Composites
Manufacturing

defec :
performance.

Today the cerlification of primary flight

| structures is largely an empirical enterprise

with analysis serving in only a supporting role
and this has led to resource intensive
certification processes with  enormous
commitments of time to experimental tests. This
commitment to an experiment dominated
certification process is a significant barrier to
innovation in both products and materials
systems. The development of new analysis
methods, such as physics-based processing
models utilized with enhanced computational
capacity, provide the framework upon which
cerlification by analysis, supported by
experiments can be realized.
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Elevated Porosity

Puckering

Justification: Process control is a critical
component of a FAA approved
certification methodology for
composite primary commercial
transport aircraft structure.



EA9394

AS4/APC-2

Automated Surface Treatment Methodology

Tensile Load

Critical component to enable
certification of primary
bonded airframe structure
Simplifies airframe design and
construction (no rivets,
secondary arrest features)
Achieve greater application of
bonded structure



TC3, OBJ 3 - Cure Process Modeling

Carbon fiber composite structures are built by a
multi-layer additive fabrication process whereby
the structural properties are developed during
manvufacturing. For automated tape placement
(ATP), the complete process includes: 1) matrix
synthesis 2) prepregging 3) tape lay-down and 4)
consolidation/cure with temperature and pressure.
For infusion processes, steps 2 and 3 are replaced
by fabric preform development and resin
impregnation, respectively. Variability in any of
these steps produces a range in mechanical

Objective: Improve process efficiency by
development of a physics -based process model to
predict defects and laminate performance due to
cure/consolidation and raw material variation
specifically as it applies to thick parts and complex
geometries.. Exploit these models to reduce
material development and manufacturing times
and provide real-time corrections to off -nominal
process conditions.

WREN

Approach: Improve the capabilities of COTS S v
cure process models to predict defects such as :
porosity and fiber waviness related to the

composite structure cure process

Fafl
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Justification: Process control is a critical
component of a FAA approved certification
methodology for composite primary
commercial transport aircraft structure. The
FAA highlights computational analysis of
process development as critical to further
understanding of defects and sites a study
where as little as 1.2% porosity can result in
a 40% knockdown in laminate mechanical
performance analysis



