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PROBLEM STATEMENT

Most fasteners used in the manufacture and repair of aircraft structures are “wet
installed” with a qualified aerospace sealant applied during installation to seal moisture
out and fuel in (such as in integral fuel tanks), and provide critical corrosion protection.
In the conventional wet installation process, a technician must carefully mix a two-part
sealant or thaw a batch of pre-mixed frozen sealant. Both forms of sealant have a limited
work life before the unused material must be discarded. In the manufacture of aircraft
like the F-35 Lightning II Joint Strike Fighter, sealant is applied by hand to each fastener
individually at the point of installation. The squeeze-out is wiped with a solvent-saturated
cloth, which is disposed of along with unused sealant. Conventional wet installation of
fasteners is a touch labor-intensive and time consuming process.

The long-term structural integrity of an aircraft depends on the quality and consistency of
the installation of its fasteners, and manual wet installation brings into play a number of
operator-induced variables. Both the volume of sealant applied and area covered can vary
widely from fastener to fastener. Under-
application of sealant threatens the strength of the
bond, so sealant 1is often over-applied,
necessitating time-consuming cleanup and waste
disposal. Additionally, application of sealant to
keep-out areas (such as fastener threads) can result
in installation failures and costly rework.

To put this into perspective, approximately
100,000 wet-installed fasteners are used to
assemble a single F-35. At full rate production,
these aircraft will be rolling off the final assembly
line at Lockheed Martin Aeronautics (LMA) Fort
Worth at the rate of one per day. At this pace,
every possible improvement to cycle time Figure 1. Manufacture of F-35 at
efficiency counts. Lockheed Martin Aeronautics
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This issue affects the assembly of all sizes of aircraft, from small military helicopters to
the largest wide body passenger jets. Airframer facilities that produce military transports
such as Boeing’s C-17 and wide-body jets like the Airbus A380 and Boeing 747 are
equipped with robotic automated fastening systems. The leading cause of downtime in
such systems is fouling caused by wet sealant contamination.

Systems and Materials Research Corporation (SMRC) is developing QOwikSeal®, a
proprietary system for pre-applying sealants to aircraft fasteners, streamlining wet
fastener installation and eliminating many of its time-consuming preparation steps and
process variability.'

WHO CAN BENEFIT?

Manufacturers and maintainers of virtually all fixed and rotary wing aircraft — both
commercial and military, including all NAVAIR commands — will benefit from adopting
a technology for pre-sealing fasteners. QwikSeal is currently under evaluation for
insertion in a number of military and commercial aviation platforms.

BASELINE TECHNOLOGY

Aerospace sealants are typically sold either as two components that must be carefully
mixed or as pre-mixed frozen (PMF) batches that require storage at extremely low
temperatures (-80°F or below) and thawing prior to use. Sealants have limited shelf lives;
two-part systems must be discarded after nine months, and PMF sealants are viable for
less than a month. Once mixed or thawed the sealant immediately begins to harden. Work
life is typically less than two hours, after which the unused sealant must be discarded.

Sealant is then applied to each fastener by hand. After installation, excess sealant around
the head is wiped using solvent-saturated cloths. Installation quality is technician-
dependent and improper application techniques can result in poor adhesion and sealing,
ultimately forming leak paths and corrosion. Misapplication of sealant to keep-out areas
(such as fastener threads) can result in installation failures and costly rework.

Airframers like Boeing and Airbus utilize multi-million dollar robotic systems that
automatically site, drill, and countersink the holes, then position and install fasteners. The
last step prior to insertion into the hole is the application of wet sealant, the Achilles' heel
of these sophisticated machines. Wet sealant is the single most common source of
contamination of automated tooling, and causes expensive equipment downtime.

TECHNOLOGY DESCRIPTION

OwikSeal® is an innovative new technology designed to obviate the need for almost all
handling of wet sealant materials, yielding both substantial cuts in labor costs and an
enhanced coating repeatability. QwikSeal’s patent-pending technology for pre-applying
sealants to aircraft fasteners encompasses both the materials chemistry and automated
high-rate coating systems.” Examples of laboratory-coated OwikSeal fasteners and a
schematic of a QwikSeal fastener are shown in Figure 2.

: OwikSeal® is a registered trademark of SMRC
AV Bray, DD Deppe, GR Schmidt, JL Massingill, CE Powell, PN Patel; “Self-Sealing Fastener,” US
Patent Application 12/034,636, filed February 20, 2008
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Figure 2. Left: Fasteners pre-sealed with QwikSeal® technology
Right: Schematic of a QwikSeal fastener

A key to QwikSeal’s functionality is a proprietary chemical process for temporarily
blocking the cure of mixed two-part polythioether sealant. The traditional catalysis
system is replaced with a moisture-initiated curing mechanism; as long as the sealant is
kept dry, it remains uncured. In the QwikSeal application process, a metered volume of
cure-blocked sealant is applied to the fastener and immediately overcoated with a thin
UV-cured moisture barrier size coat. This coating prevents moisture from reaching the
uncured sealant and provides a structural skin to hold the wet sealant in place.

During installation, applied stresses fracture the barrier size coat, freeing the sealant to
flow between the fastener and the surrounding structure, and allowing ambient moisture
to reach the sealant. Moisture reverses the cure block and initiates sealant cure. QwikSeal
was designed to be integrated seamlessly into the airframe manufacturing process, as it
requires no changes to fastener design, hole size, or installation tooling. QwikSeal is
compatible with all clearance conditions (interference/non-interference) and fastener
types (threaded, solid, and blind), and has been proven in robotic automated fastening
systems.

Boeing’s 1997 cost-benefit analysis for switching from conventionally wet-installed
fasteners to pre-coated fasteners yielded a savings of $2.10 per fastener (in current
dollars), which is attributed to reduced labor hours for installation, reduced paint
adhesion touch-up, and eliminated hazmat disposal costs.’ In particular, OwikSeal will
yield an estimated 50% decrease in installation time compared to the current wet
installation process. Based on an aircraft like the F-35 that contains 100,000 sealed
fasteners (large transport aircraft utilize upwards of 1.5 million), and assuming a very
conservative time savings of 20 seconds per fastener, total fastener installation time
would be reduced by over 500 man-hours per aircrafi.

The most notable of other efforts to bring self-sealing fastener technologies to market is
Hi-Kote™, a dry film coating for aerospace fasteners that has been used in limited
applications in place of wet-installed fasteners. Whereas OQwikSeal is designed to mimic

? Boeing News Release, http:/www.boeing.com/defense-space/military/c17/news/mdc/97-51.html
* Hi-Kote" is a registered trademark of Hi-Shear Corporation.
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conventional wet installation, Hi-Kote is a phenolic-based solvent-borne coating that is
sprayed onto the fastener and oven cured. In today’s increasingly “green” manufacturing
environment, adoption of Hi-Kote for new platforms would be difficult since its coatings
include hexavalent chromium for corrosion resistance. It should also be noted that in a
corrosion study conducted by NAVAIR, an early OwikSeal formulation performed
significantly better than Hi-Kote, and compared well with fasteners installed with the best
established corrosion inhibitors.” QwikSeal is compared with both Hi-Kote and the
current wet fastener installation process in Table 1, in which each attribute is ranked with
between one and four stars. The features, advantages, and benefits of QwikSeal are
summarized in Table 2.

Table 1. Comparison of OwikSeal® to Competing Technologies

Baseline — Current

QwikSeal® Hi-Kote” Wet Installation
Reductli_%rt])i)r: Touch * %k K * % * *
e ™ | KAk K | K *
Corrosion Protection * % kK * * * & kK
Adhesion Performance | % % % % * * & kK
S%)(I)\(/JeoﬁtSE?::i;o;a,t\ilgn * kX * * * * ok ok

Table 2. Features, Advantages, and Benefits of QwikSeal®

Features ‘ Advantages Benefits ‘
Pre-sealed N.o application _of seala_nt Saves in labor hours, $
fasteners directly before installation
Uses currently specified
Fasteners fasteners. No changes to Requires no added tooling costs
holes, fasteners, or tools
Moisture-curable Sealant cures in place Adhesion and corrosion
sealant P resistance
Premature cure | Visually shows fasteners Prevents installation of pre-cured
indicator that have begun to cure fasteners and associated rework
Size coat Moisture barrier coating Handleability (dr_y to the touch).
Improved shelf life
Application High-rate, precise pre- Keeps up with productlo_n .
) e : demand. Improved consistency in
machines application of QwikSeal

sealant amount and area covered

> Letter from KJ Kovaleski, Naval Air Systems Command to GR Schmidt, Systems and Materials Research
Corporation, dated 19 Sep 08.
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CURRENT STATE OF DEVELOPMENT

During the Phase I SBIR program, tests completed by NAVAIR confirmed that pre-
applied single-part sealant provided excellent corrosion protection properties in a battery
of corrosion tests, and virtually obviated the need for post-installation cleanup. Phase II,
IIE and III work to date has achieved the following:

A process was developed to create cure-blocked, single-part moisture-curable sealants
which can be deblocked on demand.

* A 100% solids moisture barrier coating curable in under one second was achieved.

* Design of an automated QwikSeal application machine was completed, including
techniques for precise dispensing of sealant and barrier coat. The target production
rate for eventual full-scale manufacturing is greater than 1,400 QwikSeal fasteners per
hour per machine.

* A prototype machine has been fabricated and work is in progress towards
optimization of machine parameters and production of prototype fasteners for
qualification testing and evaluation by airframe primes.

In 2007, SMRC and PPG Aerospace/PRC-DeSoto International (PPG), a worldwide
leader in aerospace sealants and coatings, entered into an agreement for joint
development and commercialization of OQwikSeal in military and commercial aviation
markets. Under an exclusive license from SMRC, PPG will transition QwikSeal to the
global aviation marketplace. It is expected that OwikSeal application machines will be
located onsite within key aircraft manufacturing facilities and maintenance depots.

In a related SBIR program, SMRC is developing a premature cure indicator (PCI) dye
which will provide a visual warning to the installer if the pre-applied sealant is no longer
viable (i.e., has begun to cure) under the barrier coat. The company was recently awarded
a subcontract through NAVAIR for initial qualification of QwikSeal. Current sources of
funding will allow QwikSeal technology to reach TRL 7 and MRL 6.

Additional funding from DoD program offices and prime contractors is critical to
complete transition of the technology and to deliver a qualified, cost-effective pre-sealed
fastener system to aerospace customers. Perfecting a disruptive technology that affects
the fundamental structural integrity of military and commercial airframes — and thus their
airworthiness — is a complex undertaking with no margin for error. Fasteners are critical
to the airframe structure, and the industry will simply not adopt this technology without
extensive evaluation and demonstration. Achieving TRL levels 8 and 9 requires
qualification and flight testing of QwikSeal fasteners on each platform, followed by
delivering an application machine design capable of full rate production.
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The TechnicalPoint of Contact (TPOC) at NAVAIR for the Phase IIE and Phase lli
programs can be reached at (301)-88Z6.

ABOUT THE COMPANY

Founded in 1998, Systems and Materials Research Corporation (SMRC) maintains
headquarters and laboratory facilities in AustinjcBwood, and San Marcos, Texas.
SMRC professional staff brings specialized expertise in advanced systems and materials
technology development.

SMRC is fully committed to transitioning SBIR technologies to the fleet and to the
commercial marketplace. Cunteprojects include a successful Phase Ill IDIQ program

for its Microwave Nondestructive Evaluation
JSF transition program for its S&kaling Aircraft Fastener Technolog@wikSeaf’,

with mission funds coming from thé&oint Strike Fighter (JSF) program office. The

company has ongoing product development programs in advanced lightweight ballistic

armor, nanocomposite barrier coatings, and innovative manufacturing technologies.

SMRC works closely with prime contractorscinding Lockheed Martin Aeronautics,

Northrop Grumman Corporation, Bell Helicopter and others, as well as principal

suppliers such as PPG Aerosp&ieC DeSoto, during product development to improve

the potenti al f or event uatbn strategynnsalvésidiceat . S MR C
customer contact and needs assessment, joint visits with transition partners, and
showcases at conferences and tradeshows. The strong relationship forgéd/mvjth

NGC, and Bell early inthe Phasellprogram laid the foundath for the eventual

productization ofRobo Chek E and Bl adeCheckE,-basedvo of S
nondestructive evaluation technologi€khis development strategy is used for all of
SMRCO0s devel oped t@wkSHenl tolersye trarsitioni ncl udi ng
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