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The U.S. Navy's certification and qualifi-
cation process for materials and structures is
undertaken to ensure the flight safety and
full mission capability of naval aviation
weapon systems. A building-block process is
practiced in which validated engineering
data and concepts provide the foundation for
continued technological development and
innovation. For example, prior to developing
material-property standards, the manufac-
turing process is frozen and fully character-
ized. The customer’s cost, schedule, and per-
formance requirements must be carefully
considered. Technologies are selected for
immediate use or further R&D based upon a
risk assessment that takes intoaccount many
factors, including technological maturity,
lessons learned, the sponsor budget and sched-
ule constraints, affordability, return on in-
vestment, and life-cycle cost impact. This
paper explores the process that the navy uses
to qualify its airframe alloys and structures.

INTRODUCTION

Naval aircraft routinely operate in the
harshestenvironmentsin theworld. The
catapult take-off and arrested landings
are conducted on a moving airstrip 305
meters long, that is, one-tenth the size of
conventional runway. Salt water, stack
gases, jet exhaust, and austere mainte-
nance conditions (i.e., little fresh water)
combine to form a highly corrosive envi-

ronment. Figure 1 shows a salt-water
washed U.S.Navy aircraftsecured to the
deck of an aircraft carrier in heavy seas.
Although protected with corrosion in-
hibitors and paints, the structural alloys
used must have intrinsic corrosion resis-
tance. Resistance to general Ccorrosion,
galvanic corrosion, pitting, exfoliation,
stress-corrosion cracking, and corrosion
fatigue must be considered. The use of
environmentally sensitive alloys, such
as high-strength steels, magnesium al-
loys, and peak aged 7000 series alumi-
num alloys are closely managed.

The principle objective of the qualifi-
cation processis todelivera quality prod-
uct, fit for use,! to the warfighter. The
navy designs its aircraft structures to
maintain a single-flight probability of
catastrophic failure of less than 1 x 107,
and uses crack initiation as the primary
measure of airframelife for metallic struc-
tures. The navy philosophy is to design
toasevere usage spectrum and maintain
its aircraft with the intention of repair-
ing or replacing primary airframe struc-
tures prior to crack initiation. This phi-
losophy impacts every aspect of how an
aircraft is managed, including its de-
sign, certification, in-service monitoring,
and life re-evaluation. The latter is espe-
cially important as the navy seeks to
extend the useablelife of its aging fleet of

Figure 1. Bow wave washes aircraft in salt water.

aircraft. Today, theaverage age ofanavy
aircraft is 17.2 years; this figure is ex-
pected to continue to rise and stabilize at
20 years.? Importantly, many of the
navy’s types, models, and series of air-
craft are significantly older.

Because the nondestructive evalua-
tion (NDE) of alloys and structures is
essential to the navy’s process, struc-
tural components and alloys are de-
signed with NDE in mind. Consider-
ation must be given to the manufactur-
ing process used, types of defects present,
the effect of defects, and the compatibil-
ity and sensitivity of NDE techniques.

THE DESIGN AND
CERTIFICATION DRIVERS

The design and certification drivers
for structures and materials® are inexo-
rably linked together with virtually all
material and structural design and certi-
fication requirements stemming from a
few basic drivers.

Fundamental airframe design and cer-
tification drivers applied to naval air-
craft include*”

* Performance comparable/superior

to land-based aircraft

¢ Single-flight probability of failure

<1x107

* No planned structural repairs dur-

ing aircraft service life

* Noplanned structural non-destruc-

tive inspections during aircraft ser-
vice life

* No corrosion repair during aircraft

service life

THE MATERIALS
CERTIFICATION PROCESS

Thesafe operation, readiness, and sup-
port of naval aviation systems rely on a
disciplined approach (see Figure 2) that
establishes strong linkages between fleet
needs, program needs, and materials
technologies. Fleet and program needs
are continually identified and translated
into performance-based technical re-
quirements. Candidate materials tech-
nologies are then identified to address
those needs. Preferred materials tech-
nologiesreceive certificationat that point
at which a complete characterization of
the technology has been documented.
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A systems-engineering design ap-
proach is utilized to translate the
customer’s performance-based require-
ments into certified materials technolo-
gies.® The process for the certification of
materials technologies follows:”?10

e The identification of customer re-
quirements and expectations.

 Thetranslation of customer require-
ments and expectations into mate-
rials technologies.

 The prioritization and selection of
candidate materials technologies.

* The development, standardization,
characterization, and demonstra-
tion of materials technologies.

¢ The transition of preferred materi-
als technologies.

Essential to the process are thoughtful
consideration and affirmative answers
to three important questions:

Has the Materials Technology Been
Developed and Standardized?

The process by which a material is
produced must be fully developed and
standardized. That is, the material must
be produced according to a fixed pro-
cess specification and have been regis-
tered in accordance with an industry or
military standard (e.g., an aerospace
material specification). These standards
contain material and process specifica-
tion requirements consistent with con-
ditions representative of the processing
and manufacturing environment. The
contents of a typical standard (e.g., AMS
2759/2C or AMSTS81915) include the
scope of the standard, reference to appli-
cable documents, technical require-
ments, provisions for quality assurance,
preparation for delivery, and notes.*?

Has the Materials Technology Been
Fully Characterized?

Statistically substantiated, mechani-
cal property minimum data (consistent
with requirements of Military Handbook
5 [MIL HNDK 5], “Metallic Materials
and Elements for Aerospace Vehicle”)
must be generated for the materials and
processes used.”® For metallic materials,
the navy prefers the use of A Basis
Allowables. Ninety-nine percent of the
population exceeds minimum property
data reported with a 95% confidence
level. The product used to determine
mechanical properties mustbe from pro-
duction material using production fa-
cilities and standard fabrication and pro-
cessing procedures. To ensure consis-
tency, the test population must include
ten lots of material from at least two
production heats, casts, or melts for each
product form.

Because it determines the physical,
mechanical, and chemical property re-
quirements of the alloy, the operational
environment of the candidate alloy must
be considered. Typically, these material
property data exceed the scope of MIL

HNDK 5.1 Therefore, test data sufficient
to statistically substantiate the alloy’s
behavior in its operational environment
must be developed.

Some material factors to consider are
static-strength requirements, fatigue-
crack initiation, fracture toughness, fa-
tigue-crack growth, corrosion and
embrittlement, environmental stability,
producibility, availability, repairability,
costs, fabrication characteristics,
inspectability, erosion and abrasion,
wear characteristics, compatibility with
other materials, thermal and electrical
characteristics, hard coating to improve
wear resistance, and metallic plating to
provide galvanic compatibility.

Furthermore, NDE techniques must
be shown to be capable of detecting rep-
resentative defects, and the effect of de-
fects on materials properties must be
understood and characterized. Also, the
limitations of the NDE techniques being
applied must be understood, along with
the probability of detecting processing
and manufacturing defects.!415

Has the Materials Technology Been
Demonstrated?

The candidate materials technology
must be demonstrated on sub-compo-

nents specimens representative of those
contemplated for use. Verification that
analloy canbe satisfactorily produced in
the form and size of the intended appli-
cation is required. NDE techniques for
detecting alloy and manufacturing de-
fects found in the product must be dem-
onstrated—defects may be intentionally
introduced into the material to assess
their effect on alloy properties and the
ability of NDE techniques to detect them.

STRUCTURAL DESIGN AND
CERTIFICATION PROCESS

The U.S. Navy airframe fatigue phi-
losophy is to design, certify, monitor,
and maintain aircraft with the intent to
repair or replace all airframe parts prior
to crack initiation.*'¢ The development
of widespread crackinitiation sites in the
structure defines the upper limit of air-
frame fatigue life.”” The navy’s opera-
tional experience indicates that cracks
initiate from initial flaws, poor design
details, or from the exceedance of design
Kts Allowables. The Naval Air Systems
Command structural integrity policy
may be divided into three phases: design
and certification, in-service monitoring,
and life re-evaluation. Important factors
to consider include service goals and

Producibility
Inspectability
Repairability

REQUIREMENTS DEFINITION

Material Properties (mechanical, chemical, physical, electromagnetic}
Pollution Prevention (life cycle environmental compliance and management)

v

Leverage Parallel Efforts

DOWNSELECT & DEVELOP MATERIALS SOLUTION
Substantiate Requirements Compliance/Technical Maturity
Substantiate Critical Path Schedule Compliance
Substantiate Affordability/Return on Investment/Life Cycle Cost
Conduct Trade Studies and Risk Analyses

v

» Material Specification

- Stoichiometry limits

~ Minimum properties (established relative to material
design allowables and cost of rejecting noncompliant
material) and capability verification testing

- NDI accept/reject criteria (correlated with effects of
defects testing and probability of detection)

- Supplier qualification

STANDARDIZE MATERIALS SOLUTION [
* Process Specification(s) ‘

- Monitoring and control of key process parameters
- Preproduction process verification

- Production NDI methods and techniques

- Production testing

- Stabilized process ‘
- Processor qualification i

v

Wear and Erosion

CHARACTERIZE MATERIALS SOLUTION
Material Property Design Allowables
- Account for production and service representative conditions, finishes,
effects of defects (correlated with NDI accept/reject criteria),
manufacturing variability, and supplier base
- Statistically expressed confidence levels
- Statistically expressed exceedance values (established relative to
Material Specification minimum properties and application criticality)
Corrosion: Crevice, Exfoliation, Filiform, Galvanic, Stress Corrosion

v

+ Full Scale Manufacturing Demonstration
- Full Scale Manufacturing NDI
- Full Scale Manufacturing Destructive Evaluation and
NDI Validation

DEMONSTRATE MATERIALS SOLUTION

Subscale/Full Scale Structural Risk Reduction Testing

- Static article(s) - Dynamics article(s)

- Fatigue article(s) - Survivability/Vulnerability article(s)
- Drop article(s) - Validate analysis methodology

A,

CERTIFIED METALLIC MATERIAL AND STRUCTURE

Figure 2. A building-block approach to materials qualification and certification.
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usage, identification of critical areas, fa-
tigue and stress analysis, developmen-
tal testing, airplane and component test-
ing, fatigue performance analysis, de-
sign and manufacturing processes, air-
craft in service experience, and inspec-
tion intervals.

Structural Design and Certification

The certification consists of three steps:
designiteration, ground verification test,
and flight tests. The following design
criteria are applied for static strength
properties. For metallic materials, the
design criteria are A Basis Allowables,
and for composite materials, B Basis
Allowables are used. For metallic struc-
tures, no gross section yielding at 115%
of the design limitload (DLL) is permis-
sible, and no catastrophic failure at 150%
of the DLL is acceptable. For the land-
ing-gearassembly,no gross section yield-
ing is permitted to occur at the peak
design load.

The criteria for fatigue properties of
metallic structures prohibit crack initia-
tion in one lifetime of the aircraft. Typi-
cally, in order to ensure the latter, the
design analysis must demonstrate that
no cracks will form in 2.7-4 lifetimes.
The design spectrum used is robust. The
test spectrum is established in the air-
craft specification and, except for point-
in-the-sky, is based on the usage experi-
ence of similar type aircraft. The points-
in-the-sky (Mach and altitude) for the
overall test spectrum are required to be
a combination that provides at least 80%
of the maximum possible fatigue dam-
age for each sub-component. The maxi-
mum damage is the amount of damage
a sub-component would sustain assum-
ing that all aircraft maneuvers occurred
at the most critical point in the sky for
thatcomponent. The spectrum employed
is for an aircraft with 60% internal fuel
and representative mission stores.

To further ensure structural integrity,
adamage-tolerantdesign criterionisalso
applied. For metallic structures, cracks
of 0.25 mm in size must not propagate to
its critical flaw size (a ) in one lifetime.
The critical flaw size must be equal to or
greater than 6.4 mm at the DLL, and the
maximum stress intensity must be less
than the threshold for K. with 0.25

1SCC

mm flaw. Airframe members suffering
significant cross-section-area reduction
froma 6.4 mm crack are tobe assumed as
severed and a fail-safe criteria applied.
The entire primary structure, with the
exception of horizontal stabilizer
spindles and wing pivots, must demon-
strate fail-safe capability to limit load.

Ground tests are conducted on the
airframe and airframe sub-components
(Figure 2) to verify the aircraft design
criterionare satisfied and toensuresstruc-
tural integrity. Verification includes
static, fatigue, and drop tests. Static tests
also ensure that buckling occurs at the
predicted load levels and the residual
stress in the landing gear does not ex-
ceed theK . .threshold. Fatigue-test veri-
fication entails testing to two (three is
preferred) lifetimes of design spectrum.
A successful test means that no cracks
0.25 mm long initiate.

Drop tests are performed on navy air-
craft to simulate the loads experienced
during a carrier landing. The airframe is
dropped at up to the design-sink rate of
8-9m/s.The primary purposeis tomea-
sure dynamic response and evaluate
landing gear load-stroke performance.
Finally, flight tests verify load and stiff-
ness predictions, flutter, carrier suitabil-
ity, and store release loads.

Service Life Management

A detailed review of the manner in
which the navy manages its aircraft is
beyond the scope of this paper. How-
ever, because that process has a signifi-
cant effect on design and certification,
the management philosophy will be de-
lineated. The Aircraft Structural Life Sur-
veillance Program tracks individual air-
craft usage employing counting acceler-
ometers or multi-parameter recorders.
Accelerometer and parametric recorder
data are processed and subsequently
converted to fatigue-life expended (FLE)
values for each aircraft. On a quarterly
basis the Structural Appraisal of Fatigue
Effects Report is issued which provides
FLE data for each aircraft, along with life
projections and other usage information.
Component life limits, derived from fa-
tigue testing, are issued in a Service Life
Bulletin on an as-required basis. Aircraft
or aircraft components that exceed their

FLE are removed from service.

A Service Life Assessment Program
(SLAP) is typically undertaken after the
fleet-average FLE passes 50%. The SLAP
is an extensive, destructive, teardown
inspection of at least one aircraft com-
bined with a reassessment of service
usage and component failure history.
This assessment involves extensive use
of NDE, fractography, and scanning elec-
tron microscopy in order to detect and
characterize fatigue cracks. The SLAP
provides further confirmation of the ac-
curacy of fatigue life predictions.
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