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 Motivation and Key Issues

— Produce a guideline FAA document, which demonstrates a
“best practice” procedure for full-scale testing protocols for
composite airframe structures with examples

« Objective

— Demonstrate acceptable means of compliance for fatigue,
damage tolerance and static strength substantiation of
composite airframe structures

— Evaluate existing analysis methods and building-block database
needs as applied to practical problems crucial to composite
airframe structural substantiation

— Investigate realistic service damage scenarios and the
inspection & repair procedures suitable for field practice
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IS Research Program
Objectives AMIAS
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Primary Objective

Develop a probabilistic approach to synthesize life factor, load
factor and damage in composites to

determine fatigue life of a damage tolerant aircraft

Secondary Objectives

« Extend the current certification approach to explore extremely
improbable high energy impact threats, i.e. damages that reduce
residual strength of aircraft to limit load capability

— Investigate realistic service damage scenarios
— Inspection & repair procedures suitable for field practice

* Incorporating certain design changes into full-scale substantiation

without the burden of additional time-consuming and costly tests

The Joint Advanced Materials and Structtre
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SCATTER ANALYSIS

Life Factor Approach

Load-Enhancement Factor Approach

Fatigue Analysis

Application of Load-Life Enhancement Factors
Test Data and Case Studies
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Load-Enhancement Factor

Approach
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* Increase applied loads in fatigue tests so that the same level of
reliability can be achieved with a shorter test duration

— Whitehead, et. al (NAVY/FAA research for F-18 certification)
- Load (Scatter) Factor
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Scatter Analayis Computer
Code (SACC) TAS
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Scatter Analysis Computer Code Calculation Summary

File ~ Edit Calculations Tools Help
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Original Spectrum

I:l Enhanced Spectrum

N = N2 [or N¢]
LEF = LEF(N,) [or 1]

N =N; <N,
LEF(N,) > LEF(N,)

N =Ny <N
LEF(N,) > 1

(a) Combined load-life test
Spread the high load cycles throughout the spectrum

(may require crack growth analysis for hybrid structures)

Must preserve the stress ratios

Low-frequency, high

Application of LEF/N¢
— _ —

(b) Combined load-life spectrum
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Hybrid Structural Substantiation

Metals:
severe flight loads result in crack-growth retardation

Composites:
severe flight loads significantly contribute to flaw growth in
composite structures and reduce the fatigue life

Exceedances
per 1000 flight
hours

High-frequency,
low loads

<— Truncation level(s)

Clipping level for
tensile loads
(metals)

!

Tensile

Clipping level for
compressive
loads (metals)

!

Low-frequency,
high tensile loads

compressive loads

Compressive Load level
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LOAD-LIFE DAMAGE (HYBRID)
CERTIFICATION APPROACH

Damage Tolerance Element Testing

Enhanced Durability & Damage Tolerance Test Substantiation
Approach

Load-Life Shift Concept

The Joint Advanced Materials and Structures Center of Excellence 12
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« Scatter analysis or flaw growth threshold
« Scaling 40
— Primary load path (LC)

— Load redistribution (SC)

* Flaw-growth measurements

— Compliance change
— Stable or critical growth

 Loading mode
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- Damage Tolerance Element Tests
— Data scatter associated with final failure ¢ ..
is conservative or representative of § 20
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LEF

Load-Life Shift
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« Example calculation of desired Test Duration: NT
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JAWS Full-Scale Validation
AMIAS
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CAT3 — Front Spar (FWS 65) s
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Strain (microstrain)
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JWS  CAT 3 Residual Strength

Load (1bf)
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Residual Strength
Degradation
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« Sendeckyj Wearout Model:

« Linear Loss of Residual Strength:
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IS Cumulative Fatigue
Unreliability (CFU) Model AMIAS
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« Constant amplitude example (LID)
= Experimental (Sendeckyj fit for test data):
— 10,000 (77.5% SS) & 800,000 (61.5% SS)
» CFU model (Sendeckyj residual strength):
— 9,625 (77.5% SS) & 799,625 (61.5% SS)
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Reliability
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IS Health Monitoring & Damage C&ggA

microstrain

Evolution
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* Incorporation of damage into scatter analysis

— Scaling

* Load-Life Shift = . .| S,

« Damage Threats and Inspections

AMTAS

Advanced Materials in
Transport Aircraft Structures

2 16

E uuEEus e LT

Investigate large VID damage ...

Detectability

Investigate different categories of damages/repairs in the same full-scale est aFi |

damage

Design change substantiation, i.e. gross weight increase
LEF during certification vs. improved LEF

Life extension or determination of retirement life

Probability of threats/occurrences o

Probability of detectability

Mitigate risks of unintentional failure
= Inspection intervals using CFU model (cost and reliabili
= Strategic placement of health monitoring equipments
= Progressive damage analysis (NLFEA) or scaled component tests
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JAVS A Look Forward
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* Benefit to Aviation
— Guidelines on developing LEF and application

— Database of shape parameter for currently-used composites

— Enhanced certification approach (economical and time saving)
that allows investigating the effects of extremely-improbable
high-energy impact threats

— Incorporating certain design changes into full-scale
substantiation without the burden of additional time-consuming
and costly tests

* Future needs

— Develop cumulative fatigue unreliability (CFU) model for field
inspections

— Model development for damage analysis of composites
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