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Structuresfail dueto avariety of crack-related causes, and the life of an individua Structure can
only be estimated.

A. Fatigue

B. Stress corrosion

C. Corroson fatigue

D. Low temperature creep

E High temperature creep

Methods have been developed to manage fleets subject to crack-related structural failure, and

each has advantages and disadvantages.

A. Safe flight based on fleet probability of failure

B. Damage tolerance accepts initid presence of flaws, and determines their effect based
on projections of operationd and environmenta effects

Based on patented research in another field, a new method for assgting both the safe flight and

the damage tolerance methodology by experimentaly detecting the end of life in Sructures

subject to severd kinds of crack growth has been discovered.

A. Basisin previoudy patented nonlinear mathematica techniques gpplied to
electroencephal ographic data to detect the onset of epileptic seizuresin patients.

B. Similar methods applied to structura crack-related failure

C. Datum sdlected for analyzing is hysteress srain energy

By using this method, it possible to improve the advantages and decrease the disadvantages of

the current methods for Structurd integrity management

A. For structures managed according to safe flight techniques, implementation of this new
method will avoid the occurrence of crack-related structurd failures, and will utilize
each member of afleet of structures subject to crack-related failure to its fullest
potentid, thereby sgnificantly increasing the average operationd life of afleet.

B. For structures managed according to the damage tolerance method, it will have the
added benefit of increased rdiability of detection of flaw progresson in individua
arcraft, and the reduction in the cost and frequency of full-scae fleet NDE for flaws.

Sgnificant internaly funded initia development of some aspects of this method have been

conducted, with promising results.

A. Repestability established under 1ab conditions for various materials tested (random
chopped mat fiberglass, 2024 aluminum, ASTM A-36 bridge sted)

B. Works with “smulated” Multiple Site Damage (MSD) samples

C. Works with pristine or corroded samples

D Detects flaw growth due to multiple crack-related mechanisms (fatigue, stress
corrosion, €tc.)

E Potential for working with variable loading pattern established (dair-step loading effect
on damping)



VI.

VII.

VIII.

F.
There are a number of questions which need to be answered to determine the extent of
potentia for gpplication in more complicated fidd Stuations.

A.
B.
C.

ToOmMmO

Badis of method in fracture mechanics established

Effects of fatigue frequency and spectrum

Effects of environmentd variation

Interactive modes of crack-related failure (corrosion fatigue or fatigue and stress
corrosion)

Effects of various modes of loading (tension, flexure, shear/torsion)

Effects of various modes of crack growth (Model, I1, or I11)

How close must deflection sensor be to critical defect?

Applications envisoned

New hardware or instrumentation needed

Basad on the condderable laboratory experimentation in smple gpplications which has been
performed to date, there is a potentia for some suitable trangtion to field implementation in
Aging Aircraft Sructures.

A.

Example is KC-135 fusdage longeron stringer-tie fatigue failure (twelve rivet holes per
gringer tie, 60 per fusdlage circumferentid rib, hundreds in arcraft, extensve fidd and
DPM NDE required)

Materid is 7075-T6 aduminum, mechanism is fatigue and/or stress corrosion cracking,
loading istension, mode is Mode | cracking at longeron joining rivet holes.

When Mode | rivet hole cracks are detected by NDE, stringer ties are field replaced by
field drilling matching holes in gtringer tie to match holesin longerons. Potentid for
misalignment and resulting load digtribution problems is grest.

Potentid near term solution may be inddlation of thin fiber optic cables dong fusdage
longerons with embedded Bragg grating displacement sensors for measuring loca
critical displacements.

There are Sgnificant opportunities within the Air Force to perform, at relatively minor cost,
additiond investigation of the potentia for this method.
A.

B.

Potentid for demongtration of technology devel oped thus far by minor test add-onsto
currently planned full scale T-38 fatigue tests.

Potentia for demongtration of technology in future planned pressure bulkhead testsin
DC-9



