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Background




Usage Description

 Measurement of parameters which are
representative of the stress cycle and can
be related to crack length.

« Usage Descriptions:
— Mission By Mission
— Mission Segment By Misston~segment
— Time In Usage Cateqory
— Strain History
— Damage Parameter




Mission By Mission
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 Rapid method for converting
usage data to damage.

e Most common on cargo fleets.
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Mission Segment - Recognition
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Mission Segment - Regime
Recognition

* Requires substantial amounts of
calculation effort.
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Time In Usage Category

MISSION PROFILE - CRACK GROWTH RATE
TYPE C PER DATA BLOCK
PILOT Al At ® G ®
LOG - ® | 2| oo /
DATA g . [ h = :
A e T TERER N
&) () ' A2l At

IF LINEAR CRACK GROWTH-
ADJUST FOR RETARDATION

| BY CONTROL PT.
CRACK GROWTH ,:'
PER FLIGHT | 22 “"'":t'{
Ot _ td
MONTHS

5 U USAF Damage Tolerance Design Handbook



Strain History
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Damage Parameter
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Goal

Proof of concept for
automated Fleet Usage
Spectrum Evaluation

(FUSE) and mission
classification
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Design Process




Pattern Recognition Approach

FUSE & Mission Classification
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Segmentation

Smoothing

Integral
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Segmentation
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VERTICAL LOAD FACTOR (g)

Smoothing
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Moment Invariants
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Moment Invariants
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Clustering




Clustering




Classification

Nearest Cluster:

X =<a,(x),a,(x)..a (x)>
x; € Cluster, = min(d;) ._,

(d, (. Cluster,)) = X" (8,(x) — a, (x,))’
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C-130 Application

3 -‘.:\-

'-: -':i'f_‘lmt-:—.'.'-"‘ il P

Rl v g 1|
i o W




C-130 IAT Improvements

CDR

\4

Mission

Classification
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IAT upgrade current status

Installation of CDR systems.

Code development for transforming raw
CDR data to a data base — Complete.

Phase 1 — Cycle and Exccedance
Counting algorithm — Completed.

Phase 2 — Mission definition and
categorization based on CDR data — Due
3/03.



(Alt & Vel vs. Time)
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Mission Scatter




Altitude

Global Mission Vs. Sub Mission

/



Sub Missions

Reduce number of
basiC mission

«Can effect on the
Inspection interval
because It requires
different Ground-Air —
Ground cycle
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Hieratical Clustering
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Traditional H.C. Divergence
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Clustering — nearest Cluster
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Cluster Representation




3D Classification spheres
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Classification Decision Surface

- Clusters congruency



3D Distorted Classification spheres
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Results
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Results Analysis




Results Analysis
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Summary




Summary

 The automated FUSE concept was proved to be
feasible:
— The typical missions are identified automatically.
— automatically capture the number of typical missions.

— Mission classification is relatively simple task when
using pattern recognition approach.

— Enable the fleet managers 10 easily identify usage
changes.

* The Operational Data Recorders can be use to
Increase the reliability of IAT systems.
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