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Outline

� Force Management background

� Challenge 1, L/ESS equation development

� Challenge 2, IAT equation development

� Challenge 3, IAT inspection interval forecast

� Structures Retrofit Plan

� L/ESS report results summary

� IAT report results summary

� TO updating process

� Force Management data comparison

� Conclusion
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Force Management Background
Developmental Phase

� Aircraft 4000 tested to 2.68 lifetimes

� 2 Durability

� 0.68 Damage Tolerance

� Test overlapped production deliveries

� Findings incorporated into production as 
they were discovered
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Force Management Background
Inspection Burden
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Force Management Background
Current Force Summary (as of 3 Nov 06)

� Total number of aircraft produced to date – 86

� 6 Aircraft are retired/non flyable or crash/total loss status

� 5 have been converted to ground trainers

� 1 was total loss due to mishap (A/C 4014)

� High time aircraft

� EMD aircraft

� A/C 4003 – 1,842 hours (No longer flying)

� A/C 4007 – 1,139 hours (Currently in flying status)

� Operational aircraft

� A/C 4011 – 653 hours (Nellis AFB)

� Site activations

� Test / MX Training: Edwards AFB and Hill AFB

� Training: Nellis AFB and Tyndall AFB

� Operational: Langley AFB, Elemendorf AFB (2007)

U.S. Air Force photo /Airman Jonathan Steffen 
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Force Management Background
Feedback Loop for Maintaining Integrity & Safety

Damage Tolerant 

Analyses, Risk 

Assessments, 

Business Case 

Analyses, assesses 

new knowledge

The Force 

Structural 

Maintenance 

Plan (FSMP) 

summarizes 

actions and 

times 

Loads/Environment Stress Survey (L/ESS), 

sometimes called the flight loads program, 

measures aircraft structural usage

Individual Airplane Tracking (IAT) Program, 

measures the variability of operation for each 

individual aircraft, and converts flight hours into 

damage hours for scheduling FSMP actions

-6 T.O.

-36 T.O.

Inspections 

Repairs

Modifications

Retirement

Crack & Corrosion 

Findings

Feedback

� Process tracks the causes/effects of aging on airframe

� Trend analysis supports updating FSMP to account for new findings

ASIP Tasks 
I-IV develop 
data and 
validate 
models that 
form the 
basis of this 
capability

ASIP Tasks 
I-IV develop 
data and 
validate 
models that 
form the 
basis of this 
capability

Source: Dr. Joseph Gallagher, ASC/EN
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Force Management Background
Data Collection and Processing

Flight Data 

Recorder 

(FDR)

Data Transfer 

Cartridge (DTC)

On-Board:

Ground Interfaces:

Data Transfer 

Cartridge 

(DTC)

Integrated 

Maintenance 

Information 

System (IMIS)

Integrity Data 

Analysis and 

Reporting 

System (IDARS)

L/ESS & IAT 

Reports

Real time processing 

of data to retain 

significant parameters

On-board storage

Pilots removes and provides 

DTC to maintainer
Maintainer downloads DTC 

data to IMIS

Data is received at 

contractor site

Data is loaded into IDARS

Data is processed

Reports are produced 

quarterly to support fleet 

tracking

Flight Controls

Stores Management

Fuel Management

Engine Controller 

Inertial Reference System

Vehicle Subsystem Controller
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Force Management Background
Data Collection & Processing

� The FDR records data for every aircraft

� Data is collected after each flight

� Over 200 analog parameters

� Over 400 discrete values

� The same complete data set is used for individual 

tracking and usage

� Data is recorded at a rate of up to 20 Hz

� FDR is integrated with other systems so that it 

uses existing aircraft sensors and not FDR 

dedicated sensors
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Challenge 1
L/ESS equation development

� Fleet-measured data does not match L/ESS 
predictions
� Load equation extrapolation beyond the regression 

parameter input space

� Non-uniform regression data distribution

� Unstable L/ESS equations

� Buffet loads development
� Wind tunnel model

� Buffet on empennage only, 2 modes on vertical tail/rudder, 2 
modes on horizontal tail

� Buffet observed in flight test

� 9 vertical tail/rudder buffet modes, buffet on wing surfaces, 
wider range of modal frequencies, and sensitivity to sideslip
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Recovery Plan for Challenge 1

� Input regression data-space expanded and uniformly 
conditioned

� 19,000 new load cases correlated to flight test added to 
existing 125,000 cases

� Expanded maneuver set

� Expanded mach-altitudes

� 13,000 cases run on FEM for IAT control point regressions

� 102 existing L/ESS equations recalculated

� 131 new L/ESS equations added for use in IAT equations

� Buffet power spectral density functions redefined

� All appropriate modal shapes can participate

� Wing surfaces added

� Sideslip factors added




