The Need for and Use of a Life Monitor
System on a Modern Fighter Aircraft

Presented at the Symposium on Condition-Based Maintenance for Highly Engineered Systems
Pisa, Italy, 25-27 September 2000



Durability & Damage Tolerance Management

Regulations & Specifications

Mission Analysis

Y

Loads Analysis

Service Loads Monitoring

A

A

—

Structural Analysis

Flight Testing

v

Stress Analysis

v

Product Model

v

Manufacturing

Structural Testing

Details —-» Complete A/C

A

Service




Mission Analysis

* Previous Experience
» Expected Threat
e Future Tactics
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Mission Types

e basic training

e air-to-air

e air-to-surface

e reconnaissance

Mission Segments
 safety and function tests
e ground manoeuvring

e cOmbat manoeuvring

* Store separation

e gun firing

e landing

Design Parameters
 accelerations

e angular velocities

» Speed

e altitude

e control surface deflections

e thrust

e fuel consumption
* store configurations W



Product Specifications Design Requirements

* Service Life * Failure Risks
e Inspection Free Life « Safety Factors
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Allowances for uncertainties in Service Loading

Defence Standard 00-970

When the service | oading of individual details
IS unnonitored it is necessary to apply a
factor to allow for this uncertainty.

It is customary to to use a factor of 1.50
on life.

f = 10n0



Variability in Load Factor n,

Load factor variations in a fleet of 81 AJ37 Viggen aircraft
monitored during a period of 5 years.

Vari ati on expressed in terns of a crack severity index CSI
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Variability in Service Loading
Possible causes

* Multi-Role / Swing-Role

» Service in several air forces

* Flight control system revisions
e New armaments




Flight Control Laws

Aerodynamics Load Alleviation
Aer odynam ¢ changes t hrough Alleviation of wing bending
flight control |aws update moment through elevon split

 canard foreplanes vs. elevons
* inner vs. outer elevons




Armaments and Tactics

New weapons New manoeuvers
Changed | oadi ng of weapon pyl ons Severe |l oading of fin and
and their attachnments to w ng rudder during side-slip

structure manoeuvers (ai m ng)

« fin bending
e rudder torsion
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Monitored structure and entities
JAS39 Gripen
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Loads Monitoring Principles

e Direct measurement of strain

+

di rect neasurenent of strain in <critical |ocations
no needs for configuration control
vi bration | oads can be obtai ned

+ +

- needs schedul ed cali brati ons
- no other | ocations than those instrunented can be nonitored
- strain gauges can be damaged




Loads Monitoring Principles

» Calculation of loads from flight parameters

+ + +

every | ocation covered by the | oads nodel can be nonitored
do not need cali brations
can nonitor | oads where strain neasurenents are inpractical

needs configuration control
rely upon an (sem -)anal yti cal
| oads nodel

vibration | oads are difficult
to nonitor

Asrodynamic torque
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Fatigue/Crack Severity Index
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Summary

» Multi-Role type aircraft will encounter a large variability in
fatigue loading.

» Several options in the future to alter aircraft loads and spectra
by software changes of the flight control system.

 New armament may change the loading of pylons and their
attachments to wing structure.

e Several monitored entities beneficial for condition-based
maintenance.

 Fleetwide loads monitoring will enable the maximum fatigue
life to be achieved by each individual aircratft.



