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Introduction

T e P R

« High level of automation and control technology
—> systems are un-negligibly dynamic

- human-technology interface
—> maintenance strategies are increasingly complex

« System Degradation
-> system behaviour changes along its life-cycle

* Uncertainty and Modelling
—> conservatism comes at a cost
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Case-Study Overview

* Risk of Engine Overheat
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Model — Turbine Seal
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\ Model — Turbine Seal
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Model — Nozzle Guide Vanes
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\ Model — Nozzle Guide Vanes
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Model - Pipes
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\ Model - Pipes

t1

t2

t3

r2

On Wing

"\ Inspect

7000

fh

2023 RAMS - Safety Critical Systems and Methods — Tolo et al.

10



Model — Bleed Valves
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\ Model — Bleed Valves
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\ Model — Bleed Valves
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Model — Bleed Valves
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\ Model — Limited Dispatch
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\ Model — Limited Dispatch
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Model — Limited Dispatch
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\ Model — Limited Dispatch
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Analysis — Overview W Ty
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Petri Net Model:

Analysis — Overview

PIPES SEAL « 187 Places

303 Transitions

On wing On wing \

\- E NGVs ove‘rhaul JL T overhau
L | 7000 th 7000 fh 6000 fh
i wie

BVs =5 WARNINGS Failure Contribution: | | o\
fl /A 5:- r &DISPATCH * Pipe (medium) 21 [
i Ees =S - T | * Pipe (large) -2 S
s =23 L0\ * BV (open) >1 —| 2
S~ == M T it « Seal (large) 0.5 g
Sl — s 7 « NGV (medium)->1 =
— == * NGV (large) —>2 —

N\
> 2023 RAMS - Safety Critical Systems and Methods — Tolo et al.



\ Results — Failure Response
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Results - Degradatlon
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Conclusions

= PN model of a jet engine internal air system

= On-wing and In-flight system behaviour

= Dynamic components degradation and dependencies
= System response to failure

= Insight system degradation

= Analysis of the dynamic progress of failure

= Future work will expand current model

(e.g., Torsion Box, Turbine and Compressor Case Plenums)
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