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€9.1bn

R E V E N U E S  I N  2 0 2 2

16,400 PEOPLE

I N C L U D I N G 1 3 , 0 0 0

I N  F R A N C E

at Dec. 31, 2022

Over 30 sites
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A global footprint
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OUR RANGE OF ENGINES FOR COMMERCIAL AVIATION

S A F R A N  A I R C R A F T  E N G I N E S

B 7 3 7

A 3 2 0

B 7 3 7  M A X

A 3 2 0 N E O

C 9 1 9

C F M 5 6 L E A P
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S A F R A N  A I R C R A F T E N G I N E S  

A N D  G E  A E R O S P A C E

45+ years
O F  S U C C E S S

CFM®: A UNIQUE PARTNERSHIP IN AVIATION HISTORY

D E S I G N ,  D E V E L O P M E N T ,

P R O D U C T I O N ,  S A L E S  A N D  S U P P O R T  

O F  C F M 5 6  A N D  L E A P  E N G I N E S

No. 1
G L O B A L  S U P P L I E R  
O F  E N G I N E S  

for mainline 
commercial aircraft 
(over 100 seats)

Over 680
C U S T O M E R S
W O R L D W I D E

2050

A G R E E M E N T  
N O W  E X T E N D E D  
T O  
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50/50A company 
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LEAP®:  A NEW-GENERATION ENGINE – QUIETER AND MORE ENERGY EFFICIENT 

LEAP-1A
Service entry: August 2016 

A320neo

LEAP-1B
Service entry: May 2017 

737 MAX

LEAP-1C
Service entry: May 2023 

C919

10,000

O R D E R  B O O K 160
O P E R A T O R S
worldwide 

30m
F L I G H T
H O U R S

70%
S I N G L E - A I S L E  
C O M M E R C I A L  J E T S  
P O W E R E D  B Y  L E A P

P R O V E N  E N V I R O N M E N T A L  B E N E F I T S  I N  O P E R A T I O N  

S I G N I F I C A N T  
N O I S E  R E D U C T I O N  

O N  S P E C
Compared to previous-
generation engines

O V E R

O V E R O V E R

E N G I N E S  
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–15% to
20%

C 0 2  E M I S S I O N S  

A N D  F U E L  
C O N S U M P T I O N  
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D E C A R B O N I Z A T I O N

O F A V I A T I O N

L O W E R  C O 2

E M I S S I O N S  W I T H  E A C H  

N E W  G E N E R A T I O N

O N G O I N G  C O N T R I B U T I O N  

T O  T H E  C L I M A T E  C H A L L E N G E

C F M 5 6 L E A P R I S E

1 9 8 2

– 2 5 %

2 0 1 6

For a total of

60% reduction in CO2 emissions4 0 %  

R E D U C T I O N  
S I N C E  1 9 8 2

2 0 3 5

– 2 0 %

FUTURE ULTRA-EFFICIENT

SINGLE-AISLE JET

In-flight data capture and 

analysis

Predictive maintenance

Reduced consumption

Improved reliability

S M A R T E R  

E N G I N E S

A N D  S E R V I C E S  
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– 1 5 %

t o 2 0 %

ULTRA-EFFICIENT

ENGINE ARCHITECTURE

SUSTAINABLE

AVIATION FUELS

HYBRID AND ELECTRIC

PROPULSION
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PHM at Safran Aircraft Engines

01

Deep Survival

02

Wear categorization

03

Agenda
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Safran Aircraft Engines
PHM

(Prognostic & Health Monitoring)

Chapter 1
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The LEAP aircraft engine
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For more information :

http://www.safran-aircraft-engines.com/tab_app/howengineswork/index-en.html

Birotor

LP Rotor supported by 3 bearings 4000 rpm

HP rotor supported by 2 bearings 20000 rpm

Diameter : 2m, lenght: 3,3m

Thrust : 110 kN

16000 parts, 2400 references, …30 sensors
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Engines maintenance
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FADEC Fault messages

Engine data

Exceedance messages

Fleet manager

Customer

automated 

notification

maintenance 

action

Datalink

ACARS, PCMCIA, 3G…

Acceptance test 

cell data

Configuration 

data

Configuration data

• storage

• events reporting

• configuration
Engineering

Flight data

•storage,

•validity,

•security • Diagnostic

• Alert generation

• Engineering tools

• Statistics

• Automated processing

• Trend monitoring

• Automated alerting

manual 

notification

bounds

PHM 

Algorithms
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Ground Based Monitoring System
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ACARS

Message

First level

Control

ACARS

MessageACARS

MessageACARS

MessageACARS

Message

databaseAlert

Forth level

Web service

server
company

Second level

Trends

Third level

Diagnostics

service

ACARS messages are snapshots send 

to the ground from airplanes.

First layer of alert system based 

on security thresholds

Trend analysis provides a 

second level of monitoring 

specific for each engine
Fleet analysis with relation to 

maintenance operation is a 

help for service

A web service enable company users to get 

observation and services results

Maintenance operators exploit analysis to 

improve and accelerate operations.

CEOD

Ground transfer

New
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PHM Story Board
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Normal 

behavior

Unavailable 

aircraft
Normal behavior

Normal 

behavior

IFSD

Spare engine 

change
Important 

damages

Engine repair

Normal 

behavior

Normal 

behavior

Normal 

behavior

Repair 

preparation

Early 

detection

Engine repair

Limited

damages
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Digital twin
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An application integrate all documents 

related to each engine SN, from design to 

operations and repair.

And we want to 

boost this digital 

twin with

state-based 

mathematical 

models!



Deep Survival

(Cumulative damage models)

Chapter 2
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Deep survival
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Evaluation of the engine current state

 Using flight categorization and flights sequences 

encoding.

 Then state categorization (again).

Continuous Damage Models

 Deep survival algorithms based on intrinsic state. 

𝐹𝑙𝑖𝑔ℎ𝑡1 𝐹𝑙𝑖𝑔ℎ𝑡2 𝐹𝑙𝑖𝑔ℎ𝑡𝑛

…

𝑆𝑁1 𝑆𝑁2 𝑆𝑁𝑛

𝐸𝑥𝑡1 𝐸𝑥𝑡2 𝐸𝑥𝑡𝑛

ℎ0 ℎ1 ℎ2 ℎ𝑛

…
Learning

… ℎ𝑛−1

𝑉𝑛

ത𝑉𝑛−1 Inspection

RUL

𝜏𝑛
Learning

max+ ത𝑉𝑛

𝑋𝑛

𝑋𝑛

𝑃𝑛 = 𝑊(𝜏𝑛; 𝜂, 𝛽)

– Raphaël Langhendries (2021 - PhD/SAMM/P1)
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Example 1 : hot corrosion on turbine blades
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Construction of a neural exposure 

rate to wearing conditions.

mission

weather

pollution

…

NN Exposure

InspectionInspection

Engine

Event

Left truncated dataRight censored observation

Repair

pitting

dripping

Engine state

– Raphaël Langhendries (2021 - PhD/SAMM/P1)
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Detail of the recurrent neural network
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Neural 

networkGated 

Recurrent Unit

Exposure 

rate

Flight data + 

context

Engine 

state

Instantaneous 

exposure 

vector

Fiability 

(Weibull)

– Raphaël Langhendries (2021 - PhD/SAMM/P1)
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Results on hot corrosion
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Example 2: monitoring of the general wear of an engine
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We have a lots of input data capitalized in a big vector  𝒁𝒕 for each flight 𝒕.

> Data coming from any phase of each flight, 

 There is two kind of data: context and engine measurements. From the vector 𝒁𝒕 we extract a part 𝑿𝑡 to suppress all 

engine measurements, except pilot command which is clearly part of the context.

𝒁𝒕 =

𝑿𝒕

𝑬𝒕
𝒀𝒕 𝑬𝒕

weather pollutionmission

Engine features

Pilot command

𝒀𝒕
Target

Context

– Raphaël Langhendries (2021 - PhD/SAMM/P1)



This document and the information therein are the property of Safran. They must not be copied or communicated to a third party without the prior written authorization of Safran

21

Stochastic output that manage different modes

Different actions can explain the behaviour observed: 

 progressive wear due to the last mission 

 but also interventions on the engine which can cause sudden changes in the measurements.

Therefore, we are looking for a stochastic output that will sum up all these possibilities.

𝑝𝑡
𝑖 𝑥 = 

𝑗=1

𝑚

𝜋𝑡
𝑖,𝑗
𝒩(𝜇𝑡

𝑖,𝑗
, 𝜎𝑡

𝑖,𝑗
)

Engine 𝑖

Flight 𝑡

Number 𝑚 of clusters

Probability of cluster 𝑗
for engine 𝑖 at flight 𝑡
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A model that uses two attention layers

Two attention layers 

moderate the long term 

and short term memories
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A short reminder of the attention mechanism
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Gradient descent

 ADAM optimizer

 Based on negative log-likelihood 

minimization

 With dropout

 Implemented in Pytorch

Attention mechanism

 Short-term memory calibrated by a neural 

network

 Long-term memory by similarity

– Raphaël Langhendries (2021 - PhD/SAMM/P1)
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Net gain compare to classical model without memory
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The goal of this 

comparison is to 

measure the effect 

of memory

10°C

20°C

30°C
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EGT of each engine compared to is state new
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Shroud consumption Sudden wearRepair

– Raphaël Langhendries (2021 - PhD/SAMM/P1)
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Mean of 10000 flight simulations
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We use the model to simulate engine measurements from 10000 different flights contexts. 

Wear Repair

– Raphaël Langhendries (2021 - PhD/SAMM/P1)



Wear 
categorization

(Flight data generation)

Chapter 3
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Motivation
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Over the course of the aircraft's missions, the model of the digital twin is refined and 

increases in precision. 𝑽𝒊 : Flight i

𝑫𝒊 : Digital twin after flight i

𝑬𝒊 : Wear state after flight i

Physical 

space

Virtual 

space

Evolution of engine wear flight after flight

CEOD: 

Continuous Engine Operational Data
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Conditional Generative Adversarial Network (CGAN)
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MIRZA, Mehdi et OSINDERO, Simon. Conditional generative adversarial nets. arXiv preprint arXiv:1411.1784, 2014.

CGAN Architecture

z

Generateur Xfake

yréel

Xréel

Discriminateur 1/0

yfake

Bruit

Condition

Données 

générées

Données 

réelles

Condition

Classification 

Binaire
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Transformer-based Generator and Discriminator
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Splitting the time series into three phases according to altitude

 Segmentation of flight data into three phases: before,

during and after cruise.

 Division of the sequences into discrete windows of 300

time steps (5min).

 Carry out the generation process sequentially for each

window: the generation of a window takes into account

the previously generated window.
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Aeronautic Engine Continuous Data Simulator
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Demonstrator : Input & Output Data Example
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Inputs: mission profil Outputs:

engine measurements

 QAR (Quick Access Record) for SAM146 engines

 Context variables used: ALT, TLA, M, TAT, EOF

 Engine variables generated: N1, EGT, T3
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 Input

 Flight context

 Result of engine data 
simulation

 State Memory

 Output

 Flight context

 Real observed data

 New state memory

Serial Engine State Corrector Model
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Result obtained dysfunctional data simulation
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Next step: expertise on real known dysfonctionnal data from MRO.

We use a rough dysfunctional simulator to produce known degradations.

PCA projection of memory state MSE between simulated and real observations

M
S
E

FlightPC1

P
C

2
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QUESTIONS ? 
jerome.lacaille@safrangroup.com


