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Vibration in aircraft engines

* Accelerometers: the only mechanical
measurements on an aircraft engine.

* Vibration Data:

* Low frequencies: continuous acquisition at
VW 1 Hz during whole flight.

» High frequencies: a few minutes for a flight
Gl of several hours.
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Vibration in aircraft engines L

Monitoring & Control
* Mandatory, Design Assurance Level C, major criticality.
jmmmeeees « Safety concern : rotor unbalance indicator (FAA CS #25).
: * Engine shutdown commanded for high vibrations to
prevent impending aircraft failure.

Health Monitoring

« Optional feature with Design Assurance Level E (same
as for a coffee machine).

» Business-only, saving millions per year.

* Prevents impending engine failure.

Investigation in case of severe events
= « Utilizes vibration data for deep analysis.

___________
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Vibration in aircraft engines L

[ Hardware ] [ Software ]
A © Y s Storage: very limited for
Weight: 1 accelerometer [,a\— g high sampling rate.
with shielded cable and

harness = several kg.

A Y ’

_ Computing power: limited
, ¥V . signal processing.
|

High reliability in harsh environment: Why so
High vibrations and shocks, ~100 g to 500 g; few
Temperature range, _Sooﬁ tzlﬁﬂ?oﬁ; sensors ? ﬁ Data transmission: [imited
P ' a.v__ flow.
Additional Embedded
s : : Algorithm: t be added aft
Additional sensor: impossible after 9 cannot be added arera

the Entry Into Service of a new

4+ e 8 . new application enters service.
application.

/' Algorithm Parameter Update requires
at least 2 years before implementation.
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\
N°1: Havana bird strike \ ) mm
ﬂmtext \
« Significant bird strike on a LEAP1B

engine after departure (Havana, 2023).
» Acquisition from a Passenger’s

smartphone in the cabin.
Smartphone benefits & limitations
D Good estimation of shaft rotating speeds. BREAKING NEWS

Good estimation of shaft unbalance BIRD STRIKE FORCES EMERGENCY LANDING

sudden increase.

D Good restoration of continuity.
Record available on the Web (CNN).

Concern

\
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N°1 : Havana bird strike

ﬂmtext \

« Significant bird strike on a LEAP1B

» Acquisition from a Passenger’s
smartphone in the cabin.

Concern

engine after departure (Havana, 2023).

l

Smartphone benefits & limitations

Good estimation of shaft unbalance

sudden increase.
D Good restoration of continuity.

D Good estimation of shaft rotating speeds.

/
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N°2 : Ping test

ﬁ:ontext

* Next generation engine demonstrator.

« Demonstrator in a wind tunnel, rotor is
locked

» Acquisition from a Bench Technician
Smartphone.

Concern : How much the fan blades are

Qetuned ? Ping test is required. /
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N°2 : Ping test

ﬂ:ontext \

* Next generation engine demonstrator.

« Demonstrator in a wind tunnel, rotor is : : :
locked D Accurate results displayed in 10 minutes,

Smartphone benefits & limitations

compared to several days for standard

» Acquisition from a Bench Technician ) :
Instrumentation.

Smartphone.

Concern : How much the fan blades are |dentification of natural mode shapes and

detuned ? Plng test is required. damp|ng still needs:

 a set of strain gauges or accelerometers,

 or a laser vibrometer, a high speed 3D
camera stereoscopy.

10
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N°3 : Mode shape

Context:
* GE90 damaged compressor blade excited with a

speaker.

» Testrig in lab. Acquisition from a Bench Technician
Smartphone.

* iPhone + '‘Phase-based video motion processing’,
MIT_2013.

Concern : What is the shape of the first bending mode
of a damaged blade ?

Smartphone benefits & limitations
» Implementation in 1 minute with the smartphone,
compared to several hours for standard

instrumentation (high speed camera).

€) Limited bandwidth, 960 frames/s.
@ Limited acquisition duration, 0.1 s.
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N°4 : LaGuardia bird strike

12

Context:
« V2500 engine during takeoff (LaGuardia,
2024).

» Acquisition from a passenger’s
smartphone in the cabin.
Concern : Large bird strike.

Smartphone benefits & limitations :

D Good estimation of shaft rotating speed

\during engine stall. /

Record available on the Web (ABC7 Chicago).
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N°4 : LaGuardia bird strike

13
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Context : >

« V2500 engine during takeoff (LaGuardia, § 150
2024). g

- Acquisition from a passenger’s £100

smartphone in the cabin.
Concern : Large bird strike. 0
Smartphone benefits & limitations :

D Good estimation of shaft rotating speed

during engine stall.
S Y, |
time (s)
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N°5 : Acoustic source

14

’

Context :

 Silvercrest engine, development tests,
outdoor test cell.

» Acquisition from a Bench Technician
smartphone.

* Smartphone in the parking lot (50 m
away from the engine).

Concern :

* ~ 0.8 N2: oil unbalance leading to
impending engine failure ?

» Accelerometers and pressure sensors
mounted on the engine can't
differentiate between structural and
acoustic sources.
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N°5 : Acoustic source ¢
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Context:

 Silvercrest engine, development tests, outdoor test cell.

» Acquisition from a Bench Technician smartphone.
« Smartphone in the parking lot (50 m away from the
engine)

Concern :

« ~ 0.8 N2: oil unbalance leading to impending engine
failure ?

* Accelerometers and pressure sensors mounted on the
engine can't differentiate between structural and
acoustic sources.

Smartphone benefits & limitations :

? Non intrusive standalone sensor.

2 Structural and acoustic sources separation capability.
2 Acoustic source based on frequency identification.
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iRy

-
b, e

w
(=
o

frequencies (Hz)
i
5
i
3
i
i
i
i

200

100

20 40 60 80 20 40 60 80 20 40 60 80 spectrogram
time (s) time (s) time (s) averages (-)

When the scoop is clogged, it whistles.
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N°6 : Oil pressure indicator

é
(o N

« CFM56-7B27A engine under wing, during
engine start sequence on ground.

» Acquisition from a Aircraft Technician
smartphone.

Concern:

16 —
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N°6 : Oil pressure indicator

é

/Context :

« CFM56-7B27A engine under wing, during
engine start sequence on ground.

» Acquisition from a Aircraft Technician
smartphone.

Concern:

S
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Smartphone benefits & limitations :
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Non intrusive mobile standalone sensor.
Synchronized camera and microphone to identify
frequency content when the false alarm is
triggered.
Accelerometers and pressure sensors still required
for deeper investigation.
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N°7 : Multiple bird strikes * 5 1
P

antext : \ —

« CFM56-5B engine during takeoff.
« Acquisitions from passengers’ smartphones
in the aircraft cabin (Zhukovsky, 2019).

Concern :
» Multiple significant bird strikes.

——

Smartphone benefits & limitations :
() Good estimation of shaft rotating speeds.

wood restoration of continuity. /
Record available on the Web (NTV America).

18

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

S SAFRAN




N°7 : Multiple bird strikes

@text , \

« CFM56-5B engine during takeoff.
« Acquisitions from passengers’ smartphones
in the aircraft cabin (Zhukovsky, 2019).

Concern :
« Multiple significant bird strikes.

\ l

Smartphone benefits & limitations :

2 Good estimation of shaft rotating speeds.
wood restoration of continuity. /
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Conclusion

- What did we learn today ?
- What shall we expect tomorrow ?
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Conclusion

/Smartphone benefits and \

limitations

2 Non intrusive standalone sensors and
recorders.
« Battery / wireless / light weight.

? Microphone: bandwidth and frequency
accuracy.

¢ Amplitude signal distorsion and saturation.

{\/ideo: limited bandwidth ~ 30 frames/3/

21

/ %E) Perspectives

* Mobile apps: implement signal processing

directly in the smartphone. e >

» Intermediate camera between smartphones and
high speed professional cameras: intermediate
cost, wireless high speed camera.

— >

« Keep at the state of the art in shaft rotating
speed estimation with sound and acceleration.
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