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VibVib--RAY DictionaryRAY Dictionary
Focused on analysis of SPECIFIC vibration patterns reflecting the 
respective component behavior

Vibration patterns are analyzed in different DOMAINS (time, 
frequency, quefrency, order, envelope, phase average, …, moments 
and joint time-frequency and their derivatives)

The analysis is focused in predefined regions in the multi-domain 
space corresponding to a specific component / failure mode 
hereafter designated as POINTER

Up to 9 DIAGNOSTIC INDEXES are derived for each POINTER

A DIAGNOSTIC INDEX is a mathematical operator that compares 
current to baseline patterns and quantifies a specific change in the 
vibration pattern

The value of a DIAGNOSTIC INDEX at a specific POINTER is 
hereafter designated as FEATURE



 
3Proprietary Information

Failure Modes
Analysis

Fault Mechanism
(manifestation)

Measurement
Setup

Parameters
(What?)
Location
(Where?)

Flight Regime
(When?)

Decision Process
Artificial Intelligence

Neural Networks

Fuzzy Logic

Clustering

Pattern Recognition

Novelty Detection

Aircraft/Engine/Gearbox
Serial Number

Flight Regime Maintenance

Data Base

Fleet Statistics

The Diagnostic Concept*The Diagnostic Concept*
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Signatures DB
Normal System

(in good condition)

Defective System

Signal Processing
(Data Analysis)

Trending

Feature Extraction
Base Line

Actual Signature

Trend Analysis

Gas Path &

others
Vibration Feedback

Trainer

(*) Patent pending

Flight Regime
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Stall related 
frequencies

RPM 
Range
of Stall

100

N1 
[%]

75

Compressor Stall Detected Via Compressor Stall Detected Via 
Vibration SpectrogramVibration Spectrogram
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Marginal Compressor StallMarginal Compressor Stall
WignerWigner--Ville TFRVille TFR

Range of 
Transient 

Stall

Stall related
frequencies
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Compressor Stall Compressor Stall –– automatic detectionautomatic detection
High intensity stall Transient stall
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RPM Ranges of Stall

P2/P0

CPR

75%                                                    RPM (Hz) 100%                

Working line / CPR 
hardly affected during 

marginal stall

- CPR – bases on 20Hz reading – undamped

- CPR – bases on 20Hz reading damped

Marginal Compressor Stall Marginal Compressor Stall –– Gas PathGas Path

FADEC unable to 
recognize low 
intensity stall due 
to long feeding 
lines of P2 sensor

FADEC may be 
able to recognize 
stall via CPR drop

Working line / CPR 
dropped during stall
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Compressor Stall Detected Via Order TrackingCompressor Stall Detected Via Order Tracking

Stall related 
frequencies 
(modulation)
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Engine RumbleEngine Rumble
Engine signature during acceleration showed sensitivity to 
rumble
Verified by field report

Rumble sensitivity
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HPC Bearing HPC Bearing -- Outer Race 1Outer Race 1st st HarmonyHarmony

Normal

Outer 
race

Sideband Sideband
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Ball Bearing, Aggregated FeaturesBall Bearing, Aggregated Features
Ball Outer race Outer race sidebands

Inner race Inner race sidebands Cage

Shaft N2
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Contact angle change due to defectContact angle change due to defect
Outer 
race

Inner 
race

Ball

Nominal 
contact 
angle

Defect 
area

Zoom 
section

Contact 
point 1

Contact 
point 2

Original 
contact 
point
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Outer Race Pointer Variation with RPMOuter Race Pointer Variation with RPM
Contact Angle / Axial Load Contact Angle / Axial Load HysteresisHysteresis

Deceleration

Acceleration
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Initial ProcessInitial Process
The aircraft/ plant and its assemblies are 
analyzed

Pointers are identified

Failure modes are evaluated and their related 
phenomena are defined

Relevant analysis domains and diagnostics 
indexes are selected

Aerodynamic

Structural

Dynamic
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Features

Raw data

15.63

2.53

1.00

0.50

0.34

-0.07

17.3*N2

13.51

2.19

-0.78

-0.77

-1.15

-2.27

9.825*N1

13.02

1.05

-0.82

-0.90

-0.87

-0.70

0.459*N2

12.93

1.04

-0.78

-0.76

-0.83

-0.54

0.553*N1

12.62

2.20

-0.28

-0.39

-0.74

-1.69

11.166*N1

13.49

2.18

-0.80

-0.76

-1.16

-2.25

10.026*N1

11.31

1.08

-0.57

-0.72

-0.66

-0.50

11.033*N2

11.16

1.31

-0.20

-0.10

-0.38

-0.62

4.083*N2

15.10

2.64

1.15

-0.96

0.17

2.97

6.111*N2

11.55

1.25

0.71

0.36

0.57

0.74

4.628*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.442*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.443*N1

12.98

1.04

-0.80

-0.83

-0.85

-0.62

0.448*N2

13.26

1.68

-0.94

-1.05

-1.11

-1.24

3.627*N1

So

Rdo

Mfrms

Hmn

Gmn

Amn

Feature:

15.63

2.53

1.00

0.50

0.34

-0.07

17.3*N2

13.51

2.19

-0.78

-0.77

-1.15

-2.27

9.825*N1

13.02

1.05

-0.82

-0.90

-0.87

-0.70

0.459*N2

12.93

1.04

-0.78

-0.76

-0.83

-0.54

0.553*N1

12.62

2.20

-0.28

-0.39

-0.74

-1.69

11.166*N1

13.49

2.18

-0.80

-0.76

-1.16

-2.25

10.026*N1

11.31

1.08

-0.57

-0.72

-0.66

-0.50

11.033*N2

11.16

1.31

-0.20

-0.10

-0.38

-0.62

4.083*N2

15.10

2.64

1.15

-0.96

0.17

2.97

6.111*N2

11.55

1.25

0.71

0.36

0.57

0.74

4.628*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.442*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.443*N1

12.98

1.04

-0.80

-0.83

-0.85

-0.62

0.448*N2

13.26

1.68

-0.94

-1.05

-1.11

-1.24

3.627*N1

So

Rdo

Mfrms

Hmn

Gmn

Amn

Feature:

15.63

2.53

1.00

0.50

0.34

-0.07

17.3*N2

13.51

2.19

-0.78

-0.77

-1.15

-2.27

9.825*N1

13.02

1.05

-0.82

-0.90

-0.87

-0.70

0.459*N2

12.93

1.04

-0.78

-0.76

-0.83

-0.54

0.553*N1

12.62

2.20

-0.28

-0.39

-0.74

-1.69

11.166*N1

13.49

2.18

-0.80

-0.76

-1.16

-2.25

10.026*N1

11.31

1.08

-0.57

-0.72

-0.66

-0.50

11.033*N2

11.16

1.31

-0.20

-0.10

-0.38

-0.62

4.083*N2

15.10

2.64

1.15

-0.96

0.17

2.97

6.111*N2

11.55

1.25

0.71

0.36

0.57

0.74

4.628*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.442*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.443*N1

12.98

1.04

-0.80

-0.83

-0.85

-0.62

0.448*N2

13.26

1.68

-0.94

-1.05

-1.11

-1.24

3.627*N1

So

Rdo

Mfrms

Hmn

Gmn

Amn

Feature:

15.63

2.53

1.00

0.50

0.34

-0.07

17.3*N2

13.51

2.19

-0.78

-0.77

-1.15

-2.27

9.825*N1

13.02

1.05

-0.82

-0.90

-0.87

-0.70

0.459*N2

12.93

1.04

-0.78

-0.76

-0.83

-0.54

0.553*N1

12.62

2.20

-0.28

-0.39

-0.74

-1.69

11.166*N1

13.49

2.18

-0.80

-0.76

-1.16

-2.25

10.026*N1

11.31

1.08

-0.57

-0.72

-0.66

-0.50

11.033*N2

11.16

1.31

-0.20

-0.10

-0.38

-0.62

4.083*N2

15.10

2.64

1.15

-0.96

0.17

2.97

6.111*N2

11.55

1.25

0.71

0.36

0.57

0.74

4.628*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.442*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.443*N1

12.98

1.04

-0.80

-0.83

-0.85

-0.62

0.448*N2

13.26

1.68

-0.94

-1.05

-1.11

-1.24

3.627*N1

So

Rdo

Mfrms

Hmn

Gmn

Amn

Feature:

15.63

2.53

1.00

0.50

0.34

-0.07

17.3*N2

13.51

2.19

-0.78

-0.77

-1.15

-2.27

9.825*N1

13.02

1.05

-0.82

-0.90

-0.87

-0.70

0.459*N2

12.93

1.04

-0.78

-0.76

-0.83

-0.54

0.553*N1

12.62

2.20

-0.28

-0.39

-0.74

-1.69

11.166*N1

13.49

2.18

-0.80

-0.76

-1.16

-2.25

10.026*N1

11.31

1.08

-0.57

-0.72

-0.66

-0.50

11.033*N2

11.16

1.31

-0.20

-0.10

-0.38

-0.62

4.083*N2

15.10

2.64

1.15

-0.96

0.17

2.97

6.111*N2

11.55

1.25

0.71

0.36

0.57

0.74

4.628*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.442*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.443*N1

12.98

1.04

-0.80

-0.83

-0.85

-0.62

0.448*N2

13.26

1.68

-0.94

-1.05

-1.11

-1.24

3.627*N1

So

Rdo

Mfrms

Hmn

Gmn

Amn

Feature:

15.63

2.53

1.00

0.50

0.34

-0.07

17.3*N2

13.51

2.19

-0.78

-0.77

-1.15

-2.27

9.825*N1

13.02

1.05

-0.82

-0.90

-0.87

-0.70

0.459*N2

12.93

1.04

-0.78

-0.76

-0.83

-0.54

0.553*N1

12.62

2.20

-0.28

-0.39

-0.74

-1.69

11.166*N1

13.49

2.18

-0.80

-0.76

-1.16

-2.25

10.026*N1

11.31

1.08

-0.57

-0.72

-0.66

-0.50

11.033*N2

11.16

1.31

-0.20

-0.10

-0.38

-0.62

4.083*N2

15.10

2.64

1.15

-0.96

0.17

2.97

6.111*N2

11.55

1.25

0.71

0.36

0.57

0.74

4.628*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.442*N1

13.22

1.02

-0.78

-0.75

-0.82

-1.04

0.443*N1

12.98

1.04

-0.80

-0.83

-0.85

-0.62

0.448*N2

13.26

1.68

-0.94

-1.05

-1.11

-1.24

3.627*N1

So

Rdo

Mfrms

Hmn

Gmn

Amn

Feature:

Signatures

Good

Replace

Return

Land

Vibration Diagnostic SequenceVibration Diagnostic Sequence

Aggregation

Vib-
RAY

Vib-
RAY

Vib-RAY zooms on specific 
parts and failure modes and 
assures high diagnostics 
sensitivity with low false 
alarms rate

Decision

Quantization



 
17Proprietary Information

Correlation with predefined pointersCorrelation with predefined pointers

RSL approach

Provides effective utilization of the vibration data

Predefined pointers correlate with actual signature pattern


