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Feature-based Analysis on Vibration Signals for Fault Diagnosis of Elevator
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ABSTRACT

An elevator is a machine composed of various components. Extensive research has been conducted

to determine the optimal life cycle of the components; however, there is a lack of methodological

research on the diagnosis of the elevator condition. In this study, an efficient method for diagnosing

faults through feature-based analysis on elevator vibration measurement three-axis sensor systems is

proposed. The obtained data consists of normal and fault signals, and a sample is secured through a

sampling process in a constant speed section of the signal. Subsequently, features with statistical and

shape information are extracted from sampled signals and finally, machine learning consisting of
Genetic Algorithm (GA)-based feature selection and Support Vector Machine (SVM) is applied to

classify faults and evaluate diagnostic possibilities.
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Table 1 Mechanical faults of the elevator

Fault type

Axis

Guide roller load

Guide roller misalignment

Guide rail misalignment

Guide rail and supports misalignment

XorY

Rope tension unstableness

Rope resonance

Bearing fault

XorYorZ

Twisted car

Roll up

Roll back

Inverter matching poor

Traction machine unbalance

Traction machine misalignment

Traction machine mechanical looseness

Synchronous motor eccentricity

Synchronous motor looseness

Gear misalignment

Gear backlash

Gear eccentricity

Gear looseness

Gear tooth load
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Table 2 Values of the vibration signal

No. Axis Value (max pk-pk, gal)
X 17.48
A-1 Y 34.27
z 15.35
X 15.62
B-1 Y 40.93
4 16.89
X 20.85
C-4 Y 25.57
z 8.91
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[ : Excluded section Table3 The features for extracting statistical and shape
[ :sampling per second information
e [] No. Features
e - e Time domain
I 1 Peak
i T |f| 2 Root mean square
T I T = [ == : R 3 Kurtosis
! I I 4 Crest factor
. 'sv:m-.. I - T -E.l 5 Clearance factor
K : e W 6 Impulse factor
| 1\--_-:‘ | 7 Shape factor
8 Skewness
Fig. 10 Sampling of vibration signal 9 Square mean root
10 Sth normalized moment
Maximization separability_ between fauits 11 6th normalized moment
’ " 12 Mean
13 Shape factor
30 14 Peak to peak
L 2 . 15 Kurtosis factor
S "f';;‘,‘,',’n“f;;";:m‘i"?::,’{ 16 Standard deviation
g o | 17 Smoothness
T o 18 Uniformity
7 19 Normal negative log-likelihood
Feature 2 Entropy domain
reature 1 -0 20 20 Entropy estimation value
21 Entropy estimation error value
Fig. 11 GA-based feature selection method » Histogram upper bound
23 Histogram lower bound
BERE AzoA A4, 4 5HS FE3 Frequency domain
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Table 4 The features selected by the GA

No. Selected features

1 (Y) Peak value

2 (Y) Mean square frequency
3 (Y) Frequency center
Data classfication of elevator
Guide rail and supports misalignment(Y)
O Guide roller load(Y)
O Normal
%S
e}
}° 2
3 © %)QJ
8 "o
o ap
2 0%
o ©O e}
1 o ©

(y) Frequency center

(y) Mean square frequency

Fig. 12 The result of classification of elevator
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