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ABSTRACT

Rolling bearings are critical supporting components in aircraft engines, operating in

high-speed and high-temperature environments, while also enduring strong time-varying impact
loads. As a result, they are prone to failure, and their operating condition directly affects the
engine's reliability and service life. Therefore, fault diagnosis of rolling bearings is of utmost
importance. However, due to the deep internal placement of rolling bearings in aircraft engines,
their fault vibration signals exhibit significant non-stationarity, multi-component aliasing, and
strong background noise, which poses great challenges for traditional signal processing methods.
Hence, accurately diagnosing early faults and extracting features from rolling bearings has
become an essential research focus in fault diagnosis.To improve the fault diagnosis accuracy of
rolling bearings, this paper combines the advantages of Empirical Mode Decomposition (EMD)
and Empirical Wavelet Transform (EWT), proposing a new algorithm that integrates EMD and
EWT. Through extensive experimental validation, the superiority and effectiveness of the new
method have been demonstrated. The main research work is as follows:

(1) The theoretical foundations of the EMD algorithm and the EWT algorithm are introduced.
A new method that integrates the EMD and EWT algorithms is proposed. A comparison and
analysis using simulation data show that, after combining the two algorithms, the signal can be
adaptively decomposed based on its local time-varying characteristics, thus avoiding the
end-effect and mode mixing issues inherent in the EMD algorithm, without the need for
techniques such as mirroring extension.

(2) Using the internationally recognized bearing fault dataset from Case Western Reserve
University and experimental data from rolling bearing fault simulations on a rotor-bearing test rig
from Nanjing University of Aeronautics and Astronautics, the decomposition effects of the EMD
algorithm, EWT, and the EMD-EWT fusion algorithm are compared in detail. The results show
that the EMD-EWT fusion algorithm can more clearly separate fault impact components in the
outer race, inner race, and rolling elements of the bearing compared to the single EMD and EWT
algorithms. The fault characteristic frequencies and their harmonic components extracted from the
envelope spectrum are more prominent. Additionally, a dimensionless index for rolling bearing
faults is established, which facilitates more accurate fault identification.

(3) The effectiveness of the new algorithm is further validated using real-life test data from
the evolution of main bearing faults in an aircraft engine. The results show that the EMD-EWT
algorithm provides higher diagnostic accuracy compared to the single EMD and EWT algorithms,

while also having a much lower false alarm rate. The results fully demonstrate the correctness and
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effectiveness of the new method proposed in this paper.

The research findings provide a new approach and method for fault detection and early
warning of aircraft engine main bearings, which can also be extended to the early fault detection

and early warning of rolling bearings in other fields.

Keywords:Rolling bearings,Fault diagnosis, Empirical Mode Decomposition(EMD), Empirical

Wavelet Transform (EWT), Envelope analysis, Aeroengine
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IR PR AR T o BT AN EDTVE B E R, PR B EAME A Rl & B% .
LIRS (Empirical Mode Decomposition, EMD) & —Ff LY () (5 3% B Ao A 71k, H
0 JBAE R I R E AR B A 3E BN AR A, IRl AR R I R B S A A
FEREAS BB 2 (Intrinsic Mode Function, IMF) . EMD [H4fifid #25¢ &8T5 5 5 9 R
[ RERAE, ATHZEIREERE, RS A RO AE ARG 5. WIS B, R
BT x(O W AR N T IMF 23 85 5% AR 0 8

x() = O+ O G.1)
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(2) $REUHRE AT SR AE B o BT 2 T B AR A R, 1 A e AR K L A
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Sf=\frn— 1| BEEEREA A, AL E NSRBI m=5f/Af, WEIN

kO S i SR N S ON =

= [ ( 1+A)] €lo 1 =1234 (3.24)
BEEMGH AN TEENEES,, iCh

=— =1234 (3.25)

WiER (3.25) BBRHWHS, J5, FHEEAIE T RREE, SR BRI EAE
NEANHEAE, 2N

= 20 ] (3.26)
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