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ABSTRACT

Accurate remaining useful life (RUL) prediction of critical assets is an important challenge
in condition based maintenance to improve reliability and decrease machine’s breakdown
and maintenance’s cost. Bearing is one of the most important components in industries
which need to be monitored and the user should predict its RUL. The challenge of this
study is to propose an original feature able to evaluate the health state of bearings and to
estimate their RUL by Prognostics and Health Management (PHM) techniques.

In this paper, the proposed method is based on the data-driven prognostic approach.
The combination of Simplified Fuzzy Adaptive Resonance Theory Map (SFAM) neural
network and Weibull distribution (WD) is explored. WD is used just in the training phase
to fit measurement and to avoid areas of fluctuation in the time domain. SFAM training
process is based on fitted measurements at present and previous inspection time points as
input. However, the SFAM testing process is based on real measurements at present and
previous inspections. Thanks to the fuzzy learning process, SFAM has an important ability
and a good performance to learn nonlinear time series. As output, seven classes are
defined; healthy bearing and six states for bearing degradation. In order to find the
optimal RUL prediction, a smoothing phase is proposed in this paper. Experimental results
show that the proposed method can reliably predict the RUL of rolling element bearings
(REBs) based on vibration signals. The proposed prediction approach can be applied to
prognostic other various mechanical assets.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Currently, traditional concepts of preventive and corrective maintenance are gradually submitted at new constraints of
advanced required maintenance tasks. Many new advanced methods are very welcomed by the users in order to prevent
degradation of their equipment. Hence, whatever the used method, it is important to anticipate the occurrence of defects in
order to use protective actions. The main objective of this maintenance type is to ensure the dependability of industrial
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Fig. 1. PHM general scheme.

systems and to increase their availability with lower cost. The estimation of the remaining time of an equipment before
failure helps the specialist in industries to avoid unnecessary spending time and money in maintenance. So, prognostics
have become an important industrial issue and an appealing area of research to many researches. Prognostics are defined by
the ISO 13381-1 as the estimation time to failure and risk of one or more existing assets and the prediction of future failure
modes [1]. It is a promising activity that improves safety, availability of equipment and maintenance cost reduction.
Prognostics and Health Management (PHM) is a process of detecting abnormal conditions, diagnosis of the fault and their
cause and prognostics of the future fault progression [2].
In the literature, maintenance strategies are classified into three types [3]:

- Breakdown maintenance;
- Preventive maintenance;
- Condition-Based Maintenance (CBM).

Breakdown maintenance and preventive maintenance are disappearing from industrial practice as they are based on the
repair of an asset when it breaks down, and periodic inspection and replacement. The main advantage of CBM is to control
continuously a process to choose the best intervention time and to not interrupt normal operations. Thereby, CBM is widely
targeted in research and industry nowadays. PHM, as shown in Fig. 1, is the most important activity of CBM. PHM is
developed from fault detection to diagnostics and throughout prognostics. The main prognostic objective is to estimate the
remaining time before total failure of assets [4]. So, reducing maintenance costs of critical industrial assets is one of the most
important advantages of prognostics.

In the literature, there are three different approaches to prognostics [5]:

- The physical model developed by experts and validated on large sets;
- The rule based expert systems;
- The data-driven model.

In this work, we develop a novel data-driven prognostic approach based on vibration signals suitable for rotating
mechanical assets. Our challenge is to define on a first hand a new feature which characterizes more accurately bearing
degradations and on a second hand to simplify the prognostic task into a classification task. For this, we propose a new
approach based on Weibull distribution and artificial neural network which is validated by an application on bearings. A
modified Weibull Failure Rate Function (WFRF) called Universal Failure Rate Function (UFRF) is used to fit extracted features
in the time domain based on vibration signals. Then, fitted features are used to train Simplified Fuzzy ARTMAP (SFAM)
neural network. SFAM training mode is done with seven classes: healthy bearing and six states for bearing degradation. An
intelligent smoothing phase is introduced to perform accurate RUL prediction. Experimental results based on bearing run-
to-failure vibration signals demonstrate that the proposed method is able to track the regularity of bearing degradations
sensitively and accurately.

The remainder of this paper is organized as follows: a detailed literature review is presented in Section 2 related to
prognostics for bearing applications. Section 3 presents the different steps of the proposed method. In this section, the
feature extraction process is given and the basic principles of Weibull distribution and SFAM neural network are detailed.
Section 4 describes the simulation and experimental results as well as some numerical examples to assess the effectiveness
of the proposed method. Section 5 is dedicated to discuss and analyse the experimental results by comparing the obtained
performances with respect to other approaches. Finally, some conclusions and future works are provided in Section 6.

Please cite this article as: J. Ben Alj, et al., Accurate bearing remaining useful life prediction based on Weibull distribution
and artificial neural network, Mech. Syst. Signal Process. (2014), http://dx.doi.org/10.1016/j.ymssp.2014.10.014



http://dx.doi.org/10.1016/j.ymssp.2014.10.014
http://dx.doi.org/10.1016/j.ymssp.2014.10.014
http://dx.doi.org/10.1016/j.ymssp.2014.10.014

Download English Version:

https://daneshyari.com/en/article/6956174

Download Persian Version:

https://daneshyari.com/article/6956174

Daneshyari.com


https://daneshyari.com/en/article/6956174
https://daneshyari.com/article/6956174
https://daneshyari.com/

