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Condition Indicators Basics

Condition Indicators for Monitoring, Fault Detection, and Prediction
A condition indicator is any feature of system data whose behavior changes in a predictable way as the system degrades.

Signal-Based Condition Indicators
A signal-based condition indicator is a quantity derived from processing of signal data. The condition indicator captures some
feature of the signal that changes as system performance degrades.

Model-Based Condition Indicators
A model-based condition indicator is a guantity derived from fitting system data to a model and performing further processing
using the model. The condition indicator captures some feature of the model that changes as system performance degrades.

Condition Indicators in the Diagnostic Feature Designer
Explore Ensemble Data and Compare Features Using Diagnostic Feature Designer

Workflow for interactively exploring and processing ensemble data, designing and ranking features from that data, and
exporting data and selected features.

Process Data and Explore Features in Diagnostic Feature Designer
Filter and transform data within the app. Extract features from the imported and derived signals, and assess feature
effectiveness.

Interpret Feature Histograms in Diagnostic Feature Designer
Interpret feature histograms to assess how well each feature separates labeled groups of data

Condition Indicators for Rotating Machinery

Condition Indicators for Gear Condition Monitoring
Workflow to identify condition indicators for gear condition monitoring, and their evaluation.
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Condition Indicators for Monitoring, Fault Detection, and Prediction
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Signal-Based Condition Indicators
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Rolling Element Bearing

Fault Diagneosis

Perform fault diagnosis of a rolling
glement bearing based on
acceleration signals. Apply envelope
spectrum analysis and spectral

Wind Turbine High-Speed
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Build an exponential degradation
madel to predict the Remaining
Useful Life (RUL) of a wind turbine
bearimg in real time. The exponential
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Fault Diagnosis of
Centrifugal Pumps Using
Residual Analysis

Usze a model parity-equations-hased
approach for detection and
diagnosis of faults in a pumping
system.

Ahalyze and Select
Features for Pump
Diagnostics

Use the Diagnostic Feature
Designer app to analyze and select
features to diagnose faults in a
triplex reciprocating pump.
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Detect Abrupt System
Changes Using
Identification Techniques

Detect abrupt changes in the
behavior of a system using onling
estimation and automatic data
segmentation technigues.
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Demo: Analog Input Recorder App

4 Analog Input Recorder

DEVICES

Device List

”

National Instruments USB-
6218

Vendor: "ni"
Device ID: "Dev1"

DirectSound Primary Sound
Capture Driver

Vendor: "directsound”
Device ID: "Audio0"

DirectSound Microphone
(Realtek High Definition
Audio)

Vendor: "directsound"
Device ID: "Audio1"

ANALOG INPUT RECORDER

Rate (scans/s) | 1000 l Duration (s)

Amplitude (V)

Preview

1 Workspace Variable | DAQ_1 @

Plot Tools
Y-Axis Scaling T
O Autoscale
@® Set Y-Limits
Min 10
Max 10 |
[v] Show Legend
L 1 | 1 | | 1 |
Time (s) Time/Div=0.01s
Add I ChannellD Name Measurement Type | Terminal Config Range Coupling
M a0 Voltage Differential +~ -10to +10 Volts v DC v A
O ait Voltage Differential + -10to0 +10 Volts v DC v
O a2 Voltage Differential v -10to +10 Volts v DC v
O a3 Voltage Differential + -10to +10 Volts v DC ~
[___] a4 Voltage Differential + -10to +10 Volts +v DC v
O ais Voltage Differential + -10to +10 Volts + DC v
O a6 Voltage Differential v -10to +10 Volts v DC v
O a7 Voltage Differential v -10to +10 Volts v DC v
O a8 Voltage SingleEnded v -10to +10 Volts v DC v
[0 aig Voltage SingleEnded v -10to +10 Volts + DC v
[ aito Voltage SingleEnded v -10to +10 Volts v DC v
[ ait1 Voltage SingleEnded v -10to +10 Volts v DC ~
[ ai12 Voltage SingleEnded ~ -10to +10 Volis v DC v
[] ai13 Voltage SingleEnded + -10to +10 Volts ~ DC ol
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emo: Signal Analyzer App
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Demo: Diagnostic Feature Designer App

4\ Diagnostic Festure Designer - Histogram: FeatureTable!
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RUL I1s based on time evolution of condition indicator
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System Identification Toolbox

® Voir la vidéo

System ldentification
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System Identification Toolbox

® Voir la vidéo

System ldentification

MATLAB EXPO 2019
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Predictive Maintenance Toolbox

Design and test condition monitoring and prediciive
maintenance algorithms

® Watch video § Download a free trial

Predictive Maintenance
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Off-the-shelf RUL models

[ System Data ]
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Off-the-shelf RUL models
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Off-the-shelf RUL models: Similarity model
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Off-the-shelf RUL models
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Off-the-shelf RUL models: Exponential Degradation model
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What is a Digital Twin ?
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Model aiming at being used In operation
Faithful, up-to-date representation of asset

Composite of modeling approaches —data or physics

MATLAB EXPO 2019
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“Essentially, all models are wrong,

but some are usefu




Why a Digital Twin?
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How do | build a Digital Twin?
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*1| Block Parameters: Resistor

Resistor

This block represents an ideal resistor

View source for Resistor

Parameters

Resistance: 1

equations
== R % 1;
end
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-

1
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«  Predictive Maintenance in Hydraulic Pump

Ee

.~

version 1.3.0.0 (11.2 MB) by Steve Miller

Blockad Wil Sl Lid

in Simscape

Overview Functions Models Examples

Predictive maintenance algorithm developed using digital twin of hydraulic pump modeled

§ Tral software

2 Ratings
38 Downloads @
Updated 18 Apr 2019

View License

This example models a triplex pump with a predictive maintenance algorithm that can detect which parts
of the pump are failing simply by monitoring the pump output pressure.

The Simscape model of the pump can be configured to model degraded behavior due to seal leakage,
blocked inlets, bearing wear, and broken motor windings. MATLAB code shows how to accelerate testing
by reusing results from previous simulations. The model can be used to generate training data for the
machine learning algorithm and can be used to test the deployed algorithm. MATLAB Live Scripts show
you how to develop the algorithm.

Mechanical, hvdraulic, and electrical parameters are all defined in MATLAB which lets yvou easily resize

generate training data

(Requires

MATLAB

Simulink

Signal Processing Toolbox
Simscape

Simscape Fluids

Simscape Multibody

Statistics and Machine Learning

RULA

machine learning

algorithm deployed algorithm.

NIps.//WWW.matnworks.com/videos/modeling-a-nydraulic-acilaton-sysiem-oos.s3.numi
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Built-in faults
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MathWorks can help you get started TODAY

= Examples

= Documentation

« Tutorials & Workshops

= Consulting

= Tech Talk Series
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= CONTENTS

Predictive Maintenance Toolbox [RReletlaglslpie=1ie]o N RN Search Help
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Design and test condition monitoring and predictive main

Predictive Maintenance Toolbox™ leis you label data, de
and estimate the remaining useful life (RUL) of & machine

The toolbox provides functions and an interactive app for
ranking features using data-based and model-based tect
spectral, and time-series analysis. You can monitor the hi
such as bearnngs and gearboxes by exiracting features fi
frequency and time-frequency methods. To estimate a m
can use survival, similarity, and trend-based models fo pr

You can analyze and label sensor data imported from loc
distributed file systems. You can also label simulated failu
Simulink® models. The toolbox includes reference examp
batteries, and other machines that can be reused for dev
maintenance and condition monitoring algorithms

Getting Started
Learn the basics of Predictive Maintenance Toolbox

Manage System Data
Import measured data, generate simulated data, organize

Preprocess Data
Clean and transform data to prepare it for extracting conc

Identify Condition Indicators
Explore data at the command line or in the app to identify

Detect and Predict Faults
Train decision models for condition monitoring and fault d

Deploy Predictive Maintenance Algorithms
Implement and deploy condition-monitoring and predictiv

Search Help
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Detect and Diagnose Faults

Fault Diagnosis of
Centrifugal Pumps Using
Steady State Experiments

Use a model-based approach for
detection and diagnosis of different
types of faults in a pumping system

Open Live Seript

Analyze and Select
Features for Pump
Diagnostics

Use the Diagnostic Feature Designer
app to analyze and select features to
diagnose faults in a triplex
reciprocating pump
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Fault Diagnosis of
Centrifugal Pumps Using
Residual Analysis

Use a model parity-equations-based
approach for detection and diagnosis
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Open Live Script
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Fault Detection Using an
Extended Kalman Filter

Use an extended Kalman filter for
online estimation of the friction of a
simple DC motor. Significant
changes in the estimated friction are

Open Script
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Using Simulated Data

Use a Simulink model to generate
faulty and healthy data, and use the
data to develop a multi-class
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Fault Detection Using Data
Based Models

Use a data-based modeling
approach for fault detection.

Open Script
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