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PHM (Prognostics and Health Management) -

What is it?

1. Enhance Diagnostics — the process of determining the state of a component
to perform its function(s), high degree of fault detection and fault isolation
capability with very low false alarm rate

2. Prognostics — actual material condition assessment which includes predicting
and determining the useful life and performance life remaining of components
by modeling fault progression

3. Health Management - is the capability to make intelligent, informed, appropriate
decisions about maintenance and logistics actions based on diagnostics/
prognostics information, available resources and operational demand



Maintenance Paradigm Shift
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Maintenance
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Maintenance

CBM: Condition—based
Maintenance



Al accelerates PHM

PHM Procedure

= Condition Monitoring = Degradation Modeling
= Data Acquisition/Storage (Feature Extraction)

= Anomaly Detection = Regression

= Alarm Report = RUL Prediction
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= Denoising = Classification = Decision Making
= Feature Extraction = Regression
= Dimension Reduction = Clustering
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Deep Learning & ImageNet

Prof. Li Fei Fei, 22,000 2{|0|Z, 1,5002& 0]0]X|, 2009
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Accuracy (%)

ImageNet

ISVRC: ImageNet Large Scale Visual Recognition Challenge
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Relative Prediction Time Using GPU
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Image Classification

projector projecto
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GoogleNet

dishwasher gas pump
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- Vibration, Oil debris/temp., |
- FT, STFT, Wavelet Transform, |
Neural Networks, FDA |

I
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Abrasion scratch,
Babbitt Bond

failure, Support Vector Machine,
Surface wear, Hidden Markov Modeling,
Pivot wear, ... Fuzzy Logic, Etc.
e e e e e e e T T T T e e e e e e e e - - - - 4
- Vibration
Unbalance, - FT, STFT, Wavelet Transform,
Misalignment, Fuzzy Logic, FDA
Rubbing, Support Vector Machine,
Crack, Autoregressive Model,
Bending ... Energy Index Analysis, Etc.
- Vibration, Tip clearance,
Breakage, Casing Pressure
Crack, - FT (Blade pass frequency),
Rubbing, STFT, Wavelet Transform,
Fatigue, ... BTT (Blade Tip Time), Etc.
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Unbalance
Weight

ISO G0.4 ~G 13.7 unbalance Horizontal: 150~450 um
Vertical: 300~900 pm

<H0/2) 0|E Ot >

Tilting pad type
fluid film bearing

WA CIOlE] H2|/HEAZA S/W

<Measured data>
Z7IE 4chs (MLITIE

H o & ot TlE 2chs (AU TS

Mechacnial seal contact, direct contact

<H| 0] & lLIE oL >

Partial Babbitt metal wear: 10, 20, 30 pm

Wear on the back of tilting pad: 20 pm
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Conventional  Proposed

- Vibration-based vibration+Temp.

== ; ; g
<E=Hslr> diagnosis diagnosis

Time

Featurel

Maximum

Feature2

Absolute Mean

Feature3

peak2peak

Feature4

Skewness

Feature5

Kurtosis

Feature6

Crest factor

Feature?7

Shape factor

Feature8

Impulse factor

Freqg-
uency

Feature9

Frequency center

Featurel0

RMSF

Featurell

0.5X/1X

Featurel2

2X/1X

Featurel3

(3X~5x)/1X

Featurel4

(3X,5x,7x,9x)/1X

Featurel5

(2X~10x)/1X

Featurel6

(0.01X~0.99x)/1X

Temp-
erature

Featurel?

Pad1- supply temp.

Artificial Neural Network
(ANN)

# of hidden-layer
neurons=60

I
[ -
Machine Learnin : Time  Treq. Teme. i: koo :: Flamp: i i
K-nearst Neighbor (kNN) i 87.8% 79.5% 90.1% Ei 92.1% ii 96.2% i k=5
Decision Trees i 83.7% 826% 86.7% :i 90.3% Ei 93.5% :
Naive Bayes i 76.2% 68.7% 80.7% EE 74.3% ii 92.2% i kernel
Discriminant Analysis i 55.7% 673% 67.4% i: 79.9% :i 92.2% i
Support Vector Machine : 65.3% 67.2% 83.7% :i 80.4% i: 96.4% : Linear kernel
Ensemble: Bagged Treesi 87.3% 843% 88.2% i: 94.1% ii 98.7% i 50 learning cycles
i i

79.3% 77.5% 87.9%

Featurel8

Pad2- supply temp.

Featurel9

Pad_top - supply temp.

Feature20

Pad2 - Pad1

Feature21

supply temp. - discharge
temp.

¢ St HO]H: 708,
- Normal state 26 set
- Shaft fault mode: Unbalance 12 set, Misalignment 12 set, Rubbing 9 set
- Bearing fault mode: Metal wear 9 set, Pivot sear 2 set

7.5GB (1set per 1min.)
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(PI RTDB AlA%) (DCS, PLC, SCADA 5) (23 34 Ho)
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@ GE: Predix (Cloud-based Z81Z), Smart Signal (Rule-based) @ SKF: Bearing 0| %It
@ SIEMENSE: Mindsphere (Cloud-based S31E @ Flowserve: Smart Pump
@ st=2H=: IDPP (Intelligent Digital Power Plant) - F£7|7|0]]l &3 & KIMM: £+ HI 3 H{j#o] &5 A+
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