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MATLAB BXPPO

PHM (Prognostics and Health Management)
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Pump System Reliability

Stage of
Service Life
Failure Rate Decreased Quasi-Constant Increasing
Characteristics Failure Rates Failure Rates Failure Rates
................................................................................................. Bathtub Curve
Root Causes Random Failures
Overall Failure Rate

Prescriptive (X &)

=l

Preventive (0l )

MATLAB BXPPO



MATLAB E

A
ALPN

2t
X
o

i

Project Overview : PHM of Pump Systems
=

_J_I
iy B
& T
ol o = M
X0 J - m_ NE .mF
K] [" = I\
N g & S e
) B ol
u b0 gy = ¢
b0 _Hro o D mmu, o uuva
= ey Swra  o:o 0 I
1o *lle ®sma 7 |E
ol RO 5 -
P Ha ey
@ <0 ™M = EDATm .m
L S5 8 5 8 8
RF - —— <RI g 8
0 ~
! 0J
~~ —_—
R [
h= [ EZEEE NWS
um (2 EEE RRO
BIFZZEE s
Mt £ ==== JoKod
K0 KO —=|"Z| £ = _u_o_nu_._No
AR g puwe ZaM
S
non
w0 353 KD
O~
u__oﬂ
_”_._ﬂoa
T HIK




MATLAB |

smln] S e Ll AN ey 37191104 213748 e ERT) U CHCH HE BUEY A|AS

LuEY
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Anomaly Detection (1/2)
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Anomaly Detection (1/2)

* Statistics and ML Toolbox
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Fault Mode Analysis (1/2)
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Data Acquisition (1/2)
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Data Acquisition (2/2)
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Data-driven Diagnosis (1/2)

Machine Learning based
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Data-driven Diagnosis (2/2)

Deep Learning based
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Rule-based Diagnosis (1/3)

3H * Statistical and ML Toolbox
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Rule-based Diagnosis (2/3)

<Electric Fault Decision Tree>
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Rule-based
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Diagnosis (3/3)
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Prognosis Procedure
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Prognosis - Model

QEBILIHHUHES 2L

« Exponential Degradation Model: | y = A X exp(Bx) + C
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Prognosis - Experiments
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Prognosis - Health Index(Performance)
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Prognosis - Health Index(Parts)
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Prognosis — Experiment (Bearing Failure)
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Prognosis — Bearing (Feature Analysis)

* Predictive Maintenance Toolbox
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Prognosis — Bearing (Health Index)

® Heal Index & & : PCA (=& & &4, Principal Component Analysis)
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Prognosis — Bearing (Health Index)
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Prognosis — Bearing (Health Index)

@ RMS vs. Proposed Bearing Health Index
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Prognosis — Bearing

@ MATLAB : Exponential Degradation Model * Predictive Maintenance Toolbox

- RUL prediction model
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Prognosis — Experiment (Accelerated Life Testing)
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Prognosis — Experiment (Impeller Failure)
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Prognosis — Feature Analysis
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Prognosis — Impeller (Health Index)
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Prognosis — Impeller (Health Index)

@ RMS vs. Proposed Impeller Health Index
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Prognosis — Pump Performance

® Performance RUL Prediction
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Prognosis — Evaluation
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Prescriptive Maintenance
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Prescriptive Maintenance
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Preventive Maintenance
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Preventive Maintenance
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Conclusions and Future Works

1. Always Predictive Maintenance?
- Sometimes, Prescriptive/Preventive

2. The Key Enabler of PHM P P
- Sensor & Data Acquisition ) 0% 20%
- Physical Domain Analysis | actiow

Source and prepare high quality ingredients | Cook a meal

- Wlse Data AI /C\; -U—H E I:-” OI E-I é-l a| jl- 80% jEd g (Andrew Ng) Source and prepare high quality data Train a model

Mg A

3. Proposition
- Health Index Study (Physical & Statistical or Al)
- RUL : Study but don’t obsess
- Right Now? : Continuous Monitoring of Heath Index with MATLAB
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