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GE Digital @GE I

What does the future of the #lloT look like? Our CEO @BillRuh_GE
explains in this new interview: stratbz to/gASk308yoP0

LCRONITTIEl | Siemens 2- Follow
Bill Ruh 8

strategy+busii - 2
IR T hanks to predictive maintenance the #Velaro

E trains between Barcelona and Madrid run w/
99.9% availability #GartnerSYM

Digital
Services

"""‘ﬁihmmwmm SIEMENS

—mm_

Availability guarantee for rail Avolding plant shutdowns

peators 2 Increased productivit
= On-time rate up to 99.9% i
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A game changer that opens the door to
predictive maintenance ow.ly/4nc2TT #llot
#HM16

:_.,1" SAPV loT 2: Follow

John Deere uses machine alerts using
#telematics for predictive maintenance and to
lower downtime of assets v3.co.uk/v3-
uk/news/234 ... #loT

John Deere: Technology vendors need to feed agriculture's big data needs
Farmers are hungry for IT solutions
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Intel loT - Follow

#DYK predictive maintenance can cut yield
losses by 25%7? Major benefits of #lloT:
intel.ly/2dg70tm

i

e

Software Innovations
How to develop a #

youtube.com/wa

ol for #PredictiveMaintenance in 1 week?
#1loT #Industry40

BosCH

How to develop a data analytics tool in 1 week (Part 1)

A team of data scientists, manufacturing & software experts at Bosch
Software Innovations developed a data analytics tool for predictive maint...
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Customer Example: Mondi p
* International packaging

. . . mondi
Predictive Maintenance -
HKII-& . inZdSEaepr:;)onees

;}EJZ//I\gE*SI—EFZ ':I:' EI,‘] 5&%*”*&’:’%1%*)lﬁql‘ﬁj * Revenues of €6.4 billion One of Mondi’s plastic production

in 2014 machines, which deliver 18 million
tons of plastic and thin film
products annually.
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“We had the first tests within two months and a working prototype in six. The MATLAB code is
easy to understand, so we can make changes rapidly when needed.” Dr Kohlert”

- il__‘ziiﬁ: 7/24 éiﬂ;iﬁ{”—_ MATLAB based HMI that enables equipment operators to

receive warnings about potential failures before they occur

“There’s a misconception that MATLAB is only for research or development. We operate our

machines nonstop, and we rely on our MATLAB based predictive maintenance software to run Link to User Story 6
contintiotisiv and reliablv in brodiiction ”



https://www.mathworks.com/company/user_stories/mondi-implements-statistics-based-health-monitoring-and-predictive-maintenance-for-manufacturing-processes-with-machine-learning.html

Customer Example: Baker Hughes

Pump Health Monitoring System
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+ one of the world's
largest oil field services
companies.

Positive displacement pumps inject
» ~34k employees a mixture of water and sand at high
pressure into drilled wells.

Predictive
Maintenance Alarm
System

Normal Operation Monitor Closely Maintenance Needed

MATLAB based predictive maintenance alarm system

Link to User Story 7



https://www.mathworks.com/company/user_stories/baker-hughes-develops-predictive-maintenance-software-for-gas-and-oil-extraction-equipment-using-data-analytics-and-machine-learning.html
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Engine systems monitored

General
- Anomaly detection

Performance
- Modular analysis
- Thermodynamic cycle monitoring

Hydraulic system
- Debris

- Smart filter

- Consumption

- Fusion/Decision making
- Fleet cartography

Control system

- Sensors Monitoring

- Actuators Monitoring

Bl - Assisted troubleshooting
- Failure wamings

Fuel system
- Smart filter
- Fuel pump

Mechanical health
- Imbalance analysis
— i - Vibrations HF
Ignition capability  Elaating svints
- Start up monitoring
- Sparking plug monitoring

7 / SNECMA / SAMANTA / MATLAB Virtual Conference 2015

& SAFRAN

Snecma

« MATLAB S#EH .
- S5HMEINGZE .
o A[EMIERR

SRS S
SHEPFIBR S5 R G EE X

http://www.mathworks.com/company/events/conferences/matlab-virtual-conference/

MATLAB X
UIRTUAL CONFERENCE
2015 ¥



http://www.mathworks.com/company/events/conferences/matlab-virtual-conference/
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Data provided by NASA PCoE

http://ti.arc.nasa.gov/tech/dash/pcoe/prognostic-data-repository/
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http://ti.arc.nasa.gov/tech/dash/pcoe/prognostic-data-repository/
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Simulink Simscape ~ Simulink System Statistics and
Design Optimization Identification Machine

Toolbox Learning Toolbox

HWEEFRL TR




4\ MathWorks

REE & LB TN 1L 2E 1P

[E—&S ) 100 & & shil B 1E B4

= 1: RBEUEHIE

— fliTHER

- RHELE

— BEBARGIREN, XKEBELIHAUSITEK ¥
S -

— TR A RMAEIRIOAHE, RSB RHE
431V

Nozzle

Data provided by NASA PCoE
http://ti.arc.nasa.gov/tech/dash/pcoe/prognostic-data-repository/ LPC HPC
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http://ti.arc.nasa.gov/tech/dash/pcoe/prognostic-data-repository/
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Day-ahead System Load Forecaster

Hour | Temperature Forecast|  Load Forecast xos | Compute Forecast | Clear
| oryBulb | Dew point | Neural Net | Tree Modet
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Variable 2

Variable 1

Score on PC 2

Variable 2 ~—Residual
PC 2 Score on PC 1

Variable 1
PC 1
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Data provided by NASA PCoE

http://ti.arc.nasa.gov/tech/dash/pcoe/prognostic-data-repository/

LPC

4\ MathWorks

Nozzle

17


http://ti.arc.nasa.gov/tech/dash/pcoe/prognostic-data-repository/

Overview — Machine Learning
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(RO AT, Amazon S3™, Windows Azure® Blob
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Spectral Kurtosis

Probability Density Function
=
o

Re

maining Useful Life (RUL) Prediction

alth Indicator

f£10F

L L L L L ) L
20 25 30 35 40 45 50
Time (x 5day)

—ndf of RUL
w— Estimated RUL

True RUL
Confidence Interval

-
i

Time (day)

15 20 25 30 35 40 45
Time (x 5day)

0 0 Frequency (Hz)

rity (0 - healthy, 1 - faulty)

Fault Sevel
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Remaining Useful Life (RUL) Prediction

Health Indicator
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Second Spectral Moment for Faulty and Healthy Conditions
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Reconstructed Phase Space
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fileLocation = fullfile('.', 'RollingElementBearingFaultDiagnosis-Data’, 'train_data');
fileExtension = '.mat';

“~rs — ensembleData = fileEnsembleDatastore(fileLocation, fileExtension);
. 1%% ensemble Xq%lﬁlﬂﬁﬁ%a:z:ﬂﬂ AN ensembleData = initializeEnsemble(ensembleData);
T ensembleDataTable = tall(ensembleData)
if5 . FMHDFS_ERISCH

ensembleDataTable =

Mx10 tall table

/blr Vibration_Data sr rate load BPFO BPFI FTF BSF Label
- {#H ensemble & EIEFNFF 163 [ElHY 2K

T 9y T 5y EEE [146484x1 double] 48828 25 e 81.125 118.88 14,838 63.91 "Inner Race Fault"

*Emﬁjj 5 = !Z 12{% [146484x1 double] 48828 25 50 81.125 118.88 14.838 63.91 "Inner Race Fault"”
[146484x1 double] 48828 25 100 81.125 118.88 14,838 63.91 "Inner Race Fault"

[146484x1 double] 48828 25 15e 81.125 118.88 14.838 63.91 "Inner Race Fault"

[146484x1 double] 48828 25 200 81.125 118.88 14.838 63.91 "Inner Race Fault"

[585936x1 double] 97656 25 270 81.125 118.88 14.838 63.91 "Outer Race Fault"

[585936x1 double] 97656 25 270 81.125 118.88 14.838 63.91 "Outer Race Fault"

[146484x1 double] 48828 25 25 81.125 118.88 14.838 63.91 "Outer Race Fault"

¥

amazon |S3
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& Simulink 1 Simscape #3iE#1 =&

™MhE

HIE{EY ensemble

Current Folder
Name
= Folder
SimulationData
L] Transmission_Casing_log_1 mat
11 Transmission_Casing_log_2 mat
11 Transmission_Casing_log_3. mat
£H Transmission_Casing_log_4 mat
£H Transmission_Casing_log_5.mat
£H Transmission_Casing_log_6 mat
£H Transmission_Casing_log_7.mat
- Transmission_Casing_log_8 mat
IJ Transmission_Casing_log_9.mat
£H Transmission_Casing_log_10.mat

Live Script
5 FailureDataTransmissionSimulink. mix
= Simulink Model
% Transmission_Casing six

Transmission_Casing_log_1.mat (MAT-file)

Name Value
PMSignalLogName ‘logsout
@ Simulationlnput Simulationinput

L4
%/ logsout Dataset

Command Window

>> ensemble

ensemble =

simulationEnsembleDatastore With prop

tMemberRead:

ercies:

4\ MathWorks

ataGenExample onSimulink

Setup simulations in Simulink model =
(LT}
ndl = 'Trar n 3
open(mdl);
toothFaultValues = -2:8.2:-0.2; % 1@ ToothFaultGain values

for ct = numel(toothFaultValues):-1:1

simin(ct) = Simulink.SimulationInput(mdl);
simin(ct) = setVariable(simin(ct), 'ToothfaultGain
end

*,toothFaultvalues(ct));

Run simulations and store data

location = fullfile(pwd, ‘SimulationData');
[status,E] = generateSimulationEnsemble(simin,location);

Create ensemble to manage data

ensemble = simulationEnsembleDatastore(location);
ensembleData = tall(ensemble)

Mx4 tall table

SimulationInput SimulationMetadata Tacho vibration

25
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Fault Detection

- IESEERTAERE, REUFIELR
F32 5y KR AR R B TAERFE

" /;Efl__%ﬁql'{E%ﬁfE, *ﬂ%?ﬁf‘ﬂﬂ]?&@ [ | | o / =,=
L NN i |

# o i
Similarity:~ — - =
Remaining = =
- ERAEENIRIR sl
/ P S ;
Build 3 comp — ! 2 w i
Life {RUL} es — - a y !
including the ‘;T: =g g e
preprocessing '/ ' iy .V
J’ ¢ ! - werse | .| pump | |
Nt ool ! 4 ' ip model model
-+ = -+ - oA
Rolling Element Bearing Fault Diagnosis of Fault Diagnosis of
Fault Diagnosis Centrifugal Pumps using Centrifugal Pumps using
Steady State Experiments Residual Analysis
Perform fault diagnosis of a rofling This examples shows 3 model This examgles shows a mods!
element bearing based on based approach for detection and parity-equations based approach for
acceleration signals, especially in diagnosis of different types of faults detection and di diff
the presence of strong masking that occur in & pumping system. The types of faults that occur in 2
Open Live Script Open Live Script Open Live Scrip
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{¢+Standalone
- Application

BERETES ESEm AR L MATLAB + SIMULINK

Compiled Applications

BITHEERIFEH @ @ @
Q&®

—=| MATLAB
—={ Production
O Server

SRR AN RGEER =T

Embedded Hardware Enterprise Systems
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[ Application Author J

MATLAB

Toolboxes

MATLAB
Application

4 i' 4l

e) MATLAB Compiler
i+ Standalone Excel
Q{:—Application

{ End User J
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SHORTCUTS (A2 N E (2 Search Documentation 2
= EII Ilj [ 1] Mew Variable Analyze Code ul | {0y Preferences ‘= (18 Community
e . L Find Files & e |_j? CE) E (2 B
ti» Open Variable = k7 Run and Time [ Set Path ‘5 Request Support
New MNew Open EJC“""PEFE Import Save -~ Simulink  Layout Help
Script v - ' Data Workspace [~ Clear Workspace v |7/ Clear Commands ~ Library v  [|[] Paralel = v 0 AddOns v
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES
e EHE | L ‘Wmathworks\public * Chetan_Rawal * Videos * mlCompiler * Videol_AppCompilerStandalones ¥ AcousticsDemo * - B

Current Folder

Mame

@ ValidOctaveFilterFrequencyValues.mat
“plotlrAndAnalysis.m
“ImpulseResponseAnalysis.m
“ImpulseResponseAnalysis.fig

B exportResultsToExcelSpreadsheet.m

@ AnalyselR.m
= soundFiles
® 1 lmages

ImpulseResponseAnalysis.m (Function

-

Command Window
@ New to MATLAB? Watch this Video, see Examples, or read Getting Started.

>> ImpulseResponseAnalysis

fx>> |

>> guide ImpulseResponseAnalysis

4\ MathWorks
E=n e s
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MATLAB
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Analytics Development\

'll

Algorithm
Developers

J

Bigdata Analytics

\
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