faultCode=
faultCode=
- faultCode=

faultCode=11
faultCode=1
faultCode=10

faultCode=100
faultCode=0

{3 MATLAB #1735 1463

f) MathWorks



H=R

1. @&

2. 1IEBUREIE R
3. It RIKRFERS




faultCode=111
faultCode=110
faultCode=101

faultCode=11
| ] faultCode=1
MM M faultCode=10
. A i \ (| padkilt) A !\ faultCode=100 ||,
1 _IM : ';."I F | ,.p_.i.. _‘.'_ II Rihcsded ||
1Y T R R VT LR
L, i \ ';.!'Illj. lli:l.'il_.l'::ﬁi I:I ' ILI: " . :."II r':ﬂlll"l_!_" I'{I‘II J

TTH??%

% 15389 @

f’) MathWorks



= A TN E2E TR ?

B SXREERM T M4, ERE VSR = HIKIE,
FRARS R Z B4R UMM P L SR DI E N 2B R RN &
. BT I 75 3, @RI LUR AT HIE 43P 1t X Bt E R ER.
HERTRIIMEN, AR ARREERISEF,




TP R B

M Rz TULEEHP

PP

KAMNAR, T —ERZIEGRE, FHIKERY  IFZ2ARBINSEHITERREUREN IERERN R E.
HITHNS NREBLEE—MEEINIRE, fIINEBLTR, MRy FARG It 4E PRI — N E AR EL B I E R BE T4 BT IEAR
NG AA RS RBEEXERBERE—TRA—LIFER g IR PIBE & E BT, EILERIE 1T 3BT E B R,

SEBHFRYE RS, HIE0KA5|

B BT EARH L ISR FRFEREXBERIGENTHIL.EE, KRELHEIF SR

BYXUES, AT ERNHERSIFE SR MEEE FRALAR BRI &R0, ML ISR RS

N, ESREIR LR,

Machine
health

Machire
health \Ij N
.
| h x Still usable
_ /’ ! ' condition
Failure . ! '
Time Time

TP 2SR

P 4 4P L G RE IS TR M 28 & SE ER BYRT (8], T A#RI TR

M BV RE % 4 BY (B8] PT 75 B fE e E R HRS S 43P U B (£ AT 18]
FOUT N 43P A PTFINRE SR AR , 18 BT LIRS 2= AR
ERIER, HEE B E BB EERIE .

Machine

health o~

/‘ RN Optimum time fo

. ﬁ schedule maintenance
3¢ Predicted failure

-
Time

A MATLAB #H1TTIUNELESR | 5

< | MathWorks



e 10}

FEIFAN]

ScrEFN P BB T RIME T A E T EFNRARELE RIS
Fn. BRI RIE?E &, BEFEA L — I FUNN B EONSEZ%,
ZET A @ B E TS O R B MSEAFTEHITHER,
BAIRE—TIUNELEF TIERE, UWHREERF %o

Data

Predictive Maintenance
Algorithm

Failure in 202 days

* MathWorks: fEF8 MATLAB #1TFUNMELERR | 6



e 10}

A T (TR

AR AFTERRRARZIMERBITINAMBIESRITINZH
R AN R TURA TR IR, 5 HEIER VT4, Sl
UM PR BIATS e T 8d. XERSiE R B B X 0 1E RS
BN SHVRE. 2R TR, ERT LUE AR EX RUAFE SR ZRAN 88 F SR AL,
LAEREDS :

Kol
R AR [E] 2 B A 1T 43 2
TSRS EAER (RUL)

ACQUIRE PREPROCESS
DATA _}

&m, BBEBEEZA R ERNEIEHNRSET, LA T EmiE AR,

TR TR D, B IRER— =L RNAIFRTERIERES
ZHIRERE BT REAEMNRATITIL,

IDENTIFY
TRAIN DEPLOY AND
DATA mus) CONDITION mup — \\opr  wmmh oroo'or

INDICATORS

*' MathWorks:

65 MATLAB 31T TN LR | 7



X
i
;deél_lz
-

F—TEREARERN®
TSI EIRIFE E R a0,

&

HiZ

IR

100\

IDENTIFY
ACQUIRE PREPROCESS TRAIN DEPLOY AND
DATA DATA —) Ic,\l%';'c"ﬂ'gk"; m=)  MODEL ™ |NTEGRATE

TNAREERBUB-TAEETHRE SHERRE, Z—aBTHIREEREF REEHRERER, ERT
AREA M e A ERETTHEE SR BIEFGAR, — 8t R —a BRI IR REFT A LR

FOR, —a I FRHEM, Z—aUTFERFERMN. —a A THE  BETEF L HESEIF N NSENEERE X,

' MathWorks

healthy

+
faulty

OJOIO,

{

Operating temperature: 30°F
Fluid viscosity: High

Collect data Sensor data
using sensors

—

Temperature
Flow —n

Pressure Operating ’rempera’ru-re: 90°F
Fluid viscosity: Low

S

(OJOJO)

AR BN T B, [EEE{THIMEEE{T 278 T EEZR T
TESLERHFE T, ST X FHRTS, Alfe= B LU E BTN EE,

R MATLAB #H1TTIUNELE4R | 8




ARERBRT, B EsE BRBZHNRFKE ERIBTNRESRTTH
iR (FA—MENERE, B UWERNARFRE, @l (T R2510
EILEE SR AR, Er] LUER R EHEIEFR T TSRS iR
SITIHE, LUE PR R LR 2R AR o & R, AR EA TR

2 A HERVAN 7B IE A LIS S A & BB AN (L R aS 2R R & TN 1 4
PEx.

THRES & Simulink £ ELIE

< | MathWorks

ACQUIRE
DATA

Sensor data

Time

1 Seal leakage
2 Blocked inlet
Worn bearing

IDENTIFY
PREPROCESS TRAIN DEPLOY AND
CONDITION
DATA _} e _} MODEL INTEGRATE
006 Sensor data
W’W J
Triplex pump Time

Reflne model

In|ec’r faults @ —>

Mathematical model
of the triplex pump

Synthetic data

PMWMWW

T|me

T EISER S FIREH TR, LU LR

655 MATLAB TFDIELSR | 9



https://www.mathworks.com/help/predmaint/ug/Use-Simulink-to-Generate-Fault-Data.html
https://www.mathworks.com/help/predmaint/ug/Use-Simulink-to-Generate-Fault-Data.html

= FT MATLAB REHUE

IS HIER] LB EIE, el IR ISR L3R, N EMEE A

’U"hratlun slgnals

X% = (550 AWS® S3. Azure® Blob) 8B EU N EIER P ICRES S 3
FhSRIRAR. IR SIRTF ETENP R, 1ERRI LUEA MATLAB® SR3REY, f| |I | M | |1
WSO B IS B ARIEET, BT LUBIT i NS S 4, MA22I8%E i ol H H J‘ | ’ }l ',
Simulink® 122 32 & pi PR 28R, H XS R AR E IS HITIEIR, 'I'| ||l [ h| Hht" r' ‘
' || |” ' I| il l | ]1 |I||\ l\, I"
}‘% !, A | | | || \!, “
g o I' |1||| | ' 8
MATLAB 3£ B 88515 LUBT T AT A BB R A7 £ | NN 'r| ,'Jl" ‘|' ’n I“
HETFABIREE, AIE B 2 P E LK #E AT ‘ ‘ [ '“ .' II “ w ||| ’I
BRI, SRR B 3L, A | ” || IR
28 SR SR AE H 2 1P B i, 2 1 0 NN rr R
—Gulshan Singh, Baker Hughes
»  [RBEEEFEG N 0 5 10 15 Elﬂ 25 30

&/ Simulink £ BT3RS R fEE RS

-} MathWorks' {55 MATLAB #1774 4ER | 10


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

\Y V4
T %ﬁ |\i x IDENTIFY
ACQUIRE PREPROCESS TRAIN DEPLOY AND
)\k Eﬁ&%ﬁ DATA DATA mus) CONDITION wmemsdp — \ionp INTEGRATE

INDICATORS

RIFHIERE, T—2 SMGIBHUE, LUEHIZIR A B NMEBURSIE R

2T AN IR 5 E TN R IR, BB B B EMRRRERESF A, G,
SEH T IIE, T eeiB RGBT ZRANIME 2. 5140,

LI AM IR BT BB B35 IS B I B FE R o Sl

[RIaZNiE IR I AV ER R IR I AV ER R
[ ﬁﬁﬂﬁ } AR ST
ﬁ
Time Time Frequency

- | MathWorks 5 MATLAB STHIIEAE | 11




50 MATLAB FliAbh IR 2N 1E

BUBE ALY, [ MATLAB, &8 LI EUEH 1T IR, R4 IEFH
FEBXAFLE -

© XWARERFRBBIBHITIHE, A2 RRAENREE,

« ERLHNESOERARBIRIRR. MkdiEH oS R
550

«  ERGITMEIAG AR ITRERINIERE, LIS EHEEF DI
MRE R EIAE

®O 1000 S0 200 0 200 Wm0 ml [ 1

BF 15580, 15 5 EIEM L3452 69 Wavelet Signal Denoiser Y HFE /5o

< | MathWorks 5 MATLAB ST | 12



\ \ — OO
Jb ok
] 1D 7:'] |J ,l * X j:b 2 KN %—E ACQUIRE PREPROCESS CONDITION TRAIN DEPLOY AND
7\ eANTH DATA ™=  paTA INDICATORS MODEL INTEGRATE

T—FRINFIRTIE T, BIBEE R ERE T, HAT ARG R Healthy operation
RETRIE. XEFEARTES EREITHREETT, Fqul .
aulty operation

EAMBEE R, BB RV TE, MREIENEER LB,
Elt, IEESRER A E ARSI T80

X\

Frequncy

Peak frequencies can serve
as condition indicators.

R MATLAB #1TFIUTIELESR | 13

' - MathWorks



. F S MATLAB JR3IIRSIE R 2s

{&B5 MATLAB # Predictive Maintenance Toolbox™, f&r] LI{ERE T
SHMEFERERMH G EZIKITIRSIE R 28, & 0] LIt BB 30k T R &R
T, E R IRSHEGEN Al B R FIX LS, A7 MERHIEEMTT
N FFIERIH 23U E RV IR P IO AT, T IETFHE< 8 &
T EAFIE, ZEM e LR ER— ERE__I-lE—l.IL/(;E/%—JLEIJ’IkIL.\X1tO

T ERE % Predictive Maintenance Toolbox 2+ 4 2(2:00) - #1157

CONDITION
INDICATORS

SIGNAL-BASED MODEL-BASED
CONDITION INDICATORS CONDITION INDICATORS

FREQUENCY TIME-FREQUENCY DYNAMIC STATE
DIGJVVAIN BIGJVVAIN MODELS ESTIMATORS

EEEFIESHEFREI T ERITIASIE T2, UtV 28BS T T,

- | MathWorks {5553 MATLAB 4T FUNIE 447 | 14


https://www.mathworks.com/videos/predictive-maintenance-toolbox-overview-1519682269879.html

‘} | ‘ é# *""‘ anl IDENTIFY
] ACQUIRE PREPROCESS TRAIN DEPLOY AND
1 /N % = DATA ) DATA ) CONDITION MODEL INTEGRATE

INDICATORS

1T, EEMBERPIREN T —E4H51E, AT UEBNXEAIERIEM R NIE B BTHBEERTT. BRI R, AR EEM SR RES, WA EHZFIL
REIB1TZ KAY[El, F—F, A LIERRENAVERINIGHN S F JREL, LIHRITSMES

" Anomaly
N o -
REIET 8 — | /ey | ———>
A R ARSI, UREEEEER S,
THRE S (BT F 0 ) S 71E RN A L A e i FE B e T
Ok b B ol e e N E o (o o e S ﬂﬁ
M B = kS InAlEIRSS Blocked inlet
EAILGRN T RENBAN DG EEE 202, RsiaTR — | NEFH | —— W
Determine what
needs to be fixed
I M IE B RS B M PR Y 45 R
M4 Machine o o =
HE— P rl iR R BV E S Rt R LT 2 8] X R BYFREY, bl = ;gﬁi - FERass o |
A BB ETETE A 2 BB A S HE RIKEH) URMER - ASIETRE — | BEI [ ——— |
B2 HE4EP Falure
THRES @ MATLAB F{E IS Ee 69 =F 7% Resmciing tasful e

- | MathWorks 5578 MATLAB #TFRMEAE | 15


https://www.mathworks.com/content/dam/mathworks/ebook/estimating-remaining-useful-life-ebook.pdf
https://www.matlabexpo.com/content/dam/mathworks/mathworks-dot-com/images/events/matlabexpo/de/2018/predictive-maintenance-with-matlab--time-series-production-data-analysis.pdf

= (5F3 MATLAB #1383 SJ3)I| 4 Ag

BRI LUz A MATLAB ARRY 77 28, [a]YIFR0 BT 7 AR AN RE PR AR R T

kSEEQIZEEI‘JET_“E—'Jo

- RENREAERREZNTEREE RUL ST HERTH
« ERRERZUZ. CLRILUE S P FUNEE,
« EHAMKEEXEIAZHIUNFRIAHE 4.

*' MathWorks:

RPAES

A\ Ciaasification Leerner - Scatter Pict a 4
CLASSFICATION LEARKER v
e : i
od E M [ -
liew Featwre - PCA Bt Sibapece
Sestion =  Seicton | Trees L
Do el ™ —
LT e T
Dt Browierd Plot
w» Higbo
| R AP —
| i o W -
113 SVl Aczuracy. 40 3% () Dt
| unsd changs: COIMER GIUESMEN..  TRNE festures (@) Mot predichons
BT fccerney: §23% B » Cored B
a . x
Lasd change: Fing KM 150 festres L ‘ i |ﬂ
115 L] dccurncy: §1.6% - -
Last change: Wediarn KNN 128 hearures 5 - = Piakt
148 WM Aczuracy. M.9% . .
% . L] Xl
L change  2oarEs KM ARHE Fadtar el - *
L]
147 oM hecumsey 3238 ., . i ¥ [Vanance
Last chonge: Cosing KM 1818 fowsares aar it . .
e Accerncy BO.T% £ . Claasss e
Lest change. Cubic KN 118 temures = - :
a -1 - Show Dirder
'”:-9: ﬂ;::m B KN E::a?u :i:: > " . 9 e
[TRLT St =y | ".‘ '* & B -mrrm-na-
120 Ensemoie nl Te * B L
L] L]
a8t change. Boosted Trees 1410 temres . s E I Lekpr, ek
27 ]
1 Ensemble Accemcy. 57.8% % F [ Lesk P, vism Be
| Lestrange Bagged Trees 1518 fesures Bl S Heenal
I R e Searng
143 Ensemble Accuracy. 17.1%
Lasd chanpe: Subsrace Disi 188 feanwres . | ir z
= e e st rhasnn
w Current Made .
Wodel 1,20 Trained s T2l 728 iz 7235 723 1EIS T2 TS TS How o invesligate features
Maan
Raselis wl
Date set- C_table  Otservations 181 Soe J1kB Prediciors 18 Eropone Faolt  Response Classes | Waldastion: 5-feld Crovs-Validation

&/F Classification Learner N HFE/F, = st X1 G B L HEEAE FH T [E1HY 77 £ 250
HEIRED S B FRE, IR FER, SZiEmE o

5 MATLAB #H1TTIUNIELESR | 16



- EREAER

FREZRE, SR LBIREZEBE RiRsilsue s LK
BHIMIEITE . NRERE z:lrmﬂ&%%ﬂ??ﬁ%jt iz, M=

IS Rl RE B FREE BN ACQUIRE PREPROCESS IPIE L TRAIN DEPLOY AND
s DATA DATA === ﬁ\%’;‘gﬂg’k"; ==)  JODEL INTEGRATE

teoh, B A 7E LR SR SEFR IS F IV ER AV & L1517

WNLR Internet EZARIA, MAIXALLFZER

/\77_7|<IE—|:| (= ﬁﬁﬁ J:l_ﬂjﬂ_/\jj_?ko !1[!% #Hﬁjti Extracted
;&TE BRI UEHNKIEES RS, BAET DS SCCILEN C)
& _ ERITIAMEFFFHERRIND BB, A8 RIS RENHISHIE A
EEERIRETHIUNRE, EDGE DEVICE

- | MathWorks 5578 MATLAB #/TFMM4ER | 17



= {FFH MATLAB £~ REHEBERIE

PHEMFRBE R D EMERERIVBEDREIRE AR L. 7 T
HRE AR

- DERIE - BEENRGAEE—ESEM 7 ERIBIR T el

- BIARERE

-
[

-
s
e
P
w—
—
R
S |
i
s

15

TEER TYIFEKE, AT RER:
UEBRE IR BT S BUF e Tl An v
RRA BT IZBER
BIRARITRL

HirH

|

> (VT ] B 2 M T3+ = )
Al J69HL %T/ EZE% 1517, BP0 WfEE ?ﬂ 1E5 Web. 1R, SEEHIE L7 FEFEEEY— B85 4 S 17
Itt, HEENTIREETF MATLAB BILEHEEFIFTN MATLAB [EFF 25517 MATLAB S, B QIR £IEG R R A2,
VLB 3P EL 14, SR MBIRTE L HIELE, B SEHIIETT,

— Michael Kohlert t&+, Mondi

> BRI

< | MathWorks (5P MATLAB SHTFRIINE 467 | 18



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

- THREZ

NE

FITE2E R B R 1B - ST
1EFH MATLAB I Simulink #177TI1E2£47 (35:54) - {147

%
SRR 2P RIPT T UL f2AT - HRR T

R®NT R
&/ MATLAB #1THUITE 4R - BB

Predictive Maintenace Toolbox

1L H Predictive Maintenance Toolbox

_/l MathWorks’

faultCode=111
faultCode=110
faultCode=101
faultCode=11
faultCode=1
faultCode=10
faultCode=100 §



https://www.mathworks.com/videos/series/predictive-maintenance-tech-talk-series.html
https://www.mathworks.com/videos/predictive-maintenance-in-matlab-and-simulink-1498594477325.html
https://www.mathworks.com/campaigns/offers/predictive-maintenance-challenges.html
https://www.mathworks.com/help/predmaint/examples.html
https://www.mathworks.com/products/predictive-maintenance.html
https://www.mathworks.com/campaigns/products/trials/targeted/pdm.html

® 2 5h5: IRAVIATS e T 48

«) MathWorks



=+ ARSI ES

PN IR RIE A RN K B— D BiRs A Fa s B E RSt
FREHEBENRIFUNNA A EZ WA R SE RSB AIBEX D
IE Bz TS EIZIT. NN R G HIEFIREURSTE R, AREA
MR ITHED KR FER RF (RUL),

P\
RN
AN

F _:. - e b L -‘ . o .:::_. | r, [ I. |I o \ . . i X 1 1
- i . - ” o - g i - N ™ - - A ."I.. ; '-I ) ! L i I'| Y ) ':-." 5 If ; i & . A
- j -".I. ll..- u v _|::-' 4 '-_.'|_; ..-_‘-. :‘:. o = -. - " ._:, .:E ; o ; ':I of i 1L ! o "|__.. -_".. N y ; " 7 '_| Ik, A ; _'ll.1;|
;-'-. = rt - - o r ::." I..'., '.."l. ; : e - ’ - Ty o o o |:I. 1 i 1 g Il.". § 1:".' W E A i :'. ! & L5 . y II- ’ I III.
- o - o, e ' o \ ¥ f Y -:. ‘ﬁ'?? ) ) 'i‘ I
= . -.:? /s : o \. " . = = - I- ,-':I I I II- | |,I 1 ' | ! . 'r‘|‘ i . i 1| :‘\I" f -‘y E th I, LE -
L e A S Al F i AR 5 h: iy s SO LT -'.'Ig-"'-' : _'I".'TII'L ; u;l hﬂ

| MathWorks 6558 MATLAB SHTFIME4EHS | 21

o
-



= o {ELR S

B RAERELS), TR RSEINE TE. XMMACR B T A X 3?

2

0

—EZZENFAFEEEX, RAXRITELEEER/LF—E—F,

- | MathWorks: {8 MATLAB S TFRTIME 4 | 22



_— DTIRIELRS] - 4%

=TI MR B MST 2R, XERAFNIMILE X TMIEREHRITIURER, MIRRTAE, @AW MBI A 1 &M, —h
T BE#IF, m—1T 2 EEE,

RIE (A

@1, MAZaR A EMRRIGNELIEREX 7 EBBITHBIEGTT. AT, EARSE RN MR BN A ERSERE, BBEX 2 EEIETMHRE

E1T0
Raw data Identify Condition indicator
Healthy operation condition Healthy operation
Faulty operation indicators Faulty operation
—
Time Time




= AR T {E SR AAREGFL

1R LAGE AR B3k ST AN BY ST RFAE M B P IR EX B RS FE R8s -

Signal-Based Condition Indicators

l l 1

Time-domain Frequency-domain Time-frequency
features features domain features
Mean Power bandwidth Spectral entropy
Standard deviation Mean frequency Spectral kurtosis
Skewness Peak values Conditional spectral moment
Root-mean square Peak frequencies Conditional temporal moment
Kurtosis Harmonics Joint time-frequency moment

-} MathWorks' {EF MATLAB #1TFR M 4EdR | 24



l

= FRHET{ESNAARIIFLE - 42

B 3a 4F1IE

ERLERAF, RN EESARITFHERI A 73K SE RS, X71E Predictive Maintenance Toolbox™ & MATLAB® 89—kt i~ &, &
HIR SRS 5180, FEE RS RE TR, E—REESHERE B8 BTt EIEIHERVE MR, W05 707 &5 A LI GI P o
ET N EIENEEREZT . M LUERESHNEMEE, dNREF

&, o] LUF X LEAFIE I E X 99 IE B i TR TR SE, & E

RIMCRA RS T UHNERT,

0.é

25 ¢
20 05F 1
| 0 | . | . I} { Il 04k |
S =
8
el \ il ¥l o2t
I | ol
N ﬂ LI ll
& el
’ o Time 1s1|ftl:tr sacond ;ns:‘lﬂaf. 5055?;,“ total 0 = \s‘p w"aa #é‘ ‘ﬂ"b& & "—P ‘?h\dfg o "‘#‘
'=: %
Bt RaniE 5 Z i Z2RBEX TRV E R M FEIR L1FE 458 50 KXo %#J/&*@M TN EIBT S ST FFAIE B 5 I B 1 HE S o

R MATLAB #H1TTIUNELESR | 25

' - MathWorks'


https://www.mathworks.com/help/predmaint/ug/wind-turbine-high-speed-bearing-prognosis.html

l

FRETESHAARIUSE

SRIFIE

AT, PAERIIFHES B U I RTIa T8, B BEE R MG
o

RE—a B ETef A = KHRahiR (A&, B E) Ryilas. sNR
FERR SR BT R R 2s iR Bh &R, 15 °] 7 AR S A (A ek A {4 7= £ RYFR

Machine with
rotating components

Disc

Bearing

Amplitude

BiREINSG SR B8, &r] LUBE 72 frslig 2 EkR S A R R EDR,
058 —REIFfR. B E1RE LUK € SIRFHME Z BIRE (B R 8 i =™
E

BRI ESRSIERENEZSER, 1BhR EF k)15 S TN 15
I

Bearing Motor  Disc

shaft

Amplitude

Nominal

Faulty

Motor
shaft

Frequency

DT PRI #5 Hn) EAEAT, 378 Bl FIE A= XTI ARG B P 2o
LB LB ST 7 M X 73 T IR BI He A /o

< | MathWorks

R MATLAB #1TTIUNIELESR | 26


https://www.mathworks.com/help/predmaint/ug/condition-monitoring-and-prognostics-using-vibration-signals.html
https://www.mathworks.com/help/predmaint/ug/condition-monitoring-and-prognostics-using-vibration-signals.html

Ul

BT E S AL - 4

Rl RET

B —MF IR E 5 & X IR ITETSMIE 2 4, X B B iR —EZBY
EIBOE S 4TI B I (Lo AT ST R A 18 5 58 T 22 2 S, SIS EEFD
M,

R TT ARG R R E B EE GEIEENESEHERE
REIRDRED T AR PR

»  THEX FHTEL ST BT SR fF B B 2 158

<} MathWorks

Count

[ Outer Race Fault - Train
[ ] Outer Race Fault - Test
[ I Normal - Train

[ INormal - Test

[ Inner Race Fault - Train
[ Inner Race Fault - Test
— — — - Classification Boundary

-4 -3 -2 -1 0 1 2 3

log(Ball Pass Frequency Inner Race Amplitude/Ball Pass Frequency Outer Race Amplitude)

HHEZT T =3RS BB X 5 8RB INE R IEX T 2L
EXTHR KA T 77 29— B R HF L

R MATLAB #1TTIUNELESR | 27


https://www.mathworks.com/help/predmaint/ug/Rolling-Element-Bearing-Fault-Diagnosis.html
https://www.mathworks.com/help/predmaint/identify-condition-indicators.html

e 10}

IR TIERIZ

EREENIRESERSEEMNAR, @ EARTERINA T IR RKSIERSHRIERTI REIPZR T ot TN X, B AR EWENSERR
TRMEBEEIRES T ERBVERTE, A, T B RIGETE, I H B EA LR ARER I, UEMPRBURSE R 28, iR BVFRHE, SHIRRIE, EREXE
FHIERT LAY IE BT AR B RS B i Hh M — B E X o X EERFIER BN IERY LB 757 50

TR LUERRENIAERINZGA ST SIRE, DIERITHE D KRG R R Fon. %8, Rr] LSPEREZA R EEREIERHRSET, LA T 25 mizA
3P

IDENTIFY
ACQUIRE PREPROCESS TRAIN DEPLOY AND
DATA —) A —) &%’T‘C%QRNS =)  ODEL "™ |NTEGRATE

- | MathWorks 6573 MATLAB #4TFUNIIE 447 | 28



-1

ERERRBFIILER, S LUERX

VTR

=SS

YA ATERAL

RE

2

X LA GR35 SR B SN SR PR RVAFESE

EIRFFHIES

» FEFT RN A5 2RI

XA TRERY, RAB] LUE MRS 1T

* - MathWorks’

A
™ _ Health condition of the
| New'd.ata point to be new data point is correctly
mE .l cIassnﬁed by the _ A estimated by the
o ... - machine learning model o I.l u machine learning model
) 2
S Healthy ﬁ S Healthy
H- Fault type | o O Fault type |
Fault type II Fault type Il o
> >
Feature 2 Feature 2
A
. Health condition of the
New data point to be new data point is
cIassnf1ed by th_e estimated incorrectly.
machine learning model Hpg
g —
— [ | H B
(0] [ |
o “a -: . =) = Tam,
E m MmEy ﬁ . .. Healthy )
o - Healthy K O
0 u Fault type |
Fault type | Eault "
au e
Fault type I typ
> >
Feature 2
Feature 2

R MATLAB #1TTIUNELESR | 29



Al =FIR

AR BIER = IR ER TIERIZE. RNER B, BT ahEhH, 44 mix
A= PEEORIERRRHEAN D, BME ORI, RN EEAERENE

£, bR R AR ge R £V R IE ! Pressure
TR | Sensor
ACIEEE w

R f ) - )z

Crankshaft

R MATLAB #1TFIUIIELESR | 30

' MathWorks



¥
i
S
-

IDENTIFY
ACQUIRE PREPROCESS TRAIN DEPLOY AND
E DATA —) &%’;‘gﬂ'&"; m=)  MODEL "™ |NTEGRATE

ENHEERTEESBEITHRERS M —R il £ 253E.
SR =MERHEAS:

Raw data

10

. EESEST o

. A=

. R — 9

. EHER 8

. 8.5}

. NOHEE. RS 0

. EEHEHR SRR 3 sl

. EEEHE DK =
75
7_
6.5 ' ' : : : :
0.5 1 1.5 2 2.5 3 3.5 4

Time (s

MR E ST EAEE




\Y V4
] %ﬁ |\i * IDENTIFY
ACQUIRE PREPROCESS TRAIN DEPLOY AND
)\k ER&?}E DATA DATA mes) CONDITION wmdp —\onr  mmmdp *\\orcoire

INDICATORS

/—.R%%o}/_\y %&*E ﬁﬂ?ﬂ)ﬂ:, II\ 5”1‘?@%’%

B A BIE B 1545 \HT@?I‘EH, R4
Bz Raw data

Spikes to sensor’s

10 )
maximum value
95}
/"'\W\/"\\I/-WWN’V\/
— 97
o
0
q!_) 8-5
]
A " ™
;L_) 8r 1 ‘ "~ ""”’\ 1" qnar
Q‘ ' PM” HIW ”'H , ' '
751 1 ‘ m
oL Offset in time \ ‘
6.5 : : : : : '
05 1 15 2 25 3 35 4

Time (s)




AL IEENTE - 4K

MATLAB 121t 7 KE F20, BB 8. SR XTE S EHIERITH MG IBRT AR,

2P IR RIE BRI A [E B INSHBEEIR S AW ARBHEARBE, S UBIRHTTSE B AR IR X EE LRNIEIESRIE R
TAHR, BB T —IIRNENELZE, BERHHERS T ARNEREE .

Seal Leakage Seal Leakage, Blocked Inlet

B Hecalthy = ., 5
Faul o o
| e | au © ®
Increasin Y 2 " 2
Preprocessed data 9 g 2
fault severity & &
7.35
7
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
73F A
‘ ‘ b Vil Blocked Inlet Seal Leakage, Worn Bearing
A 74
7.25 | ‘w |
| = =
— '13‘l|‘l'|‘ ‘ ks RS
/ l
8 2 ARy il Jqu ° O
= Vi AL AR T g 2 72 (T
o | 1 | | I > = |
= 715 I ‘ ‘ ‘ — Uv')) "w’
2 9 9 71
3 a a
St Graph Data Mapped ,
0 0.1 02 03 0.4 0.5 0.6 07 08 0.9 1 0 0.1 02 03 0.4 0.5 0.6 07 08 0.9 1
ol to 6 Plots
Worn Bearing Blocked Inlet, Worn Bearing
74 74
7 -
— 73 = 73|
6.95 : 8 8
0 02 0.4 06 0.8 1 12 o 72 & 72
. > )
Time (s) 2 1 g
a a
7 7

L
0.1 02 03 04 05 06 07 08 09

0

01 02 03 04 05 06 07 08 09 1

o

Time (s Time (s)

| MathWorks (6558 MATLAB T TN 4 | 33


https://www.mathworks.com/help/predmaint/preprocess-data.html

AL IEENTE - 4K

XIbEEEMAER T AR WM ENES Seal Leakage Seal Leakage, Blocked Inlet

&S, RIEWSI RNENIMBE UL SHHG m— Heolthy | = _
A, MR BTN B RIFEIET SR, = Falty | 87

MENRTE . BEEEX2ETE LHNERE Increasing 2 7: 2 7:

4 (ERET SHAMIR T HESAT fault severity & e g
B4 2 ANMBERVER, BHETR. T T T T e R oo

)\D%%”’—ﬁ“)\D%E”E&Bﬁ%&ﬁ?&?&gi Blocked Inlet Seal Leakage, Worn Bearing

EARAR, B -
S S
L L
HIE, B RN B— L A T e RS T 2249 o 0,
FHEASIE, MME BN EX D L8, £ g
7.05
0.62 0.63 0.64 0.65 0.66 0.67 068 0.69 0.7 0.71 0.72 ' 0.62 0.63 0.64 065 0.66 0.67 0.68 0.69 0.7 0.71 0.72
Worn Bearing Blocked Inlet, Worn Bearing
7.3
— — 725 LA Y
o} o} AV
£ £ 7.2 N
o7 O 715
2 2
A 7
0] )
D‘: 7.05 Dt 7.05
7 7 \
0.62 0.63 0.64 065 0.66 0.67 068 069 0.7 0.71 0.72 0.62 0.63 0.64 065 0.66 0.67 068 069 0.7 0.71 0.72
Time (s) Time (s)

- | MathWorks 5578 MATLAB #TFRMEAES | 34



- EEs N =i/ 1 &5 — od ACQUIRE PREPROCESS LN TRAIN DEPLOY AND
153 7 E\_ :t_qu: 'ﬂ_:ﬁ 1 A TRRY E/I\%E DATA ™= DAl TR MODEL ™=  INTEGRATE

B k8RR T NYIR N EANESIERENRITIE R FYE 5=

T /2R U2 /=, MEAN
Tﬁrrﬁ‘kak,u?aT%%ﬁEE XA HPER BN —F A AR ERATETRE el e —-
B, B 5L, HXIEEIRSHN OB EBFRELAH] 2 —4HE, WF9ME, Sl L ___ A T
SERIHERES. BIRE, XEMIRA Y AFEE R OR LUERE |
ﬁWﬁ$ﬂE?MEﬁAD%£H&%E%ﬁUO ol
| - ——— —-Minimum- + - - - — -
7235} “—— 25" percentile
! Median
7.23
1 — 75" percentile
7.225f -
——'—II +—-Maximym- — - - — — -

Blocked Inlet Healthy

- | MathWorks 5578 MATLAB #TFRMEAE | 35


https://www.mathworks.com/help/matlab/ref/mean.html
https://www.mathworks.com/help/matlab/ref/var.html
https://www.mathworks.com/help/stats/skewness.html
https://www.mathworks.com/help/stats/kurtosis.html

{5 I E A STE R8s - 45

SAMNEMERERAESESRN, AR ERE L EXDFIEHERE, AAHF—EHEREFEES A TXMEEUR, HEFNFIE
AU I HESREL,

MEAN
T T T T T T T
7.25 [— E -
1
——
7.245 |— =
S R R
7.24 — =
i it i = it ,
i ! —
12 I | 7] B Blocked Inlet
:' S B Blocked Inlet, Worn Bearing
123 | = - .
: E i Seal Leakage
1 I 1 1
7.225 i = [ Seal leakage, Blocked Inlet
1
=== il Sty mlieliniis el sl pll i B Seal Leakage, Worn Bearing
7.22 — -
. Healthy
T H 1
7215 [ , i ! - B Wom Bearing
. .E ______________ . —e e o e —
1
721 |- e T T T s s s T T T T s s s s s s s s s s s s S Ssss s s s s s s s e -
1 1 1 1 1 1 1
Fault type

-} MathWorks' {55 MATLAB #4TFRNMELESR | 36



{5 I E A STE R8s - 45

ﬂﬂB'rEl*ifCﬁﬁﬁ ﬁf@ﬁ?ﬂﬂﬁlﬂ:ﬁ%{’h R H MEAN 109 VARIANCE
79 53\7:, tEET?T_ ZHEFERIER T 725 - Loy
A T °f :
7235 [ y 4t H
7.23 [ T n H :
T 1 1 3r ¥
72250 | . i
4 4 i
72271 i 21 4 H
7215} I 0 0 ]
i i 4 nl ‘ =
Fault type Fault type
SKEWNESS _ KURTOSIS B Blocked Inlet
o T
0.2 ? - -1 — . Blocked Inlet,
o4 1 Worn Bearing
1 = : -
06 1 o[ 5 ! T 1 Seal Leakage
0 | I Seal Leakage
! - ° - . Blocked Inlet
12 1
| i ] Seal Leakage,
14 1 ) . Worn Bearing
16 1
18t 3 é — ] 3 ] " Healthy
wifin
-2 E ) . . . . ] o . . . LI-' -!- o . Worn Bearing

-} MathWorks' (6558 MATLAB /TN 4R | 37



{55 A BY 1S4 AER

ERSTET 28 - 5%

THEFTEHGHRE  FHUE. FENRE IR HES FHIEBRNARRREHENX 78R,

Variance

%1073
.
i}y .|
%
o %
5 h‘ a..
L ]
. %e %
a % . %
*s b .
.'q. *s .
L ]
3 -o .°. .'o
'.. .. L]
~'o. .0_ ..5
2 \.‘.'l
1 M
o——— ST
T.21 7.215 V.22 7V.225 723 7V.235 7.24 7245 T.25
Mean

%103
6 ...
5t .-':-
14
8 al & z
c |§ 1
S *
| S
5 K \
> 27 L .“.
1 [
2 15 1 05
Skewness

Skewness

i
==
T

| % wﬁ'l..

-t

o

.21 7.215 7.22 7225 V.23 7.235 7.24 7V.245 T7.25

Mean

" Healthy
B Blocked Inlet

Seal Leakage
B wom Bearing
B Blocked Inlet, Worn Bearing
B Sedl Leakage, Worn Bearing
B Seal Leakage, Blocked Inlet

DU A A MH MRS IEREX D AR ERR AT — IR IE T 88 BR LS AR BVFERY, HEMIEAFIEXS RIS R 7 KRBT

‘ - MathWorks'

R MATLAB #1TFIUNIELESR | 38



(A I E A STE T Es - 45

SRR T3 A3 T 50 A B HR R HE e MR B e s 4H (R A 23 R EE RV EHETR

Eg,ﬂ:%ﬂ]g & E‘EEJEQ%\*E ?ﬁijz &*E;EEI:IEHXET&#%'TEO - Seal Leakage - Seal Leakage, Blocked Inlet
e EAR E 2 SR R B A F R, B e RS g
Temo BT EHIREAEM, RMEERIESIEX o B R AOEE g
5 N VB EE #0817 AR SRS, 57T LU ISRt B Ao o “l A A AN A
M1, SR E BT ERIIRK 5 X FARE. e v
- Blocked Inlet . Seal Leakage, Worn Bearing
£ MATLAB 5, ERJ LUER £££ REUTRE S AVIREE LM T HATEIM o oo
BUEh3AT 5310 2RI, AT BUERR findpeaks HEM FFT {5 iR (E £ A N
MUIZ(ESTE, 2
T s Y W WO
B2, EATRBIFR, MR LU FRENIZR 88 SIRE Lo e e Lo
Worn Bearing Blocked Inlet, Worn Bearing

c EEASE: TIE. S E R E
. SREISE : S BRI

=
o
=
El

0.015

o
o
=

0.01

0.005 m 0.005
0

0 _
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Frequency (Cycles/min) Frequency (Cycles/min)

Magnitude

- | MathWorks 5553 MATLAB /T TN 437 | 39



{5 I E A STE R8s - 45

SRS, ZIRPITERMNTFRISIFIERAN 2. TEIZRTRIE  15ER, SEXNXERTEARASH, AMXEEHRARNER, EZ/RIE
MHEXFHYE Z MM E R DMIEE, ENTEEK It X+ B E T ISR R B E RV EHE <.

XESEAAEMX D ARNAEAAEERIREE TR XERE, iy  E—RERSMEENREER, EEBIFICHE, REIMCER RS,

IERIRIFHAE, LRIV 8 F IR E B RIFRIEHF . AR, HAESE{XE S A E AN E B RTSRIEE 3. Elt, I8E 2
MIZE 5 ETRERRERTXERS. XERNFEZNAZMFEEXN
XD ARREARFZ—IREA,

B Blocked Inlet
Seal Leakage
B Blocked Inlet, Worn Bearing

B Seal Leakage, Worn Bearing
B Seal Leakage, Blocked Inlet

Peak 2

.
-~
Ty

Peak 5 %

- | MathWorks 5578 MATLAB #TFRMEAE | 40



‘} | ‘ é# *""‘ i IDENTIFY
] ACQUIRE PREPROCESS TRAIN DEPLOY AND
1 /N % = DATA ™= T paTa mes) CONDITION wedp —\onr  mmmdp |\ orcoire

INDICATORS

~—

REUASTE T a8 e, A LUER RNV AVINSTE T a8 (FEU4HIE)
R Ygg FIRE, A EREERENEIIIFRAERERE GMRVES
EEETIFRENRINEEN D REFBLZ—HERMATLAB 7267 Yz
7 /5 FE /57 T RR S B (8 HA RE B0& B IS E R SR A 10 3R 45 0

Confusion Matrix

Blocked Inlet

EARE S, FEARREMMY (true positive) T, LI BRI (false i

negatlve) %o Worn Bearing

IR 385 SRR AR REIHE, N T RS BTN E Sl

SEHISHERE R, BN, B EHE TN 4 T e RIS a5 EI2EY Lo
S8 sist (e A R EI Y HE £ 1) 51882 STRE R, 40 T (e A2 E th Y &5 3K
Fff o it
IRETEEARAE, BB E S/ D MEEA B LI 225 STHE R 2R IE R,
R FME MBS E, 15T (T, H1925 STRSEY AT LM 25 45 A5 1T

EEChyRE, A LUE R 9 M A, —

Predicted Class

- | MathWorks 6555 MATLAB /T T 43R | 41


https://www.mathworks.com/help/stats/train-classification-models-in-classification-learner-app.html
https://www.mathworks.com/help/stats/train-classification-models-in-classification-learner-app.html

22

/}‘.‘

ME
AL 2E TP AR THEE - SNAFR T

&/ MATLAB 7l Simulink {77004 2E77 (35:54) - 1RH

1%/ Diagnostic Feature Designer [V fHFE/F+EAVEFIE (4:45) - f15R

i)t

FEARTIIE2E7FBIPT 1 = A fEhF - HRR B

ENT %
1EH MATLAB #1771 264F - AR5

Predictive Maintenance Toolbox - 53R

» 11./H Predictive Maintenance Toolbox

< | MathWorks


https://www.mathworks.com/videos/series/predictive-maintenance-tech-talk-series.html
https://www.mathworks.com/videos/predictive-maintenance-in-matlab-and-simulink-1498594477325.html
https://www.mathworks.com/videos/feature-extraction-using-diagnostic-feature-designer-app-1551178861512.html
https://www.mathworks.com/campaigns/offers/predictive-maintenance-challenges.html
https://www.mathworks.com/help/predmaint/examples.html
https://www.mathworks.com/products/predictive-maintenance.html
https://www.mathworks.com/campaigns/products/trials/targeted/pdm.html

3+ 3 87 (it RIRERS

-} MathWorks



Ee?

ALl

ccl’
—_
\
/‘D
AI
I
(

- 25

(RS RIRIREAGF (RUL) SFUNELIFRVBERZ— RUL ZfEM
ARG LRSS EHE NSRS RIS [E], RIBRFEBIARRE], TLLARIL 6T
REL. FEIHRE s MR I & KRBT E,

Machine deterioration profile
A

® Current condition
® Failure condition

TER, Bl 1T LUE BV R T REMERT BRI RBINIT,

REFHEARNTRTE RUL I=MEARE FBONERE., 78
BAMLRIRE) , AfREd—MECMNEREURAIT 8 RUL TIEARE,

Condition indicator

Remaining useful life (RUL)

- | MathWorks 5578 MATLAB #TFRMEAES | 44



mm — ihE AV RUL Fii(h 757

BrRiE=MEAN RUL Fifh&a: MMOMERE., EEEENIRIIRE, NRABEMER RSB ENZ RIS D BHERAE IR R RNZ 2 HE,
BALRERNZERARMEEE? XEUR T ERERNER S, NIE AR B 1R Z,

NRIBHERZIREE, A TBNEITEMENZIRIBAEIER, NRABBERGEMIERE RIS ERNE MBI IZRVETE, NIER LR ZE,

N i £ 712 2
RUL ESTIMATOR MODELS
4 N ( ) 4 N
SURVIVAL MODEL DEGRADATION MODEL SIMILARITY MODEL
Safety
threshold
Healthy state Failure Healthy state Failure Healthy state Failure
G J . J G J

TERBXTUNSELEIPERN RUL 14112512 2B 13 MER.

LUR %5 1R fErs T it ss iR B TIRRIE,

R MATLAB #H1TTIUNELESR | 45

' MathWorks


https://www.mathworks.com/help/predmaint/ug/rul-estimation-using-rul-estimator-models.html

= RUL f&itasREAIN THRIREE: -

RUL ESTIMATOR MODELS

SURVIVAL MODEL [ DEGRADATION MODEL ] [ SIMILARITY MODEL

Use when you have failure
data from similar machines

Condition indicator

Engine in operation

@D Historical fleet data

@ Engine failures

20 100 200 300

Number of flights

| MathWorks:

- {F IR EY

EATRAIR, BREHE WIS ZEATZ 0N VTRE R4 BN ER
2o

B EBLFARERGIE, 258 T 20 MER, BBEAFRTLE
[ —255 RN ER TR, BRI RRG B & EWRERIBYEL,

NRELBGIBRTEREIER, BEEHRELE, NI LUEREFRE TG
RUL.

ERIAE LIS ERIEERE (NI BAEHRERNSIZHE, KAILLTY
Z5 | ZEBTTIMITER. EFREE R SURRIM R DR Fu (b Rl R fE
RR%Fan,

Probability density function for the RUL estimation after 20 flights

0.0

0 008
0.008
0004

Estimated RUL: 192.3

0002

0 ol 100 150 i i}

Numbe-r of F|igP;ts

R MATLAB #H1TTIUNELESR | 46



III.IJ

- R|J| 1u1+%§7f%” HY T{EIRIE:
MATLAB FRRVETFIREY

EESTR—FMETEFHL (time-to-event) #BIBEIEMF T 7%,
N LB TENBITERENHEIEREBLUTERE, WHRITERF

DiTEEER:

RERRAHIERERE, Gl CrRETRESTES RS e
THIFRIEZEITEVRE, EiX%EIJ'I‘ﬁ/R"F, o] LA MATLAB® &84 I I
reliabilitySurvivalModel, == T BB XARIEHHRINPABIHK lifetime data
FEESEE R, LRB AT T S FE AT BRI R DR, 2 AT G Lifetime and covariate
2B RUL, data only (envirc?ntrlmle?tol
EREHEMSI—E5 RUL BXNEEHE (WEE) . MEEER 1 i
A RMER. AFERRRRETHRFER EXMIERT, £A T S
MATLAB &% covariateSurvivalModel, LtiREIEFLLAIXFEE SURVIVAL SURVIVAL
FIRE, iz AEARBEN DT EHENNAGRIEEER, MODELS MODELS

- | MathWorks 553 MATLAB S#{TFUIIE 447 | 47


https://www.mathworks.com/help/predmaint/ref/reliabilitysurvivalmodel.html
https://www.mathworks.com/help/predmaint/ref/covariatesurvivalmodel.html

= RUL f&iras R Ay THRIREE:
IR{GIEEE

ERERRT, KEXREREV SR ELNE, B2, &rlEE

RUL ESTIMATOR MODELS BELMEABHNEZ2EE, ANEBHILSEERERSA
=, AL AL E B A ARMREIWASIS RS HET

| svvworn | | smuwmwoon | NG, (BT S B BT A E T SRR B A,
Use when you have know a threshold of 5‘(1=¥, E_I-L/Lﬂ(ﬁﬁ b1+75/£§ﬁ13— %/I\/P}—JHH,H(,D\*E/—J—?%E

some condition indicator that indicates failure

BT EE, #MAEBETERIRERF0,

Engine in operation

4

@ Degradation model
. M ) Confidence interval
5
3
= Safety threshold
.9
E
C
o
O

>

100 200 300

Number of flights

- | MathWorks 5578 MATLAB #/TFUM M4 | 48



(TLU

= RUL fEir2at s Y T{RIREE:
MATLAB HRRYIE L =ES

L_ﬂﬁ*%il_k_%ﬁdnu17(:@\?5/1_'2’%15.[Eﬂ%ﬁﬁ%ﬂ@ﬁﬂfﬁ%%ﬁTﬁ RULo ;?D%E';
MEEEMe M ERNRESIEREE, MR IREEEE B, Predictive
Maintenance Toolbox™ ] HIBLIEEY:

DEGRADATION

ZR{ILIREY (linearDegradationModel) BRI IT AR I E RS r MODELS j
MRV EENEE,. WREHNRFERZHRTNIRML, ML RIIREIIESE
ER, Log-scale signal Cumulative

or non-cumulative damage
FeERIAEE! (exponentialDegradationModel) HRILITRIER HEH RIS domage
INEVE 2N T 2. ANRNMNAH LT R2FRRW, NIESURIREIEER 1 1
Fo

LINEAR EXPONENTIAL

RWIRBERATREMASIET 2. REWIL, EoJLUERER 7 72k Eit DEGRADATION DEGRADATION
MERAERMSRSETS, EAS MRSIETENER. MOPEL MOPEL

- | MathWorks 5578 MATLAB #/TFRI M4 | 49


https://www.mathworks.com/help/predmaint/ref/lineardegradationmodel.html
https://www.mathworks.com/help/predmaint/ref/exponentialdegradationmodel.html

== RUL {51128 R 2Ry TE[RIE
PR ERR A

NRABBIEITERERVEIE (RER—K5I1ZINBAKRMIE
RUL ESTIMATOR MODELS B ASETRAMBERNFTEREIER) , WABMEEEIERE

BHR.
[ SURVIVAL MODEL ] [ DEGRADATION MODEL ] SIMILARITY MODEL

Use when you have run-to-failure
histories from similar machines

Engine in operation

DD Historical fleet data

@ Engine failures

Condition indicator

100 200 300

Number of flights




(TLU

= RUL {1 iR A28 TERIE.
MATLAB FREVAE{AEIRES

Predictive Maintenance Toolbox €155 =Fh+B{M\I$1E A ; FRERIMEEE (residualSimilarityModel) AIIG R HAEIBINE R

=AY, 90 ARMA {28 5 {F Y B 24 M IS FIERNIRE, A5, T8
I FHIFEAEPIEIREDY (hashSimilarityModel) IEEHEMRAERKE BEMRETUNNSIESMXAGFEIRZ BNKRE. BXIFHEER,
[ASE BRI AEIE XD HNESHEES, NI E. R K EHHIVMEF. BB R E FAE I HTF 5= 2 55 70

FX IS HEMEIREE (pairwiseSimilarityModel) BHGRUWHAEMIESN TORIFMITICHEMERE, =EBAIAHIT RUL T,
INABIFRICHEIND R R B TIH T

SIMILARITY
# MODELS ﬁ
large data Mo’rﬁh signal Knowcr; degrgda’rion
shapes ynamics
HASH PAIRWISE RESIDUAL
SIMILARITY SIMILARITY SIMILARITY
MODEL MODEL MODEL

- | MathWorks 5578 MATLAB #TFRMEAE | 51


https://www.mathworks.com/help/predmaint/ref/hashsimilaritymodel.html
https://www.mathworks.com/help/predmaint/ref/pairwisesimilaritymodel.html
https://www.mathworks.com/help/predmaint/ref/residualsimilaritymodel.html
https://www.mathworks.com/help/predmaint/ug/similarity-based-remaining-useful-life-estimation.html

= {F FHARIAMERR 2L ek RUL sy SE s e
F{hEY TIERIE

INDICATORS
REHIE

FRPAMERE B —INE AT RUL FIEFRAR @ — Rl TR SRR ARV fE
7375, Bt AFNEIATT RUL T,

Healthy state Failure

LTINS EIPIRREY, BB RE IR, LWRBIER NASA 2EFZE
RAFHEEBIETTNFIEEIE (Prognostics and Health Management)
MRS, LEUEEEIE 218 A5 |EBIEBEITENENZIEE, EFhE1 5|5
TEE’FE/E\ 21 MERSINEE, NEE (ORERE. BREMNESN) Bd%

RT5IZEZ P ARUENERSERE, ExEMEHRSIREHNSEEH EITE5]
ZIRITIR. BHRETRHNEEE 218 A5 BHNE—ZRBIWNSENTK
EEA

Sensor - 4

0 50 100 150 200 250 300 350
_ Lo _ R Number of flights

ZTE, X #HE/RER (i) 21, Y ERTE M MIINEREEFYE, §585

ENREIEERS TR USRES L,

- | MathWorks 5578 MATLAB #TFRMEAE | 52


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

-5 AR EAR B ST R RUL rcoum SO, o cmow
F{LEYV TIERIE (42)

INDICATORS

F b IR EGRAIR AR SIE T 28

EF—TIERTREE 4 B9, EXBUIREELETERIN 20 MERXSEHNE WRFAARZIN— LML TN, BRI NEEH KRR LR
EHESREEE (A0FRKXLE 1. 5.6 F 10) o Elt, EMISTFIIZBNERELSE ER,

3 = L
-;.l

Sarmor - 6
O im

a3 RS
' I
Semar-10 Sensor-8 2 Samsor-8 2 Sercd- T
P P (T

O -
‘
‘

"
g
£
%
g
&
&
A
2
H
i
ﬁ
&
"
E:
£
-
'
E
i

&
3
£
-
s
5
S

Semor-3  Sereor-2  Sansor-1
3 E-S=u .
T
Xy
_

R b Sl

-

B P o b
Sermod - 13 Samsor- 12 Semor-171
FIJﬂI'HJ.Il .

i = 1i4] 150 200 =0 i L] Q 0 = i3] 150 200 =0 21 1] |
- = - o . .
. o E_ = P el
‘E EI ':|:|--| i .-.|-I|=- -z )
. I L 4 I:g_z e . | . -
! = {11 15 200 =l 30 2l a Ea 0 150 200 s i A50 i 50 100 150 Fal 1] 25l M0 5l
i g 'E
i i 9
= E| .
: |
i —II - : 2w
:l- L L L L L
: x el [7] = A

&
=
&
=
B
=
3




l

. c

IR AR B SERY RUL T Y THERAS

B US LS € I b b T =

AMEReEERSNZEE, MERE=MEE M RENIMIESE (EBIKX BXRUMEENERRSIERESNEZER, 152R T1E2477: 85
SHEASHEMAFTEEESEUEE) . 28 2.1 M 15 B=1M  MATLAB 280K A5 745
IS IEE RIS AT HEECIBIB{LaZE,

|I|D

(4£)

AT IEERIEIE (RRETR) E’\J%H%ﬁﬁﬁ%np, R E AR 2.
RICHZR T SN ERIRSEANBERSH, £55&EaTsE (81 11 # 15 HEE MR TAAREER RS | FR ULV STE RS £4A
BH) N— MBS RSIERBRVELTIE, Elh, KKAILIBERISIZERIZTTH T 60 X ¥1T, ZL=tRic VAR
R B,
T‘ %ﬁkﬁ*ﬁ@xﬂlﬂ EFBE M REAEREE (TS 2011 8 15) , FH5R
AX LRSI ERSIE T e, NI HEgE /o

Engine in operation

e e Combine the most
trendable sensors to
compute condition indicators

F-I- 2 —
g0

g2 : ; " :

0 1003 +50 5

Condition indicator

700 200 300
Number of flights

-} MathWorks' 5558 MATLAB 2TFRUELER | 54



https://www.mathworks.com/content/dam/mathworks/ebook/gated/feature-extraction-identifying-condition-indicators-with-matlab.pdf

https://www.mathworks.com/content/dam/mathworks/ebook/gated/feature-extraction-identifying-condition-indicators-with-matlab.pdf


*E 1LA ‘\I- *% ;:FIJ ;ﬂclﬁ RU I— ACQURE ) PREPROCESS CONDITON DEPLOY AND

DATA DATA INTEGRATE

%W SR TIERIE (42)

NZRAEATERR RS

BRBERBIED ARA, £REPARED EHIIZRAB I
&2, FlsmERD M AT NhHIZRRVIRES, fEAER RUL 1H&
IZRR AR

Engine in operation
® Degradation profile of the fleet

BT, AR ER R E LA 5EMN3 E R I -
T3 |, 1EETI AL T SE SR IR B BRI 2 B AR S e o cograclfion profies
R IE], MITIASK T AR B3 (A0 TRER AR FERY 8. S RTLARERS

R EEER 375, SR ETFAR.

R mBRELERFS I BRRERFHITEE, &R
HESSEPR RUL TR LIS ERIRE

- | MathWorks 5578 MATLAB #TFRMELE | 55



% FH7

{PATE

WIERAR AR B

FIEAITE RUL BY, BRI

1RAI5ER RUL FER TIERIZE (£2)

& KR 5% 25, 65 1 115,

BITHhEYE |2
O SEAEH 50 £
@ irEetia

ENRRIFIAREIZHNT (REBETR) , ARERHRSHE (BM) 18 RUL TEIRTR 7 U T=17 /A5 %

® RUL it
@ 32fx RUL

LR 25 )
RIKERAEFE (FHE)
N\—/— - B
IBZ1THRYE|EE - @ RUL Fl L
O BB 50 £ihsk il @ S=FT RUL
WEEL: 65 ® irEndial ‘ o
?ﬁﬁﬁﬁn‘ﬁ (HHH)
E{THRY5|EE i ® RUL Fifdy o
© SRR 50 &phs | @ 3<fn RUL
WEIEE: 115 ® iEndia ==
B . . e .-
CR—— = RIKERAEFE (FHE)

| MathWorks'

R MATLAB #1TTIUNELESR | 56



= {5 AR NI RR B 5T R RUL FIUERY TIERIE (42)

WZRAR AR B

ERRSHESR, BBEAFRTIN RUL, BBEFEREFR RUL, H5|Z40F 25 B (PDR) B, RETGEXRSEIRAHER, Ei
MESHESLEZEFE 40 MNEENRE, 2HEER
AR, BEENERHBIESEREZ, TN RUL @iEIrSERR RUL,

® RUL Fiif&
@ SEFR RUL 10

LaiEHER: 25

] [

10d 120 LEl] L] 180 Ho 24 2440 20

RRERFS (AH)

[EEREAIRFRESIFRVHIUE, HOUNERERAIUETEXRIHE  EAAR 115 89 RUL FfE{E, ER3512m RUL B S IEAERRY
SRR, SNEER 65 A 115 FivR. B, FUNFEHEE 5 MERT B A#HER FEH, FEEBLHHE R ERN Bl 1T,
RS,

PEHZ, RUL NS, D&+,

® RUL Fiif&
@ SEFT RUL

LEifEEA: 115

&0 £ 50 &0 &0 Wy 1001

RRERFS (AH)




HEFERANMEI? ERUTHER, THREXTUNMELEP T ERE. =OFMIAERN
EFEER,

MBS

Predictive Maintenance Toolbox Z1+42? (2:06) - {4

N4 26 P12 R 1A - SRBERS

&5 MATLAB # Simulink #1770714 267 (35:54) - 140

1&H Diagnostic Feature Designer [/ fHiE/7 tEBXIF1F (4:45) - {RIT

R E
SEARTTIIE 28 4P By PT 1 0l fEhs - B

MATLAB # Simulink ZE7014 £8P R/ FH - BER
MATLAB F 1% 2E 47 1 - GRSl

athWorks, Inc. See mathworks.com/trademarks for
te i ive .

egistered trademarks of their respective holders

*' MathWorks:


https://www.mathworks.com/videos/predictive-maintenance-toolbox-overview-1519682269879.html
https://www.mathworks.com/videos/series/predictive-maintenance-tech-talk-series.html
https://www.mathworks.com/videos/predictive-maintenance-in-matlab-and-simulink-1498594477325.html
https://www.mathworks.com/videos/feature-extraction-using-diagnostic-feature-designer-app-1551178861512.html
https://www.mathworks.com/campaigns/offers/predictive-maintenance-challenges.html
https://www.mathworks.com/solutions/predictive-maintenance.html
https://www.mathworks.com/help/predmaint/examples.html

