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I
assert(mass > 0)
assert(sp heat > 0}
assert (Rho_temp_C >= 0}
let
% calculats R, protecting against negative values
Rdem = Electric_tho® (L+Rho_temp_C* (T-T0))
R = if Rdem > 0, Rdem else {0, 'Ohm*m'} end;
mass * sp heat * T.der == g + R*Heating length/area*I*I*Ratic; § Thermal equation

end
sssss (T > 0, 'Temperature must be greater than absolute zers')

end
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Moving conditions : TRANSITIONS
STATES

{ If ( F_magnetic - F_spring - F_latching ) <0

magnetic_force

magnetic_force

D

Stay at initial position (-5.1);

nnnnnnnnn P current Fort
Else S
_,—b resistive force Go forward ; Forward [v¢e]
resistive_force ! A { '
= 1 Acceleration If (speed < 0)
) T e | Backward
Go backward ;

spring

|—* displacement

IP spring_force

’—b speed

HaREFNSimulink (= &Y

Else

Keep moving forward ;

Stateflowfz £
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Flile Edit Tool

magneticTrip

Tripping-Line

Initialization -36 | |

Inputhatrix

("7 mmnisse)

currentSet springSet
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B
)
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Sensor Data

|:> Preprocess
Data

E

Develop Detection or Prediction Model

Condition Indicator Value

MATLAB

Remaining Useful Life (RUL) Prediction

40

RUL ~ 9.5 days

.| Failure Threshold
20

i Measured Data

V4

Prediction

30

|

Indicators

Identify
Condition ] |:> [ Train

40 50

s o

Deploy & _
Integrate

Sensor data from machine on which algorithm is deployed

* Overcoming Four Common Obstacles to Predictive Maintenance with MATLAB and Simulink

60
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ELECTRICAL THERMAL
Current, [ = dg/dt [Amps] Heat flow, q [Joules/sec]
Voltage, V [Volts] Temperature difference, T [°C]
Resistance, Heat transfer resistance, R
R =8L/A [Ohms] Reonvection = 1/(h A),  Reonduction = KA/L
Ohm's Law: [=V/R g=T/R

Capacitance, C = ¢A/d [Farads]
[=Cdv/de

Thermal heat capacity, m ¢,

g=me, dT/dt

Time constant, T=R. C

Time constant, Ty, = Ry, W.Cp

Ohm’s law for current flow

1
[=— (V] -V
L (-%)

One dimensional steady flow equation

._,i:,a] B
-2 5-5)

P =1V [Watts]

P=T q [Watts °C]

Kirchhoff's Current Law
=0

Energy equation

2g9=0

Charge, g = i) I dt [Coulombs]

Heat, 0= i) q dt [Joules]

Kirchhoff's Voltage Law
Yr=0

2T=10

2
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IP54 Simscape Vs Test results
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IP31 Simscape Vs Test results
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Ambient

Connectio Connectio

Connectio 3 g
n point n point | Middle of Upstream |Downstrea Outgoing | Ambient n point | Upstream |Downstrea
bet: N | petween | the VBB terminal [m terminal| for Nw25 | points to between | terminal |m terminall
HBB and HCBB :;nd hB of NW25 | of NW25 PhBL pNWZS VBBand | of NTO8 | of NTO8

linkbar for P phB phB linkbar for phB phB

/
NW25 phB VEE L NTO8 phB

temperatu
Outgoing | Ambient
for NTO8 | points to | between
PhB NTO8 pha hbb
and phb
hbb

IP31_Test(k) | 80.7 | 651 | 612 | 906 5 | 613 | 308 | 477 | 552 | [ 14 54.7
=IP31_Simscape(K) 80.4 69.4 6 0.4 8 | § 51.5 2 9 6 58.1
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Signal Features

% |

Signal |flow/Data
Independent variable: Time

Condition variables: faultCode
Computation mode: use full signal

Select All Features

Basic Statistics
Mean
Standard Deviation
M Biased

Higher-Order Statistics
Kurtosis
[ Bias-corrected
M Excess kurtosis

Impulsive Metrics
Peak Value
Impulse Factor

Signal Processing Metrics
Signal-to-Noise Ratio

SINAD
I Plot results

Help

RMS
Shape Factor

[ Skewness
[ Bias-corrected

Crest Factor

Clearance Factor

Total Harmonic Distortion

OK| | Cancel

U, g

= HY%L:

Y

#1743

N,

VIR IEHEF

Features Sorted by Importance

I One-way ANOVA

0.4

0.6 0.8 1

£

F 3]
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Data Browser O)

w History
Last change: Coarse ... 44/44 features A
1.14 KNN Accuracy: 70.8%
Last change: Fine KNN 44/44 features
1.15 KNN Accuracy. 65.8%
Last change: Medium K...  44/44 features
1.16 KNN Accuracy. 33.3%
Last change: Coarse K... 44/44 features
147 KNN Accuracy: 64.2%
Last change: Cosine K... 44/44 features
1.18 KNN Accuracy: 65.8%
Last change: Cubic KNN 44/44 features
1.19 KNN Accuracy. 70.4%
Last change: Weighted ...  44/44 features
1.20 Ensemble  Accuracy: 83.8%
Last change: Boosted T..  44/44 features
1.21 Ensemble  Accuracy: 79.2%
Lastchange: Bagged Tr... 44/44 features
1.22 Ensemble  Accuracy. 79.6%
Last change: Subspace ... 44/44 features
1.23 Ensemble  Accuracy: 69.2%
Last change: Subspace .. 44/44 features
1.24 Ensemble | Accuracy. 85.0%
Lastchange: RUSBoost.. 44/44 features |,
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