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O & M Cost
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O & M Cost O & M Cost
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Reliability Reliability, Some Theories

« Definition: reliability is the probability that « Reliability function
a cor_nponent or system vylll perfc_er a R()=Pr(T >t) T, timetofailure
required function for a given period of time
when used under stated operating
conditions

R(t) is the probability that the time to failure is greater than or equal to t
F(t) =1-R(t)

F(t) is the probability that a failure occurs before time t
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Probability Density Function

ﬂ:f(t)
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F(t):j f(t)dt
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R(t) = '[:O ft)dt
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Mean Time to Failure

MTTF = E(T) :J':tf ()t

MTTF = I: R(t)dt
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Failure Rate Function

- 10

R(t) = exp{—.[;/l(t')dt}

1. Increasing failure rate (IFR)
2. Decreasing failure rate (DFR)
3. Constant failure rate (CFR)
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Bathtub Curve

The Bathtub Curve

Hypothetical Failure Rate versus Time
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Reliability of Systems

Serial configuration Parallel configuration
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1-(1-Ra®))x(1-Rg(1)

Maintainability

PHT <t}=H(t) = I;h(t')dt'

T, time to repaire a failed unit

MTTR = J:t *h(t)dt
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Reducing Maintenance Cost

Develop logistics plan

Identify opportunities for redundancy
* Improve training

* Improve maintainability

Implement condition monitoring
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Some Recommendations

Quantify O&M costs over time
» Develop component reliability

Identify high-risk components and
understand failure modes

Re-evaluate design standards
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Fault Detection

« Statistical method, quality control
— Single variable
— Two variables
— Clustering
* Residual approach
— Low bed temperature
— Wind turbine power curve
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X Bar Chart for the Mean
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R Bar Chart for the Variation
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Two Variables

« Each variable seems to be normal
« Looking at them together generates faults

Bivariate Nomnal Density = r= 0.0
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Two Variables with Correlation

» How to monitor two variables if they have correlation

Biarale Nomal Density = r=07
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Joint Normal Regions
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Clustering

e Too many variables

« Large data set
Data steams

» No normal distributions
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Description

The " cluster

The centroid of cluster
The number of clusters
The number of points in C,
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2-Dimension Example
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3-Dimension Example
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Residual Approach

* No fixed mean
» No obvious patterns, e.g. clusters

Underlying process model can be
constructed

Data mining algorithms, linear regression,
principal component analysis
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How to Get Residual

y= 1:real (X)

y — f (X)k—/ Identified process model

Residual_——————& = y - y
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Predicted Observed
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Low Bed Temperature Example

« A combustion process

* A sensor is installed to measure the low bed
temperature of a boiler

* How to detect the sensor failures
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Low Bed Temperature Example

* Process variables

g=1,(xv)

v(1)
The University of lowa

Process variable Description Engincering unit
x(1) Coal input Scaled between 0-100
x(2) Oat hull input Scaled berween 0-100
x(3) Primary air input  |Scaled between 0-100
x(4) Secondary air input 1 |Scaled between 0-100
x(5) Secondary air input 2 |Scaled between 0-100
1) Coal quality BTU/Mb
12) Oat hull quality BTU/Mb
Lower bed temperaturg 'F
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What is the Model’s Performance

9
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Std of the training error
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Sampling Test Data Points
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Control Limits

— OTrain
UCL; = trpgin +3 Jn
n Monitor the mean test error
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Monitor the test error’s std
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No Temperature Sensor Failures
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Bias Temperature Sensor Failures
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Variation Temperature Sensor
Failures
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Wind Turbine Power Curve
Monitoring
« Identify a power curve function based on
normal training data points

« Calculate the power curve model’s
performance in terms of mean training error
and std of the training error

« Construct control limits for monitoring
mean test error and std of the test error

The University of lowa

Intelligent Systems Laboratory

Power Curve Monitoring
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Identified Abnormalities
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Power Curve Profile Monitoring

« Use parametric models to identify a power
curve, then monitor the parameters

1+me™/" ;
y=f(x,0)=a — Nonlinear
1+ne
0,V < cht_in
fOV) = AV+7Veutcin SVS<Viaed  Linear

Prated V> Viated
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Linear Scenario

Summary
0,V <Veut_in * Reliability models
(V) =4 AV 477,V in <V < Vyaged — Collect failure
Prated V> Viateq - EStimate qu i
— Design logistic plans
* Fault detection
(ﬂ" 77) — Single variable

Monitor this two parameters by using T2 chart?

The University of lowa

— Multiple variables
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