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What is Reliability?

“Probability that a system, vehicle, machine, device, and so on, will perform
its intended function under encountered operating conditions, for a
specified period of time”.

“Quality overtime”.

Statistical Methods for Reliability Data, William Q. Meeker, Louis A. Escobar, 1998
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Products that Have Performed Beyond Life
Expectations for Family and Friends
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Why is Reliability Important?

High Reliability Advantages: Low reliability risks:

* Improved safety « Compromised safety

* Products fail predictably * Products fail unpredictably

* Products fail at the end of * Products fail earlier than expected

or later than useful lifespan

- Happy customers = * Low consumer confidence =

jfmp DISCOVERY



Common Reliability Questions

When will my component fail?

How long of a warranty should
| offer?

What expiration date should |
use’?

How does something degrade
over time?

What can the distribution of
failures say about underlying
failure mechanisms?
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Purpose of Reliability Analysis

Analysis of time-to-event data to determine the lifespan of a product.

— "Time" could also be mileage, cycles, load at failure, etc.

Infant Useful Life

. Mortality End of Life

Failure
Rate
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What are time-to-event data?
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Properties of Time-to-Event Data
(Failure Terminology)

Life Distribution
Event Plot

Failure times are always positive (bounded).

Failure time distributions are often skewed
(non-normal).

Compare Distributions

Distribution  Scale

True failure time may not be known
(censored).

Extrapolation is expected.
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Guidelines for Choosing a Failure Time Distribution For
Component Reliability Estimation

1. Thereis atheory that matches a failure mechanism to a distribution.

2. Adistribution has been used successfully in the past for the same
phenomena.

3. Distribution provides good fit to ALL the data.
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Exponential

* When will a component fail given
a constantfailure rate?

Infant Useful Life .
Mortality End of Life

Failure
Rate

* Common phenomena

— Failures from random shocks or
stresses in use.

— Any time a unit/system does not fail
early or wear out overtime..

Effect of A on Exponential pdf

[ A=001 |

— Often used to model the bottom of
the bathtub curve.

A=0.005

Time, (t) - :f
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Lognormal Distribution

* When will a component fail due to
degradation over time?

* Common phenomena
BRI S

— Wear, electromigration, corrosion...
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Weibull

* When will a component/system fail

given competing SIMILAR failure N

processes (weakest link)?

* Common phenomena

— Capacitor time-dependent dielectric
breakdown (TDDB), Brittle Fracture
(ceramics), systems...

electrode

Weibull pdfwith0<p<1,pf=1andp >1
00100

- + STATISTICAL
Time (t) 100000 J mp DISCOVERY

Copyright © JMP Statistical Discovery LLC. All rights reserved



What are non-time-to-event data?




Properties of Non-Time-To Event Data

Distributions

* Measurementvalues can be negative
(unbounded).

* Measurementvalues must be known mierriirl gt

2 564326 0.6294147 0.8547795

(no censoring).

187.47833
192.19181

* Measurement values of this kind are
often used in quality methods

— Control charts, capability, variability charts...

9 15 21 27 33
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Common Questions

Cantrol Chart Builder
hart of Inside Diameter (mi

* |s there evidence of special cause
variation in the measurement data?

* |s a process capable of making

Components Wlthln measurement iy . Variability Chart for Length
specification limits? ‘

4
£35 é
7__5— 31.. . é T é Avg=2.84358333
. §2‘5
* Given measurements taken across 5,
1 1 15
different groups e.g. suppliers of same T T bunpter
component

— Isthere evidence of differences?
— Is there evidence of equivalences?
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Normal Distribution

* Do independent measurements of
an attribute fall under a bell-

shaped curve?

* Common phenomena

— Part geometry, lead times, average

student test scores...
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Normal(9.99927,0.09944)
Fitted Normal
Parameter Estimates

Type

Location p

Parameter Estimate Lower 95% Upper 95%
99992716 99974923 10.001051

0.0994365 0.0981943 0.1007108

Dispersion o

Measure

-2*Loglikelihood -21344.14
AlCc -21340.14
BIC -21325.36
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What happens if we treat time-to-event data like
we do non-time-to-event data?

Estimate of failure time assuming Estimate of failure time assuming
normally distributed failures and lognormally distributed failures and
only considering failed components. considering all components under test.

Quantile Profiler Quantile Profiler

: 10000 | (2541867120000
[1748.006, 5ppp

[9153.67, 80000

70584.65] 40000

o

4346.994]

< © © < «

o o o o
0.5 0.5

Probability Probability
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Poll Question
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Introduction to Analysis of Reliability Data
Reliability concepts extended

« Other inputs affect reliability

- Soft failure

- System reliability

- Repairable system reliability
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Introduction to Analysis of Reliability Data

Other inputs affect reliability

- Example - Compare reliability of two suppliers (Tobias & Trindade)
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Introduction to Analysis of Reliability Data
Other inputs affect reliability

- Example - Compare reliability of two suppliers

R 7 e W & i : R 0 B @ o 9
v ~ Parametric Survival Fit v ~'Parametric Survival Fit
Time to event: Time AlCc 361.5345 Observation Used 60 Time to event: Time AlCc 360.0078 Observation Used 60
Distribution: Lognormal BIC 369.1846 Uncensored Values 29 Distribution: Lognormal BIC 365.8623 Uncensored Values 29
Censored By: Censor -2*LogLikelihood 352.8072 Right Censored Values 31 Censored By: Censor -2'LogLikelihood 353.5793 Right Censored Values 31
Freq Column: Freq Freq Column: Freq
v Whole Model Test v Whole Model Test
ChiSquare DF Prob>Chisq ChiSquare DF Prob>Chisq
5.0701 2 0.0793 4.2981 1 0.0382*
» Parameter Estimates » Parameter Estimates
v Effect Likelihood Ratio Tests v Effect Likelihood Ratio Tests
L-R L-R
Source Nparm DF ChiSquare Prob>ChiSq Source Nparm DF ChiSquare Prob>ChiSq
location: Vendor 1 1 5.01822594 0.0251* Vendor 1 1 4.2980955 0.0382*
scale: Vendor 1 1 0.77204096 0.3796
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Introduction to Analysis of Reliability Data
Other inputs affect reliability

- Example - Accelerated Lifte Test on Capacitors

v Nonparametric Overlay

e Weibull 0.98 v Distribution Profiler
Lognormal 8-3 ,
Loglogistic oZe
8
Frechet 34 = 0.357533
Exponential 02 8 (0.277506, °°
zev : 2 o 2 0452413 %4
b g oos .
Logistic [ 0-
LEV e 0.02-
Linear 0.01 "
e Simultaneous ats / 100 1000
Pointwise sk deiie
v' Show Nonparametric Cl  0.001- _ v Remembered Settings

Show Parametric Cl

Weibull Weibull

Setting Temp Hours Weibull Lower Cl UpperCI
Prob Failure at 25 Deg and 100 kHours 25 100000 0.0093863  0.001563  0.0552711
Prob Failure at 100 Deg and 1kHours 100 1000 03575332 0.2775055 0.4524128
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Introduction to Analysis of Reliability Data
Other inputs affect reliability

- Example - Early Product Failures: Plant or Process?
(Tobias & Trindade)

v Whole Model Test

v

ChiSquare DF Prob>Chisq

9.1971 3 0.0268*
v Effect Likelihood Ratio Tests
L-R
Source Nparm DF ChiSquare Prob>ChiSq
Plant 1 1 0.63866152 0.4242
Process 1 1 5.58335383 0.0181*
Process’Plant 1 1 0.84223009 0.3588
~ Distribution Profiler
. 0.003 g g
€ 0000273 0.002 : :
& [3.664e-5,
§ 0.00203) 090
E 1 e S S s [ |
< o0 = =
A |
Plant Process
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Introduction to Analysis of Reliability Data
Soft failures

- Example - Hard Disk Byte Error Rate (Meeker, Escobar & Pascual)

Transformation
Error Rate Hours
0.00008 | O Linear © Linear
Sqrt Sqrt
Log Log

Path Definition

0.00006
g
: M
&

0.00004 | *

o sl 1 =b0 «Exp (bl of(Timc))
0.00002-| ¥ ——
0 500 1000 1500 2000 Go to Bayesian Estimation



Introduction to Analysis of Reliability Data

Soft failures

- Example - Adhesive Bonds (Meeker, Escobar & Pascual)
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Parameter Estimate Low High Fixed
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Introduction to Analysis of Reliability Data
Soft failures

- Example - Alloy Cracking (Meeker, Escobar & Pascual)

1.6 |

1.4

Length

1.2

1.0

Paris-Erdogan Crack Growth with Time

=y

)

( b2
if b2 #£2 , (l--z—-) b2
M, +|1 - |+b1 «(Time)

\

f b2==2  p, ~Exp (bl-f(’l‘imc))
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Introduction to Analysis of Reliability Data
System Reliability

- More than one component connected to create a system

Series

K of N
(3 0of4)
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Introduction to Analysis of Reliability Data

System Reliability

- Example - Computer storage configurations
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Introduction to Analysis of Reliability Data
Repairable System Reliability

- Example - Main unit with a backup as a standby in case of failure.
Backup has cold startup with 30 minute startup time. Eight hour
maintenance on the backup is performed after control is passed
back to the main unit. 99% switch reliability. Exponential(500)
Litetime distribution for both. Failing blocks are replaced with new
units. 1000 simulation conducted for 1 year time span.
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Introduction to Analysis of Reliability Data
Repairable vs. non-repairable

- Examples Results

v ~/Point Estimation of System Availability Profiler v System Available Time Distribution v System Availability Distribution
S l‘ Export Data Export Data
£ 0998 o.sssoTJ
8 (0995605,
21 0.9920 J‘
0.988011 i ‘ ‘ ‘ | L, .—..!—'_i_l_
L l ! L ' 8720 8730 8740 8750 8760 0.996 0.997 0.998 0.999 1.000
% g g g System Available Time System Availability
4380
Time

~/Point Estimation of System Unplanned Outage Profiler v System Unplanned Outage Time Distribution v System Unplanned Outage Percentage Distributic

Export Data Export Data r E

§’ 0.0100 -

a 0.002 0.0075 -

§ [0, 0.0050 -

§ 0.004395] [

o 0.0025 - ___| —I_l_ﬂ—l—n—.—

= 0 1 I I | I J | 1 | v I J L v v I I

0 10 20 30 40 0 0.001 0.002 0.003 0.004
System Unplanned Outage Time System Unplanned Outage Percentage
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Introduction to Analysis of Reliability Data

Summary

* In its most basic form, reliability analysis is about modeling the
life distribution of components or processes.

- Conditions such as temperature and environment may affect the
shape of the distribution.

* |t is common to model life using soft failure data when true hard
failure data are not available.

- Reliability can be calculated for a combined system of non-
repairable components.

« Simulation is a common approach to modeling reliability when
repair and maintenance are performed on a system of
components.




Introduction to Analysis of Reliability Data
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