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Life Data

The type of data considered in this webinar consists of lifetimes or

times to failure.

Typical applications include:
1. Estimating product reliability

2. Estimating survival times after medical treatments
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Statgraphics Life Data Procedures

Statgraphics includes the following procedures for analyzing life data:
Procedures with no explanatory factors

¢ Life tables (intervals or times)

* Distribution fitting for censored data

®  Weibull analysis

® Repairable systems (intervals or times)

Procedures with explanatory factors

®  Arrhenius plot

¢ Cox proportional hazards

e Life data regression
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Outline - Part 2

Example #4: accelerated life test for device reliability employing an
Arrhenius model

Example #5: Cox proportional hazards model for cancer patient

survival times

Example H6: general life data regression for capacitor reliability
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Example #4 - Accelerated life test

Source: Statistical Methods for Reliability Data (Meeker and
Escobar)
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Arrhenius models

The percentiles P of the failure time distribution are assumed to

Change with temperature T according to the model

P= Aexp(— %}

T is temperature in degrees Kelvin (°C + 273.15)
k= 1/11605 (Boltzmann’s constant)

A and E are two unknown parameters
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4 Step #1: Fit a Weibull distribution at
each temperature

Weibull Analysis (=3

temperature Data:

hours -

devices E Irep[hours,devices]

censored
[Cenzored:]
Irep[censored,devices]
[Grroup:)
Irep[temperature,devices]

I Sort column names [Select]
QK I Cancel | Delete | Transform... | Help |
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Weibull Plot

Weibull Plot
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4 Analysis Options

Weibull Analysis Options

Lower Threshold
* Specity

e

" Estimate

Estimation Method
* Fank Regression

" Maximum Likelihood

CL: 55.0 4

" weibapes
Shape: |2.23256

Plotting Pozition
" Median Ranks

" Expected Ranks
" Kaplan-Meisr
+ Modified Kaplanteier

0K

Cancel

Help
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Weibull Plot

Weibull Plot
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Step #2: Estimate the percentiles

Critical Values for repthours devices)

repitemperature devices) | X Lower Tail Area (=) | Upper Tl Area (=)
40 146399 0.5 0.5
il 4346 64 0.5 0.5
20 1261.06 0.5 0.5
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Step #3: Fit the Arrhenius model to the
50t percentiles

Arrhenius Plot @

temperature Percertiles:
haurs

devices PO
cenzored |
Clemp |

CTemp
P50

Temperatures [in Kelvin]:

E |CTemp + 27315

[Select:)

|

[~ Sort column names

QK | Cancel | Delete | Transfarm... Help
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Analysis Options

Arrhenius Plot Options
Predict at:
[

Confidence Level:

T

=

ak.

Cancel

Help

Step #4: Extrapolate to normal
operating temperature

Arrhenius Plot
Predicted P50=40056.8 at CTemp + 273.15=300.0

100000 1
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" Example #5 - Cox Proportional

Hazards
Source: Modeling Survival Data in Medical Research (Collett)
ﬁC:\Webinal\nephledomy.sgd == =
Survival time Censore d
O R 0
2 6 L] []
3 21 [] []
4 15 L] 1]
3 L] L] 1]
[ 1 o 1]
1 12 [] []
L] 104 1 1
9 9 [] 1
10 56 o 1
11 35 [] 1
12 52 L] 1
13 68 o 1
14 T 1 1
15 84 [] 1
4 4 » M| nephiectomy 4 B 4 C
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Cox PH Model

The hazard function at any combination of the X’s is assumed to

be proportional to the hazard at a baseline set of conditions.

hx (t) = eXp(ﬂo +ﬂ1x1 +ﬂ2X2 +"'+ﬁkxk)h0(t)
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Data Input

Cox Proportional Hazards

Survival time Dependent Yariable:

ISurvivaI tirne

[Censzared:]

IEensDred

Quantitative Factors:

7

Categorical Factars:

» Mephrectamy p
Age

[Select:)

I Sort column names I
,TI Cancel | Delete | Transform... Help
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Analysis Options

Cox Proportional Hazards Options
Type of Model——————-— ok
% Firzt Ordes
" Second Order

Cancel

Exclude. ..

Confidence Lewvel:
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4 ™
Analysis Summary

C'ox Proportional Hazards - Swvival time
Dependent variable: Survival time
Censoting: Censored
Factors
Hephrectomy
Age

Humber of uncensored walues: 32
Humber of right- censored values: 4

Estimated Regression Model
Standard | Lower 95.0% | Upper 95.0%
Farameter Estimate | Brror Conf. Limif | Conf, Limit
Hephrectomy=1  [-1.41108 0377288 |-2.13056 067161
A ge=2 00124456 |0330352  |-0A35033 0.659024
A ge=3 1.34132 0448082 [0.463082 221936
Loglikelihood = -82.7542
Likelihood Ratio Tesis
Factor Chi-Square |If | P-Falue
Hephrectomy |6 66386 1 0.0098
Y- 473827 P ]
The StatAdvisor

The output shows the results of fitting a failure-time regression model to describe the relationship between Survival time and 2
independent variable(s). The hazard function at a selected combination of the input factors xis a multiple of the baseline hazard function
YD, as shown helowr:

h(tp=hejl) *exp(-1 41108*Nephrestomy=1 + 00134456 %4 ge=3 + 1 34133% A ge=T)
In determining whether the model can be simplified, notice that the highest F-value for the fkelihood ratio tests is 0.0936, belonging to

Age. Because the P-value is greater or equal to 005, that term is not statistically significant at the 95.0% ot higher confidence level
Consequently, you should consider remowing & ge from the model.
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Survival Function

Estimated Survival Function
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Hazard Function

Estimated Hazard Function

hazard per unit time

Nephrectomy

:: 4

Survival time

Example #6 - Life data regression

Source: Statistical Methods for Reliability Data (Meeker and

Escobar)

T C\Program Files! Statgraphics\STATGRAPHICS Centurion XVIT\Data\ capacitors.sqel

[E=3 Eo i

hours

Col_d

Col_35

Col_6

voltage temperature
12 300 110
13 350 110
14 350 110
15 350 110
16 350 110
17 200 180
138 200 180
19 200 180
20 200 180
21 250 180
22 250 180
23 250 180
21 250 180
25 300 180
M4 ¥ W] capaciiors 4 BATC A1
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4 ™
General failure time regression models

® Location-scale models (normal, logistic, smallest E.V.)

® Log-location-scale models (lognormal, loglogistic, Weibull,

exponential):

P(T <t) = @['Og(t) —& j
(o2

=B+ BX+ Xy +.
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Data input

Life Data Regression (5]
woltage Dependent ' ariable
temperature
hours |hours
[Censored:]

|

Quantitative Factors:

voltage
temperature

Categorical Factors:

[Select:]

[~ Sot column names |
a4 | Cancel | Delete | Transform. Help
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Analysis Options

Type of Model
% First Order
" Second Order

Distribution

" Exponential
" Extreme value
" Logistic

" Loglogistic
" Lagnamnal
" Mormal

™ weibul

Life Data Regression Options

Confidence Level:

350

%

Cancel
Erclude...

Help
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Analysis Summary

Life Data Regression - hours
Dependent variable: hours
Factors:

roltage

temperature

Musmber of uncensored values: 32
Mumber of right-censored vahues: 0

Estimated Regression Model - Weihull

The StatAdvisor

The output shows the results of fitting a failure-time regression model to describe the relationship between hours and 2 independent

vatiable(s). The equation of the fitted modelis

Stavcdard Lower 85.0% | Upper 95.0%

Farameter Esfimate Error Conf Limit | Conf Limif
CONSTANT 11.6981 196481 724716 155491
voltage -0.00660564  |0.000283368 | -0.00833701 -0 00487426
tettp erature -0.0200546 00110668 -0.0417451 000163551
BIGIA 0312591 00432654 0.238321 0.410007
Log likelihood = -211.019
Likelihood Ratio Tests

Factor Chi-Sgquare | Lf | P-Faluz

voltage 203505 1 0.0000

temperature |3 06457 1 0.0=00

hours = exp(l1 6981 - 0.00660564%roltage - 0.0200546% tempetature)
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Plot of Fitted Model

Plot of Fitted Model
Weibull percentiles: 5%, 50%, 95%
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Percentiles Table

Table of hverse Predictions for hours

woltage=175.0
temperature=175.0

Standard | Lower 95.0% | Upper 95.0%

Fercent | Fercentile Brrar Conf Limit Covf Limif
0.1 67 5506 21.7934 35.8931 127.13
0.5 111.788 28418 479212 183.985
10 138042 31.2525 30.4071 215932
20 172831 33.8385 117.751 153675
a0 196.498 351376 138.404 27897
40 315334 35921 155381 20EA12
50 331.266 36.4308 160.834 31492
6.0 245231 367737 182.781 329016
70 357762 37.0057 194543 341.535
20 360.198 37.1509 205.337 352.835
o0 270.764 372571 215.404 363.203
10.0 380633 373114 224996 372813
150 331.643 37.2038 266186 413.197
20.0 366,192 36.7907 300.739 44589
5.0 306,457 36.2715 331376 474.331
30.0 424014 357201 359 483 500156
350 440788 352101 385811 524374
40.0 4744 347460 410,959 547 633
45.0 498307 343677 435302 570432
0.0 52189 34.1008 458156 503195
550 545.493 339785 482,801 616.335
60.0 569 4686 340404 506508 640.25
Zmn EYEDH ERECCE] EETEH AT Ade
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Second Order Model

Life Data Regression - hows

Dependent variable: hours

Factors:
voltage
temperature

Humber of unicensored values: 32

Humber of right-censored values: 0

Esti d Regression Model - Weibull

Standard Lower 95.0% Upper 95.0%

Parameter Esfimate Error Conf’ Limif Cowf’ Limif
CONBTANT | 175545 3.186812 11.3434 23.8406
voltage -0.0339453 0.0128568 00611443 -0.0107464
temperature -0.0315621 0.0115497 -0.0541991 -0.00892516
voltage™@ 00000529916 (00000231238 [0.00000766559  |0.0000983135
SIGIIA 0289643 0.039591 0221131 0379397
Log likelihood = -208.593
Likelihood Ratio Tesis

Factor Chi-Sguare |Df | P-Falue

voltage 701463 1 0.0081

temperature 642111 1 00113

voltaged 485271 1 00376
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Second Order Model

Plot of Fitted Model
Weibull percentiles: 5%, 50%, 95%

temperature=175.0

hours

voltage

More Information

Go to www. statgraphics .com

Or send e-mail to info@statgraphics.com
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