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Results of Fitting NHPP Models to the USS Grampus
Diesel Engine Data

e Both models seem to fit the data very well.

e For the power recurrence rate model, 3=1.22 and 7 =0.553,

e For the loglinear recurrence rate model, 95=1.01 and 5 =.0377.
e Times between recurrences are consistent with a HPP:

» the Lewis-Robinson test gave Z| g = 1.02
with p-value p = .21.

» the MIL-HDBk-189 test gave ngHB =092
with p-value p = .08.

Comparison of trend tests
% main topic

Minitab provides five trend tests for data with multiple systems: MIL-hdbk-189 (TTT-based). MIL-hdbk-189 (Pooled), Laplace's (TTT-based), Laplace’s (Pooled). and Anderson-Darling. The
pooled Laplace and military handbook tests reduce to their respective TTT-based tests when there is only one system. These tests behave differently under the following two
circumstances:

1 the data follow a nen-monotonic trend

2 the data are from heterogensous systems

Monotenic and non-monotonic trends

There is a trend in the pattern of times between failure if the times change in a systematic way. Trends can be:

* monotonic - times between failures are getting either consistently longer (decreasing trend) or consistently shorter (increasing trend)

= non-monotonic - times between failures alternate between increasing and decreasing trend (cyclic) or have a decreasing trend. no trend. and then increasing trend (bathtub)

The Anderson-Darling test will reject the null hypothesis in the presence of both menaotonic and non-monotonic trends. The other tests will generally only detect monotonic trends. While
the Anderson-Darling test is useful if you suspect the existence of a cyclic or other non-monotonic trend, the other tests are more powerful in the case of 2 monotonic trend

Homogeneous and heterogeneous systems
The null hypothesis of no trend differs slightly for the different tests:

* The null hypothesis for the pooled tests (MIL-hdbk-189 and Laplace’s) is that the data come frem a homogeneous Foisson processes (HPP) with a possibly different MTBF for each
system. Thus, rejecting the null hypothesis means that you can definitely conclude there is a trend in your data.

» The null hypothesis for the TTT-based tests (MIL-hdbk-188, Laplace's, and Anderson-Darling) is that the data come from a homogeneous Posson process (HPP) with the same MTBE
for each system. Thus. rejecting the null hypothesis could mean that either there is a trend in your data or your data come from heterogeneous systems. Therefore, you should use
TTT-hased tests only when you are confident that your systems are homogeneous.

The table below summarizes the different null hypotheses associated with the trend tests.

MIL-hdbk-189 MIL-hdbk-189 Laplace's Laplace's Anderson-

{Pooled) (TTT-based) (Pooled) (TTT-based) Darling
Null HPP {possibly HPP (equal HPP (possibly HPP (equal HPP (possibly
Hypothesis different MTBFs) different MTBFs)MTBFs) different
MTEFs) MTBFs)
Rejecting manotonic meonatonic monotonic trend monotonic trend monotonic trend
e trend trend or of systems are  or non-
0 systems are heterogensous  monotonic trend
heterogeneous or systems are
heterogeneous

Sea 15} for more infarmation conceming these tests.
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A major aspect of analysis of failure data for repairable systems is the testing for a
possible trend in interfailure times. This paper reviews some important and popular
graphical methods and tests for the nonhomogeneous Poisson process model. In
particular, the total time on test (TTT) plot is considered, and trend tests based on the
TTT-statistic are motivated and derived. In particular, a test based on the Anderson-
Darling statistic is suggested. The tests are evaluated and compared in a simulation
study, both with respect to the achievement of correct significance level and rejection
power, The considered alternatives to ‘no trend’ are the log-linear, power law and a
class of bathtub-shaped intensity functions. The simulation study involves single
systems, as well as the case where several independent systems of the same kind arc
observed. © 1998 Elsevier Science Limited.
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Valveseat Data

Trend Te=st=

MIL-Hdkk-189 Laplace's
TTT-based Pooled TTT-based Pooled Z&Anderson-Darling
Test Statistic 80,28 66,153 0,46 2,38 0,80
P-Value 0,249 0,017 0,645 0,017 G,478
DF 96 56




