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CONDITIONAL ROCOF BY MINIMAL REPAIR (NHPP) AND
PERFECT REPAIR (RENEWAL PROCESS)
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SIMPLE EXAMPLE WITH THREE SYSTEMS

Sys. 1: u u u

0 S11 = 5 S21 = 12 S31 = 17 τ1 = 20

Sys. 2: u u

0 S12 = 9 S22 = 23 τ2 = 30

Sys. 3: u

0 S13 = 4 τ3 = 10

-Proj: u u u u u u

4 5 9 12 17 230 t

Y(t):
Y (t) = 3 Y (t) = 2 Y (t) = 1
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COMPUTATIONS FOR THE NELSON-AALEN ESTIMATOR

t 1/Y (t) 1/Y (t)2 Ŵ (t) ̂V arŴ (t) ̂SDŴ (t)

4 1/3 1/9 1/3 1/9 0.3333
5 1/3 1/9 2/3 2/9 0.4714
9 1/3 1/9 1 1/3 0.5774
12 1/2 1/4 3/2 7/12 0.7638
17 1/2 1/4 2 5/6 0.9129
23 1 1 3 11/6 1.3540
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ESTIMATED W (t) with 95% confidence limits (Nelson-Aalen)

0 5 10 15 20 25
0

1

2

3

4

5

6

t

W
(t)

5

Simple Example With 3 Systems
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Simple Example With 3 Systems
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Simple Example With 3 Systems

Results for: SimpleNHPP.MTW
Nonparametric Growth Curve: Time System: ID

Nonparametric Estimates

Table of Mean Cumulative Function

Mean
Cumulative Standard 95% Normal CI

Time Function Error Lower Upper System
4 0,33333 0,272166 0,06728 1,65151 3
5 0,66667 0,272166 0,29951 1,48392 1
9 1,00000 0,000000 1,00000 1,00000 2

12 1,50000 0,353553 0,94506 2,38079 1
17 2,00000 0,707107 1,00020 3,99922 1
23 3,00000 0,707107 1,89013 4,76158 2
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Simple Example With 3 Systems
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Nelson-Aalen estimator for Cumulative ROCOF W (t)

1. Order all failure times as t1 < t2 < . . . tn.

2. Let dj(ti) = # events in system j at ti.

3. Let d(ti) =
∑m

j=1
dj(ti) = # events in all systems at ti.

4. Let Yj(t) =

{
1 if system j is under observation at time t
0 otherwise

5. Let Y (t) =
∑m

j=1
Yj(t) = # systems under observation at time t .

Then

Under general assumptions: Ŵ (t) =
∑

ti≤t

d(ti)

Y (ti)
.

Assuming NHPP:
̂

Var Ŵ (t) =
∑

ti≤t

d(ti)

{Y (ti)}2

Under general assumptions (MINITAB):
̂

Var Ŵ (t) =

m∑

j=1

{∑

ti≤t

Yj(ti)

Y (ti)

[
dj(ti)−

d(ti)

Y (ti)

]}2

10



Illustration of last formula for Simple NHPP Example
(Compare with MINITAB Output):
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Var Ŵ (9) =

{
1

3

[
0−

1

3

]
+
1

3

[
1−

1

3

]
+
1

3

[
0−

1

3

]}2

+

{
1

3

[
0−

1

3

]
+
1

3

[
0−

1

3

]
+
1

3

[
1−

1

3

]}2

+

{
1

3

[
1−

1

3

]
+
1

3

[
0−

1

3

]
+
1

3

[
0−

1

3

]}2

= 0

̂
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Simple Example With 3 Systems

Power Law NHPP Model: W (t;α, θ) = (t/θ)α
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Simple Example With 3 Systems
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RESIDUAL PROCESS: ”SIMPLE EXAMPLE”.
Data points (and endpoints on axes) are transformed with the es-
timated cumulative ROCOF,

Ŵ (t) = 0.0538 · t1.20

Sys. 1: u u u

0 0.3711 1.0612 1.6118 1.9589

Sys. 2: u u

0 0.7514 2.3166 3.1866

Sys. 3: u

0 0.2840 0.8527

Times between events, plus censored times at the end of each
axis, are on the next slide anlysed by MINITAB as a set of censored
exponential variables.
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VALVESEAT DATA
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VALVESEAT DATA
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VALVESEAT DATA
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VALVESEAT DATA
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Grampus- data: Plot of (Ti, Ti+1) to investigate whether times
between failures can be assumed independent. The figure does
not indicate a correlation between successive times.
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PROFILE LIKELIHOOD FOR BETA
(”SIMPLE EXAMPLE”)
β̂ = 1.20, λ̂ = 0.0538.
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CONNECTION BETWEEN LAMBDA OG BETA
(”SIMPLE EXAMPLE”)
β̂ = 1.20, λ̂ = 0.0538.
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