04.3B-BuildingCbmModel

04.3B "Reliability analysis > 2D"

In this step, we'll use an advanced reliability analysis tool, called "EXAKT", to process

our combined age and condition data sample.

1. Download and install the EXAKT application.
2. Unzip data file onto your desktop.

Our sample is in a database file called “Cat340T_MES.mdb” in the folder, say,
“\Desktop\Files_For_Exercisel_Cat”.

There is also a text file called "AttachScripts.txt" containing scripts to be used.

1 Download Application and Data file

https://www.livingreliability.com/en/posts/cbm-exercises/

G Name Date modified Type

[ This PC
2

J 3D Objects \21 attachScripts.bt 10/13/19 12:54 PM TXT File
[ Desktop ) Cat340T_MES.mdb 10/11/19434PM  Microsoft Access

Files_For_Exercisel_Cat

Apps
Booklet Sample

Copyright © 2019 LivingReliability All rights reserved.

Open the EXAKT for Modeling app
| TE— > = 1. Launch the “EXAKT for Modelling”
e - program.
LS 0

EXAKTY"
The CBM Optimizer

Help -Rba@ EXAKT for version number

UM

Copyright © 2019 LivingReliability All rights reserved.
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04.3B-BuildingCbmModel

Creating a database for building

@ EXAKT- Modeling

File View Help

1 New%
Open...
Print Setup...
2 @ Create new database
« “ 4 |« Desk.. » Files For_Exercise...

Organize +  New folder
[ This PC ~  Name
1 30 Objects @ Cat340T_MES.mdb
I Desktop
%] Documents

& Downloads

File name:

Saveastype  Database files (.MDB)

A Hide Folders.

(and maintaining) the model
1. Hit File and New
2. Then navigate to the folder “\Files_For_Exercisel_Cat”.
S 3. Enter File name: Cat340T_WMOD.mdb and hit Save
Ctrl+0
x 3 @ Create new database X
v o ¢ p « « 4 ||« Desko > Files_For_Exercise. v & »
- Organize New folder ERAN - ]
Date modified Type S B This PC A Name - Date modified Type s
9434PM  Microsoft Access B 30 Objects 125 Cat3407_MES.mdb 434PM  Microsoft Acce
I Desktop
| Documents
5 & Downloads ¥ >
| File name: | Cat340T_WMOD|mdb |
- Save as type: | Database files (*.MDB) -
lII Cancel ~ Hide Folders

Cancel

Slide 3

@ EXAKT- Modeling - EXAKT1

1 File Edit Modeling ModelDBase View

D& [ Data Setup
Extend Input Variables

[ exakt

Contrencebres ® N

Extend Output Variables
5@ €  Create Model Input Tables
- —
Attach Script: SetupScript [=]=]E

Database="Cat240T_MES|.mdb";

Attach Inspections=OilAnalysisData,
Events=TransLifecimes,
EventsDescription,

VarDeseriptien,

CovariatesCOnEvent

Connecting the model to the sample (age and CBM) data

w | Fes For Brevcinel Cot )

LT s File Edit Format View Help
Database="Cat340T_MES.mdb";
Attach Inspections=0ilAnalysisData

Events=TransLifetimes

o sachSerpts

&3 Conar_esmay
8 CosadT W00
& Consr_ 00 mee

EventsDescription,

CovariatesOnEvent|

1. Hit Modeling and Data Setup,
2. Copy the first script (from the attachScripts.txt file)
3. Paste it into the Attach Script: SetupScript window. Hit Execute, Save

Examine the attachment script.

Note that it links to our “Cat340T_MES.mdb” database containing the sample.

Then in lines 2 to 6 it attaches a number of tables relevant to the sample.

Slide 4
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04.3B-BuildingCbmModel

= C\Users\Userl\Desktop\Files_For_Exercisel\Cat3
{7 Tables
&[0 Models
#-[ Inspection:
[ Events m
#-[0 EventsDescription
1 [0 VarDescription
#-[ CovariatesOnEvent
(3 Queries
=@ Programs
B SetupScript

Inspections

[17-66 %\

Examining the Inspections table

1. Double click Inspections in the tree.

Note the column names and content. Ident, Date, and WorkingAge.
“Ident” is the unique name of each unit of a specific equipment type
to be analyzed.

The “Date” must be in date or in date/time format if multiple
readings occur in a 24 hour period.

The WorkingAge is a measure such as hours of operation, fuel
consumed, thousands of feet of steel rolled, or any other
measurement used by the EAM to measure the accumulated usage
or stress on the unit.

Calendar time may be used here if the units operate more or less
regularly in time.

Ident Date| ‘WworkingAge| Iron Lead| Calciurn| Magnesium|
66 1/1/1934 33 2| 0 3759 [1]
17-66 1/17/1334 338 13 1 3822 0| 1
I 2/14/13% 1028, 1] 0 3504 0 2. Close the Inspections table
2 1766 37147193 1674 10 0 4603 0
17-66 4/12/1334 2600] 14 2 5067 0
s 5/3/19%4 2927 7] i 419 2
1766 6/4/1934 3522 14 0 4784 2
1766 7/4/1934 4177, 13 0] 4817 1
1766 8/2/1334 4786, 3 1 [ 3
766 8/28/1554 5352 El 0 562 3
e 3/26/1934 6030 El 3 4409 3
17-66 10/24/1934 6633 14] 2 5895 1]
[ «]17 188
slide 5
i 1. Open the Events table.
Examining the Events table P
Examine the Events table. The Events table holds the age data.
=@ C\Users\Mur\Documents\ExaktExercises\Files_Fe The important Events are:
= [ Tables L . .
[ Models 1. “B” The Beginning of a failure mode life.
+-[ Inspections 2. “EF” The life’s Ending by Failure, and
w-[ Events upen e B f ;
1 o Evmkmmim 3. “ES” The life’s Ending by Suspension. The object part has been
-0 VarDescription taken out of service and replaced for any reason other than failure.
[ CovariatesOnEvent
(3 Queries
Programs “Non-rejuvenating” events may be included. For example an oil change.
B setupscript “OC” represents an “oil change” event.
Events If the oil change occurs more ore less at regular intervals it doesn’t have to
17-66 LT be included since the model will "self-adapt" to a periodic drop in condition
dent i Date] Workinghge|Event monitoring variable.
[ [17:65 | 127301393 0B
|i7ss 21471334 1028/0C
766 aM21334 2600/0C
1785 | 6/n3%] F522)0C 2. Close the Events table
1766 | ans) 4785/0C
1766 | 9/26/1994] 5030(0C
2 1766 117211994 739/0C
1766 171671335 8474/0C
766 [ 3A3n9% 573200
766 I 10524 EF
1766 | a724n3%] 10524|B
17-66 5/8/1335 10886/0C
W[ «[17 112
Slide 6
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04.3B-BuildingCbmModel

Examining the other tables

1 CovariatesOnEvent

E

vent StartingD ate| EndingDate lion| Lead| Calcium| Magnesium
0 6000

2 EventsDescription

3 | 171/1500] 17172100, 0] 0
oc 17171900 1A1/2100 0 05000 0
ES | 177500 172100 0 0/ 5000, 0
EF | 1411900, 1472100 0 0] 5000, 0
€S | 1/1/1900] 1/1/2100] af 0] 5000 0
*

Hit CovariatesOnEvent

1. Open the CovariatesOnEvent table.

It contains condition data “initialization values” for each event. In this
case we are initializing wear metals and contaminants in the lube oil to
zero and additives to their new-condition levels. We may also establish
calendar periods for which these initialized values to be used. (For
example, the brand or grade of lubricating oil may change periodically.)

2. Openthe EventsDescription table.

Precedence| Comment
’z.g;"lsl“:“ga The column “Precedence” tells EXAKT algorithm in which order to
z ;:;f:m:w consider separate events that occur at the same date. A CBM inspection
[ event, implicitly has a precedence of 0. An oil change event, therefore
must be given a precedence > 0.
3 [ VarDescription
[ [VorisbleName [Comment_ | 3. Examine the VarDescription table.
ﬁ'{;’:d '[225:1;".:151?;; | The VariableName columns contains the candidate condition Indicators
—aj;:e':mm Lot evelin olinto (feature of a time series, Fourier transform, or in this case, oil analysis
| * | data). Using the modeling functions of EXAKT we will determine which
features influence failure probability. We call these features “condition
indicators”.
7
Models table 1. Open the Models table.
1 - C\Users\Mur\Documents\ExaktExercises\Files_Fc R R
5 {7 Tables * It contains no records yet. That is because we have
; g "':;’::J:L%! not yet begun building a model.
[ Events * This table is populated automatically as we proceed.
o[ EventeDescription ¢ The only time you might access this table manually
i g ‘;Zﬁf;:’s’gf‘:vm would be to delete certain trial model that you do not
(3 Queries wish to retain.
- @ °Z::L’:Smm * Inthe software, a trial model is called a sub-model.
* Itis one of any number of models that we test in the
modelling process.
* The sub-model that we retain, will be exported for use
MT::e\ [SubModel | Defaul[Desciiption | Fuuve‘%% by an automated decision agent
| * The agent, called “EXAKT for decisions” or EXAKTd will
;ﬂ—ﬂ M;II use that model to process new condition data as it
arrives in designated data tables.
¢ The agent will provide optimized decision support,
most importantly the Remaining Useful Life Estimite
(or RULE) to the maintenance planner, along with a
confidence interval.
8
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04.3B-BuildingCbmModel

Procedures The general project data

Now that we have examined the internal and
external database tables, we can proceed with the

development of a CBM optimization model.
1. Hit Data Preparation

Hit the “Enter General Data” button.

3. Now enter the project information as
shown. You can copy and paste from the

Procedures attachScripts.txt file as before.

Data Preparation for Modeling

[ Enter General Data |

N

General Project Data -

Project Title [CAT340T Trucks |

Desciiption [Transrmsaon fails I

Time Unit

Combining the Events and Inspections tables into a single "virtual" table C_Inspections

Pl 1. Hit the button labelled “With Covariates (Complete)”. (

Open and close a table in the tree if the button is not active.

Data Preparation for Modeling

Enter General Data

Input Data
‘without Covariates With Covariates (Complete] k
1]
Ma nalysi ‘with Covariates (Interpolated)

2. Examine the C_Inspections table.
Note that the records of both tables (Events and Inspections) have been combined. And they
have been arranged in chronological order.

3. Close C_Inspections

Combined Analysi I With Covariates l

-
C_Inspections
-2 C\Users\Murray\Dropbox\t
= {3 Tables 17-66 M
- C_Events Ient Date| WorkingAge[ HN| Precedence|Event lion] Lead| Calcium| Magnesium|
@[ CovariatesOnEvent > [1766 124301333 0| B
[ Events 17-66 17171934
o 1766 /1771934 " i
@-[0 EventsDescription 1766 271471934 [ * 1
(- [ Inspections | 17-66 2/14/1934 1 1/0C 0 0 0
2 @[ Models 3 1766 371471994 ] g 7
A ot 17-66 441271994 1 . 14
® VarD t
i % eroeseription 1765 41271334 1 ot
@8- C__lnspectlonb 1766 5/3/154] 1 =
(2 Queries 1766 67471934 1 (IS 14 0 2
@ Programs 1766 6/4/1994 1 10C 0] 0 0]
17-66 77471934 1 aj 131 0 1
TIRRRE:]
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04.3B-BuildingCbmModel

e E Now we begin the “modelling” phase of the
Submodel Name Comment analysis.
ILeM - -
4 ) . “ o
:F'*::“:'m*‘“ 1. Hit the “Modelling” button,
ument model Name . p . »”
1 . 2. Hit the “Weibull PHM” button
| B 3. Next hit “Select Covariates”,
Unselected Selected
5 Lead We’'ll start by building a model with all 4 condition
cim variables (iron, lead, calcium, and zinc) present in
the CBM data.
2 | 4. Enter “ilcm” for Submodel Name.
5. Move all four elements from the left
column to the right column.
) R 6. Hit OK twice,
Modeling ! L) Ignore the convergence warning which is normal
Weibull PHM SR for small samples.
3 5 The procedure is over because two consecutive
LI estimates of all parameters are equal. This could
= mean that the procedure failed to converge.
Check the estimates and derivatives. You could
6 have small sample size, inappropriate covariates,
orincorrect data.
11

Examining the proportional hazard model parameter estimation results

Haul Trucks
EXAKT, Condition - Based Maintenance Software

Preventive renewals

operating

Number of lifecycles
in sample

{ Parameter Estimation

Transmission (I (350 T Transmission - Oil Analysj

Summary of EveNs and Censored Values
Failed Censored (Def) Censored (T#/np)

Sample Size % Censored

Variable is
Significant yes
/no

04:58 PM Sat., Sep. 05, 2015

Units presently

1. Examine the Parameter Estimation
report

The results of the our first trial PHM calculation
are displayed in a Parameter estimation report.

Of the 13 histories 6 ended in failure, 3 ended
prior to a failure, and 4 units are currently in
operation at the moment of this sample.
Currently operating units are referred to in
EXAKT as “temporary suspensions” and they are
identified automatically by the software.

The third column “Sign.” indicates significance.

Shape (Age) Parameter  Estimate 19" Standard = e o Vale  EXPOF £ If Shape is significant, it means that the item's
parameter i b EEED | i LIS working age influences the short term failure
Scale 161424005 - [4.027e+005 I 0 9.506e+005 >
Shape. 4276 | Y | 1668 3855 |1 004961 - 1.006 7565 || probability.
Iron 02433 | ¥ | 008753 | 805 |1] 0002844 | 1275 | 008349 | o031 | N
Lead 1125 | ¥ 0381 | 94 |1| o217 | 3092 | o4z | 1ss || Inaddition to shape, Iron, and Lead are
Calcium 0'0g0s9ss | N |0.00%4s4 | 04661 1) 04348 | 1001 | -0.00187 | 0.0037 || designated as significant.
Magnesium | 003602 | N [ oofeai~ 02683 [1] 06113 | 1036 01 01701 |&
(-) Not applied
*) Based on 5% significance level\Shape = 1 tested, Gar

Slide 12
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04.3B-BuildingCbmModel

Model Yariables x|
Submaodel Name Comment
5 ||I :l |I|un, Lead ;I
™ Fix shape parameter = 1
Current Submodel Name
lem
Ci
Unselected Selected

Calcium _,J Jion

o | ]

Eliminating the non-significant variables

The procedure is over because two consecutive
estimates of all parameters are equal. This could
mean that the procedure failed to converge.

Check the estimates and derivatives. You could
have

small sample size, inappropriate covariates,
or incorrect data,

Summary of Estimated Parameters (based on ML method)

Parameter Estimate Si((:l,“' s‘;:::_'d Wald DF p -Value EEt’i‘r':l:::e Luw:s * clllpper
Scale 3.899e+04 1.638e+04 - - 6882  |7.109e+04
Shape 5007 | ¥ | 1457 1199 |1]0.0005352| - 2739 | 7276
Iron | 02626 | v | 007738 | 1152 |1| 0000689 | 13 0111 | 04143 |
Lead 1052 | Y | 0376 783 |1] 0005138 | 2864 | 03152 | 1789
(-) Not applied

(*) Based on 5% significance level. Shape = 1 tested, Gamma (Cov) = 0 tested

The next step is to try a different model by
eliminating the variable whose impact on the
probability of failure is the least significant, that is,
having the highest p-value, — it is magnesium.

1. Close the PHM Parameter Estimation
report window and repeat the previous
steps to create 2 more sub-models:

2. Name the submodel “ilc”, and move
Magnesium to the right column.

3. Hit OK twice.

4. Close the report and do the same for
calcium, which now has the highest p-
value.

5. Name the sub-model “il”.

We successively removed covariates with the
highest reported p-Value.

The other columns in the “Summary of Estimated
Parameters” table contain supporting statistics.
They are well-explained in the Exakt Manual. We
don’t need to go into them in this exercise.

Slide 13

13

Submodel Name Comment
1 I‘ VI IDn\yimn ~
[[] Fix shape parameter = 1
Current Submodel Name
il
Covariates
Unselected Selected [
Calcium ol
M ainesium
<
|
|
|
Cancel 0K

Determining if a "simpler" (iron alone) model is good enough

At this point we have a candidate sub-model with two covariates. iron
and lead, and a shape parameter that are all significant. To be rigorous,
we should test one last possible combination — a sub-model with iron
alone. Would a model with Iron alone be as good (that is provide the
same predictive performance) as a model containing both Lead and Iron.

1. Hit “Select Covariates”, move lead to the left column, and
rename the model to “I”. Hit OK twice.

The report tells us that this is also a potentially good predictive model
(i.e. iron alone is still significant). But will it perform as well? In the next
step we’ll decide which of the two sub-models (i or il) should be retained
and deployed for decision support.

Summary of Estimated Parameters (based on ML method)

Parameter Estimate Si(?,m SIEI::;M Wald DF p - Value EE;rpn::e ng:S * cl.[Ipper
Scale 18950404 | - | 3075 . - 1.2926+04 | 2.4980+04
Shape 5506 | Y | 1577 | 8167 |1 0.004266 E 2416 | 8596
Iron [T02293 | v [00s107 | 2015 [1]| o0 1256 | 01282 | 03294
-) Not applied

) Based on 5% significance level. Shape = 1 tested, Gamma (Cov) = 0 tested

Slide 14
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04.3B-BuildingCbmModel 6/7/2021

Comparative report

1. Hit the “Comparative Report” button.

xl 2. Inthe compare drop down list, select
2 ‘ Compare [ - ||,
T T B R the more complex of the two models. We
T T always begin the comparison with the model
3 i having a greater number of covariates

(condition indicators).

5 3. Transfer the “i” submodel to the right
Unselect Al <_| Select Al | g

hand column. Hit OK and

G | 0k | 4. examine the “PHM Parameter

Estimation — Comparison” report

4 Close to  Deviance Proba- The “N” in the second column is telling us that
Submodel B - Ch DF bili wn .
ase () hange ity the sub-model “i” is not close, in terms of a

statistic called “deviance” to the base sub-
Base .
i 0 0 1 model “il”.

This means that this simpler sub-model will be
less performant than the il model. That is, the il
() Based on 5% significance level model contains significant predictive
information that is not present in the i model.
We would be losing confidence by using “i”
rather than the more complete model “il”.

i N 06113 | 1| 000112

Slide 15
15
M M (o \n
Reactivate the model to be retained “il
1 [Fil) 68 Peckng] [ModsbRas8 WA WO We’'ll, therefore, reactivate the “il” model.
~ Data Setup >y
O] Extend Input Variables 2| ﬂﬁ” 1. Hitanywhere in the left window pane.
=] d iabl = | i . .
e ot T , L=10ix Hit “Modeling” on the menu bar, and
=Y T IR S ecc select “Select Current Model” in the
[ 0L Command submenu.
[ . .
| Integrate Models Modelo 2. Select the sub model “il”. Hit OK.
[ Select Current Submodel as Default Weibul
[ Modeling
M Select Current Model Select current modelfsubmodel Notice that the current Model "Trans (”)" now
s appears in the title bar of the right hand
window pane. It may also appear in the title bar
: Select Model/Submodel X . .
2 clect MECEL x| of the EXAKT main window.
CBM Model Submodel
i
ilem
0K I Cancel
Slide 16
16
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04.3B-BuildingCbmModel

Hit the Modeling button (not the Modeling menu item).
Hit Weibull PHM.

Hit the “Summary Report” button.

PWONPRE

construction.

samples and relatively few suspensions.

The table “Summary of Goodness of Fit Test” report tells us that the
proportional hazard equation is a good fit to the data we used in its

The test used for this is known as the Kolmogorov Smirnov test, which is reliable with large

Testing the
PHM

‘Waorking Data
AddDerived Covaistes | |

Parameters. Residual Analysis

Scale = 383083 Appea
Shape = 5.00742 (5] InGicol el
Gamma
Iron = 0.262626 (5)
Lead = 1.0522(5)

Detads

Comparative Report

[EXAKT, Cendition - Based Maintenance Software

PHM Goodness of Fit Test
(Based on Cox - generalized Residuals)

Trans (il) (350 T Transmission)

4 Summary of Events and Censoring Values

Sample Size Failed Censored (Def) Censored (Temp) % censored
13 6 3 4

53.8

Summary of Estimated Parameters
Scale Shape Iron Lead

5.00742 0.262626 1.0522

38988.3

Summary of Goodness of Fit Test

Test Oteorved p-Value  PHM Fits Data
Kolsmnanw 0.288432 0.191072 Not rejected (*)
= Smimov

(") based on 5% significance level

Haul Trucks

01:58 PM Sat., Jun. 04, 2016

BT (K
(€.2(:8,2,7) = 1—}(;) exp (Zl nzxt))

17

Predicting Condition Indicator values

- ‘Weibull PHM
Weibull PHM

= Probability Model
Transition Probability Model

Covariate Bands ' . Time Intervals

Decision Model l

Transition Rate
[

Covorites Sonds and Groupe i nonds and Groups___ NN
ame
3 Submodel N Comment 1 Comment
i =] [ion, Lead | i =] [iron.Lead |
Covaride 1oups * Covaiiate Covariate Groups
| R | | (o 0 E | [~ | [ 0 -
0 ] Lead 0
Gowp [1 ] Goup [0
 Intecval Start Poits
E —~
= oo
11
| o
8
I] = 1]
Defauit | Detault 41 cancel [0k 4 etsr | Detsurai| Cancel
O0<¢=lron <=77 O<¢=Lead ¢=10

We've constructed an equation that gives us reliability as a
function of age and condition indicators found to be significant.
For predictive maintenance, we will also need the probable
trajectory in time of those condition indicators. We do this by
defining condition data states. The condition data changes
(transitions) from one state to another.

1. Hit the “Transition Probability Model” button.
2. Hit "Transition Rates button".
3. Examine the Lead bands, and then the Iron bands

(using the drop down list box "Covariate".

EXAKT has created a set of bands or states. These are “transition”
states for Lead and Iron. These divisions or bands are used by the
software to build a “transition probability model”. The transition
probability model calculates the probability of jumping to
another state at the next inspection. To create the transition
bands EXAKT has examined all previous condition data in the
CBM database and determined reasonable boundaries to define
the states, e.g. normal, good, poor, marginal, critical. This will add
predictive capability to our model.

4. Hit OK.

Slide 18
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04.3B-BuildingCbmModel 6/7/2021

Display Survival Probabilities .. oy .
P—— Transition probability matrix
1 2 Display Vasisble  Other Viarisbles Desty
‘ 2
ey Mot e 1. Hit “Display Survival”. (Hit “Transition Rates” (if
Dk Sl the display Matrix Survival button is inactive). )
WGy N T T 2. For “Working Age” enter 8000. For
Test Grouping E—— — “Observation Interval” enter 200. Select
“Display Survival” and hit the "Report” button.
S = 23 The “Survival Probability matrix” is displayed. The
";"m':m::“ — probabilities of Iron values jumping to another state and
| the probability of failure in the upcoming interval are

displayed in a tabular format.
Transition Probabilities

State Al Age: 520000 [Hre. 3. Note, for example, that if we are currently in
State At Age: 0 4004 8.009 16016 Above . state “0- 4.004” there is a 30.1615%
S tn 4004 tn ANf9

t018.018  t076.923 76.923 L. R R
0042711 0000005 | 0.003306 probability that iron will move to the next state

o 0175604 0.000024 0.040572 in 200 hours.
9.009 to 18.018 0001157 ‘ 007115 0.796861 0.000174 0.108065

18.018 to 76.923 0.000001 ‘ 0.000117 0.001068 | 0.000000 0.898790

This report provides the probabilities of being in any
Above 76.923 . \

state at some future time. These transition probabilities
* The case i not applicable will be used in the prediction and decision model to be
developed next.

Slide 19
19
Setting the decision (business) model parameters
—Ful smiga, Model . 1. Hit Decision Model.
‘_.—J_ Decision Model AL 2. Then hit Decision Model Parameters.
1 Decinkiol ] 2 3. Select Basic Cost

Decision Model Parameters I

We choose cost minimization as our optimizing objective.

eon Hode P “ 4. In the Replacement (C) box enter 1200,
In the Failure (C+K) boxe enter 6000,

v

Project Title [Haul Trucks

CBM Model |Trans Current Submodel | il

Descriplion 350 T Transmission O Analysis

For Cost Unit enter a $ sign.
And for Inspection Interval enter 250.

Submode! Name Comment

0N

Hit OK.
3 | 9| - © - ,
Repacare Seaey) When the cost function graph appears, it the Full
(®) Basic Cost () Basic Avalabilty (O Cost & Availabiity Report Icon.
4 Cost Inspection |nterval
1200 | Replacement (C) 250 Duration 7 Y O @ BAKT- Modding - Trans )
5| [s00 raiueic 351 Provetive st m at fiure cost
Units File Edit Mﬂdeling ModelDBase View Window Help
i 3 - N
Bl g - De OO ‘08 Ba 82 7R
h Time Uit [y25
5 Cat340T WMC E ull Report sz | | F
e = [Futreon i) [ €
Min Prev. Replacement Time Regular Maintenance Interval g 15
0 Dussiion O (Checktoenterdete) m 8 E T
F—— £ Mektonaon St Coce ” I ———
[] 05 1 15 2 25
Risk [$/h] (hazard'K)

20
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04.3B-BuildingCbmModel

3

25

Cost Function

1

35 O Preventive replacement cost B Replacement at failure cost

Average Cost [$/Hrs.]

Optimal
Palicy
Replacement
Only At Failure

Risk

Summary
Preventive
Repl. Cost

[$Hrs.]
0356373
(94.2 %)

0
00 %)

[$/Hrs ] (hazard"K)

of Cost Analysis
Failure Prev.
Repl. Cost Repl.
[$Hrs.] &1
0.0218851
(5.8 %)
1.52209
(100 %)

Failure Expected
Repl.  Time Between
[%] Replacements

33264

3941.95

‘ Saving ‘

0.356373

1.5002

‘ -B15.548 ‘

Examining the optimal decision policy cost analysis

The “Condition Based Replacement Policy —
Cost Analysis” report appears.

1. Examine the “Summary of Cost
Analysis” table. It says that by adhering
to the interpretive decisions of our
model, we’ll achieve a cost savings of
75.1% over a replacement-only-at-
failure policy. (We will look at the actual
decision model in the next step.)

2. Since "optimal" implies a balance or a
compromise, note, in this example
that the expected frequency of
intervention is slightly higher. In other
words we are buying low cost and paying
for it with slightly higher preventive activity.

Slide 21
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L 2

Decision Model

3 @ EXAKT- Modeling - Trans (*)

De @O

File Edit Modeling ModelDBase View Window Help

e E» &R 2N

Decision model testing

Last Histori

Sel
766

Inspection

=

[Recommendabon
Expectio Replace in s ]
Provat

F

ull Report [T TE

Dontrepiace.
231139
0000210862

Composite Covarlate Z = 0525252

lect Ident

|250.000000

ies

[ Calculate Time to Repl
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Hit “Decisions”.

Select all four units in the fleet. Hit Report.
Hit the Full Report Icon.

Hit PgDn to see the results of the model
applied to the selected equipment.
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Successively hitting PgDn, four sets of prediction graphs
are shown — one for each of the four units in the fleet.

In the next step we'll put the model to work.
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