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Using CM, we have past data for describing damage initiation & development and current data for 
describing the current condition of a component/machine. Data describing possible behaviour of 
the condition in the close future are usually lack in the available commercial systems although it is 
important for planning production/maintenance actions, reducing failures/accidents, & consequently 
reducing losses & production cost. In general, accurate maintenance decisions prolong life length 
of components/machines and maintain production continuity which adds competitive advantages. 
When CM parameter exceeds a signifi cant  (warning) level, it demands a clear understanding of 
what happened to avoid failures. Also, reliable answers concerning; what is the probability of failure 
of a component, its residual life and when is the most profi table time of conducting maintenance are 
necessary. 
In  this  paper,  a  new  innovative  eMDSS  consists  of  three  strategies  for  cost-effective mainte-
nance & production processes is introduced and discussed. The major focus is given on one strategy 
(Accurate Maintenance Decisions). This strategy offers opportunity to achieve Just on Time Dynam-
ic & Cost-effective Maintenance by selecting the most profi table time for maintenance is developed, 
tested in case companies and discussed. It offers unique solutions to increase maintenance profi t-
ability by enhancing maintenance decision accuracy via; 

Predicting the value of CM parameter, e.g. vibration, level, PreVib. 
Estimating the probability of failure at the close future and component residual life,ProLife. 
Using  this  new  information,  it  will  easily  estimate  the  most  profi table  time  for maintenance  
action. 

Accurate Maintenance Decisions provides data about future situation in addition to the current & past 
data, which is necessary for production and maintenance successful planning. This toolset; predicts 
the vibration level (PreVib), assesses the probability of failure of equipment and its residual life (Pro-
Life), and consequently it becomes possible to determine the best time of maintenance action. It has 
been tested in several Swedish and European companies within the branches of car manufacturing, 
production machine manufacturer and process industry.   This study was partly funded by EU-IP DY-
NAMITE (Dynamic Decisions in Maintenance ) 2005-2009 and partly by E-maintenance Sweden AB. 
The major conclusions are; applying this toolset it is possible to reduce failures appreciably, prolongs 
the life length of components/equipment, and perform profi table maintenance. 
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INTRODUCTION 

Maintenance plays a key role in reducing pro-
duction cost through enhancing availability and 
extending the life length of producing assets, 
[08] Wu et al.  (2007). Using condition monitor-
ing (CM) technologies, production security and 
operating safety will increase because the prob-

ability of detecting and treating problems will in-
crease [09] Wang (2002), [04] Al-Najjar (2001) 
and Wu et al (2007). Furthermore it will result in 
much lower operational costs, [07] Xiaodong et 
al. (2005). 
When using CBM system, there are many ana-
lytical tools for interpreting the signals and  as-
sessing  the  condition  of  the  component, [04] 
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Prediction  of  the  vibration  level  in  the  close  
future  utilising  previous  and  current measure-
ments, current and future operating conditions, 
the predicted value may support and enhance 
the accuracy of maintenance decisions. But even 
if it provides reliable information about the condi-
tion of a component, we do not certainly know 
when the component will break, [02] Al-Najjar 
(1997). Replacing components at unreliable as-
sessment of its condition leads to two types of 
losses; either losing a big part of its residual life 
or at failures. 
Accurate maintenance decisions infl uence the 
economic losses arise due failures in producing 
companies especially where stoppage time is 
expensive, [06] Holmberg et al. (2010), chapters 
12 and 13. Components, equipment & machines 
are usually exposed to changes in their condi-
tions/status during operating time. But when 
signifi cant changes occur in the condition of a 
component/equipment it demands a clear un-
derstanding of what happened to avoid  failures.  
Knowing  the  root  causes  behind  changes  
eases  selecting, planning  and conducting main-
tenance actions,  [03] Al-Najjar  (2000). Also, reli-
able answers concerning; what is the probability 
of failure? How long it may survive? And when 
is the most profi table time of conducting main-
tenance? Provide reliable underlying information 
demanded for profi table maintenance decisions, 
i.e. decision of when to stop the machine for 
maintenance. 
The hard competition in the market forces com-
panies to press down production cost in order to  
expand  the  possibility  of  offering  their  cus-
tomers  lower  price  and  gain  additional com-
petitive advantages. Production process tools, 
machinery and working environment change dy-
namically in time while we use static model for 
maintenance. Thus, it is necessary for produc-
tion and maintenance managers/engineers that 
maintenance should be dynamic to be suited for 
the changes in the production process cost-ef-
fectively to enable high decision accuracy for 
achieving Just in Time Maintenance. One way 
to do that is to enhance the accuracy of mainte-
nance  decisions  so  that  we  can  select  the  
most  profi table  time  for  conducting mainte-
nance action. In this paper, a new maintenance 
toolset (Accurate Maintenance) for achieving  
just  on  time  dynamic  and  cost-effective  main-
tenance  by  selecting  the  most profi table time 
for maintenance is developed, applied and dis-

cussed. It offers unique solutions to increase 
maintenance profi t by enhancing maintenance 
decision accuracy. 

PRODUCTION AND MAINTENANCE 
INTERACTIONS 

From Figure.  1, it is obvious how improvements 
vibration-based maintenance  (VBM) interacts 
production, quality, production cost, environ-
ment, etc. If we follow the arrow started from 
each of the improvements identifi ed in the Figure 
1., a long series of actions can be noticed. 
For  example,  improvement  in  the  accuracy  of  
setting  the  alarm  levels,  diagnosis  and progno-
sis and assessment of the time to maintenance 
action generate different advantages enhancing 
the outcome of maintenance, such as, less fail-
ures, shorter stoppages, longer production time, 
more production, better working environment, 
etc. as it shown clearly from Figure 1. 
In  this  paper,  the  objectives  of  competitive  
production  with  respect  to maintenance are, 
together with companies, specifi ed in following: 

Better utilised company resources. 
Continuous reduction of unplanned 
stoppages and failures.
Continuous shortening of downtime. 
Applying profi table maintenance. 
Continuous reduction of production 
economic losses. 
Continuously enhanced production 
profi tability. 

The  system  that  will  enable  achieving  the  
above  mentioned  objectives  should  be speci-
fi ed by the following features: 

Detecting problems at an early stage for fol-
lowing development and preventing failures 
Conducting reliable vibration signal analysis 
and vibration spectrum analysis. 
Predicting the condition of signifi cant compo-
nents/equipment in the close future which is 
necessary for accurate and reliable produc-
tion and maintenance planning. 
Reliable judgment/evaluation of the compo-
nent/machine condition and its capability of 
production according to the production plan. 
Continuous assessment of the economic im-
portance of maintenance and its investments 
and their contribution in company profi t. 
Identifying, selecting and following up the 
most profi table investments in maintenance. 

•
•

•
•
•

•

•

•

•

•

•

•
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Figure 1: VBM impact on production outcome. 

ACCURATE MAINTENANCE DECISIONS

Using available CM technologies, in many cas-
es, it is possible to tell what has happened in 
a component/equipment, where and why, but in 
order to enhance maintenance decision accu-
racy more information is still demanded, such as 
reliable answers of: 

What is the residual life of the component in 
question, i.e. the probable time that has been 
left until failure)? 
What is the probability of failure of the com-
ponent during the coming period? 
What is the predicted value of the CM pa-
rameter, e.g. vibration level, in the next fu-
ture, e.g. next measuring opportunity or next 
planned stoppage? 
What are, if there any, alternative solutions 
for the problem in question? 
What is the most profi table time for conduct-
ing maintenance? 
According to which factors/parameters main-
tenance is profi table? 

1.

2.

3.

4.

5.

6.

Dynamic e-maintenance realised in eMDSS in-
troduces three different strategies for continuous 
improvement of the cost-effectiveness of main-
tenance and production processes, see also Fig-
ures 1 & 2: 

Accurate maintenance decisions. 
Selection of the most cost-effective solution. 
Follow up maintenance performance and in-
vestments. 

In this paper, we focus on the strategy for more 
accurate maintenance decisions and selection 
the most profi table time for maintenance actions. 
Assessing the residual time of a component  is  
always  necessary  for  the  production  man-
ager  to  check the  possibility  of fulfi lling de-
livery schedule. While, the probability of failure 
of the same component is important to assess 
the chance of proceeding running the production 
without increasing the risk of failure. Prediction 
of, e.g. the vibration level during the next future, 
is for describing the ability of machine to run in 
the near future without exposing the machine se-
curity, operator safety, product quality, working 

1.
2.
3.
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environment and may be even production cost 
to dramatic or catastrophic changes, [01] Al-Naj-
jar (2009). Furthermore, following static rules for 
judging dynamically changed situation makes 
the process of decision making rigid and unable 
to suit dynamically changed situations. This is 
why these additional information parameters in-
crease the possibility of applying dynamic and 

cost-effective e-maintenance. In many cases, 
it is necessary to realise the technical and eco-
nomic importance of the changes in the techni-
cal parameters, e.g. stoppage hours, number of 
failures, average stoppage time per each short 
stoppage, lower quality rate, productivity, etc. on 
the economic scale. 

Figure 2: eMaintenance Decision Support System modules and functions. 

Figure 3: Software programme; eMaintenance Decisions Support System (eMDSS). 

Development of PreVib software module is for 
daily use and to ease the achievement of reliable 
and faster prediction of the vibration level. Also, 
ProLife was developed for assessing the prob-
ability of failure of a component and its residual 
lifetime. The user-interface of PreVib  is  divided  

into  two  halves,  Fig.3:  left  half  representing  
input  data  needed  for prediction and right half 
representing the results in form of a graph. In-
put data show both database and non-database 
data in the grey and white boxes, respectively. 
When a prediction is to be made, the segment 
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(machine), asset (component, e.g. a rolling ele-
ment bearing) and the location  (direction of the 
vibration measurements) should be specifi ed. 
Also, we can specify how many measurements 
in “Limit measurement” that we consider if we 
focus only on part of the measurements. Other-
wise, it considers all the measurements for pre-
diction. 
Then, the measurements can be downloaded by 
pressing “Load” which uploads the data from a 
database (can be MIMOSA).  The “Near future 
load/present load” can specifi ed otherwise it is 
taken equal to 1. “Mean vibration level (xo)” and 
“Prediction time period” are specifi ed automati-
cally based on the loaded data. The desired fu-
ture “Prediction time period” can be specifi ed in, 
e.g. seconds, hours, days, weeks, months, etc. 
at need. When “Predict” is clicked, the value of 
the predict vibration level and the associated 
date and plot it on the diagram on the right hand 
side of the user interface will be determined. By 
analogy, the same thing can be repeated any 
time the user need to predict the vibration level, 
for example after the next measurement of the 
vibration level. The right half of the user-inter-
face presents a graph will contain two plots, the 
blue representing the actual vibration level val-
ues and the yellow showing the predicted vibra-
tion level values. Y-axis is the vibration level in, 
e.g. mm/sec and x-axis is the calendar time for 
measurements and predictions. The graph con-
tains also three horizontal  dashed  lines  repre-
senting  the  three  different  levels  of  life  of  a  
mechanical component i.e. mean vibration level 
(xo), potential failure level (xp) and replacement 
level (xth). These levels are determined and set 
based on data from identical components and is 
automatically retrieved when component data is 
uploaded. Some of the initial measurements be-
long to the fi rst phase will not be shown in the 
graph, even if they have been considered when 
estimating model’s constants. The same three 
levels are also shown in the trend diagram that 
include all the measurements even those did ac-
cepted by PreVib. 
The fi rst prediction time should be done after con-
fi rming damage initiation, i.e. the vibration level 
exceeds or close to xp, because as long it fl uctu-
ates around xo it means there is no damage is 
initiated and thereby there is no need for predict-
ing future level. To be able to predict future vibra-
tion level one need at least four measurements. 
This is why we need some of the measurements 

that have been considered part of the fi rst phase 
of the component life. 
Observe that sometimes, the fi rst two predic-
tions are special cases due to the use of the 
measurements below the potential failure level 
to assess model’s parameters. The reason for 
that is; we want to predict future state as soon 
as we have confi rmed the initiation of damage, 
instead of waiting for at least three measure-
ments exceeded (xp). Waiting could also cause 
uncertainty in the maintenance decisions. Also, 
because deterioration process is a stochastic 
process, vibration level can be changed random-
ly in time. Therefore, some of the level values 
may acquire higher level than it should, i.e. ex-
ceeds xp, which it may be irrelevant to the sever-
ity of the deterioration. For each prediction, all 
previous measurements are used for estimating 
model’s parameters and thus predicted vibration 
level itself. 
ProLife  software  module  is  supplementary  to  
PreVib  module  for  enhancing  the accuracy 
in maintenance decisions, which can be used 
jointly and independently. As for PreVib, ProLife 
user-interface is also divided into two halves, 
Fig.4. The left half represents input data required 
for assessment and in the right half the result is 
shown in form of a plot (graph). When assessing 
the probability of failure and residual lifetime of a 
component, it demands to specify the “Segment” 
(machine) and “Asset” (component, e.g. a rolling 
element bearing in this case) and  “Assessment 
time point”, i.e. the time at which the assessment 
should be done followed by clicking assess-but-
ton. Subsequently the program uploads the table 
of lifetime data from the database and presents 
the graph on the right half of the user-interface. 
The y-axis in the graph shows the proportion of 
the average exhausted lifetime and the x-axis 
shows the probability of failure for the analysed 
component.  “Probability of Failure” of the com-
ponent in question and its  “Residual lifetime” 
are then assessed and displayed in the left 
hand side of the user-interface. The values can 
be shown by using the cross-air pointer in the 
graph. If a new assessment is performed after 
the current assessment time point, then conse-
quently the cross-air pointer will move forward 
on the curve. Each point on the graph represents 
each and one of the component lifetimes in rela-
tion to each other. 
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The result of the analysis of these two modules, 
PreVib and ProLife, can be saved for future use 
as a knowledge- and database. Also, the sys-
tem can automatically save PreVib information 
of a particular component when it is replaced as 
soon as a button in ProLife is pushed. When this 
is pushed a new windows for ProLife will also 
be opened for the new component. In this way 
a complete and accurate register will be accom-
plished showing the life  cycles  of  the  com-
ponents,  installation  and  replacement  times,  
component  previous behaviour (trend), interac-
tions between real measurements and predicted 
values of vibration levels, etc. which eases ac-
complishment of continuous improvement of the 
knowledgebase and database. 

CASE STUDY

The case study is conducted in a Swedish paper 
mill. The company has three paper machines 
and the mill is characterised by producing dif-
ferent types of paper which demands different 
production settings and production speed. The 
company suffers of some problems related to 
maintenance, which are; 

Lack of relevant data needed for more accu-
rate & dynamic maintenance decisions. 
Unnecessary stoppages that reduce produc-
tion time and leads to economic losses. 
Lack of technique, tools & knowledge con-
cerning how to assess, follow up and control 
maintenance economic impact on company 
profi t. 

The case study is started by data gathering from 
the company for mapping the situation. The gen-
eral comments that can expressed after data 
analysis are: 

The  mill  uses  vibration  for  monitoring  the  
condition  of  rotating  components/ equip-
ment and machines through about 3500 
measuring points. 
The CM system lacks of warning and re-
placement levels which in turn makes effi -
cient evaluation and judgment of the condi-
tion of any component almost not possible. 
The behaviour of the vibration measure-
ments in time, i.e. trend of vibration level, 
which usually used for detecting and follow-
ing up damage initiation and development 
also lacks. 

1.

2.

3.

•

•

•

The number of measurements per year, 
which is one of very important elements in 
any measuring policy is confused and not 
determined for each measuring point. This 
makes detection of deviations in the condi-
tion of a component at an early stage very 
diffi cult to achieve. 
The mill receives analysis report prepared by 
a service supplier. The report does not assist 
maintenance personnel in deciding where to 
conduct maintenance action, when and why. 
Also, it lacks of the relevant diagnosis high-
lighting what happened and what may hap-
pen. 
The technical and economic data required 
for mapping, following up, analysis and eval-
uation of maintenance and production per-
formances are spread in at least three sys-
tems if we do not count personal memories. 
These data are also necessary for obtaining 
a holistic view of a producing machine. Fur-
thermore, they are necessary to visualize 
changes in the life cycle of identical and simi-
lar components, and past, current and future 
situations which crucial for cost-effective and 
dynamic decisions. 
 It was not easy to gather all the data re-
quired, because it demanded long time. One 
of the major reasons behind that is; these 
data were not needed before although most 
of them are available in different databases. 
The same thing can be said concerning the 
information associated with replacement or 
repair of different components in the ma-
chines. 
The losses in the production time are divided 
in many categories based on the reasons be-
hind  these  losses,  for  example  mechani-
cal,  electrical,  instrument, unplanned stop-
pages, down- and up running of the machine 
at each stoppage. These categories stand 
for the biggest part of the losses in the pro-
duction time. 
Cleaning and preparing of the machine also 
stands for a big part of the losses in the pro-
duction time. 
Lack of the data required for highlighting the 
interactions between economic losses in 
production, stoppages, downtime due to fail-
ures, failure causes, maintenance and pro-
duction performances. 

•

•

•

•

•

•

•
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Figure 4: PreVib application 

Lack of the data and techniques required for 
following up and assessing the economic 
losses in production and maintenance impact 
on production, quality and company profi t in 
the past, current and close future. The latter 
is very important in the strategic planning of 
an enterprise. 

The  system  characteristics  that  the  company  
is  needed  are,  in  collaboration  with company’s 
personnel, specifi ed below, i.e. it should enable 
the company to: 

follow up the changes in the condition of sig-
nifi cant components, i.e. trend. 
provide the relevant data that describe cur-
rent condition of these components. 
predict the vibration level in the close future, 
e.g. next planned stoppage or measuring op-
portunity, i.e. future condition. 
assess the probability of failure of compo-
nent and its residual life in the close future,i.
e. future condition. 
assess the life cycle of components for com-
parison and effective following up. 
gather and clearly present   the information 
concerning current and future condition of a 
component. 
Also, we together with the company’s per-

•

•

•

•

•

•

•

•

sonnel identifi ed the need for additional 
knowledge and experience that are usually 
required for: 
Assessment of availability, and Overall 
Equipment Effectiveness (OEE). 
Development of a measuring and analysis 
policy for determining when, why, where and 
how, etc. to conduct measurements at differ-
ent measuring point. 
Effective vibration analysis & diagnosis as 
well as effective following up problem devel-
opment. 
Effective and accurate setting and continu-
ous improvement of alarm levels.
Identifi cation of the causes behind failures 
and unplanned stoppages. 

RESULTS OF APPLYING 
PreVib & ProLife/eMDSS 

eMDSS has been applied using the data gath-
ered from the company. In order to separate 
eMDSS implementation from the surroundings 
and neutralise its effect, eMDSS is applied as a 
standalone system. The major results that have 
been achieved by this application are: 

Applying PreVib & ProLife shown it pro-
vides; 

•

•

•

•

•

1.
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Figure 5: ProLife application 

Accurate prediction of the deterioration level 
of a component measured by, e.g. vibration 
level, in the next future, such as next planned 
stoppage, see Fig.3. 
Reliable assessment of the probability of fail-
ure of a component and its residual life time, 
see Fig.4. 
eMDSS provides relevant data concerning; 

a.

b.

2.

live cycle, risk of failure, residual life time, 
description of the condition in the past, cur-
rent and in the close future situation, which 
makes planning and conducting mainte-
nance actions can be done cost-effectively, 
see Fig.s 3 & 4. 
Decision accuracy is improved continuously 
based on more measurements. 

3.

CONCLUSIONS 

Using eMDSS (module; Accurate Decisions), it 
is possible to act at an early stage in both tactical 
and strategic levels for fulfi lling company’s stra-
tegic goals in continuous improvement of avail-
ability and consequently profi tability. Applying 
this module makes it possible to handle  real-time  
data,  analysis  and  decisions  and  give  neces-
sary  information  about maintenance and other 
working areas to the decision maker. It provides 
better data coverage and quality which are es-
sential for improving knowledge and experience 
in maintenance and thereby aid in increasing the 
profi t of the company. Predicting the CM param-
eter level at the next planned measuring time or 
next planned stoppage reduces the risk of fail-
ures. This means that the probability of failure 
of a component, such as a rolling element bear-
ing can be kept very low until damage is initiated 
and under development, given that damage can 

be detected at an early stage through using an 
effi cient CM system. This would reduce the num-
ber and duration  of  planned  and  unplanned  
stoppage  that  has  a  direct  impact  on  the  
company productivity. Using eMDSS different 
tools/software modules there is no duplication of 
data gathering. Also, eMDSS’s modules are fl ex-
ible and can used in different companies, for dif-
ferent machines, components and products. It is 
also possible to show how maintenance affects 
the profi t of a company in a way that is hard to 
do with the available tools and techniques even 
if the data required are available. Development 
of relevant and traceable KPIs for technical and 
economic maintenance control has made this 
possible. Furthermore, eMDSS does not de-
mand more data than that already available in 
the company and it does not replace current 
maintenance systems, but it is a complementary 
part with unique functions that current mainte-
nance systems do not have. 
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