
FLEETSCAN 2D:  
Your fleet at a glance 

former condition in the form of a single 
number (known as a health index, HI). 
However, the index calculation is not 
transparent for the different stakehold-
ers, which means that the unique HI 
value does not distinguish between the 
various practical concepts such as main-
tenance or replacement planning. This 
leads to the fact that a single HI value is 
of little use for practical decisions. [1]

2. New consulting approach 
considering different 
stakeholder
With FLEETSCAN 2D, Maschinenfab-
rik Reinhausen (MR) has developed a 
fleet-management solution for which the 
requirements of multiple stakeholders 

broadest possible data pool. Once this 
data is available, correct interpretation 
and corresponding recommendations 
for action are then crucial. Furthermore, 
an increasing number of regulatory 
standards, such as ISO 55000, is being 
introduced, making the need for action 
even more urgent (see explanation in the 
info box on page 38).

1. General condition 
assessment
Meanwhile, various diagnostic possibil-
ities and methodologies exist in order 
to assess the condition of a transformer. 
Most of these methods aggregate the as-
sessment to the highest level in order to 
provide the information about the trans-

T
ransformers installed all over 
the world are becoming older 
and older; it is not uncommon 
to see a 50-year-old power 

transformer. Operators are facing new 
challenges such as higher and fluctuat-
ing transformer loads from renewable 
energies, higher probabilities of equip-
ment failure, and a lack of information 
about the condition of transformers. 
Whereas transformer assessments and 
replacements used to be based primarily 
on age alone (a time-based maintenance 
approach), the current trend is headed 
towards condition-based maintenance. 
A condition-based maintenance strate-
gy requires information that is as precise 
as possible regarding the transformers 
and their components as well as the 

Maschinenfabrik Reinhausen (MR) has developed FLEETSCAN 2D, a scientific 
solution for objective and independent condition assessment of power 
transformers
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Professor Markus Zdrallek, Head of 
Chair for Power System Engineering at 
the University of Wuppertal, to develop 
FLEETSCAN 2D as a new approach to 
fleet management and transformer con-
dition assessment.

As mentioned before, the most impor-
tant prerequisite for carrying out con-
dition assessments is a comprehensive 
data pool. The volume of information 
and the number of input parameters 
collected for the condition assessment 

differs from case to case. The selection 
of the amount of information to be used 
cannot be based purely on technical as-
pects; there are economical and opera-
tional aspects that should be considered 
as well. For this reason, in the develop-
ment of the scheme, the input parame-
ters were grouped in a structured man-
ner into 3 information packages that are 
staged incrementally according to the 
reality of a transformer operation and to 
the different requirements of condition 
assessment.

have been taken into account during the 
decision-making process. For this pur-
pose, two indices have been developed 
based on the same available information 
regarding the condition of the assets.

These two indices are addressed to the 
decision-makers responsible respective-
ly for CAPEX and OPEX questions. In 
this approach, the current transformer 
condition, according to the reliability 
(failure risk) and sustainability (life time 
consumption), will be covered. [1]

FLEETSCAN 2D was developed to the 
greatest extent possible based on current 
technological standards and regulations 
of IEEE, IEC, CIGRE, as well as the work 
of the industry experts. Using a scientif-
ic approach, MR worked together with 

The most important assumption for carrying 
out condition assessments is a comprehensive 
database of measured data

Table 1. Customer-specific and cost-efficient data collection [2]

www.transformers-magaz ine .com   37         



CONDITION ASSESSMENT

has been considered and implemented 
in this new approach. Afterwards, the 
individual parameters are aggregated 
into the required indices. The aggrega-
tion is carried out by a rule-based expert 
system and a hierarchical structure using 
weighting factors. The structure of the 
model is shown in Fig. 2.

4. Data assessment

Once all the required data has been col-
lected, the FLEETSCAN 2D algorithm is 
used to assess the transformers. The re-
sults provide insights into the failure risk 
index (FI) and lifetime consumption in-
dex (LI), as shown in the image on p. 36. 
Using these two indices, the experts at 
MR achieve much more detailed results 
than with the conventional approaches.

The failure risk index measures the like-
lihood of a functional failure. This index 
provides important reference points for 
the maintenance strategy, which is of the 
highest interest for the OPEX budget. 
The lifetime consumption index index 
is a key variable when making long-
term investment decisions (relevant for 
the CAPEX budget). The differentiation 
between these two indices is of great im-
portance for budget planning and takes 
two customer perspectives into account 
– that of a rather short-term oriented 
service manager (OPEX) and that of a 
more long-term strategic asset manager 
(CAPEX).

The data normally available from the 
system operator represents the initial 
package (1st level assessment). With this 
information, the groups of transformers 
from the fleet that should be subjected 
to a closer on-site investigation can be 
preselected. The 2nd level assessment is 
the standard, on-site, basic appraisal of 
a transformer during operation. In this 
stage, a condition assessment is carried 
out on the basis of the visual inspection 
(inspection checklist) and non-disrup-
tive tests such as the oil condition tests, 
DGA, and thermography. The 3rd level 
assessment includes all additional test 
methods that can be used on transform-
ers in the field in order to achieve a com-
prehensive condition assessment. For 
this purpose, in most cases it is necessary 
to take the transformer offline which is 
why this 3rd level assessment should be 
limited to targeted situations where the 
results established based on the previ-
ous information packages have identi-
fied a suspicious unit, or when a unit is 
preselected for a major re-investment. 

The experts’ knowledge has been consid-
ered and implemented in FLEETSCAN 2D; 
the data aggregation is carried out by a 
rule-based expert system and a hierarchical 
structure using weighting factors

Figure 1. Basic principle condition assessment model [3]

Experience ends to show that this level 
is typically required only for a small per-
centage of any transformer fleet. [2]

3. Assessment model

The input parameters included in the 
information packages are processed 
through an assessment model that ag-
gregates the collected input parameters 
into a systematic statement about the 
condition of the transformer. The basic 
principle is shown in Fig. 1.

In this model, "soft facts" from base and 
inspection data, as well as "hard facts" 
from test methods, are used as input pa-
rameters that evaluate existing defects 
and wear in the form of comparable sin-
gle parameters. This is done with the help 
of predefined limits and subsequent clas-
sification of the input variables. These are 
based on the international IEEE and IEC 
standards and CIGRE recommendations.

Furthermore, the experts’ knowledge 
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• Normal operation: Currently no 
need for action.

• Perform maintenance work: Trans-
former is in good condition. Main-
tenance work should be scheduled. 
Minor defects should be eliminated 
where appropriate (e.g., minor leaks 
or excessive fan noise). 

• Plan corrective actions: Defects have 
been detected that must be rectified 
(e.g., leaks or insufficient breakdown 
voltage). Here, measures such as oil 
drying, seal replacement, or addi-

Figure 2. Structure of the condition model [2]

For strategic planning, it is tremendously important to know whether 
and when the transformer should be taken off the grid, or if other mea-
sures might be sufficient; FLEETSCAN 2D can help you to make better 
decisions

tional measurements, are recom-
mended.

• Consider life-extension measures: 
The transformer exhibits an ad-
vanced loss of life. After the results 
have been confirmed by repeated 
measurement, this field recom-
mends implementing counter-mea- 
sures, such as oil regeneration, 
modernisation, or installation of 
monitoring systems.

• Remove from service: Critical de-
fects have been detected and must 

be rectified immediately. Here, 
further and more advanced mea-
surements and the rectification 
of defects such as hot-spots in the 
bushings or electric arcs / thermal 
faults in the active part of the trans-
former are recommended.

• Plan replacement / Implement life  
extension measures: Lifetime con-
sumption is advanced. Here it is 
necessary to monitor the develop-
ment and to schedule a replace-
ment in the mid-term.

The assessment of the results on the basis of the new FLEETSCAN 2D approach has been grouped into six assessment areas 
(indication fields):

FLEETSCAN 2D uses two different indices to assess the transformers - 
failure risk index (FI), and lifetime consumption index (LI), which provide 
more information than a single health index (HI)
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Figure 8. Web app: central document management system

Clear and prioritised 
recommendations
As a result, customers receive a clear 
overview of the condition of their 
transformer fleet regarding the two in-
dices (FI and LI) in the two-dimension-
al matrix (see the image on p. 36). MR 
experts identify critical units and create 
recommendations for action with clear 
priorities in order to keep systems in 
the best possible condition and max-
imise their value. Optimum allocation 
of resources and budget is one of the 
central points of FLEETSCAN 2D.

Investing in a more comprehensive as-
sessment pays off quickly, for example, 
if the results show that the trans former 
can stay on the grid for another 10 
years, and no replacement is necessary. 
For strategic planning, it is tremen-
dously important to know when and 
whether a transformer must be taken 
off the grid, or if other measures might 
also be sufficient. For example, replac-
ing the motor-drive unit will be enough 
to extend the service life.

Since its market launch in 2018, FLEET-
SCAN 2D has been used to assess more 
than 400 transformers.

Further information on our website 
www.reinhausen.com/fleetscan2d

Figure 6. Paper condition based on IEC 60422; 
Fleet order: Paper condition assessment of 
36 transformers yielded three critical cases, 
in one of which the paper insulators were 
particularly damp so bushing was dried by MR 
using the EXPIOTECH MMS 1000

A few real-life examples demonstrat-
ing the advantages of FLEETSCAN 2D 
are shown in Fig.3-7.

Figure 4. A major leak detected during visual inspection

Figure 5. The identification of a closed valve to the oil expansion tank allowed 
more extensive damage to be prevented

Figure 3. Anomalies detected for two bushings during thermography analysis; 
cause - the bushings were not completely filled with oil, so MR replaced them
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Figure 8. Web app: central document management system

Transfer to the Web application:

All recommended actions and other data can be entered centrally at any time via a Web application.

FLEETSCAN 2D Web 
Application
FLEETSCAN 2D is a new digital solu-
tion that offers a user-friendly software 
application. Operators have the oppor-
tunity to create a digital transformer 
fleet and store all available information 
about any transformer – from the op-

erating instructions to service and labo-
ratory reports – in one central location. 
Furthermore, in the digital solution, data 
for condition assessment can be entered 
centrally in the software. The system is 
also available offline – this means that 
on-site data can be called up and new 
data can be entered without an Internet 
connection. The data is then automat-
ically synchronised once an Internet 

connection is established.

Additional functions and interfaces 
to other existing IT solutions are in  
progress and are being developed and 
tested on the market in close collabora-
tion and consultation with customers

Sign up for the software now
portal.reinhausen.com/my-reinhausen. 

Figure 7. Result of using the Expiotech MMS 1000

All maintenance and repair work can be carried out by the worldwide 
service network of Maschinenfabrik Reinhausen;  where we are not rep-
resented, we find the right partners for our customers
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When enacted in 2015, ISO 55000 
became the first framework on an 
international level for a manage-
ment system that provides structure 
and defines the essential require-
ments and principles of asset man-
agement. In order to master these 
requirements in the long term, the 
structural and procedural organi-
sational processes in asset manage-
ment are reviewed in parallel with 
technical planning and mirrored in 
ISO 55000.

As a systematic approach for the 
technical and economic condi-
tion assessment of power trans-
formers, FLEETSCAN 2D fits into 
ISO-55000-compliant processes. 
This approach helps users imple-
ment a transparent decision-mak-
ing process within the context of 

the balancing act between the asset 
manager, who has a more gener-
alised approach, and the assessment 
requirements of complex equip-
ment [5].

Any modern maintenance strategy 
presupposes a precise analysis of op-
portunities and risks, as described 
in ISO 55000 [5]. FLEETSCAN 2D 
identifies risks very early on, allow-
ing countermeasures to be taken 
depending on the requirements 
(see the description of the indica-
tion fields mentioned in Chapter 4. 
Data assessment). This helps asset 
managers determine when replace-
ment and / or feasible maintenance 
is necessary based on the condition 
of the power transformers, thereby 
also helping them with budget allo-
cations (OPEX / CAPEX). [5]
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TM: For the start, could you tell us 
how the idea became FLEETSCAN 
2D?

As you know, MR has been the market 
leader in the energy sector with the core 
product "on-load tap-changer" for sev-
eral decades. Over that long period, we 
became aware of our customers’ chal-
lenges very well. You see, we deal with 
the “patient” power transformer at var-
ious levels, from the design process to 
installation, maintenance, and repair 
measures, right up to the life extension 
measures. This is how our mid-term 
and long-term strategy was implement-
ed: to develop the MR portfolio from a 
pure product business to a full-service 
provider for asset management. Condi-
tion assessment and fleet management 
are a core element of this issue.

TM: What has motivated you while 
developing FLEETSCAN 2D?

Well, more than anything else, it was 
recognising the signs of the times, 
which is a very topical subject concern-
ing the entire energy field and espe-
cially the asset management. In order 
to achieve our goals, we had to cover 

The entire industry is changing and facing 
challenges due to the digitisation and data 
security that are very present topics with a 
strong influence on the development of our 
service

There are numerous highly interesting de-
velopments on our roadmap; predictive sta-
tistical methods and integration into cus-
tomer processes will play a major role in the 
future

different faculties: economic, technical, 
regulatory. Digitisation was an import-
ant part of the whole process, but it is, 
in my opinion, a blessing and a curse at 
the same time.

TM: What challenges do you face 
with a digital solution for condi-
tion assessment of power trans-
formers in a more conservative en-
vironment?

As with everything else, you always face 
internal and external challenges. Inter-
nally, we are excellent in the product 
business, and our internal processes are 
exceptionally designed for it. However, 
with services or even SaaS (service as a 
software), we are still learning a lot and 
adapting the current procedure. It is not 
always easy, but we are making good 
progress here. And when I think of the 
beginnings of FLEETSCAN 2D 5 years 
ago, I am very proud of the whole team 
seeing what we have achieved together 
over time.

Moreover, externally, the entire indus-
try is changing and is facing the chal-
lenges that we have described above. 
For most customers, digitisation and 

data security are very present topics 
which have a strong influence on the 
development of our service.

TM: What specific experiences 
have you had with the customers?

Sometimes, the customers are initially 
quite sceptical. Namely, MR is not im-
mediately associated with “condition 
assessment” of power transformers. Yet 
sensitive data is, of course, required for 
the evaluation, therefore I understand 
the caution of responsible people. So, in 
practice, when we go through this sit-
uation in detail during our consulting 
approach and show the customers what 
valuable results they get and how im-
portant data security is for us, then we 
always have a very open and construc-
tive collaboration. We have been able to 
help many customers with both short-
term operative and long-term strategic 
decisions.

TM: What are you currently work-
ing on at FLEETSCAN 2D, what is next?

There are numerous highly interesting 
developments on our roadmap. I do not 
want to reveal too much, but I can hint 
that predictive statistical methods and 
integration into customer processes 
will play a major role in the future.

In addition, step by step we are more 
and more present with our solution 
in all regions where MR is represent-
ed, and that means everywhere. You 
will be hearing more and more about  
FLEETSCAN 2D in the future, and I 
am really looking forward to it.

ALEXEI BABIZKI
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