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While vegetable oils were among 
the first insulating materials in-
vestigated, mineral oils quickly 
became the industry standard

ABSTRACT 
Health Indices can help with prioritising asset maintenance, replace-
ment and risk management. But how accurate is the index? And how 
do you check? Cases from the real world show how indices can help but 
need to be treated with caution.
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of the AHI? If not, how do you know the 
results are any good?

Evaluation
We will evaluate the effectiveness of an 
Asset Health Review on a population of 
approximately 800 large transformers 
and shunt reactors owned by a transmis-
sion company with the aim of prioritising 
units for replacement that were in poor-
er condition. Of those 800 units, 14 were 
replaced in a single year, and we can 
compare the AHI assigned to them with 
what was found in practice when the 
units were scrapped and forensic analy-
sis undertaken.

Box 2 indicates the methodology used 
for AHI and the categories which were 
used to group assets.

Cases

The cases presented here show that it 
can be difficult to predict the end of life 
with the information/tools available, 
even when pursued “manually” with sub-
ject matter experts rather than through 
some automated analyses.

Case 1

A 750 MVA 400/275/13 kV unit, built in 
1977, was the last of four transform-
ers of the same design installed at the 
same station. The unit had evidence 
of severe oil and solid insulation age-
ing from oil tests (2-furfual 2.47 ppm, 
acidity 0.21 mg KOH/g), and evidence of 
poor dielectric condition from electrical 
tests (CHL power factor 0.62%). It was 
given a priority of 2a, was retired and 
retained as a spare, and was scrapped 

A “good” AHI result does not mean the asset won’t fail tomorrow; 
we just haven’t found any indication in our data that it is likely to fail 
tomorrow

Asset Health Indices are quite common in the 
electric supply industry, as the index is a sim-
ple means to boil down a lot of data into a sin-
gle number, letter, or category to aid in the pri-
oritisation of actions

Asset Health Indices are quite common 
in the electric supply industry, particu-
larly for large assets, as the index is a 
simple means to boil down a lot of data 
into a single number, letter, or category 
to aid in the prioritisation of asset inter-
ventions. So far, so good. But there are 
several aspects to the approach which 
need to be carefully considered:

-	 What exactly is “the asset”? For a pow-
er transformer, do we include bush-
ings and the tap changer, or are they 
separate, maintainable items?

-	 Exactly what question does the AHI 
address? What does “healthy” mean? 
“Asset operation” as defined by the 
original specification, or under con-
tingency, or only with normal mainte-
nance, and so on? 

-	 How do the data and the analyses, 
and thus the index, relate to the prob-
ability of failure (PoF) of the asset over 
the next week, month, or year? And 
with what precision do we give that 
PoF? And what will the PoF be used 
for?

-	 How accurate/precise is the AHI? We 
know the AHI is a “model” or “esti-
mate” of the actual “health” and thus, 
it will be wrong [1]. The question is: 
how wrong can it be before it be-
comes unacceptably wrong [2]?

It is this last question which is rarely ad-
dressed in practice: we often see cases 
where AHIs are assumed to be extremely 
precise and accurate and are used in 
planning tools such as maintenance 
scheduling and risk matrices. 

Has anyone checked the AHI for accura-
cy/precision? Have the results of those 
checks been included in subsequent use 

Introduction

I was thinking about Asset Health Indices 
(AHIs) recently after undergoing a cancer 
screening test, which had yielded, fortu-
nately, negative results. It was made very 
clear that the result did not mean that I 
did not have the disease, just that they 
hadn’t found any indications of it in their 
tests. Likewise, a “good” AHI result does 
not mean the asset won’t fail tomorrow; 
we just haven’t found any indication in 
our data that it is likely to fail tomorrow. 
So, what are the characteristics of “good” 
AHIs? See Box 1. 

Box 1. What makes a 
good AHI?
There are 5 key characteristics for an 
AHI used to prioritise interventions:

•	 Focus - we are addressing one 
clearly stated and agreed question

•	 Monotonicity – a worse index is al-
ways a more urgent intervention

•	 Calibration for time – all assets with 
the same index are equally urgent

•	 Auditability – we can see exactly 
which data caused the index to be 
what it is

•	 Justifiability – the index is what it is 
for a good technical reason

The only thing that should link differ-
ent AHI’s is the urgency: how soon 
should we act? And with what preci-
sion do we have that timescale? This 
is a technical interpretation, but in an 
asset management context we need 
risk analysis: the technical input tells 
us the urgency, but the risk analysis 
may mean we delay, or bring forward, 
an intervention…

With all that said, a good AHI supports 
specific business decisions – it does 
not make them for you!
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and forensically reviewed. During the 
review, the solid insulation was found to 
be severely aged with the worst degree 
of polymerisation (DP) below 200, and it 
should have been priority 1.

Case 2

A 240 MVA 400/132/13 kV unit, with a 
loaded shunt-reactor on the tertiary, 
built in 1966, had evidence of severe 
solid insulation ageing based on oil tests 
(2-furfual 2.29 ppm). Unfortunately, 
there was no electrical test data available 
for this unit, thus, assessment relied on 
anecdotal evidence and “tribal knowl-
edge”. It was assigned a priority 2b.

During scrapping, the solid insulation 
was confirmed to be severely aged, 
as had been expected (worst DP 124), 
confirming the earlier 2b priority assign-
ment.

Case 3

A 240 MVA 400/132/13 kV unit, built 
in 1967, showed evidence of localised 
overheating from oil tests (ethylene 350 
ppm); electrical tests were performed 
but were inconclusive, with suspicion 
falling on possible core/frame/tank 
circulating currents. An attempted “fix” 
with current limiting resistors was not 
successful, and suspicion moved on to 
possible overheated stress shield rings 
and a priority of 1 was assigned.

During scrapping, the cause of the lo-
calised overheating was found not to be 
overheated shield rings nor even a cir-
culating current in the core/frame/tank, 
but an overheated tertiary busbar joint. A 

We will evaluate the effectiveness of an Asset 
Health Review on a population of approximate-
ly 800 large transformers and shunt reactors 
owned by a transmission company

Five real-world transformer cases were re-
viewed to highlight discrepancies between 
assigned health indices and actual conditions 
found during forensic analysis

subsequent review found that the spread 
in winding resistance results from the 
tertiary winding at the time it was electri-
cally tested was approximately 9%, but it 
was not clear due to poor test data. The 
typical spread in results for a new trans-
former is less than 2%, with spreads of up 
to 5% in some older transformers.

A clearer set of electrical tests would 
have afforded an opportunity to repair 
the tertiary busbar joint in the field, but 
the unit was already scrapped. Note that 
a new DC winding resistance bridge was 
acquired soon after this to improve the 
data from the electrical tests. Although 
the condition of the insulation was 
reasonably poor, with a DP of 337, the 
review was correct about the fault and 
its severity but incorrect about its cause. 
With that knowledge, the priority should 
have been a 2a.

Case 4

A 180 MVA 275/66/13 kV unit, built in 
1968, had a sister unit fail 4 years earlier 
due to severe solid insulation ageing: it 
was thus reasonable to expect this unit 
would have similar issues, even though 
oil tests were inconclusive (2-furfural 
0.93 ppm). There were some indications 
of localised overheating, with ethylene 
at 82 ppm in the main tank, but no other 
indications of a significant problem. The 
unit was assigned a priority of 1, mainly 
due to the failure of the sister unit, and a 
planned replacement ensued.

During the scrapping of the unit, local-
ised overheating was found to be caused 
by a circulating current in the tank/frame 
assembly, but it was noted that there 

Box 2. Asset Health 
Evaluation
Every one of the 800 units was as-
sessed using a Delphic approach, 
allowing subject matter experts to 
discuss and weigh the available data/
evidence and assign each unit to a cat-
egory. The data included:

•	 specification/design, known “is-
sues”, and family histories

•	 maintenance/inspection history 

•	 offline test results, including oil 
analyses

•	 online monitoring data where avail-
able, including PD surveys

•	 fault histories

•	 subject matter expert opinions and 
expertise

•	 whatever else seemed relevant

Each unit was assessed “manually” by 
the group and then assigned to a cat-
egory from 1 to 4:

•	 1: most serious issues requiring re-
placement within 5 years

•	 2a: highly likely to require replace-
ment within 10 years (noting “high-
ly” was not well defined

•	 2b: may require replacement within 
10 years

•	 3a: plan to replace ahead of antic-
ipated asset life; design defect or 
similar

•	 3b: same as 3a but less serious (so 
less urgent)

•	 4: unit expected to last at least 15 
years under normal operation

Within each category, the individual 
units were prioritised based on eval-
uation of the urgency of intervention. 
Note the approach of data-analysis-
AHI assignment:

•	 “Based on the available data, its in-
terpretation and estimates of PoF 
and remaining life: we need to do 
something in 5 years so this unit is 
a category 1” 
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The presented cases show that it can be difficult to predict the end of 
life with the information available, even when pursued “manually” with 
subject matter experts 

Figure 1. Failure point: wrapped discs (at left), no overwrapping (at right)
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were differences in the detailed winding 
design between the two sister trans-
formers, resulting in differences in solid 
insulation ageing. The differences are 
shown in Figure 1. Note the use of crepe 
paper over-wrapping on the discs in the 
failed sister transformer. This resulted in 
overheating of the solid insulation and 
advanced solid insulation ageing (worst 
DP 131).

The prediction of the review was correct 
regarding the circulating current but not 
about the advanced solid insulation age-
ing, which was caused by an unknown 
design change. With that knowledge, a 
priority of 2a would have been assigned.

Case 5

A 240 MVA 275/132/13 kV unit, built in 
1965 and refurbished in 2005, showed 
no indication of significant deterioration 
but only moderate solid insulation age-
ing, based on offline electrical tests and 
oil analyses (2-furfual 0.92 ppm).

The unit was assigned a priority of 4, but 
failed suddenly and unexpectedly and 
was forensically reviewed. The common 
winding was found to have very advanced 
solid insulation ageing at certain points, 
believed to have been caused by unusual 
flux leakage resulting from tertiary load-
ing with a shunt reactor. The information 
used during the review and generation 
of the AHI was incorrect as accumulated 
2-furfural in the oil was lost when it was 
changed during the refurbishment, and 
it can take some years for 2-furfural to 
reach equilibrium once more and then 
only at a lower level. The oil change 
during a refurbishment may have de-
stroyed valuable evidence concerning the 
condition, especially solid insulation age-
ing and a priority of 2b could have been 
assigned if that information was available.

Discussion
It can be seen from the cases here that an 
asset health review and assignment of an 
AHI is not a simple process. In fact, of the 
14 units replaced 6 were misassigned to 
an adjacent category for various reasons, 
but in one case, missing by 2 categories.

How do we define “accuracy” in this 
approach? How do we define accuracy 
where the categories are 1 through 10 
and are calculated numerically based on 

In any application of AHIs, it is of paramount 
importance to check the validity of the data 
collected, the analyses performed, and the 
outcomes resulting from it

input data and algorithms? How wrong 
does an AHI have to be before it be-
comes unacceptably wrong?

In any application of AHIs, it is of para-
mount importance to check the validity 
of the data collected, the analyses per-
formed, and the outcomes resulting 
from it. An AHI needs to be updated and 
reviewed on a regular basis to ensure 
it is not “unacceptably wrong”, whether 
it is derived through machine learning 
through standard algorithms and guides 

or through a Delphic approach. As al-
ways, ABC applies: Assume nothing;  
Believe nobody; Check everything! 
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