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Moisture, more specifically excessive moisture, has been 
enemy number one in power transformers utilising cel-
lulose insulation with insulating oil for a long time. Rotek 

Engineering (PDS division) is part of the Eskom Group and performs 
preventative maintenance and eventually complete rewinds and re-
manufacturing of power transformers. Capital intensive equipment 
like power transformers is evaluated in financial terms in accordance 
with TCO (Total Cost of Ownership). Excellent savings are achieved 
when transformers are remanufactured and the TCO is reduced.

Transformer manufacturers and remanufacturers utilise cellulose 
insulation in conjunction with insulating transformer oil as the primary 
insulation system to design optimal power transformers. During the 
manufacturing phase the cellulose materials (Kraft paper and solid 
insulation) are treated and dried to create the required insulation 
values to withstand the various High Voltage stresses and impulse 
testing. In the Rotek Engineering factory, highly efficient methods are 
applied to remove moisture from the cellulose material. 

However, once a transformer is energised and operated, there are 
a number of aspects that will cause and create moisture within which 
as a result will cause the insulation to degrade, generally referred 
to as ageing. Ageing is caused by the presence of excess oxygen, 
moisture (thermo-hydrolytic degradation) and temperature (thermo-
kinetic degradation), each which requires its own unique solution.

Although moisture appears in both the oil and cellulose, there 
would be a higher ratio moisture contained in the Kraft paper and 
insulation material than in the oil. Excessive moisture is detrimental to 
the expected life of the insulation system within the transformer. With 
ageing the cellulose fibre lengths are shortened (depolymerisation 
(DP) takes place) and this can be traced by testing the (depolymeri-
sation values). Further, moisture in oil has an inverse effect on the 
dielectric strength of the mineral oil. Thus, if the moisture is driven 
out of the cellulose by higher operating temperatures into oil, the oil’s 
dielectric strength will be lowered as a consequence.

In modern day networks transformers are increasingly over 
stressed due to power demands. These instances have a habit of oc-
curring at higher rates of change than in the past. The impact of this, 
on a transformer deemed ‘wet’, is a higher possibility of failure. This 
is primarily due to moisture being driven out of the cellulose faster 
than what the mineral oil can absorb creating a very low dielectric 
(voltage withstand) in confined spaces in the windings. The conse-
quences are normally catastrophic.

Ageing and degradation in power transformers create moisture, 

acid and sludging, all contributing to weakening the insulating sys-
tem, thus increasing the risk of shortening the normal service life. 
Customers in Eskom, Generation, Transmission and Distribution, 
perform maintenance on these power transformers at regular intervals 
to remove excess products like moisture, acid and particles. Rotek 
studied the results and the moisture data from various transformers 
and developed a system that would remove moisture continuously 
in a gentle manner. 

Thus, the DryKeep system came about. A unique molecular sieve 
technique is applied to continuously remove moisture and particles 
from the transformer oil. The DryKeep makes best use of tempera-
ture fluctuations. These fluctuations upset the balance of moisture 
content between the oil and cellulose. Daily loading cycles create an 
unbalance in equilibrium between moisture contained in cellulose 
versus oil with moisture being driven from the cellulose into the oil 
when the temperature rises and then reverses when the system cools.

The system comes in three sizes to correctly match the volume of 
the oil in the transformer. An added advantage is that the materials 
used in the construction of the system are selected to operate in all 
environmental areas, like the harsh coastal areas in South Africa. Once 
the molecular sieve beads are saturated, the cartridges are replaced 
with fresh cartridges that have had their media replaced and whilst 
the transformer is energised and on load.

Transformers with ‘dry’ insulation are more reliable and the risk 
that free water can develop is eliminated, even when there is a sud-
den fluctuation in temperature. 

Incorrect drying methods may damage  
the transformers

It has been established through experience and data gathering, that 
transformers with excessive moisture have a higher tendency to 
degrade and with that the mechanical withstand strength is reduced. 
This phenomenon became known to engineers and early methods 
utilised for drying transformers on site had catastrophic results. Ex-
amples of these tests included fierce drying the active part without 
the oil being present. The removal of moisture was achieved with 
accelerated processes. These interventions did not take into account 
the design of the active part and the positive pressure that is exerted 
on the coils.

The insulation material has a relation between moisture and 
volume. By keeping the correct range of moisture within the insula-
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tion, the pressure on the coils is kept within the design tolerances. 
Higher moisture values will increase the exerted pressure, but will be 
mostly contained within the clamping structures. Too little moisture 
however, has a more severe impact on the mechanical strength of 
the transformer when subjected to through faults. As can be derived 
from the latter, aggressive methods of drying will increase the risk of 
the transformer and may fail when mechanical forces are created in 
the coils. Further negative regarding incorrect drying methods may 
also impact on the DP value of the Kraft paper. Kraft paper with low 
DP values is also at risk due to low mechanical strength. 

Installation on new and existing transformers

A DryKeep may be installed on new transformers or by retro fitting 
on any existing transformers. The size of the system is matched to the 
volume of insulating oil. On a new unit the installation can be done 
onsite which will extend the life of a transformer, by slowing down 
the moisture ingress and internal production and thus dramatically 
slowing the oil oxidation process on new units.

This system on older units has shown dramatic improvement 
over a period of four to six months and has shown to improve the 
dielectric strength and quality of oil. It is necessary to perform an on 
site online moisture assessment to determine the moisture activity. 
This measurement is done by inserting a portable moisture and 
temperature probe into the transformer. A data logger is deployed 
to record a seven day cycle of the transformer’s operation. From this 
data a complete assessment can be made and reported. The operating 
temperature plays an important role in assessing of the real moisture 
migration process from cellulose insulation material into the oil, hence 
online capturing of data.

Maintenance and care

Transformer maintenance starts with visual inspections during the 
month site visit where the external effects can be seen. Breathers 
are fitted with various materials that will arrest moisture moving in 
and out of the transformer. Note the discoloration and replace as per 
manufacturers specifications. Report any oil leaks to the maintenance 
company for repairs and correction. Damaged oil seals allow moisture 
into the transformer. 

The DryKeep system is fitted with operational indicators which 
are monitored with visual inspections by the customer. This is 
incorporated in the normal station visuals and does not require ad-
ditional travelling to the station. The system and cartridges are then 
periodically tested by Rotek for saturation, which can be done by a 
quick test once a year. A moisture assessment on site is critical to 

determine the performance of the DryKeep and saturation process. 
In this assessment a portable moisture sensor is installed online that 
enables real time data to be recorded whilst the transformer is on 
load. Measurements are recorded on a data logger for a period of 
not less than 15 minutes at the inlet and 15 minutes at the outlet of 
the system where all temperature and moisture content are recorded 
for complete analysis. 

Conclusion

Generator, transmission and distribution transformers are some of 
the most critical and expensive assets in a power network. They are 
very reliable and require relatively little maintenance in general since 
they have no continuously moving parts. However, there are chemi-
cal processes taking place and the insulating materials degrade with 
operation and time. Internal conditions ultimately determine the end 
of transformer life status. Excessive moisture will accumulate in the 
transformer’s insulation, where the majority of water is retained, thus 
increasing conductivity risk and accelerating ageing.

New and newly remanufactured transformers greatly benefit 
from factory-fitted DryKeep units, when the target is to maintain the 
transformer’s insulation dryness at the factory level, thus improving 
its service life. Alternatively, retro-fitted units are applied to bring the 
moisture levels under control and maintain safe levels.

TCO is reduced by effectively controlling and managing the dry-
ness and other qualities of the insulating oil within the transformer and 
since the DryKeep is transferable, it will provide continued benefits.
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