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Application note — Frequency Domain Spectroscopy
Insulation Testing using Frequency Domain Spectroscopy (FDS)

One of the most important applications for IDAXdsdetermine the
aging or moisture content in transformer insulagsrmoisture in the
insulation significantly accelerates the aging pssc

IDAX provides reliable moisture assessments intese The test can be
made at any temperature.

e

Oil samples atlow |
| temperatures are |
| unreliable |

Water in Qil vs. Paper

Assessing reliable moisture content in transforimsulation based on
oil sample tests is very difficult as the watetremsferred between the
solid insulation and oil when the temperature cleanén oil sample has  ----

to be taken at relatively high temperature, whenttansformer is in

equilibrium. Unfortunately, this is a rare state fi@nsformers thus Fig 1. Water in oil vs. paper comelation is unrefiable at low temp
leaving the field open for unreliable assessments.

Figure 1 reveals that the dramatic difference df%®and 3.0% moisture

in paper, correlates to the insignificant differert 1 respectively 4

Parts Per Million (PPM) in an oil sample obtainé@@ oC (68 oF) [2].

The test

Dielectric loss or power factor is frequency amtperature dependent,
S0 by injecting test signals at discrete frequesieps between 1kHz and
0.001Hz while recording results at each point, meis created (Fig 2).
This profile represent the properties of the insofamaterial in the
transformer and will be used in further analysislescribed below. The
internal oil temperature is recorded for relialdsuits.

Fig 2. Pow er factor curve presented as capacitance and loss

The model

The insulation between the windings in a transforomasists of
barriers, spacers and an oil duct for cooling psegsdFig 3). The
model formula vary all insulation parameters toidate every
possible geometrical design and applies Arrhenitisation formula
to include the temperature dependence of the rahtgs]

The IDAX software creates new model curves and @mthem to
the measured curve until the best possible mataraished. The final
results are presented as % of moisture in papeaaegarate value
for oil conductivity. (Fig 4 and 5)
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Fig 4. Before matching. Green-Model, Red-Measurement Fig 5. After matching. Result: 0.4 % at 20deg C
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What controls the curve?

The general rule is that moisture is visible in highest
and in lowest frequencies. Oil conductivity is doamt
in the medium frequency and the Temperature sthiés
curve to the right and to the left respectivelyg(B).

One point is not enough i quctivi
This leads to another advantage of the IDAX method. Qil Conductivit

Traditional Power Factor testing presents only valae

at mains frequency. Figure 7 show that a singlegoow

factor value cannot provide conclusive informatidiout

the potential problem. In this example, two transfers

have the same Power Factor value at 60Hz. However, < Temperature >
one of them is wet (3.6%) and should be considéred

dry-out while the oil in the other unit should leplaced

or recycled. Fig 6. Oil conductivity and moisture influence

Conclusion

IDAX is a well-proven system for determining moistu
content in transformer insulation. The instrumerd a
method including the modeling software has beetedes
and verified with numerous customers.
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Fig 7. Blue: Dry with bad oil. Red: Wet with good oil



