








system due to mechanical stress even before rupture
is mechanically detected. The values demonstrate that
intrinsic changes can in- or decrease the PDIV of the
respective insulation system during elastic deformation.
Accordingly, PD-inception appears to be sensitive to
insulation-immanent changes before rupture.

Average charge value

Specimens S1 to S5 vary significantly in their initial
charge value most likely due to specimen preparation
(Fig. 10, Fig. 11). The difference of the initial charge
values coincides with different behaviours of the charge
after mechanical stress. All three specimens with low
charge values (S1, S2, S3, Fig. 10) display rather constant
average charge values partially with a slight increase (S4,
S5) until rupture.
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Once mechanical rupture occurs, the charge value
decreases significantly. For this phenomenon is not fully
understood, further investigations regarding the cause
need to be conducted.

The behaviour of specimens with higher initial charge
values is less consistent (Fig. 11). While specimen S4
displays a charge drop for the final value, no significant
drop at rupture can be observed.
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The striking low value at approximately Ds
smax

� 0:55
results from a time span of t � 72hours between
mechanical stress and electrical measurement, indicating
that damage caused up to this point is reversible
and changes with resting time. However, further
investigations need to be conducted to verify this thesis.
Specimen S5 displays no significant decrease in charge
at all, but rather a constant increase, indicating expansion
and multiplication of delaminations and cavities. The
high initial charge values indicate delaminations and
cavities in the initial state, thus forming a weak spot
of the insulation system. Further mechanical stress
possibly intensifies these weak spots, thus increasing the
overall charge level. Depending on the extent of the
delaminations, rupture possibly occurs at the respective
weak spots, thus increasing the charge value even further.

Phase-Resolved Partial Discharge Patterns

Exemplary PRPD patterns confirm the findings of the
average charge (Fig. 12). While the PRPDs for
specimen S1 change negligibly between the initial state
and Ds

smax
= 0:5, a significant increase of the overall PD

activity can be observed for specimen S5. Specimen S1
displays typical rabbit ear patterns indicating voids, while
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Fig. 12 – Development of PRPD for different relative push-out distances



nonethelike occurs at specimen S5, suggesting a different
cause. Rupture at specimen S1 results in a significant
decrease of the overall PD activity, whereas the PRPD of
specimen S5 becomes further pronounced.

5. Discussion

It was shown, that the measured capacitance does not
reliably correlate to the increasing mechanical stress,
contrasting the findings in [6]. Nevertheless, the final
rupture of the specimen usually leads to a capacitance
decrease. The dielectric loss factor however detects
progressing damage due to mechanical stress reliably
with a significant increase at low voltages after rupture.
The reason for this is most likely a lower PDIV once
mechanical damage is introduced, since occuring PDs
increase the tanδ . This concurs with the findings of [5]
and [6], where an increase of the dielectric loss factor due
to thermal cycling and thus thermomechanical ageing is
observed. Nonetheless, no indication of the insulation
condition before rupture is obtained, thus allowing only
the detection of irreversible damage.

PD measurements give a reliable indication of intrinsic
changes in the insulation system. Concurring with [7] it
is found, that the PDIV is sensitive to mechanical rupture,
displaying a noticeable decrease. The PDIV varies
when the specimens are elastically deformed before
rupturing. The displacement of the inner conductor
can relieve the mechanical stress that is inherent due
to the manufacturing process, but it can also introduce
mechanical stress. This can lead to smaller or larger
defect sizes and hence decreasing or increasing PD
activity. According to [5] and [7], ageing results in
a significant increase of the charge value, whereas this
contribution shows that the behaviour can be twofold and
strongly depends on the specimens initial condition:

1. Specimens with low initial charge values in this
study exhibit a significant decrease of the charge
values after rupture. The cause of this phenomenon
requires further investigation.

2. Specimens with higher initial charge values coincide
with the findings of [5] and [7], indicating that
the applied stress increases the overall charge value
suggesting an increase of void and delamination
content even before mechanical rupture. The
different behaviour is attributed to the significantly
higher initial charge value, indicating considerable
delamination or voids in the initial state, which are
further aggravated by mechanical stress.

6. Conclusion

This paper presents the suitability of several diagnostic
methods in detecting damages as a consequence
of thermomechanical ageing. Typical damages are

replicated on small-scale test objects with an epoxy-mica
insulation system by applying a push-out force up to
rupture of the adhesive bond. The investigation indicates
that dielectric loss factor measurements successfully
detect irreversible mechanical rupture of the insulation
system, whereas capacitance measurements fail to detect
named rupture reliably. Thereagainst, PD measurements
offer insight into electrically-effective changes in the
insulation system even before mechanical rupture. While
the PDIV indicates intrinsic changes, PRPD patterns
allow further conclusions due to the specific shape of the
PRPD. Accordingly, PD-measurements in combination
with dielectric dissipation factor measurements make
the analysis of damages due to thermomechanical
ageing possible to a certain degree. The quality of
the damage diagnosis is subjected to reproducibility
of the specimens so that additional investigations are
worthwhile. Additionally, the consequences of repetitive
mechanical stress before and after rupture should be
investigated to replicate the effects of several cycles of
thermal expansion and contraction, thereby contributing
to a better understanding of the insulation system of
dynamically-operated long rotating machines.
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