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Summary:

Humidity highly affects the failure rate of silicone-potted frequency converters in wind turbines. In order
to understand the entry process of moisture, in this work, possible pathways for humidity e.g. by diffusing
through the silicone-potting compound or passing along boundaries are investigated by potted humidity
sensors. To avoid the effect of cables as additional entry gateways and the diffusion through sidewalls
humidity sensors were potted into silicone inside an open toped glass vessel at different positions, and
inductively powered and read out via Bluetooth. The results show that under the experimental conditions
the moisture mainly diffuses through the silicone and does not pass along the boundary layer between

the silicone and the glass.
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Introduction

Due to the high failure rate of frequency convert-
ers in wind turbines and the associated repair
costs and loss of earnings, Germany suffers ma-
jor economic damage in the region of 200 million
euros per year. Various research projects have
indicated that moisture is a major cause of fail-
ure. Especially the work of Harley et al. shows
that water vapor is absorbed in silicone-potting
compounds damaging the converter electronics
[1]. Furthermore Zorn et al. determined the effect
of humidity on failure rate of converters [2].

To investigate possible entry pathways of mois-
ture and its transport in silicone-potting com-
pounds used to seal and protect the semicon-
ductor modules from the environment, humidity
and temperature sensors from Sensirion (Swit-
zerland, Model SHT35-DIS-B) are fully potted
into silicone inside an open glass vessel at dif-
ferent positions. To avoid additional gateways for
humidity by cables, in this work, both the energy
supply and the data transmission are wireless by
inductive powering and Bluetooth. A QI coil
placed at the bottom of the vessel is used for in-
ductive powering the potted electronics, while
data are transferred from a potted Arduino to an
external Arduino connected to a computer using
the Bluetooth low energy protocol. Furthermore,
the open toped vessel is made of glass to pre-
vent moisture from penetrating from the side.

The used silicone-potting compound is the cold-
curing two-component silicone SYLGARD-527
(Dow, USA), that is chemically known as polydi-
methylsiloxane and which is very similar to the
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silicones used in the semiconductor industry.
The temperature and humidity sensor SHT35-
DIS-B has an accuracy tolerance of 1.5 % r.H.
[3]. Here, we use eight of such sensors at differ-
ent positions inside the silicone-potting com-
pound. Four sensors are placed in the middle at
different heights and four sensors are placed at
one height but with different distances to the
sidewall. The different sensor positions inside
the silicone-potting compound are given in
Tab. 1. The internal Arduino and the energy sup-
ply coil are placed far below the sensors. The
setup is shown in Fig. 1.
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Fig. 1: Wireless measuring setup with eight sensors sili-
cone-potted in an open toped vessel.
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Tab. 1: Sensor positions

Sensor Distance from the Distance to
no. top of the silicone- sidewall
potting compound [mm]
[mm]
1 20 35
2 30 35
3 40 35
4 50 35
5 60 2
6 60 7
7 60 12
8 60 17
Results

In order to investigate the path of moisture
through the silicone-potting compound a tem-
poral step profile of relative humidity at constant
temperature of 60°C was generated in a climatic
chamber. The signals of all eight sensors are
shown in Fig. 2. Obviously, the sensors 1 to 4
measure the rising moisture delayed according
to the increasing distance from the top of the sil-
icone potting. Even more important, the sensors
5 to 8 show similar response. This clearly indi-
cates that the moisture does not pass along
boundary layer between glass vessel wall and
the silicone potting.
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Fig. 2: Sensor signals of all eight silicone-potted humidity
sensors responding to a temporal step profile of relative
humidity at 60°C.

Furthermore, we calculated the time constants of
the sensor responses. Therefore, we used an
exponential function fitted to the sensor re-
sponses 1 to 4 for the first step from 10 % r.H. to
30 % r.H. This is exemplarily shown in Fig. 3 for
the first sensor. The time constants are given in
Tab. 2. As expected, the second sensor has
about twice the time constant compared to the
first sensor although the distance to the surface
is just 50% larger.
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Fig. 3: Step from 10 to 30 % r.H. for Sensor 1 with fitted
function: f(x) = 24.57 - %002¥ _ 3157234.10 - ¢~026%

Tab. 2: Sensor response time constants

Sensor No. Time to 30% r.H. tag [h]
1 36.9
2 70.3
3 133.0
4 210.3
Conclusion

In this work, the entry process of moisture e.g.
by diffusion through the silicone-potting com-
pound SYLGARD-527 and/or passing along the
boundary between glass and the silicone is in-
vestigated by using wireless humidity sensors
potted inside the silicone. The sensors were in-
ductively powered and read out via Bluetooth.
This way, other possible moister gateways e.g.
via cables were excluded. From the experi-
mental results in becomes clear, that under ex-
perimental conditions that the moisture just dif-
fuses through the silicone and does not pass
along the boundary layer between the glass and
the silicone. In order to transfer this result to the
converters, we will use the same setup in a con-
verter module housing and add additional
moister gateways, as cables and printed circuit
boards, to be presented at the conference.
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