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DETERMINATION OF GAS PRESSURE IN VOIDS 
IN EPOXY CASTING USING AN ULTRASONIC 

MEASURING TECHNIQUE. 

E. Larsen & C. Bak Petersen & M. Henriksen 
Electric Power Engineering Department, Technical University of Denmark 

Building 325 
DK-2800 Lyngby, Denmark 

Abstract 

The gas pressure in voids is one of the parameters for 
determination of the inception voltage for partial discharges 
in said voids in high voltage epoxy castings. 

Seen as the initial step to obtain absolute void gas pressure 
in closed voids, results of measurements performed on a 
large open void, where pressure cip~ be controlled from the 
outside, are compared to the theory of transmission of 
ultrasound. The results verify the theory, that the attenuation 
of transmitted ultrasonic signals through a void depends on 
the gas pressure inside the void. 

The results are based on the use of the measuring technique 
Time Delay Spectrometry. This method gives a sufficiently 
high S/N-ratio in order to detect the transmitted part of the 
ultrasonic signal, which has travelled through the void. 
Because of difference in density and velocity of ultrasonic 
signals for the materials involved, that part of the signal is 
dependent of the pressure inside the void. 

Further steps to measure the pressure inside closed voids are 
shortly discussed. 

Introduction 

The long term aim is to develop a method to determine 
pressure inside naturally moulded voids in high voltage 
spacers as well as inside artificially moulded voids, in which 
degradation is known from laboratory testing under high 
voltage. 

For determination of pressure inside closed voids, the theory 
of transmission of ultrasound is introduced. By use of this 
theory, a simple model is developed for calculation of the 
attenuation of ultrasonic signals through such a system 
consisting of an epoxy casting including a void. 

Because of an extremely high attenuation for ultrasonic 
signals through a void, a special acoustic measuring 
technique [ 11 is used for this purpose. 

Results from a test setup are shown to verify the model 
introduced. 

Transmission of Ultrasound Through Materials. 

The transmission of ultrasound through different media and 
especially transitions between materials depends on the 
specific acoustic impedance for a given medium. The specific 
acoustic impedance is defined by: 

where p( p,T): The density of the medium 
The velocity of sound in the medium c(T): 

E(p,T): The modulus of elasticity 
P: Pressure. 
T: Absolute temperature. 

For calculation of the attenuation of ultrasonic signals in 
transitions from one medium to another, a similar theory as 
for travelling electrical waves can be used. From this theory 
the transmission coefficient can be calculated as: 

2 * z2 

z I +  z2 

c =- t 

where the specific acoustic impedance of the material the 
ultrasonic signal comes from is 2, and the material the 
signal transits to is Z2. 

By multiplication of the transmission coefficients for all the 
transitions between different media, the total attenuation 
through the specimen can be found. The model does not 
consider the attenuation of the ultrasonic signal inside each 
material, which is why the dimensions of the sample or void 
have no influence on the model. 
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T r a n s m i s s i o n  

patl! 

For a system consisting of epoxy with a void all immersed in 
water, Fig. 1, the signal attenuation depending on the void 
gas pressure can be determined by use of the theory 
described above. The dependency of the physical parameters 
on pressure and temperature can be found in ordinary 
physical tables. T r a n s m i t t e d  R e c i  eved 

f r e q u e n c e  

1 1  

- t i m e  
D e l  a y  

generated by a sweep generator, is amplified and fed to a 
focusing transducer. The frequency of the test signal is 
linearly increased. The transmitted signal received at the 
hydrophone is fed to a spectrum analyzer via a variable filter, 
which normally consists of a fixed filter with an adjustable 
bandwidth and a mixer circuit. 

-1- - 

Fig. 2. Attenuation of ultrasonic signals through a test sample A Amp 
of epoxy including a void. - 

As seen in fig 2. the signal attenuation is very dependent on 
the pressure while it is usually acceptable to ignore the 

e 

temperature dependency. 

Time Delay m o m e t r v .  

In practise, for determination of the pressure inside voids, a 
rather new measuring technique called Time Delay Spectrom- 
etry is used. Because of different sound velocities inside the 

- Sweep 
Generator M 

Of €set w Water 

Receiver 

Tank 

Fig. 4. Linearly increased signal. 

As the signal through the materials is delayed corresponding 
to the limited velocity of ultrasound, the receiving circuit with 
an adjustable filter may be adjusted corresponding to the 
transmission time directly through the materials including 
the void. Other signal paths, for example signals reflected on 
the tank walls, will usually mean longer transmission times. 
These signals will be highly attenuated by the filter in the 
receiving circuit. In that way a sufficiently high S/N-ratio is 
obtained in order to discriminate the signal path directly 
through the void. 

Because the pressure dependent signals are attenuated more 
than 50 dB, it is necessary to very optimise accurately the 
positions for the transducers as well as the analyzing 
parameters. For that reason the test setup includes two 
3-axis motion systems (the resolution is less than 5 gm on 
each axis) to which the receiver and the test sample, 
respectively, are attached whereas the transmitter is fixed. 

Fig. 3. Test Setup. 
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Measurements. 

I:::~=~z:~~:~=~ 

It should be realized that the model does not include the 
attenuation of the ultrasound by transmission through a 

signal attenuation. 
r z z  

material but just attenuations from the transitions. For signal 
transmission through the plate, but not through the void, (i.e. 

about 1 dB while experimentally the attenuation is found to 

The 

the outside, fig. 5, in the range of 0.25 to 6 Bar absolute. 

described has been verified On an 'pen test 
where the pressure be 'Om water-epoxy-water), the signal attenuation is calculated to 

Thickness of the epoxy plate = 6.5 nun. 
Size of the void = 2 * 20 mm cylindrical. 

sensitivity for detection of defects in solid materials [Z]. This 
facility on the other hand is necessary for use of this test 
method on non transmrent materials in order to locate the 

A needle is used as a channel to the void. void. 

Fig. 5. Open test sample. 

Conclusion. 

The test results are shown in fig. 6 where they are compared The presented results verify a simple model for the 
to the theoretical results. The used for attenuation of ultrasonic signals through an epoxy specimen 
comparative reasons, adjusted in order to take into account including a void. As the attenuation depends on the density 
the real sound velocity parameters in the water tank and the and the velocity of sound for the different media, a highly 
density parameters of the epoxy Plate valid for the test setup- dependance of gas pressure was found theoretically as well 

as experimentally. 
As seen in figure 5 ,  a very good correlation was found. The 
deviation found for pressures atmospheric pressure 
was caused by a small S/N-ratio for these highly attenuated 

As the pressure dependant signals are attenuated more than 
50 dB, a special measuring technique, Time Delay Spectrom- 

' 

etry, must be used to obtain the necessary S/N-ratio. 
Considerable demands must be made to the resolution of the 
physical movements of the transducers and the test specimen 
as well as the parameters for the analyzing circuits. 

signals. 
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Fig. 6. Comparison of theoretical and measured 
attenuation of an ultrasonic signal through a void. 

theoretically, _---___-_____ measured 

Further work is expected to show some limitations of the 
measuring technique. First of all, the size and shape of the 
voids may be expected to give problems, because the 
focusing spot of the ultrasonic signal from the focusing 
transducer is limited to about 1 mm in diameter. Secondly a 
signal path just beside the void will have a transmission 
delay nearly the same as the direct path through the void. 

For determination of gas pressure in natural defects in 
spacers, a later calibration in that same void must be 
expected. In order to make an absolute pressure determina- 
tion in a void, that void, after the first pressure measurement, 
must be cut out of the spacer and be opened to introduce a 
controlled pressure exposure. By comparison of the first 
measurement with later measurements with different pres- 
sures, the initial pressure in the void can be determined. In 
the long term, the knowledge of these secondary influences 
will show if this calibration will still be necessary. 

The focusing transducer unfortunately set the limit for the 
transmitted power to be used because a further increase of 
the supplied power would reduce the life time of, or in worst 
case, damage the transducer. 
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