
C. Forssén and H. Edin: Partial Discharges in a Cavity at Variable Applied Frequency Part 2: Measurements and Modeling 

1070-9878/08/$25.00 © 2008 IEEE 

1610 

Partial Discharges in a Cavity at Variable Applied 
Frequency Part 2: Measurements and Modeling 

 
Cecilia Forssén and Hans Edin 

KTH Electrical Engineering 
Teknikringen 33 

100 44 Stockholm, Sweden 
 

ABSTRACT 
In this paper partial discharges (PD) in a disc-shaped cavity are measured at variable 
frequency (0.01 – 100 Hz) of the applied voltage. The measured PD phase and 
magnitude distributions, as well as the number of PDs per voltage cycle, changed with 
the varying frequency. A charge consistent model is presented and used to dynamically 
simulate the sequence of PDs in the cavity. The simulation results show that the 
properties of the cavity surface, mainly the surface conductivity and the surface 
emission of electrons, change with the varying applied frequency. This is interpreted as 
an effect of the difference in time between consecutive PDs at different applied 
frequencies. This is the second of two papers addressing the frequency dependence of 
PD in a cavity. The first paper described how the PD frequency dependence changes 
with the applied voltage amplitude, the cavity size and the cavity location.  

   Index Terms  — Partial discharges, measurements, modeling, variable frequency, 
cavities, disc-shaped, polycarbonate.   

 
1   INTRODUCTION 

THE presence of partial discharges (PD) in an insulation 
system is generally a sign of degradation. Partial discharges are 
usually measured at applied voltage with frequency of 50 or 60 
Hz but can also be measured at other applied frequencies. With 
the Variable Frequency Phase Resolved Partial Discharge 
Analysis (VF-PRPDA) technique [1, 2] PD is measured at 
variable applied frequency. The advantage of this method is that 
more information about an insulation system may be extracted 
than from traditional PD measurements at a single frequency.  

This is the second of two papers addressing the frequency 
dependence of PD in a cavity. In the first paper [3] the PD 
activity in a test object containing a disc-shaped cavity in 
polycarbonate was measured with the VF-PRPDA technique for 
applied frequencies in the range 0.01 – 100 Hz. It was found that 
the PD activity in the cavity is frequency dependent and that the 
PD frequency dependence changes with the applied voltage 
amplitude, the cavity size and the cavity location. The first paper 
also gives an introduction to PD frequency dependence and a 
background on PD in cavities.  

In this second paper the PD activity is measured in a test 
object which is similar to that used in [3] besides that the 
electrodes are modified to concentrate the PDs to the cavity 
centre. In addition a physical model of PD in a cavity is 
presented and used to dynamically simulate the sequence of PDs 
in the cavity at different applied frequencies. The simulation 

results are used to interpret the PD frequency dependence as 
observed in the measurements. The model is charge consistent 
with numerical calculation of the apparent charge. 

2  EXPERIMENTAL 
Partial discharges in a test object containing a cavity are 

measured at variable applied frequency with the same 
measurement technique, measurement system and 
measurement procedure as in [3]. The applied voltage has 
frequency in the range 0.01 – 100 Hz and amplitude in the 
range 8 – 11 kV (peak value). Prior to measurements each 
specimen is conditioned for 1.5 h at applied voltage amplitude 
11 kV and frequency 50 Hz to reach a stationary state in the 
PD activity. At each new frequency the specimens are also 
pre-excited for 30 min at that new frequency before 
measurement. All measurements are repeated on two similar 
specimens with reproducible results.  

The test object contains a disc-shaped cavity in 
polycarbonate and is shown in Figure 1. It is similar to that 
used in [3] with the difference that the electrodes are now 
spherical. The spherical shape of the electrodes is chosen to 
concentrate the discharges to the cavity centre. This gives an 
axi-symmetric electric potential distribution in the test object 
which makes a two-dimensional (2D) model geometry 
possible. The cavity diameter is large compared to the 
electrode diameter to avoid interaction of the discharges with 
the vertical cavity wall. The electrodes are cast in epoxy to 
prevent from discharges at the electrode edge.   
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Figure 1. Schematic picture of test object (rotational symmetry). Measures 
are given in millimeter. 

3  MODELING 
The model describes PD in the test object and is used to 

dynamically simulate the sequence of PDs at different applied 
frequencies. The model contains four main parts that are 
described in the following sections. These are: the calculation 
of the electric potential distribution in the test object at each 
time step (Section 3.1); the electron generation in the cavity 
and determination of time for next PD (Section 3.2); the 
discharge process (Section 3.3); and the apparent charge and 
surface charge decay (Section 3.4). Output from the model is 
the voltage over the cavity center at each time step, the total 
current through the test object at each time step, and the point 
of time and apparent charge for each PD. Figure 2 shows a 
flowchart of the model and Table 1 gives a list of symbols 
used in the model.  

The measurement circuit contains a filter impedance and a 
detection impedance [1]. The voltage drops over these are 
small in comparison to the voltage drop over the test object 
and are neglected in the model. The filter impedance also 
introduces a small phase shift (< 1 degree) between the 
applied voltage and the voltage over the test object. This 
phase shift is adjusted for in the software of the measurement 
system and do not need to be accounted for in the model.  

3.1 ELECTRIC POTENTIAL 
It is assumed that all PDs occur at the centre of the cavity 

where the applied electric field is strongest. Hence the electric 
potential distribution in the test object is axi-symmetric. The 
potential distribution is governed by equation (1) where V is 
electric potential, σ is conductivity, ε0 is vacuum permittivity 
and εr is relative permittivity. 

( )0 0rV V
t

σ ε ε∂⎛ ⎞∇ ⋅ − ∇ − ∇ =⎜ ⎟∂⎝ ⎠
 (1) 

It is further assumed that charge can move on the cavity 
surface due to conduction. Therefore condition (2) is imposed 
on the cavity surface where Vsurf is the potential on the surface 
and σsurf is the conductivity of the surface.  
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The potential distribution in the test object is calculated in 
each time step from equations (1) and (2) by use of the finite 
element method (FEM).  

3.2 ELECTRON GENERATION 
It is assumed that the generation of free electrons in the 

cavity is dominated by surface emission from the cavity walls. 
The electron generation rate Ne (number of electrons 
generated per time unit) is modeled as 
 

( )0( ) exp ( )e e cav critN t N U t U=   (3) 

 
where Ucav is voltage over the cavity centre, Ucrit is critical 
voltage for discharge and Ne0 is a constant. Hence the electron 
generation rate increases with increasing electric field. The 
simple expression (3) for the electron generation rate is 
inspired from the Richardson-Schottky law [4] and is used since 
a number of the material parameters in the Richardson-Schottky 
law are unknown.  

The probability that a free electron is generated in the 
cavity in the time interval [t,t+Δt] is assumed to be Ne(t)Δt, 
provided that |Ucav|>Ucrit. The corresponding distribution 
function for PD is 

0

( ) 1 exp ( )
t

eF t N t dt
⎛ ⎞

′ ′= − −⎜ ⎟
⎝ ⎠
∫  (4) 

The time point of PD in the cavity is simulated from this 
distribution function by use of a random number R (0 ≤ R ≤ 
1). This is done in the following way: Each time there is a 
possibility of PD (that is |Ucav| exceeds Ucrit) the future values 
of Ucav (provided there is no PD) are calculated until |Ucav| 
drops below Ucrit again. This corresponds to step a and b in 
Figure 2. The future values of Ucav are then used to calculate 
the future values of Ne and accordingly to calculate F (step c 
and d in Figure 2). If F is always less than R there is no PD 
(return from step e to step a in Figure 2). Otherwise a PD 
occur at the point of time when F exceeds R (continue from 
step e to step f in Figure 2). This event-controlled modeling 
technique gives much shorter simulation times than if the 
FEM-solver is interrupted in each time step to check whether 
or not there is PD.   

3.3 DISCHARGE PROCESS 
A discharge in the cavity is modeled dynamically by 

increasing the conductivity in a cylinder (radius rcyl) centered 
inside the cavity and extending from the lower to the upper 
cavity wall (step g in Figure 2). Increasing the conductivity in 
the cylinder results in a current flow through the cavity and a  
corresponding decrease in Ucav (step h in Figure 2). As Ucav 
drops below a certain level called Uext, the conductivity of the 
cylinder is decreased and the discharge extinguishes (step i in 
Figure 2). It is assumed that all PDs in the cavity affect the 
same area on the cavity surface and hence the radius of the 
discharging cylinder is constant.  
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1. Set parameter values

2. Initialize Comsol Multiphysics model

3. Loop over time

f) Solve for V until time
for PD as given in (e)

g) START PD: Increase
cavity conductivity and
decrease time step.

h) Solve for V until
|Ucav| - Uext < ExtTol

i) STOP PD: Decrease
cavity conductivity and
increase time step.

d) Calculate distribution
function F for PD

e) Simulate time for PD
from F by use of a
random number R

c) Calculate electron
generation rate Ne for
future V

a) Solve for V until
Ucrit - |Ucav| < IncTol

b) Assume there will
not be any PD. Solve
for future V until
|Ucav|-Ucrit < FutTol

Yes
There is PD
   (F > R)

No

4. Collect results
 

 
Figure 2. Flowchart of model. 

 

 
 

3.4 CHARGE 
The dynamical modeling of the discharge process 

makes the model charge consistent. Therefore there is no 

need for λ-functions and analytical estimations of the 
apparent charge [5], which is otherwise common in PD 
models since the discharge process is usually modeled as 
an instantaneous change in the charging of a capacitance 
[4]. In the model presented here the apparent charge is 
calculated numerically by time integration of the total 
current through the test object. The total current is 
calculated by integrating the current density over the 
surface of the lower electrode.  

The decay of surface charge in the cavity is modeled as 
conduction on the cavity surface and is governed by (2). 
In addition, the cavity surface conductivity (σsurf) is 
modeled as dependent on the amount of charge present on 
the cavity surface. The reason for this is discussed in 
Section 5.1 in connection to the simulation results. After a 
PD in the cavity σsurf is set to a high value (σSurfHigh). This 
value is maintained until the total amount of charge Q 
(without sign) on the upper horizontal cavity surface 
drops below a critical level called Qcrit. Then σsurf is 
changed back to its initial low value (σSurfLow). The 
conductivity is the same over the whole cavity surface.  

3.5 SIMULATIONS 
The FEM calculations of the potential distribution in 

the test object are performed with Comsol Multiphysics® 

3.3a [6]. Since the potential distribution is axi-symmetric 
a 2D model geometry and mesh is used (see Figure 3). 
The mesh has 4160 triangular elements and is refined 
inside the cavity and at the electrode surfaces where the 
potential is of most interest. Equation (2) is implemented 
in Comsol Multiphysics® in 1D by use of the Weak Form 
Boundary application mode. The model has totally 8757 
degrees of freedom. To avoid initial transients in the 
potential distribution, the initial conditions are chosen as 
the solution after one period of applied voltage without 
any PD.   

The parameter values used in the simulations are shown 
in Table 2. The sequence of PDs in the cavity is simulated 
for 100 – 500 periods of applied voltage with amplitude 
11 kV and frequency 0.01 – 100 Hz. Simulating 100 
periods on a 2.33 GHz Xeon E5345 processor with 8 GB 
RAM took 10 – 15 h, depending on the number of PDs 
per voltage cycle. 

During the discharge process the time step used in the 
simulations is decreased to resolve the fast changes in the 
electric potential distribution. Furthermore the 
conductivity of the cavity during discharge is chosen 
relatively low (10-4 S/m) to avoid too fast changes in the 
electric potential causing numerical problems. This value 
of the cavity conductivity is however high enough to 
make the cavity discharge in a very short time (about 0.2 
μs) compared to the shortest period time of the applied 
voltage used in this study (10 ms). The values of the 
parameters Ucrit, Uext, Ne0, rcyl, σSurfHigh and Qcrit used in 
the simulations are discussed in connection to the 
simulation results in Section 5.  

Table 1. List of symbols used in the model. 

Symbol Description 

V Electric potential 
Ucav Voltage over cavity centre 
Ucrit Critical voltage for PD 
Uext Critical voltage for extinction of PD 
IncTol, FutTol, ExtTol Tolerance for the FEM-solver stop  

conditions |Ucav|=Ucrit, |Ucav|=Ucrit and 
|Ucav|= Uext, respectively 

Ne Electron generation rate  
F Distribution function for PD 
R Random number 
rcyl Radius of discharging cylinder 
Vsurf Electric potential on cavity surface 
σsurf Conductivity of cavity surface 
σSurfLow Cavity surface conductivity without surface 

charge decay 
σSurfHigh Cavity surface conductivity during surface 

charge decay 
Qcrit Critical charge level for surface charge 

decay 
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Figure 3. Model geometry and mesh (symmetry axis r = 0). 

 

 
4  EXPERIMENTAL RESULTS 

Removing a small sector of the middle polycarbonate plate 
in the specimens (creating a ventilated cavity) did not 
influence the measurement results. Hence possible pressure 
changes in the cavity during measurements did not influence 
the PD activity significantly. After measurements a whitish 
circular area (radius about 2.5 mm) was visible on the cavity 
surface in the specimens, possibly corresponding to a layer of 
discharge by-products.  

4.1 APPLIED VOLTAGE AMPLITUDE 
At applied voltage amplitude below 7 kV there were no PDs 

in the test object and below 9 kV the PD activity was erratic. 

The inception voltage of the test object can be approximated 
from Paschen’s law [7] for gaseous breakdown between plane 
metal electrodes. Paschen’s law predicts a breakdown voltage of 
2.7 kV for an air-gap of 0.5 mm (atmospheric conditions). 
Neglecting the effect of surface charge in the cavity, this 
corresponds to a PD inception voltage of 7 kV for the test 
object, in agreement with the measured value.  

For applied voltages with amplitude in the range 9 – 11 kV 
there were no significant differences in PD frequency 
dependence. Therefore only results for voltage amplitude 11 kV 
are displayed in this paper.  

4.2 FREQUENCY DEPENDENCE 
Figures 4a to 4e show the results from a measurement at 

applied voltage amplitude 11 kV and frequency decreased from 
100 to 0.01 Hz. The PD activity in the cavity clearly changes 
with the applied frequency. The spread in phase and magnitude 
of the PDs differ greatly between different frequencies. 
Moreover the number of PDs per voltage cycle is higher at 100 
Hz than at lower frequencies.   

At 0.1 Hz (Figure 4b) the PD magnitude is about constant 
(500 pC) and PDs occur at one distinct phase position per voltage 
half cycle. Hence the PD activity is approximately deterministic 
without significant influence from the statistical time lag. There 
are only 2 PDs per voltage cycle and no PDs occur near the 
zero-crossings of the applied voltage. This implies that there is 
a significant decay of surface charge in the cavity. The phase 
position is about 40 degrees for positive PDs and 215 degrees 
for negative PDs. If no surface charge is present, these phase 
positions correspond to a voltage of about 2.7 kV over the 
cavity midpoint. This is similar to the cavity breakdown 
voltage predicted by Paschen’s law. Therefore it was assumed 
that approximately no surface charge is present as the PDs 
occur and accordingly that all surface charge decay between 
consecutive PDs at 0.1 Hz. 

At 1 Hz (Figure 4c) the PD pattern is similar to that at 0.1 
Hz with most PDs having the same magnitude and phase 
position. In contrast, at 10 Hz (Figure 4d) the PDs have 
magnitudes about 500 to 800 pC and there is a considerable 
spread in phase position. This is probably an effect of the 
statistical time lag and appears at higher frequency due to the 
shorter period time. 

The PD activity at 100 Hz (Figure 4e) is different from that at 
lower frequencies. The PD magnitude ranges from 500 pC down to 
below the discrimination level of the measurement system (set to 
50 pC) and there is a wide scatter in phase. The spread in phase and 
magnitude implies a significant influence of the statistical time lag. 
The recorded number of PDs per voltage cycle is 5 but is likely 
even higher in reality since some PDs are discriminated by the 
measurement system. Partial discharges occur also at zero-
crossings of the applied voltage which means that not all surface 
charge decay between consecutive PDs at 100 Hz.  

  Finally, at 0.01 Hz (Figure 4 a) the PDs have magnitudes 
between 500 and 1100 pC, indicating a statistical effect. The 
variation in PD phase is large with PDs occurring also at zero-
crossings of the applied voltage. Hence not all surface charge 
decay between consecutive PDs at 0.01 Hz either.  

Table 2. Parameter values used in the simulations. 

Name Value 

Applied voltage amplitude 11 kV 
Frequency of applied voltage (f) 0.01 – 100 Hz 
Periods of applied voltage at each 
frequency 

100 (f ≤ 0.1 Hz) 
500 (f ≥ 1 Hz) 

Time step (not during PD) 1/(2000f) s 
Time step during PD 1 ns 
Ucrit 2.72 kV 
Uext 10 V ( f ≤ 10 Hz) 

2.4 kV (f = 100 Hz) 
Ne0 0.02 s-1 (f = 0.01 Hz) 

100 s-1 (0.1 ≤ f ≤ 10 Hz) 
500 s-1 (f = 100 Hz) 

Permittivity of polycarbonate  3.0 
Conductivity of polycarbonate 10-15 S/m 
Permittivity of epoxy 5.2 
Conductivity of epoxy 10-15 S/m 
Permittivity of cavity 1 
rcyl 2.8 mm 
Conductivity of cavity (not PD) 0 
Conductivity of cavity during PD 10-4 S/m (r ≤ rcyl) 

0 (r > rcyl) 
σSurfLow 10-15 S  
σSurfHigh 3x10-15 S (f = 0.01 Hz) 

2x10-11 S (f ≥ 0.1 Hz) 
Qcrit 10 pC 
IncTol, FutTol, ExtTol 1 % 
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5  SIMULATION RESULTS 

Figures 4f to 4j show the results from simulations at the same 
applied voltage amplitude, frequencies and number of periods as 
for the measurement shown in Figures 4a to 4e. All parameter 
values used in the simulations are shown in Table 2. The electron 
generation rate (Ne0), cavity surface conductivity (σsurf) and PD 
extinction voltage (Uext) were adjusted to reach agreement with 
the measurement results at different frequencies. The critical 
voltage (Ucrit) for PD in the cavity was set equal to the Paschen 
breakdown voltage (2.72 kV) since this value also agrees with 
the measured inception voltage for the test object. The value of 
Uext was set low but nonzero (10 V) to give total discharge 
without causing numerical problems.  

5.1 FREQUENCY 0.1 – 10 Hz 
Since the measured PD activity at 0.1 Hz is approximately 

unaffected by the statistical time lag, it can be assumed that PDs 
start at voltage Ucrit over the cavity midpoint at this frequency.  
Hence the simulation at 0.1 Hz can be used to determine the 
radius (rcyl) of the discharging cylinder in the model. It was 
found that rcyl should be 2.8 mm to give PD magnitude 500 pC 
in absence of time lag. This value of rcyl is similar to the radius 
of the whitish area observed on the cavity walls after 
measurements.  

From the measurement at 0.1 Hz it was concluded that 
approximately all surface charge decay between consecutive 
PDs at this frequency. In the simulation at 0.1 Hz the lowest 
value for the cavity surface conductivity (σsurf) that fulfilled this 
condition was 2x10-13 S. However, when σsurf was kept at this 
value throughout the whole simulation, no PDs occurred at all 
since conduction on the cavity surface reduced the voltage over 
the cavity to below Ucrit. This fact implied that, when modeling 
the decay of surface charge as conduction on the cavity surface, 
σsurf cannot be constant. Instead σsurf must be higher when there 
is charge from a PD present on the surface than otherwise. This 
is the reason for modeling σsurf as dependent on the surface 
charge, as described in Section 3.4. There are experimental 
studies by other authors [8] showing that the mobility of surface 
charge on insulating surfaces increases at high charge densities. 
In this paper, the modeling of σsurf gives a simple coupling 
between mobility and surface charge, although the dynamics of 
the charge transport on the cavity surface is not resolved in 
detail.  
In the simulation at 10 Hz it was found that the surface 
conductivity during surface charge decay (σSurfHigh) must be at 
least 2x10-11 S to limit the number of PDs per voltage cycle to 2. 
With this value for σSurfHigh all surface charge also decayed 
between consecutive PDs at frequency 0.1 and 1 Hz, as 
expected. Furthermore it was found that at 10 Hz the electron 
generation rate (Ne0) must be about 100 s-1 to give the spread 
in PD magnitude as observed in the measurement. This value 
was also large enough to avoid influence from the statistical 
time lag on the PD activity at 0.1 and 1 Hz. The critical charge 
level (Qcrit) for surface charge decay was set low but nonzero 
(10 pC) to allow for total charge decay without causing 
numerical problems.  

 

 

 

 

 
Figure 4. Measurement (a – e) and simulations (f – j) at voltage amplitude 

11 kV and frequency 0.01 Hz – 100 Hz. Number of voltage periods 100 (f ≤ 
0.1 Hz) or 500 (f ≥ 1 Hz). The y-axis scaling is the same for all plots. The 
broken lines in (a – e) mark the discrimination level in the measurement 
system. 

In the final simulation at 0.1 and 1 Hz (Figures 4g and 4h) 
all PDs have the same magnitude and occur at either of two 
distinct phase positions. This results in a PD pattern with two 
very small dots, each representing half of the PDs. For 
clarification the locations of these dots are marked with 
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arrows in Figure 4. In contrast, the simulation at 10 Hz 
(Figure 4i) shows a spread in PD magnitude due to significant 
influence from the statistical time lag at this higher frequency. 
The variation in PD phase and magnitude is consequently 
larger in the measured PD patterns than in the simulated 
patterns. In the measurement there is probably natural 
variations in the PD start and stop conditions, and in the 
extension of a PD on the cavity surface. In the simulations 
these parameter are constant, resulting in less phase and 
magnitude variation.     

5.2 FREQUENCY 0.01 AND 100 Hz 
It was not possible to simulate the PD patterns at 0.01 and 

100 Hz with the same parameter values that were used at 0.1 – 
10 Hz. Instead, in the simulation at 0.01 Hz (Figure 4 f) the 
values of σSurfHigh and Ne0 were decreased to 3x10-15 S and  
0.02 s-1, respectively. This was necessary to produce the same 
spread in PD phase and magnitude as observed in the 
measurement. With this low value of σSurfHigh not all surface 
charge decay between consecutive PDs. This is manifested by 
PDs occurring earlier in phase than in the simulations at 0.1 – 
10 Hz, including also at zero-crossing of the applied voltage. 
The simulation at 0.01 Hz clearly shows that there is a radical 
change in some of the cavity surface properties at this 
frequency, causing slower surface charge decay and reduced 
emission of electrons. Probably this is due to the long time 
between consecutive PDs at 0.01 Hz, compared to at higher 
frequencies. The reduction in electron emission can be 
explained by diffusion of charge from shallow traps into 
deeper traps in the cavity surface.  

To simulate the smallest PDs in the measured pattern at 100 
Hz, it was necessary to increase the value of the PD extinction 
voltage (Uext) to 2.4 kV. In addition, the value of Ne0 was 
increased to 500 s-1 in order to give the same number of PDs 
per voltage cycle and the same spread in PD phase and 
magnitude as the measurement. Hence also at 100 Hz there is 
a radical change in the cavity surface properties, probably due 
to the short time between consecutive PDs at this frequency. 
Since less surface charge has time to decay at 100 Hz than at 
lower frequencies, more charge remains in shallow traps in the 
surface. This enhances the electron emission and might also 
influence the discharge mechanism in the cavity, which could 
explain the high PD extinction voltage at 100 Hz. Transition 
from streamer-like to Townsend-like discharges in a cavity 
can occur due to increase in the number of electrons in 
shallow traps in the cavity surface [9]. Moreover Townsend-
like discharges are known to have higher extinction voltage 
and smaller magnitude than streamer-like discharges. In the 
resulting simulation at 100 Hz (Figure 4j) PDs occur earlier in 
phase than in the simulations at 0.1 – 10 Hz, due to the 
remaining charge on the cavity surface. 

6  DISCUSSION 

The PD frequency dependence observed in the test object 
can be described as a combination of the effects discussed in 
Section 2.4 in [3]. There is a statistical effect in the frequency 
range 0.1 – 10 Hz, which is intensified with increasing 

frequency. It results in larger PD magnitudes at higher 
frequency. In addition, there is a reduction in surface charge 
decay with increasing frequency in the range 0.1 – 100 Hz. 
This causes PDs to occur earlier in phase at higher frequency 
and probably also causes a change in discharge mechanism at 
100 Hz. Finally, the transport of charge from shallow traps 
into deeper traps in the cavity surface increases at the lowest 
frequency (0.01 Hz), causing a statistical effect also here. The 
slower transport of charge on the cavity surface at 0.01 Hz 
than at higher frequencies probably contributes to this effect.     

In the model the dynamics of the charge transport on the 
cavity surface is not resolved in detail. The spatial distribution 
of the surface conductivity is also simplified. The conductivity 
is the same over the whole cavity surface although the PDs 
affect only part of the surface. Therefore the values used in the 
simulation for the surface conductivity during charge decay 
(σSurfHigh) should be considered as rough estimations. They are 
however not unreasonable: the surface conductivity of unaged 
polymers is typically 10-16 –  10-14 S whereas for aged cavities 
the surface conductivity can be as high as 10-12 –  10-11 S [9, 10]. 
It is mainly the simulation at 10 Hz that is influenced by the 
simplified modeling of the charge transport on the cavity surface. 
At this frequency some, but not all, of the surface charge decays 
between consecutive PDs and this makes the PD activity 
sensitive to the modeling of the surface charge transport. As a 
result it was not possible to obtain the same PD phase and 
magnitude distribution in the simulation at 10 Hz (Figure 4 i) as 
observed in the measurement.  At 0.1 – 1 Hz all surface charge 
decay and at 0.01 and 100 Hz nearly no surface charge decay 
between consecutive PDs. In both these cases the PD activity is 
essentially unaffected by the detailed modeling of the charge 
transport on the cavity surface.  

It is assumed in the model that all PDs in the cavity affect 
the same area on the cavity surface. This gives that only the 
statistical time lag can cause spread in discharge magnitude in 
a simulation. However, in reality variations in the PD start and 
stop conditions and variations in the extension of a PD on the 
cavity surface may also contribute to the spread in discharge 
magnitude. Hence, although the statistical effect is considered 
as main cause for spread in discharge magnitude, it may be 
slightly overestimated in the simulations.  

7  CONCLUSION 

In this paper, the PD activity in a disc-shaped insulated cavity 
is measured and simulated at applied frequency in the range 0.01 
– 100 Hz. The measurement results show that the PD activity is 
frequency dependent. Both the distribution in PD phase and 
magnitude, as well as the number of PDs per voltage cycle, 
change with the applied frequency.  

The observed PD frequency dependence can be described as a 
variation in influence on the PD activity from the statistical time 
lag and the charge transport in the cavity surface at different 
applied frequencies.  

The simulation results show that the cavity surface 
conductivity, the emission of electrons from the cavity surface 
and the PD extinction voltage can change with the frequency of 
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the applied voltage. This is an additional source of PD frequency 
dependence and is interpreted as an effect of the difference in 
time between consecutive PDs at different applied frequencies.  

The simulation results also show that the decay of surface 
charge in a cavity through conduction on the cavity surface 
cannot be modeled with a constant conductivity on the cavity 
surface. Instead the results implicates that the cavity surface 
conductivity must depend on the amount of charge present on the 
surface.  

This is the second of two papers addressing the frequency 
dependence of PD in a cavity. The first paper described how the 
PD frequency dependence changes with the applied voltage 
amplitude, the cavity size and the cavity location. The results of 
these two papers clearly show that PD measurements performed 
at different applied frequencies hardly can be compared in terms 
of PD phase, PD magnitude or number of PDs per voltage cycle. 
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