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THE	BACKGROUND	&	APPLICATION
Wall bushing is an important component in the
HVDC system. It has a hollow structure with a high
voltage conductor (live) at the middle.

The central conductor is very heavy (>500 kg), so it
needs to be supported by insulators which are called
spacers.

With an applied DC voltage, charges will
accumulate inside and on the surface of the insulator.

Accumulated charges modify the electric field
distribution and lead to a decrease in the flashover
voltage, especially with polarity reversal.

Therefore, charge transport and accumulation is
the root mechanism responsible for the long term
change of the dielectric performance of HVDC
bushings.

My work is to optimum design principle for the
spacer based on a mathematical model including
charge accumulation process.

Spacer 



APPROXIMATION	TO	THE	SYSTEM

(a)	Internal	view	of	the	central	part	
of	the	bushing	

(b)	Cross‐sectional	view	of	the	bushing	

 Two conductors are connected by a bowl-shaped contact, and the spacer is located below
the contact to mechanically support the high weight conductors.

 The metallic barrel housing of the bushing is grounded and fitted in the wall. In the
longitudinal direction the spacer is neighbored by two copper rings circling the central
conductor.

 Cross-sectional view of an axisymmetric computational domain approximating the
discharge environment around the spacer in the real bushing.

(c)	



THE	MATHERMATICAL	MODEL

 The current density inside the insulator is 
determined by Ohm’s law (solid).

 Conservation of charges (gas) 
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BOUNDARY	CONDITIONS

For the positive and negative ions, it is assumed
that when a strong electric field points away from a
solid surface, which is either conducting or
insulating, the number density of positive ions will
be zero under steady state while negative ions will
be detached, in its course moving towards the solid
surface, into a neutral molecule and an electron
which is subsequently absorbed by the solid
surface.

When the electric field points into the solid surface,
negative ions are depleted and their density on the
interface is zero. Positive ions attracted towards the
surface are neutralised by electrons emitted from
the solid material through field emission.



VALIDATION & VERIFICATION
 Experimental cases 

 The experimental cases with different insulator shapes were
simulated with the conditions given in the experiment. The
insulators have a short length of 4 cm and diameter of 4 cm.

 The pressure of SF6 is between 2-3 bar. The filler materials are
Silica (SiO2) and Alumina(Al2O3).

 The measurement was taken for different application duration of
the DC voltage, from 2 to 200 hours. It appears that for the cases
studied, steady state is reached in two hours.



 Results and comparisons

Figure 3 Comparisons of measurement and simulated results. Small circles – measured surface charge density;
large circles – average value of measured charge density; solid curves – from simple model in [9]; red dashed curve
– present work.

 It is to be noted that the measurement was taken for different application duration of
the DC voltage, from 2 to 200 hours. It appears that for the cases studied, steady
state is reached in two hours.

 From the measurement, it is clear that surface charge is not uniformly distributed
along the circumference of the cylinder. In fact, it has a large variation due to
unexplained reasons.

 When the measurement scattering is small, our prediction agrees better with the
average values from the measurement.
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RESULTS	&	DISCUSSION

Figure 7 The surface charge distributions of four types sample spacers. The applied voltage is -200 kV.

 Less charge is accumulated on the surface of shape A because current is flowing
in the axial direction only inside the insulator and in regions near the interface.

 With both embedded electrodes, radial electric field component becomes stronger
and more charges accumulated on the interface, as in cases B and C.

 Insulator B has more charges accumulated on its surface because of the stronger
radial electric field in comparison with case C.



RESULTS	&	DISCUSSION

Figure 9 Electric field strength on the interface in the gas side,
the applied voltage is 800 kV.

Figure 10 Surface charge density within the real spacer shape, the applied
voltage is 800 kV.

 The field strength near the triple junction reaches 2.5×106 V/m where the
negative ions have a relative low number density (Figure 10).

 The positive and negative spikes in Figure 9 occur on part of the surface with
grooves to increase the creepage distance. The spikes are due to sudden change of
the tangential direction of the surface profile line.

 As shown in Figure 10, because of the discontinuity in electric permittivity and the
normal electric field component, charges accumulate on the spacer surface.



CONCLUSION

A model for charge transport around HVDC insulators has been developed and
verified. Results show that there is large variation of ion number density in space
due to the drift of ions under the applied electric field and the concept of
electrical conductivity is no longer valid in the gas. The surface electric field
distributions can be significantly influenced by the shape of the electrode.
Further effort is needed to verify the model using more experimental results,
especially in situations where ionisation exists due to local partial discharges. It
is also necessary to extend the model to include a surface layer for cases where
surface coating is used to optimise the performance of insulators.
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PHYSICAL	MECHANISMS	
In steady state under DC stress an insulator behaves as a resistive component.
The conduction current inside the solid material is controlled by the
availability of electrons in the conduction band, i.e. delocalized valence
electrons. From Gauss’s Law, we can have,


