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ABSTRACT Electricity distribution networks are built to deliver increasing amount of electricity from
distributed energy resources (DERs) such as offshore and onshore wind and solar farms. Aging of network
assets through low-current surface discharges is becoming a great concern for the security and reliability
of the distributed energy supply. In particular coastal conditions can present a challenge for overhead line
insulators through the environment of salt fog. Also, onshore areas may expose power lines to clean fog and
agricultural or industrial pollution. In this paper, experimental studies are conducted to investigate electrical
arc formation and growth on insulators, following the testing standards in accordance with IEC 61109.
Dry-band arcs in both clean-fog and salt-fog environments are compared. It is identified that arcs are much
faster to develop and have greater energy in salt-fog environments, due to the lower surface resistance and
resulting higher leakage current. The time from a first arc to strike, to the situation where the arc is stable on
the insulator surface is identified as a potentially critical parameter in controlling aging of an insulation
surface. The time from initial appearance of an arc to full stability is eight times shorter in a salt fog
of 16,000 uS/cm compared to a clean fog of 600 «S/cm. This means the very existence of a stable low-
current arc is much more likely in polluted conditions. Accumulated arc energy and heat dissipation have
been calculated for both fog conditions. It is concluded that aging by low-current electrical arcs tends to be
more severe in salt-fog environments, so that great care needs to be taken when designing overhead lines
and insulators in such areas.

INDEX TERMS Arc discharges, insulators, accelerated aging, power dissipation, salt fog, clean fog,

dry-band arc, leakage current, distribution network, non-ceramic insulator, composite insulator.

I. INTRODUCTION
Aging of outdoor insulation under low amplitude leakage
currents is a concern for the long-term reliability of elec-
tricity distribution networks. Overhead line elements such as
insulators and ADSS (All Dielectric, Self-Supporting) cables
are subject to electric fields, leakage currents, and resulting
surface discharges such as dry-band arcs [1]-[3]. Electrical
arcs lead to erosion and chemical damage thereby reducing
the reliability of polymeric insulation materials [4], [5]. This
may eventually lead to the mechanical failure of composite
insulators, contributing to transmission line faults [6], [7].
Moisture in an outdoor environment contributes to the
electrical discharge process by reducing surface resistance

and distorting local electric fields [8]. It can also lower the
threshold voltage for flashover [9], [10]. Fog is a major source
for moisture deposition on transmission line assets. In partic-
ular, research on arc formation and polymer aging has been
reported in both clean fog [11]-[13] and salt fog [14]-[16],
but with limited comparison between the two [17].
Furthermore, special care needs to be taken when design-
ing or selecting insulators for offshore or contaminated areas
where salt fog is prevalent. This should be considered as a
different aging environment from clean-fog areas, especially
for the growth of electrical discharges. For this reason, under-
standing the development of electrical arcs in different fog
environments becomes necessary.
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In this paper, insulation samples are tested in both clean-
fog and salt-fog environments. Studies focus on the devel-
opment of low-current arcs, and the features of arc voltage,
current and energy of both tests are compared. Accumulated
heating effects from the arc on the insulation surface are
also compared. More severe aging has been observed from
electrical arcs in the salt-fog environment.
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FIGURE 1. Test arrangement to enable voltage and current measurements
of low-current arcs in fog environments.

Il. EXPERIMENTAL SET-UP AND TEST PROCEDURE

A. TEST ARRANGEMENT

Figure 1 illustrates the arrangement for testing in a fog envi-
ronment. The transformer provided single-phase AC volt-
age up to 42 kV at its secondary side. A current-limiting
resistor (representing the passive surface resistance of an
insulator surface) was used to limit the leakage current to
less than 10 mA. A 60 cm long, commercially manufactured
fibre-glass reinforced rod sheathed in silicone rubber was
used as the test sample. This structure, which represents a
typical composite insulator core without sheds, was used to
simplify the test. The sample was suspended horizontally
in the fog chamber, with the high voltage end connected to
the transformer secondary via the current-limiting resistor,
and the low voltage end attached to the earthed frame via a
1 k2 current-measuring resistor. The horizontal sample lay-
out allowed uniform and stationary moisture deposition. The
profound impact of inclining the insulator to the horizontal,
and enabling moisture movement on the surface, is reported
elsewhere [18], [19]. The connections between the test circuit
and sample were formed by wrapping copper strip tightly
around the rod, with a separation of 50 cm.

The fog was generated in a sealed and waterproof chamber
of dimensions 2.57 m x 2.57 m x 2.54 m (L x W x H), and
a total volume of 16.8 m3. A 1.25 m x 0.9 m glass window
allowed visual observation of the experiment by the chamber
operator, although a full fog can obscure the experiment. Six
nozzles were placed around the internal wall of the chamber,
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fed from a compressed-air pipeline and a water pipeline. Air
was supplied from a compressor with a maximum output
of 100 psi. Water was pumped from a 220 litre tank filled
with a solution to produce either clean water or salt water
determined by the test specification. The salt-fog tests were
in accordance with IEC 61109.

Control of the fog environment included fog precipitation
rate and applied voltage. The air pressure regulator and pump
valve controlled the fog injection. The precipitation rate was
6.7 &+ 1.7 l/hr, with the air pressure set to 1 bar. Prior to
running a test, the chamber precipitation rate was verified by
accumulating deposits in an open-top vessel on the chamber
floor. Voltage control was by a National Instrument Labview
system controlling a motor to step up or down the rheostat
feeding the transformer. A series of interlocks and over-
current trip switches ensured safety and security.

The data measurement and acquisition system included a
10,000:1 voltage divider to measure the voltage across the
sample. A 1 k2 current measurement resistor was used to
determine the leakage current flowing on the sample surface.
Both voltage and current signals were recorded by Labview.
A high speed video camera was used to capture the electrical
discharge images.

B. TESTS IN CLEAN-FOG CONDITIONS

Clean fog was produced using Manchester tap water with
conductivity of 600 uS/cm. The AC voltage was varied from
20 kV to 42 kV for each individual test. The current-limiting
resistor was 2 M. The sample surface was uniformly rough-
ened with abrasive paper to reduce its surface hydrophobicity
to encourage fog adhesion on the sample in a short time. The
effects of continuous fog deposition and the high voltage gra-
dient across the sample enabled a dry-band arc to form. The
process typically took approximately three hours. The traces
of arc voltage and current were measured and synchronized
with arcing images.

C. TESTS IN SALT-FOG CONDITIONS

Salt fog was prepared from salt (NaCl) mixed with water to
achieve a conductivity of 16,000 nS/cm. Otherwise the test
conditions were replicated from the clean-fog case. Due to the
high conductivity of the salt water deposited on the insulator,
arcs tended to strike very quickly and were sustained for more
than three hours with relatively stable arc lengths.

IIl. TEST RESULTS

A. ARC DEVELOPMENT IN CLEAN-FOG CONDITIONS
Figure 2 shows the measured voltage and current curves
from the test inception to the condition of a stable arc being
developed. Owing to the distorted shape of measured current
profiles, and because it is the point-on-wave voltage that
controls discharge properties [18], the leakage current or arc
current is described by using peak values rather than
RMS values. The following development stages have been
identified:
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FIGURE 2. The voltage and current waveforms as a dry-band arc develops
in a clean-fog test.

1. In the early stages, when the sample surface is still dry,
the leakage current presents a peak value of 14 uA, which
is low due to the excellent dielectric properties of silicone
rubber. Also, the current leads the voltage by 90°, showing a
capacitive characteristic as shown in Figure 2 (a).

2. After the sample surface has become wet due to fog
deposition, the surface impedance reduces and the leakage
current begins to grow. In the meantime, the leakage current
gradually becomes in-phase with the voltage, shifting from
capacitive (for the dry silicone rubber) to resistive (for the
wetted surface) as seen in Figure 2 (b) and (c). The current
and voltage traces are ultimately in phase with each other
after 220 seconds, and the magnitude of leakage current
significantly increases to 156 A as shown in Figure 2 (d).

4. As the sample surface continues to become wetter form-
ing a thicker layer of clean-fog deposit, the leakage current
begins to distort after 470 seconds as shown in Figure 2 (e).
Low-current discharges are present along with the current
distortion, increasing the leakage current from 0.4 mA to
1.2 mA as shown in Figure 2 (e)-(g).

5. As the leakage current increases above 0.8 mA, dry-band
arcs occur as shown in Figure 2 (f). Initially there are several
unstable arcs striking on the sample surface, but finally one
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FIGURE 3. The transformation from several arcs to one single arc on the
insulator surface in a clean fog. Images were taken at 20 mins and
50 mins into the test, associated with traces in Figure 2 (f) and (h).

single arc dominates as shown in Figure 3. After approx-
imately 50 minutes of the test running, the dry-band arc
becomes stable with relatively constant length and repeatable
voltage and current profiles for every power cycle as shown
in Figure 2 (h).
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FIGURE 4. Arc development in a salt-fog test with arc (leakage) current
rising from 1.5 mA to 4.0 mA.

B. ARC DEVELOPMENT IN SALT-FOG CONDITIONS

In the salt-fog tests, shifting of the relative phases between the
voltage and current occurs in a similar way as in the clean-fog
test. However, dry-band arcs tend to develop much quicker
than in the clean fog, with an arc striking within 5 minutes of
initial fog injection. Figure 4 records the current and voltage
profiles for different stages of arc development:

1. The wetting process in the salt fog is similar to the clean-
fog case, driven by the same fog precipitation rate. After
approximately 1-2 minutes of water deposition, initial current
distortion appears at a level of 1.5 mA in Figure 4 (a).

2. In the next few minutes, the peak leakage current rises
to 3 mA as salt-water deposition increases on the insulation
surface as shown in Figure 4 (b) and (c).
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FIGURE 5. Arc growth from initial length of 18.3 mm to 38.1 mm in
salt-fog test. Images were taken at 5 mins, 10 mins and 20 mins into the
test, associated with traces in Figure 4 (d), (e) and (f).

3. Within 5 minutes after the start of the test, an initial arc
strikes with a peak current of ~3 mA, and the formation of
a dry-band area begins as illustrated in Figure 4 (d). The arc
current keeps growing to 3.5 mA as shown in Figure 4 (e).

4. After approximately 20 minutes, the arc current grows to
a peak of 4 mA, and becomes stable (with a constant physical
arc length) following the establishment of equilibrium as
shown in Figure 4 (f). Images to record arc length from initial
strike to full length are shown in Figure 5.

IV. ANALYSIS

A. CHANGE OF SURFACE PROPERTIES

In the first 220 seconds of the clean-fog test, the voltage
and current traces were initially 90 degrees out of phase, and
gradually became in phase, as shown in Figure 6.
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FIGURE 6. Summary of phase shift and current increase
within 220 seconds in the clean-fog environment.
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FIGURE 7. Electrical model of silicone rubber sample surface in dry and
wet conditions.

In Figure 7, a simple electrical model is proposed to sim-
ulate the change of surface properties. The sample surface is
represented by a capacitor parallel with a variable resistor.
When the sample surface is still dry, the variable resistor taps
at point ‘a’ with an extremely high value. The majority of
leakage current is flowing through the capacitor, giving an
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initial dry current of 14 A corresponding to a capacitance
of ~1 pF. The current leads the voltage at this stage. When
the sample becomes wet due to fog deposition, the resistance
drops dramatically, reaching its lowest value when the surface
is fully wetted (around 6 M2 for the clean-fog case). When a
dry-band arc is present, the leakage current is limited by the
series combination of the wet surface resistance (6 M) and
the arc resistance (4 MQ).

Observations in the change of surface properties during the
salt-fog test are similar. In this case, the wet surface resistance
(0.85 k€2) is relatively low due to the high conductivity of the
salt solution.
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FIGURE 8. Voltage and current behavior of stable low-current dry-band
arcs in: (a) clean fog, (b) salt fog.

B. ARC VOLTAGE AND CURRENT

Figure 8 shows the voltage and current traces of dry-band
arcs in both clean-fog and salt-fog environments. For the
salt-fog environment, the measured voltage during the arcing
period drops significantly from 38 kV to 15 kV, but for the
clean-fog environment, the measured arcing voltage does not
fall dramatically when the arc is burning. The reason for the
difference is that the voltage signal measured between the two
ends of the sample includes the voltage across both the arc
and wet surface. The salt-water surface yields a resistance as
low as 0.85 k€2. Because of the relatively high arc resistance
of 4 MQ, the salt-water surface only sees 0.02% of the
measured voltage. In contrast, the resistance of the clean-
water layer has a value of 6 M€2, which takes up to 60% of
the measured voltage. Therefore, the measured voltage in the
clean fog is largely across the clean-water surface. As aresult,
the energy dissipated in the clean-water surface needs to be
deducted when calculating arcing energy in the next section.

The arcing current is higher in the salt-fog environment
compared to the clean fog as shown in Figure 8. This is due to
the conductivity of the salt water on the surface which allows
higher leakage current to flow. Therefore, the salt fog is a
more severe aging environment for test samples.

The non-linear voltage-current (V-I) characteristics for
dry-band arc development from 1.5mA to 4.0mA are shown
in Figure 9. For each current level, V-I curves have symmetry
across the positive and negative domains. In each half cycle
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FIGURE 9. Voltage - current (V-1) characteristics of dry-band arcs for
current levels from 1.5 mA to 4.0 mA in salt-fog tests.

the geometry of the V-I curves yield a triangular shape with:
point B (B’ in the negative half cycle) identifying arc ignition,
point C (or C" ) the peak in current during the arc develop-
ment, and point A (or A”) the point of arc extinction.

TABLE 1. Summary of arc formation time and time to arc stability.

Source . . Time to Arc
Fog Type Voltage Arc Formation Time Stability
Clean fog 42 kV 20 minutes 50 minutes
Salt fog 42 kV 5 minutes 20 minutes
Clean fog 32kV 40 minutes No stable arc
after 2 hours
Salt fog 32kV 5 minutes 20 minutes
Clean fog 20 kV ~ 1 hour No stable arc
after 3 hours
Salt fog 20 kV 5 minutes 30 minutes

Arc Formation Time: the time for an arc to form.
Time to Arc Stability: the time from its initiation for an arc to become
stable.

C. ARC DEVELOPMENT TIME

Two defining time periods can be identified in the arc devel-
opment: the time for the arc to form, and the time by which
it becomes stable. The ‘arc formation time’ represents the
period from applying the source voltage to striking the first
arc. The ‘time to arc stability’ describes the period from
the initial arc striking to creating a stable arc in terms of
repeatable voltage and current profiles, and fixed physical
length. A range of tests has been conducted in both clean-fog
and salt-fog conditions under three different voltage levels.
Results are summarized in Table 1. For each voltage level,
salt fog encourages faster arc formation and stabilization
than clean fog. This is due to the higher leakage current
present along the conductive salt-water surface, leading to
more rapid heating and formation of a dry-band area through
Joule heating, and its stabilization by a higher current arc.

D. ARC POWER AND ENERGY

Instantaneous arc power is calculated in (1), based on the
acquired voltage and current traces [18]. Figure 10 shows an
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FIGURE 10. Instantaneous arc power for dry-band arc with 4 mA peak
current in a salt fog.

example of calculated arc power for a 4.0 mA dry-band arc in
the salt-fog test. The instantaneous arc power has non-linear
characteristics given by:

Pa () = ua () X ia (V) ey

where p,(t) is the instantaneous power of the arc, u,(t) is the
measured arc voltage, and i,(t) is the measured arc current.
Arc energy per cycle is calculated based on the instanta-
neous arc power as shown in (2). The data acquisition system
makes 800 discrete measurements per cycle length of 20 ms.
The cycle contains two peaks of arc power [19]. Ecycle , the arc
energy per cycle, is given by:
800
Ecycle = Z (pa (tn) + pa (ta+1)) X ty (2)

n=1

where p,(ty) is the instantaneous arc power at the n sample
point, and t;, is the interval sampling period of 0.025 ms.
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FIGURE 11. The development of arc energy per cycle in clean-fog and
salt-fog environments; Source voltage is 42kV.

Figure 11 shows the development of arc energy (per cycle)
as time elapses in both clean-fog and salt-fog environments.
The actual voltage across the arc in the clean-fog case was
calculated from the measured voltage, compensating for the
wet surface resistance as discussed previously. Under the
same source voltage, arcs in salt fog produce higher energy
than in clean fog. This is due to the salt water allowing higher
arc current. When the arc first appears in the salt fog, it has
already developed 60% of its maximum energy per cycle,
and reaches its maximum value in less than 20 minutes. This
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may be due to the large leakage current and high voltage
gradient across the dry-band area, which accelerates the arc
development process. In contrast, arc energy in the clean
fog tends to develop gradually. From the initial strike to
full energy takes over 50 minutes. This is caused by lower
conductivity in clean water, limiting the leakage current and
voltage gradient across the dry band.

Eventually, arc energy tends to reach equilibrium in both
clean-fog and salt-fog tests, which represents a stable equi-
librium between arc heating evaporating water and water
deposition from the fog.

V. DISCUSSION

A. ACCUMULATED ARC ENERGY IN DIFFERENT FOG
ENVIRONMENTS

Experimental observation indicates that a dry-band arc can
be sustained for a fairly long period (minutes or even hours)
if equilibrium is achieved on the insulator surface between
the arc and fog environment. Also the test surface is robust
against the aging processes for many hours. It is considered
that accumulated arc energy is a major aging parameter for the
material surface, due to the amount of heat and UV radiation
being generated at the fixed location. Equation (3) calculates
the total accumulated energy as time elapses:

T
Eaccum (1) = / Ecycle () dt 3
0
where Eyccum(t) is the total accumulated energy of a dry-band
arc at time t over a period T, and Ecycle is the arc energy per

cycle.
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FIGURE 12. Accumulated arc energy in clean-fog and salt-fog conditions.

Figure 12 shows the accumulated arc energy calculation
for both clean fog and salt fog. The calculation is based on the
discrete sampling points of Ecycle(t) every 20 seconds. Results
clearly indicate that an arc in a salt-fog environment tends to
convert more energy than in a clean fog. Therefore as time
elapses, arcs in salt fog may be expected to produce more
damage on an insulator’s surface due to the higher energy
accumulation.

A second point to note is that energy is generated rapidly in
arcs in the salt-fog case, suggesting that even short adventi-
tious periods will lead to a contribution to damage in polluted
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conditions. On the other hand, some time is required to
generate the conditions for stable arcs in a clean fog, and this
decreases the likelihood of damage occurring even if arcs are
initiated. This highlights the importance of ‘the time to arc
stability’.

B. ARC ENERGY DISSIPATION

To further investigate the power flow inside the dry-band arc
and from the arc to its surroundings, the physical geometry of
an arc is modeled as a cylinder as shown in Figure 13. This
approach was developed for the investigation of high current
(~500 A), low voltage (~20 V), and short (< 6 mm) arcs
between metal contacts in switchgear [20]. In this paper, such
a model is applied for the first time to dry-band arcs with
low current (1-5 mA), high voltage (10-25 kV) and between
water electrodes. A concentrated heat source of arc power
P, (t), previously defined in (1), is located in the geometrical
center of the cylinder, and dissipates heat energy to both the
cylinder’s curved surfaces and planar faces.

L

Pa(t)
®Pa(t) Pa(t) o> |
) (b)

(a (c)

FIGURE 13. Power flow calculation in a cylinder model of a dry-band
arc.(a) Cylindrical surface with a concentrated power source at its centre,
Pa(t). (b) Power flowing through the cylinder’s curved surface. (c) Power
flowing through the cylinder’s planar faces.

As illustrated in Figure 13 (b), the instantaneous power
flowing through the cylinder’s curved surface, as previously
described in [20], is given by:

L /n
Psmface(t) = Pa(t)—2 (4)
)

where P,(t) is the instantaneous arc power defined in (1), r is
the cylinder radius, and L is the cylinder length (equivalent to
arc length). As illustrated in Figure 13 (c), the power flowing
through the cylinder planar faces, Pgyc(t), also described
in [20], is:

L
T )

)

The cylinder radius r(t) of a dry-band arc is considered as a
dynamic parameter varying with time t. The following is used
to calculate r(t):

Pface(t) =P, 1-

1(t) = Kpi, () (6)

where i,(t) is the instantaneous arc current, and Ky is a con-
stant. A linear relationship is assumed so that a higher current
corresponds to a thicker arcing zone. Ky, can be determined
from the maximum value of r(t)max and the measured peak
arc current of i,(0)peak-
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FIGURE 14. An example of arc power and energy dissipation through
surfaces of the model of Figure 13: (a) Measured voltage and current
traces from a dry-band arc. (b) Calculated arc power flowing through the
arc cylinder curved surface. (c) Calculated arc power flowing through the
arc cylinder planar faces. (d) Accumulated arc energy through the arc
cylinder curved surface and planar faces.

An example is taken from the arc characteristics shown
in Figure 14 (a). The ac source voltage with a peak value
of 42 kV yielded a maximum arc current iz(t)max of 4 mA.
The thickness of the water layer was measured as 1 mm.
r(t)max 1S taken as 1 mm from basic observations. However,
the authors note the need for further study to develop this part
of the model. Therefore the constant in (6), K; = TOmax.

ta (1) peak
T = 0.25 mm/mA.

The arc power dissipation through the cylinder curved
surface is calculated in (7), and the result is displayed in

Figure 14 (b).

Psurfuce @)
Ly
= Py (1) .

rar+ (L)

38.1/2

\/ (0.25i, (1)) + (3-81 /2)2

= Uq (1) X lq (1) X

)
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The arc power dissipation through two cylinder’s planar faces
is calculated in (8), and the result is displayed in Figure 14 (c).

L
Pface(I)ZPa(t) - /2 2
)
= Uq (1) X iq (1)
38.1/2

X

1- | ®
\/ (.25, 1)* + (381))

Finally, the arc energy per cycle Egyrface and Egaee can be
calculated based on Pgyfyce(t) and Pyee(t) using (2), yielding
the results shown in Figure 14 (d).

Directional analysis in arc energy dissipation shows that
the arc cylinder’s curved surface transmits more than 90% of
the total arc energy, whilst the cylinder’s planar faces account
for less than 10% of arc energy flow. This energy analysis
shows that arc energy through the curved surface contributes
to the majority of aging of the insulation surface, producing
over 3000 Joules of thermal energy in 3 minutes of arcing.

C. PREVENTION OF ARC DAMAGE IN

SALT-FOG CONDITIONS

This study is supportive of a number of well-established
methods for increasing the ability of polymeric insulators to
withstand high pollution environments. It is also noted that
the development of electrical arcs on service insulators is a
complex process involving many factors such as shape, posi-
tion, electric field distribution, and the natural environment.

It is found that leakage current plays a key role in the
growth of dry-band arcs, particularly in salt-fog conditions,
as shown in Figures 2 and 4. To reduce leakage current,
increasing the ‘creepage distance’ of insulators is normally
considered. This can be achieved by selecting a longer insu-
lator string, larger or more densely arranged sheds [21], and is
standard practice as identified in engineering standards such
as IEC/TS 60815-3 ‘Selection and dimensioning of high-
voltage insulators intended for use in polluted conditions’.
This technique which improves short-term flashover resulting
from exceptionally high leakage currents of over 100 mA,
will also reduce low currents and hence reduce long-term
aging.

Salt fog plays a key role in the formation and growth
of dry-band arcs. Arcs in salt-fog conditions tend to have
higher accumulated energy radiation when compared with
clean fog, as shown in Figure 12 and Figure 14 (d). The
increased hydrophobicity of an insulator surface reduces
leakage current, which in turn reduces the likelihood of arcing
activities on insulators in coastal areas [22]-[24]. Another
solution, also associated with preventing flashover events in
extreme situations, could be the regular cleaning of insula-
tors in offshore electricity distribution areas, to wash off the
salt residues on the insulator surface, preventing the high
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conductivity of surfaces when they become wet. High pres-
sure jet washing could be considered when transmission lines
are de-energized for maintenance.

It has also been proposed to paint semi-conductive coatings
on insulator sheds. When subject to electric fields, semi-
conductive materials generate heat, and hence avoid fog
deposition on insulation surfaces by Joule heating [25], [26].

VI. CONCLUSIONS

Electrical arc discharges under distribution voltage levels
(10kV - 50kV) are of great concern for the reliability and
operability of the electricity distribution network. In this
paper, the development of low-current dry-band arcs is inves-
tigated in both clean-fog and salt-fog conditions, focusing on
the potential for long-term damage to polymeric surfaces. Arc
features including their formation and stability, arc voltage,
current, power, energy and heat dissipation have been studied.
The following conclusions are drawn:

1. The time from conditions which allow a first arc to strike,
to the situation where the arc is electrically and spatially
stable on the insulator surface (time-to-arc-stability) has been
identified as a potentially critical parameter in controlling
aging of an insulation surface. The time from the initial
appearance of an arc to full stability is eight times shorter
in a salt fog of 16,000 uS/cm compared to a clean fog of
600 ©S/cm, indicating a faster arc development process in
salt-fog conditions. This means the very existence of a stable
low-current arc is much more likely in polluted conditions.

2. Arcs are more stable in salt-fog conditions rapidly form-
ing one single arc at a fixed location, while arcs in clean fogs
tend to diversify into several smaller unstable arcs.

3. Accumulated arc energy in the salt-fog conditions used
in these experiments tends to be 150% higher than that in the
clean fog under the same source voltage. This is due to the
higher arc current present in salt-fog conditions.

4. Using a cylindrical arc model, directional heat dissipa-
tion analysis shows that more than 90% of arc energy flows
through the curved surface of the cylinder, which has a direct
aging contribution to the material surface.

5. Several recommendations are proposed to reduce the
likelihood of surface damage in offshore electricity distri-
bution networks likely to experience salt-fog conditions.
These are consistent with present design practices to reduce
flashover likelihood in polluted conditions.
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