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Abstract.

The study addresses the post arc ablation (PAA) of PTFE (Polytetrafluoroethylene)

material after being stressed by high current arcs. Arcs were generated in ambient air applying AC or
DC current profiles to reach energy input in the range 7-22 kJ. The characterization has been performed
essentially based on standard optical measurement techniques. The shadowgraph technique enabled
us to show that the PAA flow is composed by a significant amount of carbonaceous soots lasting for
several dozens of milliseconds after current interruption. The pyrometry technique allowed to estimate

the soots temperature in the range 1400-2200 K.
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1. Introduction

The understanding of the ablation process of PTFE
(Polytetrafluoroethylene) material undergoing intense
incident heat fluxes is of critical importance for the
design and optimization of various systems such as
space propulsion systems [1, 2], thermal protection
systems for atmospheric entries [3, 4] and ablation-
assisted current interruption systems [5, 6]. In this
later case, the ablation of the PTFE material inter-
acting with high current arcs needs to be determined
with enough accuracy in order to enable reliable pre-
diction of the interrupting performances. Especially
in the case of high voltage circuit breakers based on
self-blast approach [7], the knowledge of the PTFE
ablative behavior after current interruption remains
of considerable importance since it critically affects
the arc breakdown voltage during the hot dielectric
recovery phase. So far, the post-arc ablation (PAA)
of the PTFE has been poorly investigated while it
drives significantly the flow properties (its composi-
tion and pressure distributions) and consequently the
hot dielectric recovery performances. The experimen-
tal investigations presented hereafter are aimed at
characterizing the PTFE PAA after being stressed by
high current arcs.

2. Experimental setup

The experiments have consisted of generating high
current arcs in a tube made of grey PTFE to assess
the post-arc ablation phenomenon in ambient air. We
have used PTFE cylindrical tubes of 45 mm length
with an internal diameter of 7mm (see Figure 1). The
PTFE tubes were tested by applying either AC or
DC current profile in order to assess the effect of the
current steepness (transition from peak value to zero)
on the PAA. The arc was ignited by means of a copper
ignition wire. The generic experimental setup adopted
for assessing PTFE PAA is sketched in Figure 2.
The setup includes a capacitor bank able to store
energy up to 240kJ. To achieve DC current profiles,
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Figure 1. Tested PTFE tubes. (Left) Tube design.
(Right) Photograph of actual tube.

we have used an interleaved Buck converter with three
parallel lines as power supply that allows one to gener-
ate an arbitrary current profiles with an intensity of up
to 2KkA per line, resulting in a total maximum current
of 6kA. In order to provide the desired current in-
tensity, the voltage measured between the electrodes
as well as the actual current intensity are used to
compute the switching times of insulated gate bipolar
transistors (ABB HiPak IGBTs) located at each of the
three lines of the converter. Using three parallel paths
with specific offsets in the switching phase makes it
possible to achieve a considerable reduction in the
current ripple. A thyristor is mounted in parallel to
the test object for fast current switching (< 20 us).
To obtain AC pulses, the capacitor bank is discharged
through an inductance and the arc. The values of
the capacitance and inductance are selected to result
in a roughly 10 ms sine half-wave, corresponding to
a b0 Hz grid frequency. Note that for all AC exper-
iments, the thyristor remains connected to the test
object but is not triggered. The arc voltage has been
measured with a regular differential voltage probe and
the current flowing through the test object has been
measured by means of a Rogowski probe.

The diagnostic setup comprises a shadowgraph sys-
tem, a two-colors pyrometer and a high-speed camera
for direct visualization during the arc phase. For this
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Figure 2. Sketch of the experimental setup.

camera, a 1.6 neutral density filter was mounted on
the objective lens and the frame rate was set to 41 kHz
with an exposure time of 0.9 us. The shadowgraphy
system combines a frequency doubled Nd:YAG laser,
emitting at 532 nm and operated at 10 kHz, with a
high-speed camera (HSC) to record shadowgrams dur-
ing and after arcing. A neutral density filter providing
an optical density of 2.6 and a bandpass filter centered
at 532 nm are mounted on the objective lens of the
HSC, and the exposure time was set to 1 ps. Before
the test campaign, we tuned finely the shadowgraph
setup, using a supersonic jet of cold air as object of
reference to adjust the camera settings to obtain im-
ages of highest quality. The two-colors pyrometer is
equipped with Si and Ge detectors, measuring infrared
light intensity in the spectral ranges 0.9-1.04 pm and
1.1-1.8 pm, respectively. The pyrometer is coupled
with an optical fiber which was arranged to collect
the emission from the inner surface of the PTFE tube.
Note that this goal can be reached only for an exhaust
flow which is optically transparent in the spectral
range detected by the pyrometer while the actual ex-
haust flow after the current interruption is composed
of dense stream of solid particles as we will see. As a
consequence the pyrometer measures the temperature
of that stream of particle.

3. Results

Typical shadowgraph records taken in the post-arc
phase after the application of 2kA DC current for
10 ms are shown in Figure 3. The displayed situation
is fairly representative of the overall considered test
conditions. After current zero, a directional jet of
small particles is streaming from the PTFE tube last-
ing for several tens of milliseconds. The fact that this
jet appears black stems to the fact that it is opaque at
the laser wavelength (532nm). With time after cur-
rent zero, the aggregates of bigger size are released and
gradually the stream of particles slows down and its
dynamics is dominated by diffusion transport, char-
acterized by a strong mixing with ambient air. A
visual inspection of the PTFE tube and electrodes
after a single test reveals the presence of large amount

of black powder (see Figure 4). The composition of
the powder has been analyzed by means of X rays
spectroscopy and a typical image is reported in Fig-
ure 5. It turned out that this powder consists in its
larger extent of carbonaceous soots (of about 100 nm
size) with traces of oxygen and fluor and in its lesser
extent of large copper clusters (of few micrometers
size) resulting from the anode erosion.

Figure 8. Typical shadowgraphs records at different
time after current zero.

Figure 4. Post test visual inspection.

Composition in atomic % for some sampled spots

61.47 87.89

35.01 3.34
0.76 2.32
1.55 6.16

Figure 5. Energy dispersive X-ray spectroscopy map-
ping of a sample of black powder. The white spots cor-
respond to the copper agreggates. The grey background
corresponds to the carbonaceous soot. (In insert) Typ-
ical composition of the black powder.

3.1. DC current tests

In a first step, we investigate the PAA following on
the application for 10ms of a DC current pulse of
amplitude ranging from 1.5 to 3kA, see Table 1. The
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Current (kA) 1.5 2.0 2.5 3.0
Energy (kJ) 75 114 151 20.2

Table 1. DC test series settings.

Figure 6. Mach disk position for the DC test series.

corresponding energy inputs were determined on the
basis of the arc voltage measurements.

The pressure built-up in the tube during the arc
phase has been estimated on the basis of the HSC
images taken during the arc phase. The exhaust flow
exhibits the typical structure of a supersonic jet char-
acterized by stationary shockwave patterns with the
presence of so-called Mach disk as seen in Figure 6.
With increasing current intensity, the position of the
first Mach disk (zm) with respect to the tube ex-
haust increases, indicating that the pressure within
the PTFE tube increases as well. From the Mach disk
position, the total pressure in the tube is estimated
using the empirical relation reported in [8] for ideal
gas expansion. Although such estimate in our con-
ditions is debatable, it gives a fair indication of the
pressure evolution with applied current, see Table 2.

Current (kA) 1.5 2.0 2.5 3.0

zm (mm) 9 12 15 21
Pressure (bar) 3.7 6.5 102 20

Table 2. Estimates of the tube pressure during DC
arcing phase.

The effect of the applied DC current on the PAA can
be appreciated from the shadowgraph records reported
in Figure 7 for 1.2 ms after current interruption. With
increasing applied current (i.e. with increasing energy
input), the diameter of the PAA jet tends to broaden,
the jet of particles appears to be denser and lasts for
longer times.

The temperature time profiles rebuilt from the py-
rometer measurements in the post-arc phase are dis-
played in Figure 8. The measurements start from
about 1ms after current interruption because the
pyrometer was operated during the arc phase and
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Figure 7. Shadowgraph records for the DC test series
taken about 1ms after current interruption.
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Figure 8. Temperature profiles for the DC test series.

saturated by the arc jet light. It took about 1 ms to
go out from saturation. The evolution of the tem-
peratures does not follow a net trend but exhibits
instead a strongly irregular plot because the stream of
particle itself exhibits a fluctuating dynamics charac-
terized by a kind of intermittent or “bursty”behavior.
This make difficult to interpret the trends followed
by the temperature with increasing current and to
draw a definitive statement. But still one can note
that the temperatures lie in the range 1500-2200 K
for several milliseconds. Above 20 ms after the current
injection, the signal is close to the noise level therefore
the rebuilt temperature profiles are no more reliable.

3.2. AC current tests

In a second step, we investigate the post arc ablation
following on the application for 10 ms of a 50Hz AC
current profile. For this test series, the peak values
of the applied current pulses are set to achieve pulse
energies comparable to that of the DC experiments,
see Table 3. The effect of the applied AC current
on the PAA flow is shown in Figure 9 for 1 ms after
current interruption. The overall situation is similar
to the DC test series: increasing the applied current
leads to a more prominent stream of particle due
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Current peak (kA) 2.3 3.1 3.8 4.5
Energy (kJ) 86 14 182 224

Table 3. AC test series setting.

Figure 9. Shadowgraph records for the AC test series
taken about 1ms after current interruption.

to a more intense PAA process. The temperature
profiles rebuilt from the pyrometer records also exhibit
similar features to the DC tests and cover the same
temperature range. However, for the AC test series,
the profiles seem to pass by a plateau or a weak
local minimum just after current interruption, before
steadily decreasing. While for the DC test series,
one could say that, in the main, the temperature
decays without passing by a plateau. Further tests
are required to confirm the observations and assess
possible reasons for temperature differences depending
on the applied current profiles.

4. Conclusions

The experiments reported here enabled us to character-
ize the PAA phenomenon taking place after stressing
a PTFE material with high current arcs in ambient
air. As a matter of fact, the PAA is characterized
by the synthesis of a significant amount of carbona-
ceous soots also containing a non-negligible amount of
oxygen and fluor. The shadowgraphy in combination
with pyrometry technique were found to be well-suited
to characterize the PAA flow main features. In our
test conditions, the PAA flow consists of a stream of
particles lasting for several tens of milliseconds and
of temperature in the range 1400-2200 K. The time
evolution of the temperature seems to be affected by
the applied current profile (either AC or DC) however
supplementary investigations are required to substan-
tiate this point. Beyond such initial assessment of the
PAA, by combining these measurements in the frame
of appropriate assumptions, it is also possible to infer
the ablation mass rate of PTFE against the input
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Figure 10. Temperature profiles for the AC test series.

energy. Ultimately it should be mentioned that in
actual circuit breaker arrangement, the PTFE made
nozzle throat is typically cleared by colder gas blown
from the heating or compression volumes, that would
modify the PAA characteristics with respect to the
present results.
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