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 The insulating material flashover induced by an electrostatic electromagnetic pulse radiation 
field in a complex electromagnetic environment is a big concern in spacecraft surface materials. 
Polytetrafluoroethylene (PTFE) is the most often used insulation material in spacecraft. For this 
reason, the secondary electron emission avalanche (SEEA) model is proposed for the theoretical 
analyses of and experiments on the PTFE surface flashover induced by an electrostatic 
electromagnetic pulse radiation field. We use the current probe sensor to measure the induced 
flashover current waveform on the grounding wire and combine the probability of the 
electrostatic electromagnetic-pulse-induced flashover under different electrode voltages and 
electrostatic discharge (ESD) simulator output voltages. First, the SEEA theory is established 
considering the flashover voltage without an external electrostatic electromagnetic pulse field. 
The flashover voltage is then applied to the needle-plate electrode, and the distorted electric field 
is formed at three nodes of electrode–PTFE–air. Second, the flashover voltage with an external 
electrostatic electromagnetic pulse field is taken into account. The external field producing 
horizontal and vertical electric field components between the electrodes is fully investigated. 
Third, experimental results on the electrostatic electromagnetic-pulse-induced PTFE surface 
flashover using a needle-plate electrode structure are analyzed and discussed in detail. All 
findings are supported by the proposed SEEA model in an electrostatic protection using PTFE 
material.

1. Introduction

 A spacecraft always faces a complex electromagnetic space environment during orbit. 
Charge and discharge effects may therefore arise from time to time on the surface materials and 
internal electronic components inside the spacecraft, causing spacecraft malfunction or even 
failure.(1–3) Some research studies revealed that strong electromagnetic fields in space may not 
only interfere with spacecraft equipment and operation systems, but also cause flashover from 
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spacecraft surface materials, thus resulting in serious damage to the operating electronic 
equipment. The safety of spacecraft operation can be significantly threatened.(4–7) 
Polytetrafluoroethylene (PTFE) has been widely applied in aerospace materials owing to its 
excellent corrosion resistance, high temperature resistance, and insulation properties. It is 
mainly used for the insulation protection of spacecraft solar arrays and various types of 
electronic equipment.(8–11)

 In recent years, relevant research has been mainly focused on the surface flashover 
characteristics of PTFE materials and the induced conditions of complex space 
environments.(12–16) Xie and coworkers worked on the static electromagnetic pulse radiation 
field induced by a needle-ball electrode test under strong electromagnetic and space radiation 
environments.(17,18) Du et al. studied the surface charging and flashover voltage behavior at 
different temperatures.(19) It was found that the change in surface molecular structure inhibits 
the accumulation of surface charges, thereby suppressing the distortion of the electric field. It 
could effectively increase the flashover voltage at different temperatures. Xing et al. revealed 
the effects of material parameters on surface charge characteristics and surface flashover 
voltages under DC.(20) It was found that the dissipation rate of surface charge increased under 
low relative permittivity and volume resistivity. Chen et al. established an experimental platform 
to analyze the characteristics of polypropylene film flashover voltage under high-pressure 
SF6.(21) They showed that the relationship of flashover voltage and gas pressure can be divided 
into two regions. In low-pressure regions, the flashover voltage increases linearly with the gas 
pressure, and in high-pressure regions, the increase in flashover voltage gradually slowed down 
to approach a saturation value. 
 In response to the above-mentioned problems, we derive and analyze the factors that may 
affect the occurrence of flash over using the secondary electron emission avalanche (SEEA) 
model. The designated test system and test samples were used to analyze the induced PTFE 
materials in the electrostatic electromagnetic pulse environment. The mechanism of the surface 
flashover has been extensively explored. The charging characteristics of the PTFE surface in the 
atmospheric environment and the basic law of inducing flashover can be obtained.

2. Theory Establishment

2.1	 Flashover	voltage	without	external	electrostatic	electromagnetic	pulse	field

 In the SEEA model,(22) when the voltage is applied to the needle-plate electrode, the distorted 
electric field can be formed at three nodes of electrode–PTFE–air. Initial electrons are emitted 
by the field at the distorted electric field and are then accelerated by the field so that the surface 
of the material is hit to emit secondary electrons. The positive charge remains on the surface of 
the material, thereby generating an electric field En0 perpendicular to the surface of the material. 
It can be expressed as

 En0 = σ / 2ε0, (1)
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where σ is the surface charge density and ε0 is the free dielectric constant (8.85 × 10−14 F/cm). 
The angle θ between the synthetic electric field and the surface of the material can be expressed 
as

 ( )( )
1
2

0 0 0 1 0tan / 2 /n tE E A A A= = −θ , (2)

where Et0 is the horizontal electric field formed by the electrode voltage when flashover occurs; 
En0 is the vertical electric field on the material surface; A1 is the electron collision energy; A0 is 
the emitted electron energy (4.7 eV).
 The flashover current density J0 on the surface of the material can be expressed as

 0 0 1/e nJ E A=σν , (3)

where ve is the average velocity of electrons. In unit area, the critical value (Mcr) of desorption 
gas molecules of flashover discharge can be expressed as

 ( )0 0/crM J q d= γ ν , (4)

where v0 represents the average rate of desorption of gas molecules on the surface of the 
insulating material; q is the amount of electronic charge; d is the electrode spacing; γ is the 
probability of desorption.
 According to the desorption gas theory on the surface of the material(19) and the above 
formulas, the DC surface flashover breakdown electric field Et0 and the flashover threshold 
voltage Us can be calculated as
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 From Eq. (6), Us can be obtained without an external electrostatic electromagnetic pulse field. 
When the applied voltage U1 between electrodes is greater than Us, flashover, also called 
spontaneous flashover, will occur. When the applied voltage U1 between electrodes is less than 
Us, no flashover will occur.

2.2	 Flashover	voltage	with	external	electrostatic	electromagnetic	pulse	field

 When an electrostatic electromagnetic pulse field is applied, the external field will produce a 
horizontal electric field component Et1 and a vertical electric field component En1 between the 
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electrodes, as shown in Fig. 1. The angle between Et1 and E1 is ω.
 From the electromagnetic field theory, the operating range of electrons is confined near the 
insulator surface owing to the effect of the positive surface charge. Therefore, the electron 
density σ− cannot be greater than the surface positive charge density σ+. On the other hand, σ− 
cannot be significantly less than σ+ when the electron reaches a certain density and drift velocity. 
As a result, it is reasonable to estimate that the magnitude of σ− is constantly approaching σ+. 
The densities of surface electrons (σ−) and positive ions (σ+) in PTFE are defined as

 _ 0 12 tantEσ σ ε ω+= = . (7)

The horizontal component v0t and vertical component v0n at the initial electron movement 
velocity are respectively defined as
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where the electron mass is me. The angle between the initial electron emission direction and the 
surface of the PTFE material is β.
 Given that the amount of electron charge is q, the electron horizontal acceleration at and 
vertical acceleration an are defined as
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 When the electron travels to the point of the farthest normal distance from the surface of the 
insulator, i.e., the farthest vertical distance from the surface of the PTFE, the normal velocity 
decays to 0. The electron travel time taken is Δt and the tangential distance is Δx, which are 
respectively expressed as

Fig. 1. Field distribution diagram between needle-plate electrodes.
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 When the electron returns to the insulator surface, its normal velocity vn is equal to the initial 
normal velocity but with an opposite direction. Therefore, the tangential velocity vt can be 
expressed as
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 During the whole process, electrons move towards the anode to form a flashover current. The 
tangential flashover current density Jt1 is determined by the charge density σ− and the speed of 
tangential drift vt, shown as 

 

( )

10
1 0 1

1

0
0 1

2 sin22 tan cos

22 tan cos 2ctg sin .

t
t t t

e n

t
e

EAJ v E
m E

AE
m

θ
σ ε ω θ

ε ω θ ω θ

−
 

= = +  
 

= +

 (13)

 According to the electron tangential movement distance Δx derived above, the number of 
times that electrons hit the surface of the insulation material per unit length is 1/Δx. Accordingly, 
the normal flashover current density Jn1 on the insulator surface can be obtained as

 1 1
1

n tJ J
x

=
∆

. (14)

 The desorption rate γ of adsorbed gas on the surface of the insulator is directly determined by 
the density of the electron that hits the surface of the insulator. It is expressed as γ = σ−Q/q, 
where σ- is adsorbed gas density of the insulator surface, Q is the electron collision cross section, 
and its average value is Q = 10−16 cm2.
 Usually, the desorption probability in different materials differs, which can be observed by 
predicating the outgassing rate in different f lashover processes on the surface of the 
electronically excited insulator. The electron-induced desorption probability in the adsorbed gas 
is denoted as γ. The desorption speed J1 of adsorbed gas molecules is defined as
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 The density (N) of desorbed gas molecules is expressed as 
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where vgas is the velocity of the desorbed gas that leaves the insulator surface.
 The density (M) of desorbed gas molecules on the insulator surface with the needle-plate 
electrode space (d) is
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 By substituting Eq. (13) into Eq. (17) for further transformation, we can obtain Et1 as
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 The voltage component Ug induced by the applied field between the electrodes can be 
obtained(23) as 
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 The voltage condition to generate flashover is expressed as 

 1 1s g sU U U U= + ≥ , (20)

where U1 is the electrode voltage and Us is the flashover voltage threshold.
 Equation (20) indicates that the flashover is triggered by not only the high-voltage source 
voltage connected to the needle-plate electrode, but also the voltage component Ug induced by 
the external field between the electrodes. At this time, flashover can occur only if Ug ≥ Us − U1 is 
satisfied.
 According to Ref. 23, when conducting the contact electrostatic discharge (ESD) experiment 
with reference to IEC 61000-4-2, the electrostatic electromagnetic pulse field has random field 
strength in the near field. This may lead to the inconsistent field strength and direction of the 
electrostatic electromagnetic pulse emitted under the same ESD simulator output voltage. It has 
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low repeatability each time but higher repeatability in the far field. However, the field strength is 
very small in this case so that it is not conducive to the judgment of induced flashover. To judge 
whether the electrostatic electromagnetic pulse can induce flashover more accurately, the near-
field area with a larger field strength for experiments should be chosen.

3. Experimental System and Device Design

3.1 Establishment of experimental system

 According to the International Electrotechnical Commission standard IEC 61000-4-2, a 
flashover experimental platform using a needle-plate electrode structure was established under 
an atmospheric environment, as shown in Fig. 2. It was mainly composed of an ESD simulator, 
an induced discharge experimental platform, and a temperature and humidity control monitoring 
system.
 The discharge gun in the ESD simulator was used for the noncontact discharge of the 
coupling plate to generate an electrostatic electromagnetic pulse radiation field, which acts as a 
background electromagnetic field on the test unit to induce a flashover effect. By adjusting the 
voltage between the needle and plate electrodes (U1) on the surface of the PTFE material and the 
output voltage of the ESD simulator (U2), the flashover between high-voltage electrodes on the 
surface of the insulation material can be investigated. The regularity of PTFE flashover 
characteristics can thus be obtained.

3.2 Experimental device

 The experiments performed on the PTFE surface electrode structure (shown in Fig. 3) have 
three major parts. The first part is the electrostatic electromagnetic pulse field generator, which 

Fig. 2. Schematic of experimental system.
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is composed of an electrostatic discharge simulator using an ESS-200AX ESD simulator [i.e., 
numbers 1 and 2 in Fig. 4(a)] and a vertical metal coupling plate [i.e., number 3 in Fig.4(a)]. The 
second part is a high-voltage source using GLOW 28720 DC high-voltage power supply to be 
applied between the electrodes [i.e., number 4 in Fig. 4(a)]. The third part is the flashover 
detection device, including the Tektronix TDS7404B oscilloscope of Tektronix Company, 
Tektronix CT-1 current probe (volt–ampere output characteristic: 5 mV/1 mA), and 30 dB 
attenuator [i.e., number 8 in Fig. 4(a)], to be equipped to protect experimental equipment. 
Therefore, the current signal can be detected when the insulation material flashover is induced.
 The test unit was placed in the environmental control device, as shown in Fig. 4(b), where the 
ambient temperature was set as 20 °C with 40% RH. During the experiment, the flashover 
current acquisition device was overcurrent-protected by connecting 30 dB attenuators in series.
 In this experiment, the electrostatic electromagnetic pulse radiation field was used to 
simulate the spatial radiation field, and PTFE was used as the insulation material. The needle-
plate electrode simulated the possible discharge electrode structure on the surface of the 
insulation material. The electrostatic electromagnetic pulse radiation field was generated to 
induce flashover, and the discharge current signal value was then measured. 

Fig. 3. (Color online) Electrode structure on PTFE surface.

Fig. 4. (Color online) Experimental system and unit under test. (a) Induced flashover test system. (b) Induced 
flashover test unit.

(a) (b)
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4. Experimental Results and Analysis

4.1 Experimental process

 The experiment was carried out in the atmospheric environment. The discharge gun of the 
ESD simulator discharged the vertical metal coupling plate in a noncontact manner to generate 
the electrostatic electromagnetic pulse radiation field, which acted on the test unit as the 
experimental background field. The electrostatic electromagnetic pulse radiation field with 
different field intensities was simulated by changing the voltage U2 output by the ESD simulator. 
To reduce the experimental error and avoid the effect of the charging time, the electrostatic 
electromagnetic pulse field was applied 60 times with 2 s intervals. For fair evaluation, the first 
20 times and the last 20 times were removed, and only the middle 20 experiments were retained. 
The data were then sorted out to determine the number of successful flashovers, and the 
probability of inducing flashovers, that is, the ratio of the number of successfully induced 
flashovers to the number of electrostatic electromagnetic pulse fields, was calculated. In 
addition, PTFE samples were replaced each time to avoid the variation of surface insulation 
characteristics caused by the flashovers. The experimental steps are demonstrated as follows.
 Step 1: By adjusting the DC high voltage source connected by the needle-plate electrode on 
the surface of the PTFE material, the voltage U1 between the needle and the plate electrode is 
changed to induce the flashover on the surface of the PTFE material. At this time, the voltage 
added by the needle-plate electrode is the initial threshold of the flashover. To verify whether the 
electrostatic electromagnetic pulse field induces flashover, the applied voltage U1 between the 
needle and plate electrodes should not exceed this threshold.
 Step 2: Decrease U1 to 0 V and continuously use the electrostatic electromagnetic pulse field 
to irradiate the test unit. Increase U1 until flashover occurs and then measure the flashover 
voltage. On this basis, keep the ESD simulator output voltage U2 unchanged. Adjust U1 and 
observe the induced flashover to formulate the induced law.
 Step 3: Decrease the electrode voltage U1 below the natural flashover voltage threshold. 
Then, keep U1 unchanged, but change U2. Observe the number of induced flashovers and 
formulate the induced law under different values of the ESD simulator output voltage U2. 
 From this experiment, the probability of the electrostatic electromagnetic pulse inducing 
flashover on PTFE can be analyzed and summarized under different values of the electrode 
voltage U1 and ESD simulator output voltage U2.

4.2	 Determination	of	induced	flashover

 The flashover current signals generated on the surface of the PTFE material using the needle-
plate electrode are shown in Fig. 5. Under different values of the ESD simulator output voltage 
U2 and electrode voltage U1, the spontaneous flashover current waveform is as shown in Fig. 5(a) 
when U1 = −2.9 kV and U2 = 0 kV. No electrostatic electromagnetic pulse field was applied and 
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the electrode voltage reached the flashover voltage threshold. The current waveform caused by 
the electromagnetic induction of the electrostatic electromagnetic pulse field is shown in Fig. 
5(b) when U1 = 0 kV and U2 = −30 kV without electrode voltage. The induced flashover currents 
at U1 = −2.8 kV and U2 = −30 kV, U1 = −2.6 kV and U2 = −30 kV, U1 = −2.4 kV and U2 = −25 kV, 
and U1 = −2.0 kV and U2 = −15 kV are shown in Figs. 5(c)–5(f), respectively. The marks A–E in 
Figs. 5(b)–5(f) indicate the dividing points between two different waveforms. In Fig. 5(b), the 
first section waveform before point A is the attenuation oscillation current induced by the 
electrostatic electromagnetic pulse radiation field in the discharge circuit. The second attenuation 

(a) (b)

(c) (d)

(e) (f)

Fig. 5. (Color online) Induced flashover currents under different conditions. (a) Spontaneous flashover current at 
U1 = −2.9 kV and U2 = 0 kV. (a) Induced current at U1 = 0 kV and U2 = −30 kV. (c) Induced flashover current at U1 = 
−2.8 kV and U2 = −30 kV. (d) Induced flashover current at U1 = −2.6 kV and U2 = −30 kV. (e) Induced flashover 
current at U1 = −2.4 kV and U2 = −25 kV. (f) Induced flashover current at U1 = −2.0 kV and U2 = −15 kV.
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oscillation waveform after point A is the flashover current induced by the electrostatic 
electromagnetic pulse radiation field.  When the electrode voltage is 0 kV and the ESD simulator 
voltage is −30 kV, only the electromagnetic induction current waveform of the electrostatic 
electromagnetic pulse is generated, and no flashover current waveform is generated after point 
A. Similarly, the oscillation waveform before points B–E represents the current waveform 
generated by the electromagnetic induction of the electrostatic pulse in the discharge unit and 
the grounding circuit. The oscillation waveform after points B–E represents the flashover 
current waveform. Moreover, points B–E are depicted as the location where the induced current 
attenuates to zero. As above, it can be seen that the higher the output voltage of the ESD 
simulator, the larger the amplitude of the induced discharge current waveform. In Fig. 5, note 
that the induced current directly measured from the scope current probe is exhibited using 
voltage amplitude (V), where the relation between the voltage and current amplitudes is 5 mV/1 
mA.

4.3	 Rules	of	induced	flashover

 The relationship between the induced flashover probability and the electrode voltage U1 at 
U2 = −30 kV is shown in Fig. 6. From this relationship, U1 was taken as −1.6, −1.7, −1.8, −2.0, 
−2.2, and −2.4 kV. It reveals that the induced flashover probability increased abruptlywhen it 
ranged from −1.7 to −1.8 kV. The flashover probability became 100% since U1 = −2.0 kV. Also, 
the probability of inducing flashover is close to zero when the electrode voltage is −1.6 kV. If the 
electrode voltage is 0 kV, the electric field intensity will be lower. Therefore, the induced voltage 
generated by the radiation field at both ends of the electrode will be less than the flashover 
voltage of the insulating material. Under this situation, it can be deduced that the induced 
flashover probability is zero, and the flashover current waveform will not be generated at this 
time. This corresponds to the current waveform of electromagnetic induction shown in Fig. 5(b), 
where there is no flashover waveform.
 The relationship between the induced flashover probability and the ESD simulator voltage U2 
is shown in Fig. 7, where the electrode voltage U1 was set as −2.0, −2.4, −2.6, and −2.8 kV. It can 
be seen that, under the same electrode voltage, as the ESD simulator absolute output voltage U2 

Fig. 6. Relationship between induced flashover probability and electrode voltage U1.
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increases, the probability of inducing flashover increases. When the output voltage U2 is between 
−10 and −25 kV, higher electrode voltage levels can achieve higher induced flashover 
probabilities. When the output voltage of the ESD simulator is between −25 and −30 kV, all 
flashovers are completely induced regardless of the electrode voltage. It is clear that the 
probability of inducing flashover can be affected by both the output voltage U2 and the electrode 
voltage U1. 
 At U1 = −2.8 kV, the induced flashovers at U2 = −10, −5, and −2 kV are shown in Fig. 8. Note 
that a U2 value higher than −25 kV can produce flashover with a sufficient electrostatic 
electromagnetic pulse radiation field since the first flashover. It can be seen that at U2 = −10, −5, 
and −2 kV, the electrostatic electromagnetic pulse was irradiated at the thirteenth, eighteenth, and 
twenty-sixth times, respectively, when the first flashover occurred. As above, this implies that the 
higher the output voltage U2 the ESD simulator provides, the smaller the number of irradiations 
is required to induce flashover for the first time. This explains the charge accumulation effect on 
the needle-plate electrode and the surface of the PTFE material when the test unit is irradiated 
with an electrostatic electromagnetic pulse radiation field. The higher the output voltage U2 the 
ESD simulator provides, the more charges of each electrostatic electromagnetic pulse irradiation 
accumulate. Therefore, it can reach the flashover threshold earlier, and then the flashover occurs.
 At U2 = −20 kV, the induced flashovers are shown in Fig. 9 at U1 = −2.8, −2.4, −2.0, and −1.6 
kV. It can be seen that at U1 = −2.8, −2.4, −2.0, and −1.6 kV, the electrostatic electromagnetic 
pulse was irradiated at the second, third, ninth, and thirty-seventh times, respectively, when the 
first flashover occurred. The results show that the higher the U1 value, the smaller the number of 
irradiations required for the first flashover to occur. This explains that the higher the U1 value 
across the electrode, the greater the intensity of the distorted electric field formed at the 
electrode–PTFE–air triple node. This leads to increases in the number and speed of initial 
electrons, the acceleration of the electrons placed in the field, and the generation of secondary 
electrons when the electrons are accelerated to hit the material surface. Accordingly, less 
irradiation times are taken to accumulate more electrons.

Fig. 7. (Color online) Relationship between induced 
flashover probability and ESD simulator voltage U2.

Fig. 8. (Color online) Induced f lashovers under 
different ESD voltages.
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4.4	 Analysis	and	summary	of	induced	flashover	mechanism

 According to the experimental results mentioned above, some crucial points can be concluded 
as follows. 
1)  In the absence of an external electrostatic electromagnetic pulse field, the applied electrode 

voltage U1 can form a distorted electric field at the electrode–PTFE–air triple junction. The 
flashover voltage threshold Us = −2.9 kV was obtained by the experimental method. When the 
electrode voltage is far greater than the flashover voltage, i.e., U1 >> Us, the distorted electric 
field at the three nodes of electrode–PTFE–air is sufficiently strong, which leads to a large 
number of initial electrons emitted. The electrons are then accelerated to generate flashover. 
When the electrode voltage is less than the flashover voltage, i.e., U1 < Us, the distorted 
electric field intensity at the electrode–PTFE–air triple node is low, that is, the electric field 
intensity Et0 does not reach the threshold of the breakdown field strength. Therefore, the 
acceleration and accumulation kinetic energies of electrons are insufficient to generate 
flashover.

2)  When an electrostatic electromagnetic pulse field is applied, the distorted electric field at the 
three nodes can emit initial electrons. According to the flashover voltage condition, i.e., Us1 = 
Ug + U1 ≥ Us, when the electrode voltage is much higher than the flashover voltage, i.e., U1 >> 
Us, flashover will occur directly. When the electrode voltage is less than the flashover voltage, 
i.e., U1 < Us, flashover will not occur with the electrode voltage U1 only. However, the 
horizontal component Et1 of the applied field will produce the induced voltage Ug between the 
electrodes. If the sum of the voltage Ug and the electrode voltage is far greater than the 
flashover voltage threshold Us, i.e., Ug + U1 > Us, flashover will be induced.

 According to the experiment results, it is clear that increasing the field strength of the 
electrostatic electromagnetic pulse field can fundamentally improve the probability of the 
induced flashover. For example, the electrode voltage U1 is adjusted to −2.0 kV when the output 
voltage U2 of the ESD simulator is −30 kV, and the probability of flashover induced by applying 
an electrostatic electromagnetic pulse is 100%, where Ug + U1 >> Us. When the output voltage 

Fig. 9. (Color online) Induced situations under different electrode voltages.



2338 Sensors and Materials, Vol. 34, No. 6 (2022)

U2 of the ESD simulator is −20 kV, the probability of induced flashover decreases to about 18%, 
where Ug + U1 ≥ Us. When the ESD simulator output voltage is U2 = −10 kV, the probability of 
induced flashover is 0%, where Ug + U1 < Us.
 It can be concluded that the flashover voltage condition to induce flashover is Us1 = Ug + U1 ≥ 
Us. However, the field strength of each emission may not be completely consistent,(24) which 
may lead to the randomness of the induced voltage Ug. With a sufficiently large applied 
electrostatic electromagnetic pulse field, the probability is determined by the following 
situations:
a. When the electrostatic electromagnetic pulse field strength is far greater than the induced 

critical field strength, the induced potential Ug >> Us − U1 can be guaranteed, and the 
probability of induced flashover is 100%.

b. When the field strength of the electrostatic electromagnetic pulse is near the induced critical 
field strength, the induced potential Ug > Us − U1 cannot be guaranteed owing to the 
randomness of the electrostatic electromagnetic pulse field.

c. When the electrostatic electromagnetic pulse field strength is less than the induced critical 
field strength, the induced potential Ug < Us − U1, and the induced probability is 0%.

4.5	 Induced	flashover	in	vacuum	environment

 Desorption is to excite gas molecules from a low energy state to a high energy state through 
electron energy transfer and electron excitation so that the gas molecules can overcome the 
adsorption force of dielectric surface molecules to be released. When electrons collide with the 
adsorbed gas on the surface of the medium, electron energy is transferred to gas molecules. 
Assuming an elastic collision between electrons and adsorbed gas molecules, according to the 
energy conservation theorem, the maximum kinetic energy Emax of gas molecules is

 
( )2

4 4max e e
Nm NE E E

Mm M
= ≈

+
, (21)

where M is the mass of the gas molecule; m is the mass of the electron; Ee is the electron energy. 
Since M >> m,  M + m ≈ M. When electrons collide inelastically with gas molecules, the energy 
E of gas molecules is

 e
mE E
M

= . (22)

 According to Eqs. (21) and (22),(25) the energy transfer is very small, and the electron energy 
transfer also has little effect on gas desorption. Therefore, the desorption that occurred mainly 
by electron excitation results in a phenomenon that the gas molecules break away from the solid 
surface binding.
 In the atmospheric environment, the background ambient gas plays a role in the material 
flashover process along the surface. The average free path of electrons is less than the electrode 
spacing, and the desorption gas content on the material surface is very small compared with the 
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background gas content. When the air pressure enters the high vacuum stage, the background 
gas content decreases considerably, and the desorption gas on the material surface becomes the 
main reaction gas in the formation of flashover. It can be seen from Eq. (6) that both the critical 
value of desorption gas molecules and the average velocity of molecular desorption will affect 
the flashover voltage. In a vacuum environment, the higher the average velocity of gas molecule 
desorption, the higher the flashover voltage will be. Therefore, electrostatic electromagnetic 
pulses with higher intensities are needed to induce flashover, causing a higher induced flashover 
voltage of insulating materials in a vacuum environment than in an atmospheric environment.

5. Conclusions
 
 In this study, the experimentally induced f lashover platform using electrostatic 
electromagnetic pulse field irradiation has been established on the basis of the SEEA model. The 
surface needle-plate electrode structure was also designed to carry out the experiment on the 
surface of the PTFE material. The major contributions are concluded as follows.
1)  How the flashover phenomenon is induced by electrostatic electromagnetic pulse field 

irradiation on the surface of PTFE has been demonstrated. 
2)  Through theoretical analysis, the crucial factors that may affect the flashover voltage 

threshold are obtained. Therefore, the electrode voltage threshold inducing flashover can be 
determined under a certain electrostatic electromagnetic pulse field strength. 

3)  Under a constant electrode voltage, the field-induced voltage between the electrodes increases 
as the electrostatic electromagnetic pulse field strength increases. Accordingly, the increased 
induced voltage is then superimposed on the electrode voltage to increase the probability of 
flashover.

4)  With a constant strength in the electrostatic electromagnetic pulse field, the voltage between 
the electrodes is closer to the flashover voltage threshold as the electrode voltage increases. 
At this time, the probability of inducing flashover increases gradually.

5)  In the vacuum environment, because the content of the excited gas is far less than that in the 
atmosphere, the f lashover generated by the electronic excitation requires a higher  
electrostatic electromagnetic pulse intensity. As a result, the induced flashover voltage of 
insulating materials in the vacuum environment is higher than that in the atmosphere.

 The experimental results have supported the theoretical analysis of the PTFE surface 
flashover induced from an electrostatic electromagnetic pulse field. Indeed, it provides a 
valuable guide for the applications of insulating materials in spacecraft under a low-orbit 
environment. 
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