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13 Abstract: Negative corona discharges occur widely in high voltage transmission lines and charged
14 aircraft, which can cause strong electromagnetic interference. Negative corona discharge is typically
15 performed simultaneously at multiple discharge points. In this study, the current and its EM
16 radiation characteristics of single-needle and multi-needle negative corona discharge in different
17 conditions were tested. The current and electromagnetic radiation characteristics of the two
18 discharge structures were compared. The dipole radiation model was established to analyze the EM
19 radiation characteristics of the negative corona discharge.The results show that, It is only when the
20 voltage reaches a certain threshold that the current and electromagnetic radiation fields of the multi-
21 needle discharge structure will be superimposed and their amplitudes will increase significantly.
22 The frequency of electromagnetic radiation signal does not change with the number of needles,
23 cathode geometry and applied voltage, but only depends on ambient pressure. It provides a basis
24 for detecting corona discharge sources under different conditions.
25 Keywords: corona discharge; Trichel pulse; multi-needle; EM radiation
26

27 1. Introduction

28 Corona discharge is a relatively low-energy discharge process that occurs only in a strong
29  electric field near a small radius of curvature electrode[1,2]. Corona discharge is a common discharge
30  phenomenon, which occurs in plasma generator, ozone generator, electrostatic precipitator,
31  electrostatic printing, electrostatic charge of aerosol particles, high voltage transmission lines and
32 charged aircraft[3-10]. Corona discharge is usually performed simultaneously in a multi-needle
33 (multi-point) format[6,8,11]. Corona discharge is divided into positive corona discharge and negative
34 corona discharge according to the difference of the electrode polarity of the small curvature radius in
35  the discharge structure. Negative corona discharge currents exhibit a regular pulse form, called
36  Trichel pulse[12], which can cause strong EM interference. On the one hand, multi-needle negative
37  corona discharge can cause the loss of power high voltage equipment, radio interference and
38  television interference[13]. On the other hand, multi-needle negative corona discharge
39  electromagnetic radiation signals can be used as target signals for high-voltage transmission line
40  detection and high-altitude aircraft target recognition[14].

41 Corona discharge and its EM radiation characteristics have always been the focus of research.
42 Juette [15] tested the EM interference near 75 high-voltage lines under different weather conditions.
43 On this basis, S.K Nayak[16] and others in India established a preliminary calculation model for
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44 corona current pulses and calculated the corona radiation interference in high-voltage transmission
45  lines. However, these studies did not rule out the effects of partial discharges such as spark
46  discharges, so the test results were not accurate enough. Yasuyuki T et al[17]. experimentally studied
47  the spectrum of the negative corona discharge radiation signal under the needle-plate discharge
48  structure and compared it with the spark discharge EM radiation signal. Although they obtained the
49  spectrum of the negative corona radiation signal, they did not analyze the mechanism of the radiation
50  signal. Zhang Yu[18] et al. studied the relationship between the spectrum of the single-needle
51  negative corona radiation signal and the discharge parameters and believed that the spectrum of the
52 discharge EM radiation signal is only related to the rising time of the Trichel pulse current. But the
53 study did not analyze the discharge EM radiation process. In addition, the above studies did not pay
54  attention to the EM radiation characteristics of multi-needle discharge. The corona discharge on the
55  high-voltage transmission line is often multi-point simultaneous discharge, and the EM radiation
56  characteristics of multi-point and single-point corona discharge are significantly different. At present,
57  researches on multi-needle (multi-point) discharge mainly focus on the volt-ampere characteristics
58  of discharge and the interaction analysis of discharge process. Researches on the superposition of the
59  multi-needle negative corona dischaOrge Trichel pulse current and the interference of the discharge
60  EM radiation signal are rare.

61 In this paper, the current characteristics of multi-needle negative corona discharge and its EM
62  radiation characteristics were studied. A test system for negative corona discharge radiation
63  characteristic was set up. The effects of discharge parameters on the single-needle negative corona
64  discharge Trichel pulse current and its EM radiation field were tested. The current superposition of
65  multi-needle negative corona discharge and the interference of the EM radiation field were studied.
66  The EM radiation model of dipole negative corona discharge was established, and the relationship
67  between the EM radiation characteristics of negative corona discharge and the parameters of the
68  discharge system was analyzed. This study can provide a reference for corona discharge detection of
69  high-voltage transmission lines.

70 2. Experimental Setup

71 The experimental system is shown in Figure 1, which consists of a high voltage generating
72 module, a discharging module, a signal detection module and a shielding module. The high voltage
73 generating module includes the high voltage power supply and the high voltage capacitor. During
74 the experiment, the high voltage power supply first charges the high voltage capacitor. The high
75  voltage power supply is turned off when the voltage reaches a predetermined value. The use of the
76 high voltage capacitor to supply the discharge needle can eliminate the EM radiation interference
77  generated by the high voltage power supply. The capacitance is 20 uf and the withstand voltage is 20
78  kV.The discharging module includes a discharge needle, a grounding plate, a displacement platform
79 and a vacuum box. Discharge experiments of discharge needles of different tip radius can be carried
80  out through the change of the discharge needle, and multi-needle simultaneous discharge
81  experiments can also be performed. The displacement platform can be used to precisely control the
82  gap of the electrodes. The vacuum box can control the air pressure of the discharge environment. The
83  grounding plate is grounded through a 1 kQ sampling resistor.

84
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85 Figure 1. Experimental setup
86 The signal detection module includes an oscilloscope (Tektronix MDO3104), a spectrum

87  analyzer (Agilent E4447A), and a receiving antenna (Discone Antenna OX-08-02, 20 MHz to 1000
88  MHz). The oscilloscope measures the voltage waveform on the sampling resistor to calculate the
89  discharge current. The corona discharge EM radiation signal is received by the wide-band diskcone
90  antenna, and the distance d between the antenna and the discharge device can be adjusted. The signal
91  received by the antenna is analyzed by the spectrum analyzer, and the signal is collected by the
92 oscilloscope. In order to eliminate the influence of external electromagnetic interference on the test
93 results, all experiments were carried out in a microwave anechoic chamber.

94 3. Experimental Results and Analysis
95  3.1. Single-Needle Negative Corona Discharge Trichel Pulse Current and Ite Radiation Characteristics

96 The initial stage of negative corona discharge is the Townsend discharge stage, and the discharge

97  current is usually within 1 uA and relatively stable. As the applied voltage increases, the discharge

98  enters the Trichel pulse stage. Figure 2 shows the Trichel pulse current and its radiated signal

99  waveform. Trichel pulses have a short rising time, which is typically tens of ns. The falling time is
100  typically a few hundred ns, much larger than the rising time. Trichel pulses have a stable repetition
101  rate. In the Trichel pulse stage, it will radiate electromagnetic waves to the surroundings. The
102 waveform of the discharge radiation signal received by the antenna corresponds to the Trichel pulse
103 current waveform. The repetition frequency of it is the same as the repetition frequency of the Trichel
104 pulse current. Therefore, it is believed that the discharge radiation signal is generated by the Trichel
105 pulse process. The spectrum of the discharge EM radiation signal under atmospheric pressure is
106  shown in Figure 3. It can be seen from the figure that the spectrum of the single-needle discharge
107  radiation signal is mainly within 200 MHz. The energy distribution near 70MHz is large (the
108  fundamental frequency of the EM radiation signal), and there is also a certain energy distribution
109  near 132 MHz. (second-harmonic generation of the EM radiation signal).

110
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112 Figure 3. The spectrum of negative corona discharge EM radiation signal
113 The Trichel pulse generated by negative corona discharge is related to factors such as the applied
114 voltage, the air pressure, and the tip radius of the discharge needle. Figure 4 shows the relationship
115  between the repetition frequency of the Trichel pulse and the applied voltage. As the applied voltage
116  increases, the repetition frequency of Trichel pulse increases, and the amplitude of a single pulse
117 decreases slightly. This is consistent with the research results of Leob [19]. The spectrum of the
118  discharge radiation signal at different pulse repetition frequencies is shown in Figure 5. The intensity
119 of the discharge EM radiation signal decreases slightly, the frequency of the EM radiation signal does
120 not change, the spectral lines become denser, and the average power of the discharge radiation signal
121 increases as the increase of the repetition frequency of Trichel pulse current generated by the negative
122 corona discharge. It is also found that changes in gap distance of electrode do not affect the intensity
123 and frequency of the radiation signal.

124
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126 Figure 5. Spectrum of discharge radiation signal at different pulse repetition frequencies
127 As shown in Table 1, when the air pressure is reduced from 0.1 MPa to 0.04 MPa, the rising

128  time of the Trichel pulse increases from 52 ns to 265 ns, while the pulse amplitude remains

129 unchanged. Studies show that the discharge EM radiation signal spectrum is only related to the

130  rising time of Trichel pulse[19]. The main frequency position of the EM radiation signal generated
131 by the negative corona discharge shifts from 70 MHz to 45 MHz and the power of the discharge EM
132 radiation signal decreases from 1.926 nW to 0.185 nW.

133 As the tip radius of the discharge needle increases from 62 um to 210 um, the amplitude of the
134 Trichel pulse increases from 240 HA to 550 pA. And the rising and falling time of the pulse remains
135  unchanged. This result is consistent with that of Lama[20] and Dordizadeh[21]. The frequency of the
136  negative corona discharge electromagnetic radiation signal remains unchanged and the power of the
137  radiation signal increases from 1.926 nW to 8.581 nW.

138
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139 Table 1. Negative corona discharge Trichel pulse current and its radiation characteristics under
140 different tip radius and different air pressures.
Tip radius  Air pressure Pules Rising time  Tip radius  Air pressure
(um) (MPa) amplitude (ns) (um) (MPa)
(LA)
94 0.04 241 264 0.185 45,84
94 0.06 245 118 0.752 52,102
94 0.08 243 78 1.19 65,125
94 0.1 240 52 1.926 70,132
120 0.1 290 52 2.395 70,132
165 0.1 410 53 4.796 70,132
141 Therefore, the frequency of the single-needle negative corona discharge EM radiation signal will

142 be determined when the air pressure is determined. The intensity of the EM radiation signal of the
143 negative corona discharge is affected by the air pressure and the tip radius of cathode. The applied
144 voltage and the gap distance of electrode have no effect on the EM radiation signal frequency, which
145  only affect the intensity and the average power of the discharge radiation signal.

146 3.2. Multi-needle Negative Corona Discharge Characteristics

147 In practical applications, corona discharge often has a multi-needle (multi-point) structure. The
148  waveform of a multi-needle discharge is significantly different from that of a single-needle discharge.
149 We first tested the double-needle discharge Trichel pulse current. To distinguish the Trichel pulse
150  currents generated by different discharge needles, we chose two discharge needles with tip radius of
I51 168 um and 94 pm respectively for experiments (the larger the tip radius is, the larger the amplitude
152 of the Trichel pulse current is). The discharge condition is: applied voltage of 7.4 kV, the gap distance
153 of 10 mm, the ambient pressure of 0.1 MHz, and the relative humidity of 42%. The discharge current
154  is shown in Figure 6a. It can be clearly seen from the figure that the amplitude of the Trichel pulse
155  current generated by the discharge needle with a smaller radius is about 270 pA, and the pulse
156  interval time is 1.32 ps. The amplitude of the Trichel pulse current generated by the large radius
157  needle is about 440 pA, and the pulse interval time is 6.08 ps. Under this voltage, the Trichel pulse
158  currents generated by the two discharge needles appear separately. Through further increasing the
159  applied voltage, the discharge current waveform is shown in Figure 6 b. It can be seen from the figure
160  that as the applied voltage increases, the amplitude of the Trichel pulse current generated by the
161  smaller radius tip decreases from about 270 pA to about 245 pA, and the pulse interval time decreases
162 t00.69 ps. At the same time, it can be seen that when the applied voltage rises to a certain value, the
163 Trichel pulses generated by the discharge needle with larger tip radius and smaller tip radius
164  superimpose with each other. The maximum amplitude of the superimposed pulse current can reach
165 535 pA. The minimum amplitude can also reach 490 pA, which is significantly larger than the
166  unsuperimposed pulse. We also tested the discharge current of the multi-needle discharge structure.
167  The test result is similar to the double-needle discharge. As the applied voltage increases, the smaller
168  tip radius needle begins to discharge first. When the applied voltage is further increased, the other
169  needles also begin to discharge. The Trichel pulse current between the needles occurs separately in a
170 certain voltage range. However, as the applied voltage continues to increase, the Trichel pulse current
171  generated by the different discharge needles will be superimposed, and the amplitude of the
172 superimposed pulse will increase significantly.
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173 Figure 6. Negative corona discharge current waveform under double-needle discharge structure: (a)
174 Applied voltage of 7.4 kV; (b) Applied voltage of 8.7 kV
175 When the applied voltage is lower, the Trichel pulse processes of the two needles will not happen

176  at the same time. The EM radiation signal generated by the negative corona discharge corresponds
177  to the Trichel pulse current, so the EM radiation signal is determined by the Trichel pulse current
178  generated by each needle. When the applied voltage rises to an appropriate value, the Trichel pulse
179 processes of the two needles will occur simultaneously. The Trichel pulse current waveform and the
180  EM field signal generated during the simultaneous discharge of the two needles are shown in Fig. 7.
181  The pulse pointed by the arrow 1 and the arrow 2 is the Trichel pulse generated by the two different
182  discharge needles respectively, and the larger pulse pointed by the arrow 0 is the superimposed pulse
183  generated by the simultaneous discharge of the two discharge needles. It can be seen that the
184  discharge radiation signal generated by the non-superimposed Trichel pulse current has an
185  amplitude of about 4.5 mV, and for the superimposed pulse current, the amplitude of the generated
186  EM radiation signal can reach 7.5 mV. Therefore, when the double-needle simultaneous discharge
187  pulse currents superimpose, the generated EM radiation field will also be superimposed, and the EM
188  radiation signal intensity will increase significantly.
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190 Figure 7. Trichel pulse current and radiation signal of the double-needle discharge structure
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192 Figure 8. Spectrum of discharge radiation signal of the double-needle discharge structure
193 The double-needle discharge radiation spectrum is shown in Figure 8. The air pressure is 0.1

194 MPa, and the tip radius of both discharge needles is 60 pm. It can be seen that the spectrum of the
195  EM radiation signal of the double-needle negative corona discharge is mainly distributed within
196 200 MHz, the signal intensity is large in the frequency band around 70 MHz, and there is also a

197  certain spectrum distribution in the frequency band around 140 MHz. Under the same discharge
198  condition, the double-needle negative corona discharge has the same frequency as the single-needle
199  negative corona discharge. However, when the Trichel pulse processes of two discharge needles
200  occur simultaneously, the spectral intensity of the generated EM radiation signal increases

201  significantly when the pulse process is superimposed, and the spectral intensity of the radiation
202  signal near 70 MHz is increased from -60 dBm of the single-needle discharge structure to -57 dBm
203 of the double-needle discharge structure.

204 The frequency of the EM radiation signal generated by the double-needle negative corona

205  discharge is only related to the ambient pressure. When the air pressure is determined, the

206  frequency of the radiation signal generated by the double-needle discharge will remain unchanged.
207  The intensity of the EM radiation signal is related to the air pressure, the tip radius of cathode and
208  applied voltage.

209 It is found through the experimental test that the multi-needle simultaneous discharge current
210  characteristics and EM radiation characteristics are basically consistent with those of the double-
211  needle discharge structure. When the applied voltage is low, the pulse processes of the discharge
212 needles do not occur at the same time, and the radiation signals are generated by the discharge pulse
213 process of each discharge needle alone. As the applied voltage rises, different discharge needle pulse
214 processes may occur simultaneously, and the pulse currents will be linearly superimposed, resulting
215  in an increase in the discharge radiation field intensity. If the applied voltage is increased
216  continuously, the corona discharge will enter the glow stage, the discharge current will be in a DC
217  state, and the radiation signal will disappear. The frequency of the EM radiation signal of the multi-
218  needle negative corona discharge is only related to the air pressure. The number of discharge needles,
219  thetip radius of cathode, the gap distance of electrode and the applied voltage only affect the intensity
220  of the discharge radiation signal. Therefore, when the air pressure is determined, the frequency of
221  the EM radiation signal will also be determined, and the detection of the negative corona discharge
222 can be realized by detecting the characteristic spectrum of the negative corona discharge radiation
223 signal.

224
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225 4. Discussion
226  4.1. Mechanism Analysis of EM Radiation Generated by Negative Corona Discharge
227 The space between the two electrodes of negative corona discharge can be divided into a

228  ionization zone, a plasma zone and a drift zone[22]. As shown in Figure 9. The ionization region is
229  near the tip of the discharge needle. At the beginning of the discharge, the seed electrons near the
230  electrode collide with the neutral air molecules under the action of a strong electric field. The neutral
231 molecules are ionized into positive ions and electrons, the positive ions move toward the negative
232 electrode under the action of the electric field, and the electrons continue to ionize other neutral
233 molecules under the action of the electric field. In a very short period of time, the number of electrons
234 increases sharply, forming an ionosphere near the tip of the discharge needle, and the external circuit
235  current increases sharply. This process is called electronic avalanche. The thickness of the ionization
236  region of the negative corona discharge is usually about 1.5 mm{[1]. Since the electric field is relatively
237  strong and the charge-to-mass ratio of the electron is relatively large in this region, the velocity of
238  electrons in this region can reach 0.01 times the speed of light[23,24]. After leaving the ionization
239  region, the electrons will enter the plasma region. The electric field in the plasma region cannot
240  provide sufficient energy for the electrons to complete the impact ionization. Therefore, the electrons
241  combine with the neutral air molecules to form negative ions in the plasma region, and then enter
242 into the drift region and move towards the anode under the action of the electric field. Since the
243 charge-to-mass ratio of positive ions and negative ions is much larger than that of electrons, the
244 velocity of positive ions and negative ions is negligible compared to electrons moving at high speed
245  in the ionization region. Therefore, it can be considered that for each pulse process in the entire
246  discharge region, the discharge EM radiation field is generated due to the exponential growth and
247  rapid movement of electrons in the process of the electron avalanche in the ionization region and the
248  plasma region.
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250 Figure 10. Negative corona discharge dipole radiation model
251 We equate the EM radiation field generated by negative corona discharge to the dipole radiation

252 model, as shown in Figure 10. The dipole length dl=1.5mm (thickness of the ionization region), the
253  direction is along the z-axis of the cylindrical coordinates, and the center of the dipole is the
254 coordinate origin. For this configuration, the fields are found to be:

E(rn=a,dl_> T pz{3l(“)+iai(u)} +adl ’70 EE LGN S B B )
R R cR ou R’ Fa R2 cR du

. @™
H(E,0) = a,dl— L p {’(‘? ! —a’(u)}
2 RIR® c¢R du
255 Where R the distance from the discharge point to the observation point T (o, ¢, z), 7], the free

256  space wave impedance, i(u) the discharge current time-dependent waveform evaluated at time u,

257  where u = t-R/cindicates the time lag when the radiation signal propagates to point P.

258 According to equation (1), the space around the discharge needle can be divided into a near-
259  field region (d<A/2z ) and a far-field region (d >A/2x ), where is the wavelength of the
260  radiation signal[25]. In the near-field region, the EM radiation signal is mainly determined by i(u) .

261  The intensity of the radiation signal is attenuated as R’. In the far field, the EM radiation signal is
262  mainly determined by 0i(u)/d¢, and the EM radiation signal intensity is attenuated as R .

263 Substitute the experimentally measured Trichel pulse current into the dipole radiation model to
264  calculate the EM radiation field generated by the Trichel pulse. Figure 11 shows the Trichel pulse
265  current of the discharge needle with a tip radius of 210um under 0.1MPa. The current amplitude is
266  550pA, and the rising time is 53ns.

267 Substitute the Trichel pulse current into equation (1) to calculate the discharge radiation field
268  intensity waveform at different detection distances. As shown in Figure 12, the calculated EM
269  radiation field intensity forms a pulse form, and the amplitude of the radiation signal is
270  approximately inversely proportional to the detection distance. The electromagnetic wave
271  propagates in the space at the speed of light, and the EM radiation field delay time is different at
272 different positions.


http://dx.doi.org/10.20944/preprints201810.0471.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 October 2018

273

274

275

276
277
278
279
280
281

d0i:10.20944/preprints201810.0471.v1

11 of 16

Currunt (A)

0 %0 10 10 20 2% 30 30 400 4% 50
Time (ns)

Figure 11. Single Trichel pulse current waveform
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Figure 12. Discharge EM radiation field waveform

4.2. Comparison of Calculation Results of Dipole Radiation Model with Experimental Test Results

Document [18] has studied the effect of Trichel pulse current parameters on the discharge
radiation spectrum.This paper mainly analyzes the relationship between the amplitude of discharge
EM radiation field and Trichel pulse parameters. When the single Trichel pulse current waveform is
the same, as the pulse repetition frequency increases, the average power of the radiation signal will
increase, but the repetition frequency of the pulse will not affect the EM radiation signal generated
by each pulse current, which is consistent with the experimental results (Figure 5).
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The band of the antenna used in the experimental test is 20 MHz~1000 MHz. When the antenna
was placed at a distance of 3m from the discharge device, the received radiation signal shows far-
field characteristics. The discharge EM radiation signal was dominated by 9i(u)/9: . If the di(u)/ ot
becomes smaller, the amplitude of the EM radiation signal will be smaller. As the air pressure
decreases, the rising time of the Trichel pulse becomes larger, and other parameters of the Trichel
pulse remain unchanged. As shown in Figure 13, when the rising time of the pulse increases from 52
ns to 264 ns, the amplitude of the theoretically calculated EM radiation signal decreases by 69%, and
the amplitude of the experimentally tested EM radiation signal decreases by about 66%. The
theoretical and experimental results were basically consistent. When the tip radius of the cathode
increases, the amplitude of the Trichel pulse increases, and other parameters of the Trichel pulse
remain unchanged. When the amplitude of the Trichel pulse increases from 180 pA to 550 HA, the
di(u)/ 0t increases, the intensity of the EM radiation signal increases, as shown in Figure 14. The
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298  theoretically calculated amplitude of the radiation signal increases approximately linearly, and the
299  measured value is consistent with the theoretical value.

300  4.3. fects of Multi-Needle Discharge Structure on EM Radiation Characteristics of Negative Corona
301  Discharge

302 The ionization during negative corona discharge generates a large number of electrons and
303  positive ions in the ionization region. Since the charge-to-mass ratio of electrons is much smaller than
304  that of ions, the ions move slowly in the electric field and form positive ion clouds in the ionization
305  region. The electrons leave the ionization region during the movement to the anode and combine
306  with the neutral particles to form negative ions, forming a negative ion cloud outside the ionization
307  region. The space charge of the positive ion cloud and the negative ion cloud will generate a spatial
308  electric field, which has an effect on the original electric field[26]. In the multi-needle discharge
309  structure, the ion cloud formed by the discharge needle in the pulse phase will affect the electric field
310  around the nearby discharge needle, thereby affecting the Trichel pulse process. As shown in Figure
311 15, when a discharge needle is subjected to a pulse process, the positive ion cloud formed by it has
312 little effects on the electric field in the ionization direction of the other discharge needle, and the
313 negative ion cloud has a significant weakening effect on the electric field in the ionization direction
314  of the other discharge needle. Therefore, in the case of a small applied voltage, the previous discharge
315  needle pulse process has an inhibitory effect on the other discharge needle pulse process[27]. As the
316  applied voltage increases, the effect of the negative ion cloud is reduced, and the pulse processes of

317  the two discharge needles occur simultaneously.
' Cathode
ofy:

Cathode

@) 7o
Anode Anode
L L
(a) (b)
318 Figure 15. Double-needle Trichel pulse process: (a) Trichel pulse process under small applied voltage;
319 (b) Trichel pulse process under large applied voltage.
320 5. Conclusions
321 In this paper, the pulse current characteristics of multi-needle negative corona discharge and its
322 EM radiation characteristics are studied.
323 In the multi-needle discharge structure, when the applied voltage is low, the negative corona

324  discharge Trichel pulse processes of the respective discharge needles are mutually suppressed, and
325  thedischarge needle pulse processes occur separately. When the applied voltage increases to a certain
326  threshold, the pulse processes of different discharge needles will occur simultaneously, the multi-
327  needle discharge current will be linearly superimposed, and the generated EM radiation field will
328  also be linearly superimposed. The frequency of the radiation signal after multi-needle simultaneous
329  discharge superposition is the same as the frequency of the single-needle discharge EM radiation
330  signal, but the amplitude of the EM radiation signal is increased.

331 The negative corona discharge radiation process can be equivalent to the dipole antenna
332 radiation model. The dipole length is the sum of the thickness of the ionization region and the plasma
333 region. The radiation field in the near-field region is dominated by i(u), and the discharge radiation
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334  field in the far-field region is dominated by di(u)/d¢. The amplitude of the EM radiation signal is

335  related to the tip radius of the cathode and the air pressure. The larger the tip radius, the larger the
336  amplitude of the pulse current, and the larger the intensity of the EM radiation signal. The lower the
337  airt pressure, the larger the rising time of the pulse, the smaller the change of current as time, and the
338  smaller the intensity of the radiation signal. The spectral characteristics of the EM radiation of the
339  multi-needle negative corona discharge are only related to the air pressure. The intensity of the EM
340  radiation signal is related to the tip radius of the cathode, the air pressure, and the number of
341  discharge needles.

342 The results of this work may provide promising method for evaluation of insulation condition
343 of electric apparatus as well as detection of the charged body.
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