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A LEMP Generator-Simulator Circuit

Un circuito generador-simulador de LEMP

Luis Fernando Diaz CadavjcEduardo Antonio Cano-Plat&Camilo Younes-Velosa

Abstract— This paper presents a proposal for a LEMP comprising an RF generator having a broadband intermittent
generator-simulator  circuit for testing an SDR-detetor pulse wave (equivalent in time and shape to the LEMP)
deve_loped for spectral characterization of lightniny, its design connected at its output to a thin-linear monopole antenna
and implementation. having finite length well below maximum transmissio@and

Keywords LEMP, SDR, spectral characterization. equal to the average height between impacted ground and

storm cloud.

Resumen— Este articulo presenta una propuesta de un  The proposed solutiorif has been assumed that lightning
circuito generador-simulador de LEMP para pruebas @& un is a kind of RF transmission system; it thus became necessary
detector tipo SDR desarrollado en la caracterizaci® espectral g design a radio receiver for detecting signal LEMP. This
del rayo atmosférico, su disefio & implementacion. radio receiver had to enable measuring the parameters needed
for supplying the data required for spectral analysis (curve
dE/dt) and also had to give the analysis graphically and in
1. INTRODUCTION terms of power intensity for each frequer_lcy compqnent. It is
thus proposed to use Software Defined Radio (SDR)

F thgre 'S a natural .phenomenon that .a!ways affe.ct.s {eghnology for this purpose which (although to date has not
quality of energy distributed by the electricity networksit been explicitly used in this type of receiver) fits more the

the electromagnetic pulse generated during the atmosphg {ctive resolution of the stated requirements.
lightning discharge, widely known by its acronym LEMP
(Lightning Electromagnetic Pulse). This is why, two years 3 LIGHTNING DETECTOR-RECEIVER

ago, three research groups at the Universidad Nacional de |\pLEMENTED WITH SDR ARCHITECTURE
Colombia (PAAS - Programa de investigacion sobre

Adgquisicion y Analisis de sefiales, GREDyP - Grupo de Redes  A. A basic SDR system

de Distribucion y electronica de Potencia and GTT - Grupo dep pasic SDR system (Mitola, 1999), consists of a computer
investigacion en Teleméatica y Telecomunicaciones), Workg_dc) equipped with an Analog-to-Digital Converter (ADC)
together on a detailed characterization study of LEMP in thg.q preceded by some form of RF adapter called “Front end”
central-western part of Colombia (the main coffee-growir&quipmem. Significant amounts of signal processing are

area). handed over to the general purpose processor, rather than

~ One of the goals of these groups consisted of designing @pgcessed by special-purpose hardware. Such a design
implementing a radio receiver for detecting LEMP and th&ltoquces a radio that can receive different forms of radio

spectral characterization using Software Defined Radio (SDﬁfbtocol or as in the present case, different lightning
technology. waveforms, just by running different software (see Figjre 1

Palabras clavesLEMP, SDR, caracterizacion espectral.

2. DESIGNING A DEVICE FOR THE SPECTRAL
CHARACTERIZATION OF LEMP
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A LEMP GENERATOR — SIMULATOR CIRCUIT

technology involves three steps: 5. MODELLING THELEMP SIGNAL WAVEFORM

1. Designing and implementing “Front-end” equipment, The Figure 2 shows current waveform measured at the
including antennas, resonant filters, amplifiers, etc; lightning return-stroke vertical channel.

2.  Specifying the ADC and trigger system in line with
the conclusions reached as a result of lightning signal study Return-stroke current
(object of analysis); and

3.  Designing spectral analysis software carrying digital
signal processing: algorithms, digital filters, etc.

Developing each stage requires systematic tests which if
possible, are controlled in the laboratory for validating each
module’s correct functionality. This is where the firstigem
in the proposed device's design and implementation was
presented: the occurrence of lightning in the area of interest is fLnm
completely unpredictable (i.e. Colombia’s coffee-growing * " " ime microsecond)
area). In other words, there is no continuous or frequeﬁtg.z. Waveform of measured current at the vatightning return-stroke
emission signal for verifying proper reception and thereby channel (COST P18, 2009)
achieving adequate tuning, and certifying the data so obtained,;g type of waveform is statistically the most common for

Following respective analysis of a possible solution to the. | EmMP  and explains why although the forms of
first problem, it was found that the most viable and COStsmospheric wave surges are varied, it has been standardized
effective one was the design and implementation of (& nyise testing equipment and electrical machines. A
simulation device generating a laboratory-controlled LEME . qardized wave is one that has some well-defined
signal. The proposed solution is presented in this paper g§,aracteristics regarding time and form, and in the case of
tested and proved LEMP generator-simulator circuit, as Wejinospheric overvoltage testing, is specified in IEC (IEC
as its design and implementation. 60060-1/2, 1989) and ANSI standards (ANSI/IEEE Standard
4, 1995).

Figure 3 shows a full lightning impulse (LI) wavefornithv
definitions for the 1.2/5@Qs standard.
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4. DESIGNING AND IMPLEMENTING A
GENERATOR-SIMULATOR

A. Power requirements

Like an ordinary AM radio receiver, a LEMP SDR-
detector, should be able to detect a very low power signal,
meaning that the simulator’s transmission power requirements
can be in the order of milliwatts, regardless of whether the
lightning emits a pulse in the order of kilowatts. ‘

B. The emission protocol rr"‘f’LZ't_ , s

As with any transmitter, the emission protocol is referoed t : T -?iii’é -0sT
or expressed graphically in the signal waveform. In the Fig. 3. LI 1.2/5(s (IEC 60060-1) standard with T1-T2 time parameters
present case, this means that the simulator must generate a
signal having a waveform equal to the LEMP, whilst keepifgormally, atmospheric lightning impulses are generated in

a temporary proportion. high voltage laboratories using the basic scheme proposed by
N Erwin Marx in 1924. Years of research have determined that
C. Spectral composition indeed an atmospheric overvoltage can be represented as a

The signal emitted by the simulator must contain a welhidirectional voltage pulse obtained from circuits such as
defined and controlled complex spectral composition (in terrif®se proposed in Figures 4a and 4b (Kuffel & Zaengl, 2000)

of frequency and intensity) without unwanted harmonics and R1
without altering the waveform. ‘ O —" W
Given the above requirements, the design and + s8¢ +
implementation of the proposed simulation device can be Vo C1 R2 C2oR v (t)
summarized in the following phases: - -
¢ Modelling the LEMP signal waveform;

e Modelling the lightning’s return stroke vertical
channel as an RF transmitting antenna;

« Designing the simulator’s electronic circuit;

« Physically assembling the circuit; and

e Testing the device.

Fig. 4a. Pulse generator circuit type A
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Vo Tm R2§ C2=m v (t)

Fig. 4b. Pulse generator circuit type B

Analysing these circuits showed that capacitGy

1 C.Co
——=Th=R————= 2
51 R1C1+02 (2)
By a similar process in the tail circuit at the instant when
the charge transferred froi@; to C, was zero (due to a
redistribution of electric charge between them), the capacitors

were discharged into the resisRywith aT, time equal to:
1
_E:TZZ R2( Ci+ Cz) 3)

Analyzing the circuit shown in Figure 4b, from the moment

(representing the pulse generator) was initially charged withen energy was transferred between capacitor a@
DC voltageV, (positive or negative polarity), and was thefapacitor G, gave the following equation in the frequency
suddenly discharged into a circuit formed by capactoand domain (Laplace transform):

resistorsR; - R.. The download began the moment when an
electric arc was established between the spheres of spark gap
SSG and tension was transferredCo connected in parallel

) 1

OIS (82+a8+§ @

to the object being tested (e.g. a high-voltage electriddnere:S-was the complex angular frequenkys RiC, and

transformer).

If switch (SSG) closure were instantaneous and parasitic
elements were ignored, this circuit generated a pulse whose
time evolution corresponded to a double exponential
waveform, where the analytical expression of the voltage

$(1+ 1, 1] (5)
RCG RG RG
RRC G

The equation in the time domain would mean that voltage

pulse onC,, would be given by (Gallagher and Pearmain, . capacito€, (pulse generator output) would be:

1973):
Ve, (1) = vo.k (e - &)

WhereV, is the charging voltage for capacitGy, “k” a

—0'1'[ _ _azt)

Vv 1
Vv _?O (a,-a) (e € (7)

where,

constant depending on the selected circuit (see Figures 4a ang; anda, were the roots of the equatid®f+(a*S)+b = 0

4b) ande andp the roots of the characteristic equation for the

system, whose inverses are its time constants.

If the resistiveandcapacitiveparameters shown in Figure

%71 - I 22 ' }6'2 - I ; (8)
or at+va“—-4b a a2—4b

4 were constants angl and p values of expression (1) were As the voltage irC, wasV;), and was the superposition of
relatively different, then two circuits could be analyzetivo exponential functions of different signals, aatng to
separately: the wave-front and the tail, as shown in Figur€8), the negative response of the root was a latioee

(Khalifa, 1990):

sse R1

—O O—w——

Vo == C1 C2== vV (t)

a) Frontal circuit

—0 0O

sSsG

. +
Vo == C1 R2§ C2== vV (t)

b) Tail circuit
Figure 5. Circuits for analyzing the pulse genarat

constant (1d1), than the positive time (@2). The graph in
Figure 6 represents expression (8), from whichftitlewing
could be defined:

ai1+o2=a and at.02=Db 9)
vio }
|
S~ L TN
~ ko) TP 40
eSS
e
=
Ny
bb ~ -
14 ™~
o2 -l .
\r 1oty Tirme (1)
max

Ve
K{og—o) &P (o2

Y

Considering the wave-front circuit at the time that the kfay-og)

discharge occurred between the spheres of spark gap SSG,

capacitorC, became charged at tiriig:

Figure 6. Voltage impulse wave and its components

For the type B circuit shown in Figure 4b, using &d
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substituting the values @ andb in (5) and (6), one could RF transmitter, taking into account that the goal is taioktd

calculate the values for resistors R1 and R2 as follows: spectral LEMP characterization, this may be done by
simulating the lightning discharge channel as a vertical thin-

2 JCiac wire monopole antenna, excited at its base by an EMP
Rlzi [1+1]— [1+1) —M (10) generator, and look for expressions of electric and magnetic

2G\ay az) a1 a2} agaC2 fields radiated by an electric dipole in the frequency domain.
5 . Let us see:
Rp=——t [1+1J+\/[1+1j _AG+Cy) (11) Figure 7 shows a graphical model of such antenna with
2C+Co)|\a1 az) \\a1 a2} agaCe length L equal to the height of the storm cloud, excitedsat it

base by an EMP generator.
If magnetic potential were calculated at pointpR @, z)
then the electric and magnetic field could be known at that
CL.Co point.
tl = S.Rl.C1+C2 (12)  In (Schelkunoff and Friis, 1952; Jordan and Balmain, 1968;
Weeks, 1968) have been given a complete development of

In the same way for determining the tail time, it was observ&ﬂe . o ; . ;
. X ' se fields; Figure 7 shows results in cylindrical coordmat
that both capacitors ;Cand G were discharged through RlH ere: g y

1 0,
and R.2, S0 -the time taken to 50% of download W%SIVGH the vector's magnetic potential (delayed) at point P:
approximately:

Following analysis of the circuit shown in Figure 4bwis
noted that timet; (front time) taken to load £through R,
would be approximately:

ul L -3 &b 0 + )y dAP (14)
t,=07® + R+ C)) (13) [A)="max i serf(L-3) e a | Se( D)? dz
Where: | = | in(L-2) f >0
6. MODELLING LIGHTNING RETURN STROKE ere |— .”‘“222 EL N 2 fo?r; 5
VERTICAL CHANNEL AS AN RF TRANSMITTING Tmax :
ANTENNA L = Monopole length in meters
A = Length wave
Lightning return-stroke models are needed when studying Ho = 4nx10" [Henries/metdr= Vacuum permeability
lightning effects on various systems and in characterizing the B = 2t/A [rad/m] =Propagation constant
lightning electromagnetic environment (Be¢t al, 2009). (= /ZZ+Y2 , D= (Z—z)2+Y2

Return-stroke models have been categorized into four classes
based on governing equations (Rakov and Uman, 2006): gas R1:«/(Z— L)2+Y2 Rp=4/(Z+ L)2+Y2
dynamic models, electromagnetic models, distributed-circuit

models and “engineering” models.
Electromagnetic models are based on a lossy, thin-wire /f\\_\\
antenna approach to the lightning return-stroke channel. r’\z Cloud Ez
Lightning discharge is a thin channel when compared to its - [2"':"
R1

overall length (it was determined that average return-stroke
channel radius is 1-2 cm). There is usually great interelséin t Antenna atmospheric lightnin
electromagnetic fields radiated by LEMP several kilometers A D

away. Hence, the return-stroke channel is modelled as a linear
antenna for calculating electric and magnetic fields generated
by LEMP, which have some current distribution or which
have a certain line charge density distribution that changes as (f_\)- =
time elapses. Besides, lightning discharge is self propagating _eve
and its length extends at great speed, sometimes at a
significant fraction of the speed of light (1-2%1@/s). Field
calculations must thus bear in mind retardation due to sgynal’ Ti/ Antenna atmospheric lightning
finite travel time at the speed of light (Cooray, 2008). : -

According to Y. Baba and V. Rakov (Betzal, 2009), the
most general equations for computing vertical electrical field \-\C_Icﬁd image
E; and azimuth magnetic field, due to an upward-moving
return stroke are given by Rajeev Thottappillil (Thottagdpeli

al 1997) However. those equations are “time-domain” Figure 7. Model of lightning return-stroke chanaslvertical monopole
’ ' ’ antenna

expressions applicable to any line source distribution varyingGiven that the element of current in the antenna had

with t|_me,_smce LEMP is a trans_len_t e\(ent_ non_pe”OdlcaIMrection Z and the magnetic field had directidn then a
changing its current and charge distribution in space and time

But, if one wishes to remodel the return-stroke channel assar;}gle component was reached for solving rotgrif..

/ Ground

tor
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10A, Leading to:
H =L (OXA, )y =—— (15) ‘ » . _
®u o H 0p =% max max[e R JﬂRZ—Zcos(B L)e_JﬁrJ (17)
As the magnetic field was orthogonal to the antenna (power Y

source) one could take point P without loss of generalitgen ~ The expression (17) shows that the magnetic field could be

ZY plane (plane X = 0) therefore: calculated at any point in space (near and far field).
0
(D:_li (16)
M oY

R
T

& 3¢
bg i 2a +
~ C1 c2
a . ) :
;N 2b Vigwp ()
14 '
i B v

a) The DC Feeder b) Pulse generator (LEMP waveform) c) Spectral component injector
Figure 8. Proposed LEMP generator-simulator circui

Two electric fields, Eand E where obtained when well below maximum transmissidnand equal to the average
solving the rotor for the §ifield: height between impacted ground and storm cloud. Every
E __: e IARL g iPR2 g ipr (18) oscillator would be a source of sine current given by:
2= 1% ma TR R RO I(F) = Asin(2r it + &) [Amp] (20)

_LeiBRL 4 LsiBR2 iBr (19) WhereA; was the amplitude of the-5ource” proportionally

Ey = j301 o Zom S o+ BT T2 Toospl )07 equivalent in time and shape to the LEMP dnavas the

Y R Y R Y r
frequency for each independent current generator.

As the magnetic field (17) expressions (18) and (19) Using the above concepti and tak|ng(character|§t|c
allowed electric fields in every region of space to @pedancg of free space) 45'1_20T [€2], new expressions
calculated, then, (maximum current distribution value)Were obtained for (17)-(19), thus:
either simulated or real, was given, obtained by the right _ . .
equipment. H, =y (f')[eij - eﬂj "~ 2cos(BL )%j (21)

The data for variables R; and R, could be obtained by
measuring the D-parameter, if the geographic location of the

: . . _iaR e
measurement and impact site were known. E, = g ~j301 (f; )[e JﬁR1+e 1A 2_2005@_ )ﬂj (22)
Up to this point the expressions were obtained by using a i=1 Rl R '
constantl depending on a related to a single frequency, but
it is necessary to consider that the LEMP is a signal with a n -Le 1BRL # giAR2 4 AT
=¥ j30I (f] —2 Y& 1(23)
complex RF spectrum. FY Elj ' ')[ Y R Y R yeoshit r

It should be remembered that RF radiation by lightningit \ere assumed that the proposed LEMP receiver with SDR
discharges has been studied during recent decades in varigisnology was able to detect all spectrum components with
frequency ranges (Weidmagt al, 1981; Levine, 1986; Upul thejr power intensities and if care was taken to measure these
et al, 2006) and has determined thafa," current shows a jnensities at the same time “then it could be presumed that

broadband spectral composition which is importagte gyerall power of LEMP (Ryp), would be equal to:
characterize, for the adjustment corresponding to each field

calculation. n
With this new argument, the model had to be redesigned Rewe = Z P(f)  [w] (24)
and lightning discharge channel interpreted as a transmission =1
system consisting of an RF generator formed by an array of
multiple sine wave oscillators in parallel and connected at its
output to a thin-linear monopole antenna having finite length

REVISTA INGENIERIA E INVESTIGACION Vol. 31 Suplemento No. 2 (SICEL 2011), OCTUBRE DE 2011 (27-35) 3 1
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7. DESIGNING THE SIMULATOR ELECTRONIC This would indicate that tail time proportionally depended
CIRCUIT on tail resistance (g+P,,) and capacitance C1.

The proposed simulation circuit can be divided into three It should be noted that once desired values for t1 and t2 had
functional modules (see Figure 8): been specified and the values given for C1 and C2, it was

« The DC feeder: possible to establish (at least regarding a first approxinjatio
«  Pulse generator (with LEMP waveform); and the required values of R1 and R2, for obtaining the desired

. spectra| component injector (AM modu|ator) waveform in the LEMP proposed simulator’s output.
A. The DC feeder C. Spectral component Injector (AM modulator)

A pulse generator for testing electrical transformers As non-standard waveform had already been obtained, it
normally feeds from a DC kilovolts source obtained bijpen became necessary to inject a spectral frequency
rectifying the AC waveform present at the output of @mposition without altering the waveform to achieve a
transformer controlled by a variable voltage (Variacpimilar wave to real LEMP.

However, in present case, an AC/DC conventional converterAccording to the model, this spectral composition was

or a full-wave rectifier was used in its place since the powgenerated because the lightning antenna was excited at its base

requirement was given in the order of milli-watts, givingal by an array of parallel coupled oscillators. However, it is well

5 VDC or 12 VDC voltages (see Figure 8.a.). known that when voltage sources (frequency generators) are

. connected in parallel in practice then feedback currents are
B. Pulse generator (with LEMP waveform) produced which can damage these devices. Furthermore,

To generate a pulse equivalent in time and shape to @rces connected in parallel must adjust their output to
LEMP and similar to the standard pulse used to te@hintain zero current imbalance. This raises a problem in the
transformers, it was proposed using an adaptation of the;&e of wanting to literally apply this model to developimg t
circuit shown in Figure 4b. proposed device.

A fast tact switch (SW1) was used in the proposed circuit To overcome this design problem, the proposed solution
(see Figure 8.b.) instead of a switch of sphere gap (SS6&); {has very simple; an inductive coupling was made by
was installed between R1 and R2 | | C2. Besides, one Mflinnecting each frequency generator to a signal transformer
turn cermet trimmer potentiometer (P1) was added in serigsits higher impedance coil side (thereby acting as primary
with R1 for providing the user with manoeuvrability angoil) and by connecting these transformers’ “secondary coils”
control of front time "t1", in the same way, R2 was replacgf series, following the circuit diagram proposed in Fighie
by a Multi-turn cermet trimmer potentiometer P2a in seriggecific sinusoidal currents were thus induced on the wave
with a control potentiometer P2b for to management the tailitted by the proposed pulse generator, thereby obtaining a
time "t2". Thus, the calculations for &nd § formulated in jnd of AM modulation where as carrier signal would act the

(12) and (13), remained as follows: simulated pulse (supplied by the generator) having an
o C amplitude A, varying at time and equal td/(t), and
- 122 _ i i
t, =3(R + Pl)@ =3(R+ B) G (25) frequencies emitted by the generators would act as modulators

induced by signal transformers. The voltage of the simulated
t, =07 R+R*(Pa+Pp)](G+ C)  (26) lightning signal so obtained with the proposed circuit,ecall
Vi ewp (1), would thus be given by:

Where if ®+P;) is expressed in ohms and n _
Ce=(C..C)/(C1+C,) in microfarads, thert; is obtained in Viemp® :V(t)+.Z Asin2rtt (29)
microseconds. 1=1

It is known that C1 >> C2 is needed to@ahigood Where:
generator performance (or relationship between the peak piilse was the frequency emitted by generatth, and
voltage and DC load voltage gvand that R1 <<R2 to achieveA; — was the amplitude induced by frequency generadtbr
lightning waveform or as in present case, (RL}<R (P, + which would be given by:
Pzb). - A =Kig [Vpd] (30)
Such conditions would lead to: €, ~C; and
[(R1+P)+(PogtPay)] = (PogtPap) with which (25) and (26)

L L ca WhereK; was a constant of proportionality (transfer rate
could be simplified, obtaining: ' brop Y ( )

given by the transformdr; anda; was the amplitude set by the
[ D?’(Rl + Fi) G, (27) user for eaclrth frequency generator.
This would indicate that capacitor C2 wave front voltage
length was directly proportional to the front resistance {R1 8. PHYSICALLY ASSEMBLING THE CIRCUIT

P1) and the module connected in parallel to C2 and An old DVD player was used for assembling the circuit,
t, 00.7(R,, + P, )C, (28) using the chassis, the power module (providing us wigh hi
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stability +5, -5, +12 and -12 VDC power feed values), the
“fast contact switches” and the volume potentiometer (control
P) from the front panel (to cut financial costs).

The following relationships were maintained for C1, C2,
R1, P1, P2a and P2b values:

1.G>GC 2. (RPy) << (PogtPay)

Two electrolytic capacitors values could be C1= 470 pF
and C2= 4.7 pF considering a 100>>1 ratio which can be
easily found in unusable radio receivers. : -

Other elements which are available from unusable ragig. 9. A photo of the "LEMP Generator-Simulator'a performance test
receivers and fax modem cards (obsolete) are the signal

‘Emc 0

0

| i!§§§g5 |
¥
*
SEEEEEE

transformers. 9. PERFORMANCE TEST
BNC standard connectors were used as input/output points.
The following tips should be considered during assembly: A. Generated waveform test

a) Frequency generators input points should not have anyA Fluke 199C (200 MHz bandwidth and 2.5 Gs/s)
contact in common, to avoid feedback currents (look f@topeMeter was connected at points A and B of the circuit
isolated ground); (see Figure 8) so that the equipment did not generate any
b) When connecting signal transformers, the greatg@gnal in idle mode. Once the P2b potentiometer had been
resistance coil must be connected to the frequeragjusted (via a knob located on the front of the device) to its
generator (current source), contrary to usual practice minimum position (P2b = @), and the SW1 button pressed,
voltage transformers. the graph shown in Figure 10 was obtained.

c) For proposed circuit, primary coil's ohm resistances
must have a much greater value than secondary coi:-
resistance and these secondary coils must have a very 10 . £
value (2 - 30Q) to ensure that induced voltages do not ;... [ .. [ /'W-\\ P R S
affect the waveform; / N~

d) To get the best frequency range, the low impedance Sld / \-.,‘
of the signal transformer must be put in series with the / :
others; and ]
e) As the frequency response of each signal transforme™ gur=ruTa 10 uS | sia: ari |
used depends on the transfer ratio, its design anc
construction materials, it is very important to carefully
determine their bandwidth to avoid unwanted harmonic Then, using a precision screwdriver, the P1 value was

generation. This data must be recorded as part of BManged to its minimum and SW1 pressed again, leading to
device’s SpeCIflcatlonS and technical information for thﬁave front-time Change, as recorded in Figure 11 (here the

end user. wave presents a "front-time" similar to “standard wave front-
If it is desired to add radio emitter functionality to thgme).

proposed device to perform radio-detection tests, then an
amplifier module would have to be appended to the LEMP) :
generator output, connected to a broadband antenna. :
Figure 9 shows a photo of the proposed device assemble :
in the chassis and connected to three frequency generators ( :
its input side and to a spectrum analyzer with 9 kHz - 3 GHz :
bandwidth in the output.

Input A

1

Figure 10. Generated LI wave-shape with a P1 and P2b,

C IGEEETE 10 usS %’;*;{2 38 Probe 10:1

|
Figure 11. Generated LI wave-shape with ¢ id P2l

Then P2b value was then changed to obtain its maximum
resistance value, and SW1 was pressed to change the "tail-
time" of the pulse. At this point the pulse waveform had
already acquired the desired shape (see Figure 12) and SW1
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had been pressed as quickly as possible. 437 Uz 5"%“ (=
1000 : o
6w Input A
s S | v
AN R
’ T : P
~ W
" \\. ol B
o B 1W0kHz _ 100kHz _ 1MHz ____ 10MHz __ 100MHz
Yy —— PRI SRR S A e T b b L M A LOG OH
I 50pS | i af Probe Figure 15. Spectrum analyzer display showing thealed frequencies

Figure 12. LI wave-shape with Pand P27 C. Final simulated LEMP Generator Test

When pressing the SW1 switch slower it was observed thatSW2 was put in the “"closed” position and a new spectrum
pulse fall time became extended, as shown in Figuggalyzer (PC DSO 2100) connected to the proposed device’'s
1 output connector. By repeatedly pressing SW1 was observed

T that the analyzer was recording the same frequencies injected
/’ \ (see Figure 16) only this time there was a high DC component
’ N~ power intensity (F = 0 Hz).
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Figure 13. LI wave-shape witht 1t

B. Spectrum injector Test 00 ' 400 600 800

The SW2 switch was put in the "open" position (see Figure Figure 16. Spectrum analyzer display (DSO-2100yvihg detected
8) and a DSA1030 RIGOL spectrum analyzer (BW 9 kHz - 3 frequencies: F1, F2, F3 and DC component.
GHz) was connected to the points C and D on the circuit. The

three frequency generators linked to the device were given the Fluke ScopeMeter (in Oscilloscope mode) was then
y connected to the device's output connector, and SW1 was

following values: F1 = 100 kHz, F2 = 200 kHz and F3 € 90 . ,
hpressed to achieve a pulse similar to the “standard pulse” but
KHz. It was observed that these frequencies were indeed t
spectral composition which was more like real LEMP

recorded by the spectrum analyzer (see Figure 14) and tha F

other frequency was detected. see Figure 17).
Frequency values were then changed (F1 = 10 kHz= F2

100 kHz and F3 = 1000 kHz) as were generator output 10. TEST ANALYSIS

amplitudes (Ai) and the resulting data were recorded for 1he fact that when the device was in "Power-On" state and

comparison with data obtained using other equipment &9 Signal was present before pressing SW1 (pulse start time)

spectrum analysis, in this case with a Fluke ScopeMeter,9@ranteed the absence of "noise” causing distortion of the

spectrum analyzer mode (see Figure 15). signal being studied.

Fdgey fuf obe
Figure 17. ScopeMeter display showing waveformnées to real LEMP

Figure 14. Spectrum analyzer display showing thealed frequencies The change in P1 value was reflected in pulse front-time
(see Figures 10 and 11), thereby demonstrating the
relationships expressed in (25) and (27).
The change of P2b value was reflected in pulse tail-time
(see Figures 10 and 12), demonstrating the relationships
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