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Lightning Parameters for
Engineering Applications
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This popar highlights some of the telectad pararetars of iInferests bosad
on pravicius CIGRE decumenty on the subject, published In ELECTRA mara than
three decodas ago by Bargar of o, [13), and Anderson and Erksson (14).

$OME LIGHTNING PARAMETERS OF INTEREST

1. GROUND FLASH DENSITY
This Iy a furdamantal paramedsr. predding e basls for ony edimation of tha
frecuency of Ighining affech on slecirical patern. The ground fiash danslty.
Mo, & offen viewsd as the prmary descriplor of ighining ckdenes, ot leatt
In Ighining protecton studies, Ground fiash density has besn estirnalad from
recands of (1) ighining fiash eountars or LFCy and (2 lightning locating systems
or LLSe. This can potentialy be sstimeted from reconds of serslls-toed optica
of racdio-fracpiency radiation detecton. it i worth noting that satelite detactors
cannot gistinguish Batwesn cloud and ground discharges, 5o In order to olixtain
Ny maps frem salellts cbsarvalions. o spatial dsiribulion of the foction of
discharges o ground relative o the fota number of Ighining discharges, b
neaded. In the absence of ground-based meosurarments of Ny, IEEE Std 1410-
2010 (15) mecommends to asume that N, k aquad 1o cnethiid of the foid
fiash denally dnciudng both cloud and ground discharges) based on sotedta
chsarsations,

The ground flash denslty N, for tempenahe areas may be estimated from Ty,
the keraunk: leval, udng Bquation (13 fram Anclerson ot o, [BE):

N=D.04Ty1-26 n
whare

N b the ground Tiash density In fiashes per sokmper year
T ks the numbar of days with thunder per yeor.

Tormes of il (16] neted that ths sepression has unaccephably longs amars in

fropleal areas, recommending the alternative axpressons for Equation (1), os
tabulated In Table 1:

Tabds 1: Alamative axpressions for Bqustion 1 for implonl sman.

Coundry Alpmotive sxpresion for Ecuaiion (1)
Mexco N=00247,112
Brez n=0.0807, 12
Columbia N=0.0017 T,

2 PEAK CURRENT - “CLASSICAL" DISTRIBUTION

Baslcaly. al national and infemolicnd lighining protection shandands (e.g.. IEEE
Std 1410-2010 (18); |EEE Std 1248~ 1997 [171: BC 2306 seres (18-21)) Include a
shatistical distibution of peakt cuments for fiet strakes In negdative lightning flashes
dnciuding sngle-sirake ficshey). This distibution. which iy ehe of the foundation
of mest Igitining protection studies, k krgely basad on drect Ightning cument
measurenerits conducted In Switzerand from 1963 to 1971,

It b waorth noting that diecy measured curment wiave formmi of elther polartty
found In the Kerature, do not exhiblt peaks excesding 300 kA or sc, athough
Infarernces from remoclely meoasured eleciic ad maognetic flelds suggest the
axiytence of cuments up 1o 500 kA and aven higher,

For the CISRE distriibution, $8% of peck cuments excead 4 kA, BOY. excoad 20
kA, and 5% excesd 90 kA, For the IEEE dietbution, the *probablity fo excesd”

vakes: ara ghiven by the falowing equation £2)
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where P 18 In per undt ard T Is the st redun strokes peak
cument In kKA. Note that this equation opples to values of 1
up to 20X kAL

Aceordng to Hleman [(22), this ecuation, usually aoaurmed
e be applicable To negative first sirolees, was based an data
for 624 sirokes onchaad by Popckaraky (23], whose somple
Included both postibve and negative srokes, of wall o
sirckes Inupward lightring.

The chtriution of subsequent-sirole peak cument vakes
wix cpproaimated in Equalion (3) by {JEEE Std 12431957
1

PU)=——— 3
=g  ®
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Somple skas for “global® peak cument dishiuHons for
negathes fist sirolees and the [EEE peak curent distributions
<an b refamed to CIGRE TB 549-2013 (18).

3. PEAK CURRENT: RECENT DIRECT MEASUREMENT
Recently, drect cument meosusmants on Insimurmentad
towon wore camed out In Rumia, South Alca, Canada,
Gamarry, Brad, Japan, Ausida and agdan In Switzedand
{on a differant tower. Imnportant resulfs from the Brazllan,
Jopangss, and Ausfion shudes were rviewed ond
compaed with Berger's dalo. In oddition, recent direct
cument measurarments for rocket-irigoered lighining were
alse corsidenad.

Tables 2 and 8 simmarnsad the diidbutiors of lighining
pack cumsnts from Individual shudles obhaired from dinect
mecauraments onk) and those syribeszed by combining
different measraments for fiet ond subsaquert stroke (18],

Tahle 2 Compoansor of etum-shmbe peah cuments dhe lamest peal, i hAd) B fet stobe s ir meg Sive do wewand foltming

Raferences Location Sample Parcent excéeding labulated value ﬂ.ll Rismarks
size
5% 0% £%
Berger et al (1875) Switzerland 1 14 30 (=30) B0 0.285 Direct measurements on T0-m
lwers
Andasson and Switzariand BO 4 N 2] 0.2 Direct moasuramants on 70-m
Eriksson (1980) WS
Dellara ot al_ {1385} Haly 42 33 . 0.25 Derect measuraments on 20-m
Howars
Galdenhuys of al South Africa 28 7 A3 (43) 162 0.42 Direci measurements on a G0-m
{1989) miast
Takami and Oxaba Japan 120 10 29 B5 028 DareLl measuramants on 40- 1o
{2007} 140-m transmsson-ing iowes
Visacro of al, (2012} Brazi 38 21 45 2 0.20 Direct measurements on a B0-m
mast
Anderson and Swatzariand (N=125), Ausiralia 338 9 30 (M) 107 0.32 Combned drect and indirect
Erksson (1980} {N=18). Crechosiovakis (ragrestic link) measuraments
(N=123), Poland (N=3), South
Alrica (N=11), Sweden (N=14),
and USA (N=24)
CIGRE Raport 63 Switzarland (N=125), Australa 408 M [33) . o2 Same as Anderson and
(1881) (N=18), Crechosiowvakin Enksson's | 1880) sample phs TO
{N=123), Poland (N=3). South addiional measurements from
Alrsca (N=81), Swaden [(N=14), South Adrica
and USA (N=44)

The 5%, 50%, ond 5% values are determined wing the lcgnormal gpproximation 1o the actual dota, with $0% values In the

parentheses belng bosed on the actudl data,

Tl Is the standard devlatlion of the logardthm (bose 10) of peak current In ka: f=2.3024 Jlgl.

" Ag reported by Takaml and Clatee (20077,

"G kA and 0,32 after compersation for the S kd, lower mecsursmeant [imif,
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Tahle 3: Compartison of retumn-groke peak currants (in A) for subsequent strokes in negative lghtning

References Location Sample Percent exceeding Ol Remarks
size tabulated value
95% 50% 5%

Berger et al. Switzerland | 135 46 12 30 0.265 | Direct measurements on
(1975) 70-m towers
Anderson and Switzerland | 114 49 12 29 023 Direct measurements on
Eriksson (1980) 70-m towers
Dellera et al. italy 33 - 18 - 0.22 Direct measurements on
(1985) 40-m towers
Geldenhuys et South ? - 7-8 - - Direct measurements on a
al. (1989) Africa 60-m mast
Visacro et al. Brazil 71 75 18 41 0.23 Direct measurements on a
(2012) 60-m mast
Diendorier et al. Austria 615 35 9.2 21 025 Direct measurements on a
(2009) 100-m tower; upward

lightning
Schoene et al. Florida 165 5.2 12 29 022 Direct measurements;
(2009) rocket-triggered lightning

The 98%, 80%, and &% walues are deftermined using the lognormal approximation to the actual data. Olgl is the standard
deviation of the logarithm (base 10) of peak curent in kA; p=2.3024 Ojgl. Data for strokes in upward and rocket-triggered
flashes are included because those strokes are similar fo subsequent strokes in natural dowmward flashes.

4. OTHER PARAMETERS

Apart from the basic parameter discussed eatier, there are
several other lighining parameters needed In engineering
appllcations Include mosdmum current dervative, avarage
current rate of risa. current rse firme. current duration. charge
transfer, and specific energy (acticn infegral), which are all
dervable from direct current measurements. Distributions
of these parameters, presertly adopted by CIGRE, are
based on direct measurements by Berger and co-workers
In Swhzerand.

There are alko more recent direct cument measuremeants
avallable which are obtained wsing Instnumented towers
In Austria, Brozll, Canodao, Gemany, Japan, Russio aond
Switzeriand, as well as those obtained in saveral countries
using rockettiggerad lighining. Furthermore, modem
lIighining locating systems report peak curents estimated
frorn medasured magnetic or elecitic fleld paaks. Additicnally,
lighining parameters such s the number of strokes per
fiash (multiplicity). Interstroke Interval, number of channels
per flash, relafive Intensty of sirokes within a flash, retum-
stroke speed, and equivalent Impedance of the lighining
channel, as well as charactedstics of confinuling cumrants
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and M-components are among ¢ther parametars to be
considered. Table 4 shows lighining curent porometers
(based on Berger's data) recommended by CIGRETE &3 (24)
andl IEEE Std 1410-2010 (15).

SOME ENGINEERING APPLICATIONS
LUghining parameters are of Interest In different flelds of
research and englneernng applications, such oz alrborne
vehlcles, corstructon ard oll Incustry engineerng. power
rnetwork components and wind turibines. The protection
against lighining for each application follows speciic
stfandardks.

Several ozpects have been covared by previous CIGRETB
63 (19).1B 118 (1997}, TB 172 (2000), TB 3480 (2008), TB 287
(2005), TB 441 (2010} and by the ongolng activiies of other
worldng groups (a.g. WG C4.408 Lighining Protection of Low-
Voltage Networks, WG C4.40¢ Lighining Protection of Wind
Turbine Blades, WS C4.410 Ughining Striking Charaictoristics
for Very High Structures, WG C4.23 Gulde to Proceduras for
Estimating the Lighining Perfermance of Transmisslon Lines,
WG C4.26 Evaluation of Lighining Shielding Analyds Methods
tor EHV and UHY DC and AC Transmission Lines).
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Table 4: Lightning current parameters (based on Berger's data) recommended by CIGRETE 63 and IEEE Std 1410-2010

Parameters of log-normal distribution for negative downward flashes
First Stroke Subsequent stroke

FParameter M, Median p. logarithmic M, Median p. logarithmic base

(base e) standard standard deviation

deviation

FRONT TIME {us)
1010/90 = Ty9/00/08 5.63 0.576 0.75 0.921
t30/90 = 130/90/0.6 3.83 0.583 0.67 1.013
tm=IF/5m 1.28 0.611 0.308 0.708

STEEPNESS (kA/Ms)
Sm. Maximum 24.3 0.599 39.9 0.852
S1p at 10% 2.6 0.921 18.9 1.404
S510/90. 10-90% 5.0 0.645 15.4 0.944
530/90. 30-90% 7.2 0.622 20.1 0.967
PEAK (CREST) CURRENT (kA)
I, initial 27.7 0.461 11.8 0.530
Ig. final 31.1 0.484 12.3 0.530
Rafio, Iyig 0.9 0.230 0.9 0.207
OTHER RELEVANT PARAMETERS
Tail Time to Half 77.5 0577 30.2 0.933
Value tp (us)
Number of stokes per 1 0 24 0.96 based on
flash median Niqto=3.4
Stroke Charge, @iy 4.65 0.882 0.938 0.882
(Coulomb)
§ Pdr ( (kRAYS) 0.057 1.373 0.0055 1.366
Inferstroke interval = 5 35 1.066
(ms)
In the case of ftransmisslon llnes for Instance, the basls of the developed standard for the protection

the protection Is malnly based on the use of shleld
wires (or overhead ground wires) and selective use
of surge arresters. Some speclal methods have also
been successfully used for Improving the lightning
performance (17). Generdlly, the grounding system has
a great Influence on the effectiveness of the protection
means. In the [EC 62305 series, those paramsters are
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of structures, living belnhgs and slectrical and electronic
systems against lightning.

Effective shleld wire protection Is characterised by low
probabiliity of both shlelding fallures and back-flash-overs.
Modelling and procedures for the estimation of these
probablliitles are addressed by both CIGRE document
(24) and IEEE Standards (15, 17).



CONCLUSION

This paper hce briefly dscused some of the bosle Ighming parametan thot
cra nasded In the powsr shginesaing caculaions, dong wih meievont
neferances to shandards and the recent Heroture on the wubject, Leoking at
sovarad engineerng applications with regords o the cbicned pammetos,
e use of these parametan In the standerd sardes IEC 62306 and several
IEEE standards for Inshance are mdalnly based on the direct meaiuremanty by
Bargemand co-worken In Switzarand. Meanwhie mora recent direct cument
rmecaursmerls wars shrbained from Instrumented owen In Aushia, Gemrmeny,
Russla, Canada and Brozl. oy wel as from rocket-tiggered Ighining. Furthet
medam Ighining lecating wyestorme (LLS) report peck curenh estimated from
maczured slechiomagrestic flelkd peals. B
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