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Presentation objectives

O Presentation of 3 software tools directly related to the calculation and evaluation of parameters related to the

individual elements of an External Lightning Protection System
— (@
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Brief Reference to Calculation Tools

Q Software tools:
= They were developed by graduate students of the University of Cypr\@rt of research activities

= Sponsored by ELEMKO, ABEE

= Available for free &

= Provide support to Electrical Engineers for relevant stu @

= Use for training and understanding requirements of r@ standard

U Description: @

design and assessment tool, I[IEC 62305-3

listance assessment tool, [IEC 62305-3




Software Tools Implementation Background

O According to the existing national, European and international 62305 standard series, an external lightning
protection system consists of:

1. Air termination
system

2. Down-conductor
system

3. Earthing > — e — — =
termination
system




Earthing Resistance Calculation Tool
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This estimator tool can czlculate the rezistance
of a grounding system, the dimensions
required for a specific resistance or the
number of rods required for a specific
resistance.
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Reference to International Standards

O The calculations of the software tool are based on the mathematical equations provided in:

» BS 7430:2011, “Code of practice for protective earthing of electrical

» IEEE Std 80-2000, “IEEE Guide for Safety in AC Substation G%ng’

(C_

IEEE STAMNDARDS ASSOCIATION

BS 7430:2011

Incorporating corrigendum No. 1

IEEE Guide for Safety in AC Substation
Grounding

IEEE Power and Energy Society

Sponsored by the
Substations Committee

Code of practice for = p——

3 Park Avenue
New York, NY 10016-5997 (Revision of
IEEE Std 80-2000/

protective earthj e
electrical installati

Incorporates
1EEE Std 80-2013/Cor 1-2015)
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Cases studies based on BS 7430: 2011

9.5.3

Rod electrode

The resistance of a rod R, in ohms (2) may be calculated from:

veaaos{)

where:
i) is the resistivity of soil, in ohm metres ((m);
L is the length of the electrode, in metres (m);
d is the diameter of the rod, in metres (m).

~ /7 &L

9.5.4 Parallel connection of aligned rods

The resistance R, in ohms (1) of n vertically driven rods set s metres apart may

be calculated from:

| 1.78n
[&]
s %5718

resistivity of soil, in ohm metres (Qm);
is the length of the electrode, in metres (m);

is the number of rods;

is the spacing between the rods, in metres (m).




Cases studies based on BS 7430: 2011

L The complexity of the equations increases for complicated types of electrode configurations

9.5.8.5 [c1) Vertical rods in a hollow square
The resistance R;5; of rods set out in a hollow square [see Figure 15e)] may be
claculated from:
1+4p/ 2R 15
RT0T=Rr(7)
n
where
R, is the resistance of one rod, in oms (Q);
A is the factor in Table 2;
0 is the resistivity of soil, in ohm metres ({im);
s is the spacing of rods, in metres (m);
n is the number of rods used as electrodes (see h@t to Table 2).
Table 2 Factors for vertical electrodes arranged in a hollow squarg O
\'/
Number of electrodes (n) along the | Factor Number of electro long the Factor A \
, , \ R
side of the square side of th g are \ \
2 2.71 9 7.65 _U_@'V__"V___T__'V'
3 4.51 10 7.90
4 5.46 8.22
5 6.14 8.67
6 6.63 Q 16 8.95
7 7.03 18 9,22
8 7.30 <\2D 9.40
N\
NOTE The number of electrodes around the square is 4(n = 1).




Earthing Resistance Calculation Tool Software Features

 Calculation of earthing resistance for 9 different
electrode configurations and types.
 Calculation of electrode dimensions depending on
the required value. The calculations are applicable
for 9 different configurations and types of
electrodes.
O The calculations take into account:
= The electrodes are placed in uniform soil.
= The electrodes are placed in multilayer soils
(vertical or horizontal separation).

O Calculations taking into account the mathema@
th z

constraints of the equations referred
standards.

= Where restrictions apply, they are ed in
the form of message.

R
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Brief Software Exhibition

@O 0= il 81425 | | Elemko Resistance Estimator v2
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aplBuwy Twv papdwv mou xpetalovrat =

yLa CLYKEKPLUEVN avTioTaon. This estimator tool can calculate the resistance
of a grounding system, the dimensions
required for a specific resistance or the
number of rods required for a specific
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External Lightning Protection Air Termination system design
software tool
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Reference to International Standards

U The calculations of the software tool are based on methodologies referred in the standard:

» EN 62305 -3 “Protection Against Lightning - Part 3: Physical damagmuctures and life hazard”

CYPRUS STANDARD CYS
g&ﬁ-

Protection against 3

lightning - @ )

Part 3: Physica

damage to ‘@

and life hazaré
NN
U Dem%Ww termination system:
ction angle method
»Mesh method

» Rolling sphere method




Air termination design - Protection angle EN 62305-3

U The volume protected by a vertical rod is assumed

to have the shape of a right circular cone with the
vertex placed on the air-termination axis, semi-

apex angle a, depending on the class of LPS, and the /
height of the air-termination system. As required Lo
by the assessment.
»:
A
a
| ~_ “irs”
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u /(\\ 20 i \n| b 1l T~ \.
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IEC 2035/05




Air termination design - Protection angle with shield wires

L The volume protected by a wire is defined by the composition of the volume protected by virtual
vertical rods having vertexes on the wire. Protection angles var rding to the class of LPS, as
resulted from the risk assessment.
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Case study: EN 62305-3

O Calculation of protection volume, comprising of a 2-air termination rod on a flat roof. The
protection volume is determined by the height of the rod above the examined surface.

"\
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I = n =) \
o fl \
] [] @\V(Hf
_ \J
I = N
NAN \ s Pykrkzia
SR o
HiEsla 0SS f\/h |
IEC 2679/10
Key
H height of the byiling over the ground reference plane
h, physical height &f an air-termination rod
h, h, + H, being the height of the air-termination rod over the ground
a, the protection angle corresponding to the air-termination height h= h, being the height above the roof

surface to be measured (reference plane)
oy the protection angle corresponds to the height h,




Case study: EN 62305-3

O Calculation of protection volume on a building with sloped roof protected by air-termination rod.
Complex geometrical calculations are required.

Figure E.15a — Example using one air-termination rod

Figure E.15b - Example using two air-termination rods

49
O 1

-
S

2535;?
(

Key
1 protected volume
2 reference plane
3 air-termination rod
h relevant heights of air-termination according to Table 2
o protection angle
D, D" limit of the protected area
IEC 2686/10

N D
7

IEC 2689/10




Air-termination External Lightning Protection System Software Tool
Features

Design of air-termination protection angle and protection angle
with shield wires

The software assess:
= Buildings with flat roof
= Buildings with slopped roof
= Buildings with complexes of same and different heights.

The assessment takes into account:

= The class of lightning protection system, as resu m
the risk assessment.

= Building protrusions (i.e. chimneys) @
= Roof PV systems xy
' tion.

Structure

LENGTH| WIDTH | HEIGHT]| PROTECTED |
30.00m_[30.00m [5.00m | [~ |

Protrusions

D| X | ¥ |LENGTH| WIDTH| HEIGHT| PROTECTED |
21218 [10.86 [3.20m _ [3.13m [8.30m | ]

The results are presented:
= In 2- (top view) and 3-D by wi

= In tabulated form with details
rods and locations that “ake

protection).

e’ . Building dimensions, E—
ConSidered to be under E|4.:5 \15.13 \2LE|E:IQ§H\:NQE;H\UH2EU‘S1HT| PRUECTED |

Rods
SSSSSSSSSSSSSSS

14.97 || 500m 2|
15.03 | 500m |1

1}1.81
2|29.30




Down-conductors and separation distance assessment tool 62305-3

£ \E=8EOR ™5
Developed by: %@

Power SYSte | 45 &% | University of Cyprus

Modell - i i
/ﬁ—\ Lf@tnry
©
ELEMKO

@ @ LPS Design




Reference to International Standards

[ The calculations of the software tool are based on methodologies referred in the standard:

» EN 62305 -3 “Protection Against Lightning - Part 3: Physical dama@uctures and life hazard”

7
CYPRUS STANDARD é CYS EN
62305-3:2011

Protection aga%@
lightning -

N@
Part 3: P cal

damage to structures
and life hazard




Case study: EN 62305-3

L Down-conductors are the continuation of the Air-termination System. The formation of loops shall be avoided, but
where this is not possible, the distance s, measured across the gap between the two point on the conductor and
the length, |, of the conductor between those points shall conform as defi mthe relevant standard.

. 1 .

- ﬁQQ
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W |
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IEC 2647/10




Case study: EN 62305-3

L Down-conductors are the continuation of the Air-termination System. The route of the down-conductor to the
earthing system should be evaluated with reference to the minimum permissible safety clearance to avoid
dangerous interference with the human body.

o \
5
_______________ S= ‘L xk x|
A c
m
25m
7 77 777 2
LA s o .
> T
.
IEC 2660/10

Key
d actual distance »>s
s separation distance according to 6.3
/ length for the evaluation of separation distance s
NOTE The height of the person with raised hand is taken to be 2,5 m.




Separation safety distance - calculation

Depends on the (partial) li rrent flowing on the air-termination and the down-

conductors

[s the length, in me ) the air-termination and the down-conductor from the point,
where the separati tance is to be considered, to the nearest equipotential bonding
r

point or the ear nation.

Depends on the selected class of LPS@
Depends on the electrical insulsti@ erial
tni

O




Down-conductors and separation distance assessment tool 62305-3

O The software has the capability to calculate:
The required separation distance between

down-conductors and installed equipment

The required dimensions between the down-

conductors that form loops (i. e. building

|

(i.e. Photovoltaic system)
|

protrusions)
|

The required dimensions between down-

conductors and a parson (i.e. buildin

cantilever)

[ The calculations take into account:

LPS class
Number and length of down-co

=  Electrical insulation material

L The results are presented in

Useful

messages,

in

r
ding

u

f:

alternative

solutions in the case where the required

separation distances are not met.

k
s= k—’xkcxt+2.5

m

|| Lightning Protection System Design

File Language Settings

f Insulation distance-outdoor equipmept rwlmﬂ dlST}YﬁG\—FV Separation distance between canti

Coefficient k;

Select LRSblass
|C\ass\

depends on the selemedésﬁ{a

N

Select insulation material

Coefficient k__ ‘Air

depends oMnglectrical insulation material
\J se;nd{etw n LPS and human

%\@

Select number of down conductors
Cogiicient tk, 1 (only in case of an isolated LPS)
depends on the (partial} lighting current flowing on the air-termination system and down-conductors

___

Length for evaluation of separation distance (l)

distance of LPS from ground level

1, (m) [30 H
1, (m) [30 B
is the length, in meters, along the air-termination and down-conductor from the point where the
separation distance is to be considered, to the nearest equipotential bonding peint or the earth termination

Select distance between LPS and ground level
d(m) s H

The distance between cantilevered part

separation distance (s) plus 2.5 m.
Human is NOT safe

and human (d) should be longer than insulation

Result

§+25=7.30m.

Y




Brief Operation Exhibition
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