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Content to be covered:

« Grounding System Performance:

° Power Frequency vs. Lightning Current

« Grounding Design for Power Frequency vs.
Lightning Impulse Current Scenarios:
« Human Safety Analysis (Safe Step-and Touch Voltage)

e [llustration of GPR and Power distribution (Power
Frequency vs. Lightning Impulse)

» Comparison of Simulation Results

» Possible mitigation techniques for Lightning GPR
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Power Frequency- vs. Lightning Impulse Current -
Performance Simulation
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Key Type of short stroke IEC 62305-1 Impulse Equivalent
parameters parameters frequency
O, virtual origin i i i kK Tl T | TI T2 f
Class | Class | Class (us) (us) (us) (us) (kHz)
I peak current I il II-Iv
_ ka) | kA) | (A)
T, fronttime First positive 200 | 150 | 100 | 093 | 19 | 485 | 10 | 350 25
_ First negative 100 | 75 50 | 0986 | 182 | 285 | ! 200 250
T, time to half value - - -
Subsequent negative 50 375 25 0.993 | 0.454 143 0.25 100 1000

Figure A.1 — Definitions of impulse current parameters (typically T, < 2 ms)

Ref: J. Meppelink, R. Andolfato and D. Cuccarollo, "Calculation of Lightning Effects in the Frequency Domain," in International Colloquium on Lightning and Power systems, Bologna,
2016.
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Human Safety Analysis (Safe Step-and Touch Voltage) @

Ground Potential Rise (GPR) resulting in Step- and Touch voltage conditions which can conduct through the
human body.
GPR is calculated by

o GPR =Ix R, (Fault Current x Grid Resistance)

The current that may flow through the body due to Step- and Touch voltages may not exceed the calculated

|53

allowable body current limit (Ig).
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Power Frequency Fault - GPR and Touch-/Step Potential Control

* To control/mitigate the risks of GPR we need to:
o Ensure the grounding resistance R, is as low as possible.

o Create an equipotential plane and equipotential between metallic parts by means of bonding.
o Use soil covering material.

Grounding resistance is dependent on many factors, most importantly the grid shape and soil resistivity value.
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Ref : IEEE std. 80
IEC 60479-1

© DEHN / protected by ISO 16016



Ground Potential Rise (GPR) for Lightning Frequency

* Lightning has high frequency behaviour (OHz — 10MHz).

* GPR steepness increases with increase in frequency.

« High Lightning current also creates high GPR levels.

+ Lightning Protection Level is determined by a lightning Risk Analysis in accordance with IEC 62305-2

the reference point Minimum values

(dimensioning criteria)
ACLLEEN  Minimum  Probability that the

@ potential relative to 6 T(p

Maximum values
(dimensioning criteria)

r distance from
the point of strike

Light- .
Probability that the

ning pro- [T RN s ning pro- Y% actual lightning .
LU peak value of actual Ilglilltn";‘g cu:ent tection value current is greater Ro'I‘IIng
level the lightning 15 Smater than the level of the than the minimum  “Pe' ¢
current Maximm p_eak value of lightning  peak value of the radius
the lightning current current lightning current

| 200 kA 99% I 3 kA 99% 20m

I 150 kA 98% Il 5kA 97 % 30m

I 100 kA 95% ] 10 kA 91 % 45m

1\ 100 kA 95% \'% 16 kA 84% 60 m

Ref : DEHN Lightning Protection Guide 3rd Edition
© DEHN / protected by ISO 16016



Injected Lightning Impulse 1.82/285us

*  90% of Lightning Strikes may be considered to be First Negative Impulse.

200

400

800

[us]

First positive impulse

First negative impulse

Subsequent negative impulse

Parameters LPL LPL LPL
| 11 -1v I 1l n-1v I 11 -1V
I (kA) 200 150 100 100 75 50 50 37,5 25
k 0,93 0,93 0,93 0,986 0,986 0,986 0,993 0,993 0,993
T, (us) 19 19 19 1,82 1,82 1,82 0,454 0,454 0,454
T, (us) 4#35 485 485 285 285 285 143 143 143

Ref : IEC 62305-1
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Lightning Current Behaviour Considerations

« Grounding System Safe for Power Frequency but not for Lightning Impulse Current (50kA).
o Grounding Resistance is ~10Q
o Soil Model is calculated to be a 2-Layer model.
o No surface layer has been added.

» Lightning creates steep and large GPR around the building (~650kV).

» Touch voltages are introduced and pose a significant risk.
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Ref : DEHN Lightning Protection Guide 3rd Edition
© DEHN / protected by ISO 16016



Step-and Touch voltage tolerable limits for Lightning Impulse

* The allowable values for tolerable voltage limits are different amongst standards and models.
« Step voltage in the range of 25kV may be used.
+ Controlling the potential gradient is essential.

» Touch voltage mitigation is described in [EC 62305-3
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Ref : DEHN Lightning Protection Guide 3rd Edition
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Simulation of Touch voltage during Lightning Impulse

* A Lightning protection system consisting of 4 Air-termination rods + 4 down conductors is added.

* Lightning current is injected on an Air-termination rod.

« Touch voltages are extremely high due to large Lightning current injection.
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Step-and Touch voltage tolerable limits for Lightning Impulse

* Reducing the Touch voltage hazard according to IEC 62305-1:

o |Use of soil covering material 3m around each down-conductor.
o [Install warning signs to keep clearance around down-conductors.

o |Touch hazards may be ignored if the building has >10 down-conductors.

o Make use of touch-safe insulated down-conductors (having insulation >100kV for 1.2/50us Voltage shapes)

PEX insulation

copper conductor

shield

conductor holder \Q o

-~ ),; . connection
element

250m

Ref : DEHN Lightning Protection Guide 3rd Edition
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Reducing Step-Voltage using SCL

» Surface covering layers may increase the resistance between GPR and feet, improving step voltage.

soil surface

RK << RE

l tot

Ref : I[EEE 80
DEHN Lightning Protection Guide 3rd Edition

Table 7—Typical surface material resistivities

Description of Resistivity of sample, Q-m
Number surface material
(U.S. state where found) Dry Wet
1 Crusher run %ﬂ"’é‘;‘e with fines 140 x 10¢ 1300 (ground water, 45 Q-m )
1% 1n (0.04 m) crusher run granite L
2 (GA) with fines 4000 1200 (rain water, 100 Q-m)
3 % 1n tol 1n (0.02 m to 0.025 m) i 6513 (10 minutes after 45 Q-m
granite (CA) with fines water drained)
No.4(1into 2 1n) (0.025 m to 5 5 .
4 0.05 m) washed te (GA) 1.5%10°t0 4.5 x 10 5000 (rain water, 100 Q-m )
No.3 (2imnto 41n) (0.05 mto 6 3 ]
5 0.1 m) washed granite (GA) 26 10%t0 3 = 10 10 000 (rain water, 100 0-m )
6 Size unknown, washed limestone 7% 10° 2000 to 3000 (ground water,
(MI) 45 0Q-m)
7 Washed granite, similar fo % in 2 % 108 10 000
(0.02 m) gravel
g Washed granite, similar to pea 40 % 10° 5000
gravel
No. 57 (¥ 1n) (0.02 m) washed 5 ;
9 oratite (NC) 190 < 10 8000 (ground water, 45 Q-m )
10 Asphalt 2 % 10%to 30 x 10° 10 000 to 6 x 10°
11 Concrete 1x10%0 1 x 10° 21 t0 200

*Oven-dried concrete (Hammond and Robson [B79]). Values for atr-cured concrete can be much lower due to moisture content.

© DEHN / protected by ISO 16016




Reducing Step-Voltage using Ring conductors

» The steepness of the GPR may be controlled by making use of grounding conductors in the shape of rings

around the object/radio tower/sport event lighting etc.
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Initial Ground Potential Rise (GPR) for Lightning Frequency

« Initially no consideration for lightning in the Design for Power Frequency earth faults.

* Results in high GPS steepness and exposure to dangerously high touch- and step potentials.
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Updated Step-and Touch Voltage Results

Modified Grid Layout to control lightning GPR.

y[m]

=

htning

20

o

Lightnihg +hjectio

30

LEGEND

Color Code
System e

Soil surface N
Soil Layers Interface -~

z[m]

Injection Point ¥
Snap [m] 0.50
o Volume Visualization
7 x left [m] -10.10
y lower [m] -5.000
z height [m] -1.000
Length [m] KXRE
Width [m] 16.00
Height [m] 6.000
Axes Orientation and Origin
¥
z X
z
o
X [m]

Lightning Injectio

h

z[mj

XGSAe»

@&

www.xgslab.com

XGSLab Ver. 9514 - LN 1956752114

EasyPower Webinar

© DEHN / protected by ISO 16016




Updated Step-and Touch Voltage Results

Updated GPR is shown. Reducing the GPR Steepness and touch- and step potential gradient exposure.
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Updated Step-and Touch Voltage Results

Updated Step Voltages below 25kV Tolerable Value.
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Updated Step-and Touch Voltage Results

Updated Step Voltages below 25kV Tolerable Value.
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Conclusion @

Initial design for power frequency ground fault currents, may not address the GRP that could be present during

lightning. Very important in highly populated areas or areas of high lightning ground flash densities.

Due to High frequency behaviour and high Impulse current value, Lightning creates steep and large GPR plots.
* To reduce touch potential hazards around the building:

o Use tested insulated down-conductors
o Keep 3m clearance around down-conductors
o Do not touch down-conductors

o Touch potential might be neglected if > 10 down-conductors.

» To reduce step potential hazards:

o Establish a potential controlling grounding grid to reduce GPR steepness
o Use SCL to insulate feet from GPR.
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DEHN protects.

Thank you for
Your attentention!

For information on our registered trademarks, please visit www.dehn-international.com/en/our-registered-trademarks. We accept no liability for technical modifications, misprints and errors. Illustrations are not binding.



