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1 Introduction 

The intent of this document is to provide the requirements of earthing system design 

for Sieyuan SF6 Gas-insulated Metal-enclosed Switchgear(GIS) against fault current 

resulting from breakdown inside the GIS enclosure and the additional factors arising 

from the high frequency phenomena generated during operation of GIS. 

2 General requirements of earthing in GIS substation 

2.1  Shock hazard on GIS during fault condition 

For GIS, the conductor is positioned inside a grounded metallic enclosure. 

Whenever a fault current flows through the conductor, a voltage is induced in the 

enclosure. Certain parts of the enclosure might be at different potentials with respect 

to the substation ground. 

In Gas-insulated Metal-enclosed Switchgear the main consideration in case of a 

short-circuit fault is the shock-hazard voltage or touch voltage. The step voltage is of 

minor importance as the floor beneath the GIS is covered with a finely meshed 

earthing mat. 

The part of the short-circuit current which runs through the enclosure and the earting 

conductors in case of a fault results in potential differences in the enclosure, which 

might be bridged by personnel shown as Figure 1 and experience a shock. 

 

Figure 1 - Typical metal-to-metal touch situation in GIS 
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Figure 2 - Typical faults in GIS 

Potential differences on the GIS enclosure may be caused by internal faults(e.g. 

flashover between conductor and enclosure) and by faults external to GIS with a 

fault current running through the GIS shown as Figure 2(case A, B and C). 

The maximum rise of shock-hazard voltage on a GIS enclosure depends on the 

inductance of the enclosure to ground, inductance of inner conductor and mutual 

inductance of individual busbars for a given configuration. Since the inductance of 

the GIS enclosure is known design value, the other factor which can influence is the 

inductance of the earthing conductors(material, cross section and laying method of 

the conductors). 

Sieyuan has taken every care that its GIS enclosure is properly designed and 

provision for adequate grounding is made so that potential difference between 

enclosures and the potential difference between enclosure and grounded structure 

doesn't exceed 65-130 Volts during fault conditions. 

The metal to metal touch voltage equation 34 & 35 of IEEE-80(given below) 

indicates that the voltage range 65-130 V corresponds to fault times ranging from 0.8 

sec. to 3.2 sec. for a body weight of 50 kg and 1.46 sec. to 5.8 sec. for a body weight 

of 70 kg. The graphical presentation below at Figure 3 gives a better understanding 

of safety margins. 
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Emm-touch50=116/√ts (for a body weight of 50kg)——Ref. IEEE-80 Equation 34 

Emm-touch70=157/√ts (for a body weight of 70kg)——Ref. IEEE-80 Equation 35 

Where ts is the duration of shock current in seconds. 

 

Figure 3 - Typical voltage limits for metal-to-metal contact and a typical range 
of enclosure voltages to ground 

The above graph shows that a person with body weight of 50 kg can withstand 65 V 

for 3.2 sec. whereas 130 V for 0.8 sec. only. Similarly, a person with body weight of 

70 kg can withstand 65 V for 5.8 sec. and 130 V for 1.46 sec. The touch voltage 

withstand time duration for specified voltage range is quite safe as it is much above 

the fault duration and it's clearing time. A person is safe if the value of current 

passing through human body is less than 100 mA which is the ventricular fibrillation 

threshold limit. 

2.2  High frequency Phenomena 

In GIS, the switching operations of circuit-breakers, disconnectors and earthing 

switches cause SF6 insulation breakdowns due to discharges between contacts and 

thus steep transient overvoltage are generated. These voltages propagate as 

travelling waves(TW) into both directions with nearly speed of light. 

The TW can leave the GIS only at apertures in the enclosure like SF6/air bushings or 

isolating flanges(transformer and cable terminals). 
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The TW , escaped through an SF6/air bushing will propagate on the overhead line 

and on the GIS enclosure. The latter part, running on the outer surface of the 

enclosure generates high frequency Transient Ground Potential Rise(TGPR). Due to 

their short duration and low energy phenomena they cause no harm to operating 

personnel of GIS. However, they can cause electromagnetic interference and 

sparking in some locations of the plant(optical and acoustical phenomena). 

Therefore they have to be kept low. 

This is achieved by following earthing measures: 

 Narrowly meshed earthing net of GIS. 

 Short interconnections between the enclosure and the earthing net. 

 Meshed interconnections between the enclosure and the earthing net. 

 Earthing conductors and earthing connections with lowest possible inductance.  

They shall be short and have large surface(a flat profile is preferable to an equivalent 

cross section, or two conductors in considerable distance instead of one with 

equivalent cross section respectively). 

3 Earthing system of Sieyuan GIS substation 

3.1  Earthing principle of Sieyuan in 400kV GIS substation 

They shall be short and have large surface(a flat profile is preferable to an equivalent 

cross section, or two conductors in considerable distance instead of one with 

equivalent cross section respectively). 

3.1.1  Multi-Points Earthing System 

Sieyuan has applied the multi-points earthing system for GIS substation in India 

market as well as other countries. The multi-points earthed with proper metal 

conductor in other words, there is no isolating point in GIS substation. 
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The multi-points earthing method has a number of advantages, compared with the 

one-point earthing method: 

 Better reliability concerning earthing safety. 

 Smaller magnetic field intensity outside the enclosure. 

 Lower shock-hazard voltage in case of fault. 

 Smaller high frequency transient voltage during switching operations. 

 Lower interference by induced currents in secondary cables. 

 No insulation of the structure requested. 

3.1.2  Typical earthing connection of the GIS to the earth riser 

a) Earth riser directly connected to main earthing grid. 

b) Earth riser as 75mm×12mm steel earthing mesh. 

 

Figure 4 - Earthing connection at GIS side 
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Figure 5 - Earthing connection to earthing grid(indoor) 

 

Figure 6 - Earthing connection to earthing grid(outdoor) 

c) Design of earthing material and size 

A୫୫మ ൌ I
ଵ

ඨ൬
౐ిఽౌ∙భబషర

౪ౙ∙α౨∙ρ౨
൰ ୪୬ቀ

ేబశ౐ౣ
ేబశ౐α

ቁ

     --------------Ref. IEEE 80 Equation (40) 

For earthing riser and earthing grid(75mm×12mm steel), 

A୫୫మ ൌ 63 ൈ
ଵ

ට൬
య.మఴൈభబషర

బ.ఱൈబ.బబభలൈభఱ.వ
൰ ୪୬ቀ

మరమశభబఴర
మరమశరఱ

ቁ
ൌ 317ሾmmଶሿ  
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For earthing plate of GIS(75mm×3mm copper), 

A୫୫మ ൌ 63 ൈ
ଵ

ට൬
య.రమൈభబషర

బ.ఱൈబ.బబయఴభൈభ.ళమ
൰ ୪୬ቀ

మరమశభబఴర
మరమశరఱ

ቁ
ൌ 157.6ሾmmଶሿ  

Where 

I is the rms current in kA 

A୫୫మ is the conductor cross section in mm2 

T୫ is the maximum allowable temperature in ℃ 

Tα is the ambient temperature in ℃ 

T୰ is the reference temperature for material constants in ℃ 

α୰ is the thermal coefficient of resistivity at reference temperature Tr 

in 1/℃ 

ρ୰ 
is the resistivity of the ground conductor at reference temperature 

Tr in μΩ-cm 

K଴ 1/α01 or (1/αr)-Tr in ℃ 

tୡ is the duration of current in s 

TCAP is the thermal capacity per unit volume in J/(cm3ꞏ℃) 

d) Earthing connections for Sieyuan GIS(Figure 7-10) and details shown on 

Appendix-1. 

 

Figure 7 - Earthing connection for BAY 
 

1
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Figure 8 - Earthing connection for PT/SA 

 
Figure 9 - Earthing connection for bus bar 

 
 

 
Figure 10 - Earthing connection for steel support 
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3.2  Enclosure Voltage Rise analysis against fault current 

Fault location、current direction、earthing location are relevant to the enclosure 

voltage. The below picture indicates the worst situation. 

 

Figure 11 - Enclosure Voltage Rise on Busbar 

For one enclosure, it shall be like conductor, 

𝐿଴ ൌ
𝜇଴𝐿
2𝜋

൬
1
4

൅ ln
𝑅
𝑟

൰ 

For the power system frequency is 50Hz, the resistance of enclosure is far less than 

inductance. The touch voltage(U) on the enclosure of busbar,  

𝑈 ൌ 𝑋௅ ⋅ 𝐼 ൌ 2πf ∙
𝜇0𝐿

2𝜋
൬

1

4
൅ ln

𝑅

𝑟
൰ ∙ 𝐼 

where, 𝑋௅ ൌ 2πf ∙ L 

𝜇଴ Magnetic permeability in vacuum (=4𝜋 ൈ 10ି଻ H/m) 

L Half of distance between two continuous earthing point in meter 

I Short current in A 

R Half of diameter of enclosure(=0.166m) 

r Half of diameter of conductor(=0.055m) 

In this project, the length of the longest parts between two earthing point is 30m. 

L=1/2×30=15m 
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𝑈 ൌ 2 ൈ 𝜋 ൈ 50 ൈ 2 ൈ 10ି଻ ൈ 15 ൈ ൬
1
4

൅ ln
0.166
0.055

൰ ൈ 63 ൈ 10ଷ 

𝑈 ൌ 80.3𝑉 

The maximum enclosure voltage rise is 80.3V for 400kV GIS. Besides, the maximum 

touch voltage occurs when a person touch the part of enclosure which is the furthest 

away from the earthing point during short circuit fault. Meanwhile, the enclosure 

voltage rise of this part of enclosure is maximum value. Based on calculation above, 

the maximum touch voltage shall be 80.3V for this project.  

Emm-touch50=116/√ts (for a body weight of 50kg)——Ref. IEEE-80 Equation 34 

where, ts =1s,  

So, Emm-touch50=116V. 

The maximum touch voltage for this project is 80.3V<116V. 

Hence, the value of maximum enclosure voltage rise and maximum touch voltage for 

this project is satisfied as requirement of technical specification and IEEE 80. 

4 Design of grid 

The purpose of the earth gird is to provide a low impedance path for the earth fault 

current and, also the high frequency current arising from TEV. Before designing the 

grid, it is necessary to know the maximum earth fault current that the system will 

have to carry and maximum allowable earth potential rise. 

In order to figure out design factor for earthing grid, we assume severe fault 

condition that the system fault current flow single conductor of earthing grid along 

the longest path. 

4.1  Inductance of earthing plate 

Formula for calculating inductance of single conductor, 
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L ൌ
𝜇଴𝑙
2𝜋

൬
1
4

൅ ln
2ℎ
𝑟

൰ 

L ൌ ସగൈଵ଴షళൈଵ

ଶగ
ቀଵ

ସ
൅ ln ଶൈ଴.଺

଴.଴ଷ଻ହ
ቁ ൌ 7.43 ൈ 10ି଻ [H/m] 

Where, 

𝜇଴ - Magnetic permeability in vacuum (=4𝜋 ൈ 10ି଻ H/m) 

r - Half width of earthing plate (=0.0375m) 

h - Depth from ground to earthing rod (=0.6m) 

Thus, Earthing plate inductance (XL) 

𝑋௅ ൌ 2πf ∙ L ൌ 2π ൈ 50 ൈ 7.43 ൈ 10ି଻ ൌ 2.33 ൈ 10ିସ [Ω/m] 

4.2  Resistance of earthing plate 

R=(ρ×1)/A 

Where, 

ρ - Resistivity 

Earthing plate(Steel 75mm×12mm)：9.7×10-8[Ω/m] 

A - Cross section 

Earthing plate cross section 

=75×12×10-6=9×10-4[m2] 

Thus, earthing plate resistance(R) 

R=9.7×10-8×1/(9×10-4)=1.1×10-4[Ω/m] 

4.3  Impedance of earthing plate 

Z ൌ ඥ𝑋௅
ଶ ൅ Rଶ ൌ 2.58 ൈ 10ିସ [Ω/m] 

4.4  Earthing mat induced voltage 
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VE=2.58×10-4×63kA=16.2V/m 

4.5  Results 

The allowed touch voltage as per IEEE 80, 

Vstep=116/√1=116V 

Thus, the longest path of fault current through earthing grid, 

Lg= Vstep / VE =7.2m 

Thus, the space of earthing grid conductor chosen 

Ls=Lg×2=14.4m 

5 Calculation of step voltage and touch voltage 

5.1 Step voltage 

The step voltage have been shown in the picture as bellow. The voltage distribution 

of earth surface will be reset by grounding grid. The step voltage will be reduced by 

it. 

 

Figure 12 - Touch voltage 

According to the ohm's law, 

Eg ൌ I ∗ R 

where, 

Eg - the grid voltage 
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I - Fault current(63kA) 

R- Resistance of grid rod 

R=ρ×L/S 

Where, 

ρ - Resistivity 

Earthing plate (Steel 75mm×12mm)： 9.7×10-8[Ω/m] 

S - Cross section 

Earthing plate cross section 

=75×12×10-6=9×10-4[m2] 

Thus, earthing plate resistance(R) 

R=9.7×10-8×16/(9×10-4)=1.7×10-3Ω 

So, 

Eୱ୲ୣ୮ ൌ Eg 

where, 

Estep - Step voltage  

Lstep - distance of step(1 meter) 

L - length of grid(9 meter) 

Eୱ୲ୣ୮ ൌ Eg ൌ 63 ൈ 10ଷ ൈ 1.7 ൈ 10ିଷ ൌ108.6V 

According to IEEE 80, Clause 8.3, For step voltage the limit is 

Eୱ୲ୣ୮ହ଴ ൌ ሺ1000 ൅ 6Cୱ ∙ ρୱሻ
0.116

ඥtୱ
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where, 

Eୱ୲ୣ୮ହ଴ For body weight of 50kg 

Cୱ Correction factor 

ρୱ Surface material resistivity in Ωꞏm 

If no protective surface layer is used, then Cୱ ൌ 1 and ρୱ ൌ ρ. 

Regarding to the most demanding conditions, the ρ could be 100Ωꞏm according to 

the IEEE 80, Table-7. 

So,  

Eୱ୲ୣ୮ହ଴ ൌ ሺ1000 ൅ 6 ൈ 1 ൈ 100ሻ
0.116

√0.5
ൌ 262.5V 

So, the step voltage for this project is 108.6V<262.5V. 

It's safe for personal body in case of "Shock hazard on GIS during fault condition" 

about the step voltage. 

5.2 Touch voltage 

The below picture indicates the worst situation. And the value of touch voltage for 

people will be the maximum. 

 

Figure 13 - Touch voltage 

For one enclosure, it shall be like conductor, 
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𝐿଴ ൌ
𝜇଴𝐿
2𝜋

൬
1
4

൅ ln
𝑅
𝑟

൰ 

For the power system frequency is 50Hz, the resistance of enclosure is far less than 

inductance. The touch voltage(U) on the enclosure of busbar,  

𝑈 ൌ 𝑋௅ ⋅ 𝐼 ൌ 2πf ∙
𝜇0𝐿

2𝜋
൬

1

4
൅ ln

𝑅

𝑟
൰ ∙ 𝐼 

where, 𝑋௅ ൌ 2πf ∙ L 

𝜇଴ Magnetic permeability in vacuum (=4𝜋 ൈ 10ି଻ H/m) 

L Half of distance between two continuous earthing point in meter 

I Short current in A 

R Half of diameter of enclosure(=0.166m) 

r Half of diameter of conductor(=0.055m) 

In this project, the length of the longest parts between two earthing point is 30m. 

L=1/2×30=15m 

𝑈 ൌ 2 ൈ 𝜋 ൈ 50 ൈ 2 ൈ 10ି଻ ൈ 15 ൈ ൬
1
4

൅ ln
0.166
0.055

൰ ൈ 63 ൈ 10ଷ 

𝑈 ൌ 80.3𝑉 

According to the IEEE-80, clause-8.3,  

Emm-touch50=116/√ts (for a body weight of 50kg)——Ref. IEEE-80 Equation 34 

where, ts =0.5s,  

Emm-touch50=164V. 

So, the touch voltage for this project is 80.3V<164V. 

It's safe for personal body in case of "Shock hazard on GIS during fault condition" 

about the touch voltage. 

6 Conclusion 
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Sieyuan GIS apply the multi-points earthing system that are linked among the entire 

GIS enclosure and its support structures. The multi-points are earthed with proper 

metal conductor. 

in other words, there is no isolating point in GIS substation and each earthing points 

can pass the fault current complementarily. 

Applied earthing bar and cable of GIS have sufficiently big size than calculated 

earthing bar size at 63kA, thus the fault current of GIS can be passed sufficiently. 

6.1  Enclosure Voltage Rise analysis against fault current 

The value of maximum enclosure voltage rise and maximum touch voltage for this 

project is 80.3V, and it is satisfied as requirement of technical specification and IEEE 

80. 

6.2  Calculated safe design value of earthing grid 

Ls=Lg×2=14.4m (Space of earthing grid conductor) 

Hence, the space of earthing grid(steel) is not more than 14.4m for recommendation. 

The earthing grid could be designed indoor for reference as Figure 14. 

Typically, the GIS installation necessitates around 25% of the land area required for 

conventional equipment of the same rating. Because of this small area special 

consideration has to be given in earth mat design of GIS based on the 

recommendation of IEEE 80. 
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Figure 14 - Earthing Grid for GIS indoor 

7 Reference 

IEEE 80 - Guide for Safety in AC Substation Grounding 

Appendix-1 400kV GIS SWITCHYARD TYPICAL EARTHING CONNECTION 
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