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Abstract A grounding system in a large-scale apartment complex consists of a TT grounding system when viewed
in each building unit, but the characteristics of TN grounding system appears when viewed in the total ground system
function. Therefore, this study examined the characteristics of a grounding system in a large-scale apartment complex
using design draft, field measurements and PSCAD/EMTDC modeling. This paper proposes an algorithm for fault
analysis depending on the grounding system structure in large-scale apartment complexes considering the connection
of the underground culvert as well as a design algorithm for each grounding system considering the contact voltage
and step voltage. The simulation results based on the proposed modeling and algorithm confirmed that it is useful
for analyzing the characteristics of a grounding system in a large-scale apartment complex.
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Fig. 1. Power and grounding wire configuration of A apartment
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[Q], 9712 HAZL 0.69[QolA 2.12[Q]9] gro] =
= Ak

++ Ground resistance of Switchgear(R,,) + Ground resistance of Mesh grounding(R,)

- 507 ) [T - e

i it S
e Mesh arounding Mesh grounding Y
Mesh grounding Re=1.990 Ry =1.420 [0 Wesh grounding
R, =215 1T Ry=1550 [

{ Switchgear P( :

Mesh grounding
Re =1.65Q [

Mesh grounding

R, =1810[E]

Fig. 2. Ground resistance of A apartment
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Fig. 3. Parallelization characteristics of ground resistance
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Grounding resistance measurement
on the substation side (Rsg)

Grounding resistance measurement
of target points (Rn)

Calculate the total grounding resistance value viewed
from the switchboard side (R//Rn+1)

Fault analysis by TN
grounding system
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l
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Fig. 5. Fault analysis procedure using TT and TN
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Fig. 6. Grounding procedure for large-scaled apartment
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Table 1. 22.9kV line Impedance of positive-sequence
components (100 MVA)

T former
Power side Imped . Line Impedance
%R | %X | %ZS1 | MVA | %ZHM | %R %X | %ZBI
0.13 | 1.314| 1.32 45 3549 | 0.13 | 36.80 | 36.80

Table 2. Line impedance of zero-sequence components
(100 MVA, Y-Yg-D)

Transformer .
T N NGR Impedance Line Impedance
MVA %ZML %ZNGR x 3 %ZB0
45 14.867 34323 49.190

3 Phase 3 Winding Transformer @

Configuration =

mer Name MTR1

3 Phase Transformer MyA 45.0 [Mva]
Base operation Frequency 60.0 [Hz]
Winding #1 Type [

‘Winding #2 Type ¥

Winding #3 Type Delta

Delta lags or leads ¥ Lags

Fositive sequence leakage reactance (#1-#2) 0.15970 [pu]
Positive sequence leakage reactance (#1-#3) 0.0846 [pu]
Positive sequence leakage reactance (#2-#3) 0.0223 [pu]
Ideal Transformer Model Yes

No load losses 0.0001 [pu]
Copper losses .01 [pu]
Tap changer on winding None
Graphics Display Single line (circles)
Display Details? Mo

General

[ ok | [ cocel | [ Hel. |

Fig. 7. Modeling of main transformer
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4.2 NUH{HMEZ 0| mEZl Table 5. Distance between apartment and substation
A 1t WA RE A2 CNCV 325 Locat Dist Locat Dist
) 2 2 o) ) 501<>Substation 302[m] 506<—>Substation 105[m]
mm? 7=l ACSR 160-95mm* 123l ACSR 502Substation | 321[m] | 507—Substation | 112[m]
95-58mm* %2 FAE T, 4] Az Yue o] glejn 503Substation 240[m] | 508—Substation | 125[m]
. = 504<>Substati 84
El:= Table 3, Table 49} 2t} A7]9] Hlo|HE o]-&3} Dstation L] 509—Substation | 245[m]
505<>Substation 126[m]
of IGAAZE BAYSA Fig. 87 2k,
Table 6. Grounding resistance of apartment
Table 3. % Impedance of 22.9kV-Y underground £ p -
distribution line Ap e s parment Reslsncg
501 1.55[9] 506 1.65[2]
Classification Cable R(%€/km) | jX(%d/km) 502 1.81[Q] 507 2.15[Q]
ives 503 2.12[9] 508 1.99[Q]
Positive-sequence CNCY 17906 2 8451
components 325mnf 504 1.55[Q] 509 1.42[Q]
- 505 0.69[%2 Substation 0.71[S2
Zero-sequence CNCV 532 17353 [] []
components 325mir
Table 7. % Impedance of 0.38kV-Y line
Table 4. % Impedance of 22.9kV-Y distribution line Classification Cable R(%/km)
Classification Cable | R(%km) | jX(%/km) Positive-sequence TFR-CV 10mt 1.83
” components
Positive-sequence ACSR
i 347 7.46 Zero-sequence
components 160-95m TFR-CV 10mr 1.83
Zero-sequence ACSR components
components 160-95mm 1.9 2926
Positive-sequence ACSR
components 95-58mit 576 8.08
i ===
‘ 508 -
Al COUPLED 22.9[k] 1
Pl VA For All Phases 100.0 [Mya)
SECTION g | B Positive Sequence n
% Bl +ve Seq. Resistance 3.47E-5 [p.u.jm]
c B o +ve Seq, Inductive Reactance  7.46E-5[p.u./m] . .
= = | +veSeq, Capacitive Reactance  .517095E10 [p.u.*m) Flg' 9 MOde]mg of large-scaled apartment
= B Zero Sequence
0 Seq. Resistance 11.99E-5 [p.u.fm]
0 Seq. Inductive Reactance 28.26E-5 [p.u./m] 44 x._-li‘" 71'% E%%
0 Seq. Capacitive Reactance L 782919E10 [p.u.*m] _
= Ot obhEre] WAA S tfe 54 248
[ Ok ]l Cancel ][ Help... ] 7] *?’]—8]'04 PSCAD/EMTDC% O]%é}oﬂ H ;ﬂ ]%‘% _—:li_
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Fig. 13. Characteristic of fault current and earthing
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voltage at first customer
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Table 8. Comparison of fault current of TT considering
culvert and TN at first customer

q q considering
Classification TN culvert TT
Ground fault

current[A] 3,483[A] 3,300[A]
Earthing voltage[V] 211.3[V] 210.5[V]

Table 9. Comparison of fault current of TT considering
culvert and TN at last customer

. . considering
Classification TN culvert TT
Ground fault

current[A] 2,054[A] 1,986[A]
Earthing voltage[V] 142.4[V] 137.5[V]
6. 2 =
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