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The Comparison of the Current Unblance Factor According to the Cable Array
Method using PSCAD/EMTDC and FEA

Az AT

= ks
A A ET R A

7 A Ao g

(Ho—Jeon Shin - Ji-Ho Kim - Gab-Suk Kang - Jae-Chul Kim - Hyang-Beom Lee)

Abstract - In this study, samples from the site where there occurred unbalanced current when cable routing were
analyzed, and the simulation program for electric power system analysis, PSCAD/EMTDC, was used to calculate the
current unbalance on cable routing. Based on electromagnetic finite element analysis(FEA), electromagnetic parameters
enabled the interlocking with COMSOL for the calculation of allowable current ampacity and magnetic filed distribution.
This then led to modeling unbalanced current between common modes using the unbalanced current analysis program,
thereby comparing and discussing the results from both. The analyzed model is a common mode 2 parallel circuit, which
is a basic model for cable routing, and by arranging cables in various ways, the arrangement with the least current
unbalance was suggested, which would, in the future, prevent earth faults and extend life for the whole cable.

Key Words : Cable, Finite element analysis, PSCAD/EMTDC, Unbalanced currnet, Unbalance factor
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Fig. 1 The in—phase parallel installation circuit diagram
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Fig. 2 The several in-phase parallel installation cables
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Fig. 8 The regular triangle arrangement of three phase
single circuit
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Table 1 Specifications of the regular triangle arrangement of
three phase single circuit

EAF5F CV630 [mr]
=AM B 15.1 [mm]
A 7FA =) 42 [mm]
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Fig. 4 The regular triangle arrangement of three phase
Double circuit (ABCABC)
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Table 2 Inductance and unbalance current factor of regular
triangle arrangement of three phase double circuit

(ABCABC)
Aol=w | olge~ - 73 A0S
H A~
s [mH/km] B [%]
Al 0.2604
H
A2 0.2604 o4 0
Bl 0.3017
H
B2 0.2015 1544 40
C1 0.2015
B
C2 0.3017 159 40
a9 59 Zo] 34 234 HAZAE(ABCACB) HiXd 7
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Fig. 5 The regular triangle arrangement of three phase
Double circuit (ABCACB)
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Table 3 Inductance and unbalance factor of regular triangle
arrangement  of three phase double circuit

(ABCACB)
AR | aeas | | £79 avE
H A~
5 [mH/km] B [%]
Al 0.2604
A2 0.2604 0t 0
Bl 0.2154
B2 02154 0 0
C1 03231
2 0.3231 o 0
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Fig. 6 Double parallel circuit diagram
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Table 4 Cable arrangement model according to the parallel
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circuit case
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[source3] Three Phase Voltage Source Model 1 ==7
| cenfiguration I |
Source Name [sourcer
Source Impedance Type: m
Source Controk Foced =
Base MVA (3-phase) B
Base Volage (L-L, RMS) W
Base Freguency W
Voltage Input Time Constant [oos=
Zero Seq. differs from Pos. Seq. 7 No -
Impedance Data Format: m
External Phase Input Unit [Ragians =]
Graphics Display |2 phase view — |

Specified Parameters
£= Behind the Source Impedance
£~ At the Terminal
oK | Cancel | Help....

Tower. 3H5 Tower Centre 0 [m]
Conductors: chukar -
Connection
fand.# Phasing # to\\igggwtre) at Toner)
1 1 0[m] 0.45 [m]
2 2 0.042[m] | 0.15]m]
3 3 0084[m | 0.15[m)
4 4 0.126[m] | 0.15m]
5 5 0.168[m] | 0.15[m)
6 6 0.21 [m) 0.1 [m]

=]

(b) Case 1 Z& o Qg x|

a8 72 82 AHMY Y Case 1 LHEE

Fig. 7 Input power source of the parallel circuit and input

coordinates of Case 1

- i # 0.35931147541
|31 140551297472

a8 82 HES 2 Case 19 M7 mtd

Fig. 8 Current waveform of the Case 1

e laZ:1: 300698548233
7 Ib1:1: 280863654818
° / |b2:1: 294085284714

4 1c1:1: 315879718062
i o lc2:1: 144904508581

E: 52 BHESZ Case 1 ZE o MR} =EFEHE
Table 5 Current and unbalance factor of Case 1
A 7[A] BETHE

Al 140

A2 300 &

Bl 280 5

B2 294

C1 315

C2 144 &
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Fig. 9 Case classification current waveform
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Table 6 Case classification current and unbalance factor using
PSCAD/EMTDC
Case 1 |Case 2|Case 3| Case 4 |Case 5|Case 6|Case 7
B Bt Bt 2 B B B
o e e e < e B D B G Bl B SE Ddi BSE 5 Dl
a1l ° | [A] [A] [A] [A] [A] [A]
[9%] [%] [9%] [9%] [9%] [%] [9%]
Al | 140 174 210 212 224 225
73 42 0 —— 09 0 0 0
A2 | 300 269 210 210 224 225
BI | 280 224 225 223 223 212 222
5 0 0 0 —— 0 12 0
B2 | 294 224 225 223 223 240 222
Cl1| 316 279 232 232 224 236 229
73 42 —— 0 —— 08 —— 04 12 —— 0
c2 | 145 183 232 230 223 208 229

3.2 FEM & Mol 2[5t =&
. Fﬂename PARAINFO.DAT ZHd
Voltage [Vrms] 380000000000000E+03

600000000000000F+02
55000000000 00ODE+08
200000000000000E+03

= Frequency [Hz] :
= Conductor Conductivity [S/m]
= Wire Length [m]

oo 0o

= Number of Phase 3 4
Load Resistance [Phase A] : ©.300000000000000E+03 Aol
Load Reactance  [Phase A] : ©.000200000000800F+00 A%l
Load Resistance [Phase B] : ©.300000000000000E+03 Batel
Load Reactance [Phase B] : ©.000600000000000F+00 Bato| &
Load Resistance [Phase C] : ©.300000000000000E+03 ciol B
Load Reactance  [Phase C] : ©.000000000000000E+00 i 2

= # of Wire Regions per Phase : 2 z} abo)
Region # [@1] [Phase A] 2 ALHO|
Region # [02] [Phase A] 7 ALtol
Region # [01] [Phase B] : 3 B0l
Region # [02] [Phase B] : 3 BAHO|
Region # [01] [Phase C] : 4 cao|
Region # [02] [Phase C] 5 cabol

= FORMAT : a31,i10 or a31,e22.15

a8 10 7Hlol= Hlole 8 (Riteadlsd =Z=2H)
Fig. 10 Data input of the cable (FEA program)
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Pl sFGesaatees Y Spurce seasses I0 o ire (Tatal) seerssss
i I [ 2] 0, BTBB2E5E:03 < D‘DD i D 1405359E+DS < 344 BaE) 0 1405359503 4 344 93 ( 30.55)
©ODBETAREDT ¢ BORA (BRI o DBIETAIEE03 < BORA O B9.5)
Hot ++ ) 4AT0505EA03 « 350,26 ( 99.00%) #+ 0, 4499595603 < 359 o6 1 99,08)
B 1[4 O BVRREERES < 240, DD [ 2862716603 < 200 61 ( B3.08%) =0 0 286271RE+03 < 201,61 | B3.08%)
2] 1, 28R025EE+03 < 277,29 ( 62.98%) = (0, 2GR0P5AE+03 < 277.29 ( 62.93%)
ot o [ AR1ORA4EA03 ¢ 239,43 99,5400 ++ [0 4R1GRO4EA03 < 239,43 99,54
C I [ 6] 0.B788225E03 < 120, DD [ 31232603 < 113,80 ( BB.78%) =0 [ 31232603 < 113,81 { BB.7ER)
21 [ 1451 2008+03 < 130,83 { 32.18%) == 0, 14612008+03 < 130,83 ( 32.18%)
HoA 1 [ 4RA0TARE03 ¢ 119,22 (100.00%) #+ [0, 45407326+03 < 119,22 (100.00%)
% 11 2 HWES| 22| Case 1 ZEHZ NMNF(RStaA
ZZ]3H)
Fig. 11 Modeling current of the Case 1 (FEA program)
E: 72 HHS29| Case 12| M7 & E4HE H|I
Table 7 Comparison of the current of Case 1 using FEA
and PSCAD/EMTDC
T LA o3t PSCAD/EMTDCel ¢ 3k
vy A% vay A5
A=) :ﬁL A=) :ﬂ_
AF | AR | DU | A% | A% | L0
Al | ows | 2F A | we | BE
A w4 I E=
[%] [%]
Al 140 140
2.25 7 2.14 73
A2 315 300
Bl 286 280
0 0 1.05 5
B2 286 294
Cl1 312 316
2.14 72 2.18 74
C2 146 145
x 8 2 WHIZo Casel MF % =7HE(RSID
5l A)
Table 8 Case classification current and unbalance factor using FEA
Case 1 |Case 2|Case 3|Case 4| Case 5| Case 6|Case 7
At Eat it Bt At Eq i
ﬁ%ﬁég Zi%sg;; Xd%sgg_ Xd%gg%_xd%%g Zi%sg;; Xd%sgg_
A LA | [A [ [A [ [A LA | [A N
[][%][][%][][%][][%][][%][][%][][%]
Al | 140 179 226 226 226 226 226
— T +——4B83—— 00— 00— 0Fr——10r—°0
A2 | 315 277 226 226 226 226 226
B1 | 286 229 226 226 226 198 226
0 0O —— 0 0O —— 0 26 0
B2 | 286 222 226 226 226 258 226
C1|312 279 226 226 226 255 226
— 72— 43— 0 —— 0 —— 0 % —— 0
C2 | 146 179 226 226 226 199 226
AR BEY AL dete Add farsy Zmo
AL g AA =238 B3 A Rde dds
TP F Add T2aHRE Ve E 4R fHRd
o] depvlel A=, A (solver)7kA] = TLE FI Q4
L2 3 PSCAD/EMTDCS} 5d3sHA Al 0.48kV,
60Hz 943 § Case 15-H Case 77H4] A3t B8
Caseol digt A 2 Alo]E Aol digh 49 ;e 17
109 2ok 7] Q9 ghel e As B4 2 FAE 5
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Table 9 Comparison of the current of double parallel circuits

using FEA and PSCAD/EMTDC

Case 1| Case 2 |Case 3|Case 4|Case 5|Case 6 | Case 7

AR[A] | AR[A] | AR[A] | AF[A] | AR[A] | AF[A] | AR[A]

PS
CAD

PS
CAD|

PS
CAD,

PS
CAD,

PS
CAD|

PS
CAD,

PS

FEA|
CAD,

IFEA FEA| FEA| IFEA FEA|

Al 140 174|179 | 210 | 226 | 212 | 226 | 224 | 226 | 225 | 226 | 225 | 226

A2|300| 315|269 | 277 | 210 | 226 | 210 | 226 | 224 | 226 | 225 | 226 | 225 | 226

B1|280 | 286 | 224 | 229 | 225 | 226 | 223 | 226 | 223 | 226 | 212 | 198 | 222 | 226

B2| 294 224|222/ 225|226 | 223 | 226 | 223 | 226 | 240 | 258 | 222 | 226

C1|316 279 | 279 | 232 | 226 | 232 | 226 | 224 | 226 | 236 | 255 | 229 | 226

C2|145|146 | 183 | 179 | 232 | 226 | 230 | 226 | 223 | 226 199 | 229 | 226

[SER=S]

A =]

1

E5d 10 PSCAD/EMTDC?2} #eteasiA =229l 2

32 EAYE HI
Table 10 Comparison of the unbalance factor of double

parallel circuits using FEA and PSCAD/EMTDC

CASE1
ETEE
[9%6]
PS
CAD,

73

CASE4
BETEE
[%]

PS
CAD
0.9

CASE5
BTEE
[%]
PS
CAD|
0

CASE6
ETEE
[%6]
PS
CAD|
0

CASE7
ETdE
[%6]
PS
CAD|
0

CASE2
it
[9%6]
PS
CAD

42

CASE3
BETEE
[%]
PS
CAD

0

FEA FEA FEA FEA FEA FEA| FEA]

T 43 0 0 0 0 0

5/0[510]0]0[0]0]O0 12 0

737242143 | 0 08| 0 |04 12

(=)

PSCAD/EMTDC®t FEAE 0| &% 7ol& i &

=

A Ab&" PSCAD/EMTDC®} H] a3}
QA7 A HASER] Fkow, Yolrt 4% o]4e]
PSCAD/EMTDC X 2 13]0] A
Forereafe ogse] NgE Zeade
2 A 9]
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