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(A Study on the Impact of the Impedance Change of 345[kV] Power Transformers on
Overall System Performance)
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Abstract

This paper deals with the impact analysis of the impedance change of 345/154[kV] power
transformers on the KEPCO system’s overall performance. Through the steady—state and dynamic
analysis of power system, the maximum available impedance of power transformers were determined.
Checking violation of short—circuit current ratings and transformer overload, parallel operation of power
transformers, calculation of voltage variation ratio according to the impedance changes of power
transformers are included in the steady-state analysis. In addition, transient and voltage stability
analysis are also performed in the study. Available magnitudes to be able to change the impedance of
the transformers in KEPCO system are finally determined in the paper.
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Table 1. Short—circuit capacity of circuit breakers
A A7 A4 &%)
40[kA] 69
345[kV] 50[kA] 23
63[kA] 8
31.5[kA] 66
154[kV
54lkv] 50[kA] 34
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Fig. 1. Equivalent circuit for radial 154[kV]
system




345[kV] AHE W3] %A L o] W AT

Er 2. 1A% 63kAl FRIAL 154kVIE DEHF
F|(kAD-LAAIS
Table 2. Magnitude of 154[kV] fault currents for

63[kA] of primary current

7 & | 1 Bank | 2 Bank | 3 Bank | 4 Bank
10[%] 165 29.6 40.2 48.9
11[%] 15.2 274 375 45.9
12[%] 14.1 25.6 35.2 43.3
13[%] 13.1 23.9 33.1 40.9
14[%] 12.2 225 31.3 38.8
15[%] 115 21.2 29.6 36.9
16[%] 10.8 20.1 28.1 35.2
17[%] 10.2 19.1 26.8 33.6
18[%] 9.7 18.1 25.6 32.1
19[%] 9.2 17.3 245 30.8
20[%] 8.8 165 23.4 29.6
ki 3. 1AE 40kA] 72Al, 154KkVIE THHF

FO|(KA)-LAHAIS
Table 3. Magnitude of 154kV] fault currents for
40[kA] of primary current

T % | 1 Bank | 2 Bank | 3 Bank |4 Bank
10[%] 155 26.4 34.5 40.8
11[%] 14.3 24.7 32.5 38.7
12[%] 13.3 23.2 30.8 36.8
13[%] 124 21.8 29.2 35.1
14[%] 116 20.6 27.7 33.5
15[%] 11.0 195 26.4 32.1
16[%] 104 18.6 25.2 30.8
17[%] 9.8 17.7 24.1 295
18[%] 9.3 16.9 23.2 28.4
19[%] 89 16.2 22.2 274
20[%] 85 155 214 26.4
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Fig. 2. Equivalent circuit for looped 154[kV]
system
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Table 4. Magnitude of 154[kV] fault currents for
63[kA] of primary current

7 # | 1 Bank | 2 Bank | 3 Bank | 4 Bank
10[%] 24.9 40.1 51.5 60.5
11[%] 23.6 38.0 48.9 57.6
12[%] 225 36.2 46.7 55.1
13[%] 215 34.6 447 52.9
14[%] 20.7 332 42.9 50.8
15[%] 19.9 32.0 41.3 49.0
16[%] 19.3 30.9 39.9 47.3
17(%] 18.7 29.9 38.6 45.8
18[%] 18.2 29.0 37.4 444
19[%] 17.7 28.2 36.3 43.2
20[%] 17.3 274 35.3 42.0
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Fig. 3. Equivalent circuit for looped 154[kV]
System
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Table 5. Magnitude of 154kV] fault currents for
63[KA] of primary current

T = 1 Bank | 2 Bank | 3 Bank | 4 Bank

10[%] 24.9 40.1 5 60.5

111%] 23.2 317.7 48.6 574

12[%] 21.8 35.6 46.1 4.7

13[%] 20.5 33.7 439 52.2

14[%] 194 32.1 41.9 50.0

15[%] 18.3 30.6 40.1 48.0

16[%] 174 29.2 38.5 46.1

171%] 16.6 28.0 37.0 44.5

18[%] 159 26.9 35.6 42.9

19[%] 15.2 25.8 34.3 41.5

20[%] 14.6 24.9 33.2 40.1
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Table 6. Plans for new installation of
345/1541kV] power transformers

T i 345 A A Bank &4 |&[MVA]
20108 ~ A3t 3 9
51 25,500
2015 247 & ’
20164 ~ Al
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2022 9 3 A
s A 58 29,000
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Table 7. No. of substations with over short-circuit
capacity
345[kV] 154[kV] 154[kV]
TE | (OKA] 71€) | (Bl5kA] 71%) | (50[kA] 71¢)
20159 | 20229 | 20154 | 20221 | 2015 | 2022
100%]| 17 27 288 291 - 4
2% 17 27 271 276 - 1
15[%]| 17 27 259 270 - -
18[%]| 17 26 249 262 - -
200%]| 17 26 247 255 - -
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Table 8. Active power losses according to the

change of %Z

iT
ar

T 2015 2022
10[%] 1,055.65 1,283.02
12[%] 1,056.41 1,284.10
15[%] 1,058.14 1,287.43
18[%] 1,058.27 1,290.99
20[%] 1,061.46 1,293.98
E 9 %z B0 W2 AS0 Rana auus)

((MVA)
Table 9. Reactive power losses according to the
change of %Z

) 5
22 | o054 Q[N"]j:j 2022 ﬁﬁ]j:]]
100%] | 28259.76 - 3431804 -
120%] | 2842272 | 16296 | 3457333 | 25529
150%] | 2866950 | 40083 | 3497936 | 66132
180%] | 2882302 | 56326 | 3530842 | 990.38
200%] | 2000642 | 74666 | 3554328 | 122524
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Fig. 4. Equivalent circuit for parallel operation of
power transformers with different %Zs
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Table 10. % loading for parallel operation of

power transformers with different %Zs

(sample system)

HERMA Folg

iz
ar

NECi N }
o F-SHEH(MVAD 5352 ([%])
%7
ARWAN12 | 500 100
10[%]
AdWets134 | 500 100
o | AE2 | 55 109
° Adwet34 | 455 91
M2 | 600 120
15(%] -
AAEet34 | 400 80
gy | RS2 [ 64 129
° Adwet134 | 357 7
N2 | 667 133
20[%]
A4Wet7134 | 333 67
IFAF AHS flste] dudAE A & 4L
71 7] Ay ae}l At AxE Her] T
v 2 A o] HEe-Ho] ofHA ) dujd
27 9= A9, HEAd A 3 F 2
e PHE Qe Rabl Hu e
Geo] 9] bl ATk, e B el A= Fw
A2 W 9z7k e W] R 2 Al ek et
EHES O 49] SVHIES o83k 1 107 2o)
WA Arkela, o]& AA -yl AlE(2015%)ol]
gaiM = & 113 2o] FA8kAt) B3t 5 A

Journal of KIEE, Vol.25, No.8, August 2011



il Bk ofuel, 2 2 Aol 3 1294 #o] W)
7] Fokg

=5

)

2

my o

> 2 =

o
QL
32
.ﬂ

£ WAz %7} ke Wl &
§ A, QulElz sfolo] o3 Me719] Faheo] &
A o} LRIt e Wglel BRI
W $ei7 ek R AT W] uhE 23 &
Aepol Qlste] Ta 28R} WAste] wig]
FeAS D el Sl alek mebd oz 4% A
1o A AARALE ke s 2o v
w5t

11 Y A4 BD| HERN A FolE

(20154 AIE, oHE 345kv] BHEA)
Table 11. % loading for parallel operation of
power transformers with different %Zs

(2015 system)
T+’ 100%] | 12[%] | 15[%] | 18[%] | 20[%]

M.Tr #1(714) | 34.0[%] | 36.91%] | 40.3[%] | 43.0[%] | 44.5[%
M.Tr #3(714) | 32.3[%] | 35.1[%] | 38.4[%] | 40.9[%] | 42.3[%
[ (%] [
[ [%] [

M.Tr #(414) | 3400%] | 30.7 26.90%] | 23.9
M.Tr #4(J4) | 3.1 2170%] | 24.6
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Table 12. % loading for parallel operation of
power transformers with different %Zs

A3 100%] | 12[%)] | 15[%] | 18[%] | 20[%]
Al%] | 44.50%] | 43.2[%] |42.2 ]
Al%] | 44.50%] |43.2[%] |42.2 ]
M.Tr #3(04) | 454[%) | 445(%] |43.2[%]|42.2[%)] |41.4[%]
Al%] | 44.50%] |43.2[%)] | 42.2[ ]

AZIA3 100%] | 12[%] | 15[%] | 18[%] | 20[%]
M.Tr #1(714) | 605[%] | 62.50%] |65.5[%] |68.0[%]|69.7[%]
M.Tr #£2(714) | 60.7[%] | 62.70%)] |65.8[%] |68.3[%]| 70.0[%]
M.Tr #3(714) | 549(%] | 56.70%] |59.5[%] |61.7[%]|63.2[%]
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Table 13. Secondary voltage magnitudes of the

bus on which new high impedance

transformers are installed (p.u.)

38k | 100%] | 12[%] | 15[%] | 18[%] | 20[%]
25[%] {1.029101.02740|1.02460 | 1.02220 |1.02050
50[%6] |0.96850 | 0.95890 | 0.94210 | 0.92660 |0.91440
75[%] [0.929100.91290 | 0.88310 | 0.85320 |0.82760
100[26] | 0.87960 | 0.84990 | 0.84010 | 0.63690 |0.56400
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Table 14. P-V margins for changing %Z of new

transformers
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12[%] %A0] | 4780MW] | 95.50%] 3820[MW]
15[%] 070%] | 4500MW] | 83.0[%] 3520[MW]
18%] 830%] | 4380MW] |  8L5[%] 3260[MW]
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Table 15. P-V margins for changing %Z of new

transformers

A2 0154 20204

W) | E g PV | AR BAF| PV
| (100%]) 71 | EAF 100%] 7€) | A%
100%] 100[%] 4960[MW] 100[%] 4000[MW]
12[%) 83.10%] 4120[MW] 78.00%) 3120[MW]
150%] 38.1[%] 2.880[MW] 45.00%) 1300[MW]
18[%] 350%] 1,760[MW] 135[%] S0IMW]
200%] 20.20%] 1,000[MW] 300%] 1200MW]
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Fig. 7. P-V Curves for changing %Z of all
transformers
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Table 16. Summary of the impact analysis of %Z
change of power transformers on the
system performance
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