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Fig. 1. Equivalent circuit of
two-winding transformer.
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(2) ¥g 5
iD, -IV3 1MV3 0 CHX 0 0 iH,
iD, 0 ~-1¥3 13 0 CHX 0
Dl=| V3 0 -1/¥3 0 0 CHX ,H (10)
iR, | -0.5M3 0.5/V3 0 —0.5CHX 0 0
iRy 0 —0.5/¥3 0.5/V3 0 -0.5CHX 0 xx,
iR. 0.5/V3 0 ~0.5/V3 0 0 —0.5CHX] | iX,
212 A - Yg ¥ist7]9 A
(1) ¥¢ 5
Dy 1 0 0 ~CHX/V3 ] CHX/fs iH,
iDy 0 1 ¢ CHX/V3 - CHX/V3 iH,
D) =| 0 0 1 0 CHX/V3 —-CHX/\/— #H  (11)
iR, 0.5 0 0 0.5CHX/V3 0 —0. SCHXNE X,
iR, 0 0.5 0 ~0.5CHX/V3 0.5CHX/V3 iX,
iR, 0 0 05 0 ~0.5CHX/V3 o.SCHXNS X,
(2) 9 9
iDa 1 0 0 0 CHX/V3 - CHX/V3 iH,
iDy © 1 0 —CHX/V3 [} CHXIV3 iH,
Dl =10 0 1 CHX/V3 - CHX/V3 0 H  (12)
iRa 05 0 0 0 —0.5CHX/V3 0.5CHX/V3 iX,
iRy 0 0.5 o 0.5CHX/V3 0 —0.5CHXAV3] | iX,
iR. 6 0 0.5 —0.5CHXN3 0.5CHX/V3 i iX.
213 Yg - Y A9 A S
(1) 9 0
iD, 1 -1 0 CHX ~ CHX 0 iH,
iD, 0 ro-1 0 CHX - CHX iH,
D] =| -1 0 1 - CHX 0 CHX iH, (13)
iR, 0.5 ~0.5 0 —0.5CHX 0.5CHX 0 X,
iR, 0 05 -05 0 —0.5CHX 0.5CHX || iX,
iR. -0.5 0 05 0.5CHX 0 —0.5CHX} | X,
214 A - A ¥EY7I9 AS
(1) Vector 6
iD, 1 0 0 —-CHX 0 0 iH,
iDs 01 0 0 ~CHX 0 iH,
D] =10 0 1 0 ~CHX| | i, 14)
iR, 0.5 0 0 0.5 0 0 iX
iRy 0 05 0 0 0.5CHX 0 X,
iR. 0 0 05 © o 0.5CHXI | iX
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Fig. 2. Equivalent circuit of three-winding
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Table 1. Types and vector groups of transformer.
284 Adrl9 B F HEl 21§
Yg - A 1357911
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211 Yg - & Qst79 A4
(1) ¥¢g 1
iD, V3 0 -\V3  CcHX 0 0 iH,
iD, ~1V3 13 0 o CHX 0 iH
iD= 0 ~1N¥3 13 0 CHX zH (9)
iR | 0.5/V3 0 -0.5/¥3 -0. SCI‘D( 0 0
iRy [—-0.5M3 0.5/3 0 0 —0.5CHX 0 :x;
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Fig. 4. Graphical model for operational principle of two-winding transformer
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Table 3. Test results.
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2 =4 =2

aaws | 2NN | AN | MeER | 2nd ’}Hg:‘”““ e A ﬁ;{f"'w —— Trip
Yg-D PR X 1 a 18.86 0.02 0.02 943 9.46 12.88 Yes
o5 X 1 b 0.02 0.02 0.02 12.88 18.87 947 No

D-Yg R X 11 [ 21.05 002 2106 8.07 721 1458 Yes
9] 5 H 11 b 0.02 0.02 0.02 7.23 7.22 723 No

Y-y W5 X 0 [ 0.04 13.75 1377 852 14.67 14.13 Yes
RS H 0 a 0.04 0.03 003 853 817 946 No

B X 0 a-b 0.05 20.71 0.05 12.74 10.36 11.28 Yes

D-D 5 X 0 b 0.05 20.77 0.05 12.73 10.39 11.32 Yes
9] 2 H [4] C 0.05 0.05 0.05 7.08 7.08 7.09 No

Iy 7. AFAR.
Fig. 7. Differential currents.

Iy 8 JAAF
Fig. 8. Restraint currents.

Differential
(phasor )

Ditferential
(phasor b)

0.02]

160.00

Difterential
(phasor ¢)

0.02

37.40

2% 9. DIFFERENTIAL Blockel A9} 2=}
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Fig. 11. Trip result.
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Table 4. Input data used for test.

a9 13 AFAF.
Fig. 13. Differential currents.

oY 14 9AAF
Fig. 14. Restraint currents.

¥ 15, Trp 23
Fig. 15. Trip result.

Az | azn | Az Parameters P ER
Aawa | Ag | AL | 29 R X | Rm | Xm & T[HZ]T nCT1 | nCT2 | nCT3
V1KV |V2IkV]| V3KV] | [pu) | [pul | [pu) | [pul | [MVA]
YoD-Ye | 7% | 316 | 60 | 0002 | 008 | 500 | 500 | 1500 60 1905 | 3805 | 2905
Ye-yaD | 73 | 315 | 2 | 00025 | 01 | 500 | 500 300 60 05 | 905 | 1405
g5 ANgd3.
Table 5. Test results.
a4 W Ej A2AA A 25 A F A7][A] AAHF =7][A] T
2 (12-221-32}) BEl A Da | iDb | iDc | iRa | iRb | iRc P
W= | A2 | 1741 | 002 | 003 | 633 | 464 | 793 | Yes
W | B2-C2 | 002 | 003 | 1737 | 463 | 792 | 635 | Yes
-D- ~(-30%)-(0%
Yg-D-Yg | (0%)-(-30%)-00%) T B3 | 002 | 3437 | 3436 | 464 | 145 | 121 | Yes
9% | c1 002 | 002 | 002 | 464 | 464 | 464 | No
W= | B2 | 002 | 2649 | 2648 | 492 | 116 | 928 | Yes
W= | B3 | 002 | 248 | 002 | 527 | 518 | 524 | Yes
Yg-Ye-D | (0%)-(0%)-(-30%) T o [ 2508 | 002 | 2599 | 910 | 494 | 114 | Yes
95 | Al ] 002 | 002 | 002 | 492 | 492 | 492 | No
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a9 16 AEARFCL1Y Y A&,
Fig. 16. Differential currents.

713 17 Trip A3KC19H A2 7).
Fig. 17. Trip result.
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