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Abstract In the case of open phase faults caused by the disconnection of distribution feeders
interconnected to a PV system, many problems can occur depending on the core type and wiring method
of the grid-connected transformers. Moreover, open phase faults are difficult to detect because the open
phase voltage of the existing protection relay (Open Phase Relay (47)) can be maintained, even though
a disconnection fault occurred, depending on the wiring method and the iron core type of the
grid-connected transformer for a PV system. Therefore, this paper proposes a novel algorithm to detect
open phase faults by comparing the currents and phases between the primary and secondary sides of
a grid-connected transformer. In addition, this paper presents the modeling of a distribution system and
protection devices for detecting open phase faults using PSCAD/EMTDC S/W, and implements a test
protection device for detecting open phase faults based on the above-mentioned modeling. The
simulation and test results confirmed that the proposed algorithm is useful for detecting open phase
faults according to the wiring method and iron core type of grid-connected transformer for a PV system
because operation slope and unbalance rate of the primary current exceed the setting value (30[%]) of
the protection device.
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Table 1. Parameters for load capacity and transformer

items X S=limis . S=lmls 3-phase bank
iron core iron core
phases 30 30 10
capacity of
transformer[kVA] SkVAx1 SkvAx1 1KVAX3
frequency[Hz] 60 60 60
load capacity[W] 2,400 2400 2,400
pacity B00Wx3) | (800Wx3) | (800Wx3)

Table 2. Setting conditions of detection device for
open phase fault

items values
Y-Y connection 380/380[V]
voltage ratio
Y-A connection 380/220[V]
primary 5/5[Al
current ratio
secondary 5/5[Al
Y-Y connection YNynO
vector
Y-A connection YNd1
minimum operation current 1.5[A]
knee point current 25[Al
operating slopel 30[%]
operating slope2 50[%]
unbalanced load rate 30[%]
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Table 3. Characteristics of detection device for open AL AR} sl AARS A SHA] Eekal Q1Y
phase fault in Y-Y connection transformer o] k=0 Eol| olalsko. m]x A olo
(a) Voltage characteristics H 2] ofete] AlS er9FE vE & US
O o} A OTT;]-
items 3-limb |5-limb/3-phase bank = = T mT-
A-N 219 0
.VOhage. at B-N 220 220 Table 4. Characteristics of detection device for open
primary side [V] . .
C-N 220 220 phase fault in Y-A connection transformer
(a) Voltage characteristics
a-n 220 0
voltage .3t s[e\;ondary bn 218 220 items 3-limb 5-limb/3-phase bank
side A-N 219 218
c-n 221 220 voltage at
primary side B-N 220 220
(b) Operation characteristics vl C-N 220 220
- 3-limb 5-limb/3-phase bank
items A B C A B C voltage at a-b 217 216
current at 3.6 1.96 1.54 0 0 o secondary side| b-c 222 222
primary side | £-3° | £-67° | £60° V] c-a 219 219
current at 1.82 1.76 1.97 0 0 0
secondary side | £6° | £-126°| £120° (b) Operation characteristics
limit current | 5.42 | 3.72 | 3.51 - - - . 3-limb 5-limb/3-phase bank
operation | 3 g7 | 186 | 1.79 i = Bl G L 2L G
current current at 3.63 1.89 1.72 | 3.61 2.02 1.6
operation slope| 33.6 50 51 - - - primary side | £-3° | £-62° | £59°| £-3° | £-65° | £56°
unbalanced load| 87 _ current at 3.14 3.15 3.13 3.1 3.19 3.16
rate secondary side | £-30° | £-150°| £90° | £-30° | £-150° | £90°
operation operation B limit current | 5.44 3.71 | 353 | 54 3.86 | 3.42
decision P operation
1.81 1.85 1.79 | 1.83 1.79 1.82
current
o operation slope| 33.3 49.9 | 50.7 | 33.8 46.3 | 53.3
(2) Y-A ZM HelJ|o| HSEIX| EM BN unbalanced load 79.1 83.4
rate ) )
cﬂﬁ]‘g‘]ﬂ?}ﬂﬂ' Y‘A éﬁc{l 73‘?‘, CE ]‘g' ]-7]-’] 1 operation . .
- ~ - operation operation
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B8 % 4 Uk e, Y-a AU AASEWIN  Aguslel 143 Aol SR A9, 2T 2
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F71E8E 7|20 AL HSFA(OPR, 47)22 A 74, Table 59 (a)= ZAAIT A9 A % 98 B4
%"l %71*—3‘2 & At T o=, WVl 37 BAQ Aol 24 Aol
B, Table 491 (V= B 4% HEA 5 192 2 262 Aol 247 2111VL 216V17 $719

4% ;;g A% A0, 37 949 W] A9l

245 Aol 3.632-3°(A19) AFTH FFER, 57 3
A 0 gguEglolaE 24T Al 3.612-3A19)
ARt FFBS T 5 ek B9, BE AYTRA 5

Z 7]5719} IHE EggEe B9 HH gt
(30[%)S zT}ste], AQtat mowﬂ 7% %_}1 Zo]
et HEgAE AR wasll 5

ek, WA, Y-A AAS BaTze} BAgl] Akt
AAA AE g1 a]zoﬂ wel AAAITE Z&3Sof g
< & 4 QUrk E3E AARHRI9) AAubY 9 HA7
Zo] weh HEg A HIARE HA5HA] Fe
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™, 57 Ay YT A9, 1A 3 225 A
o] & R7|=A] got, 5.249] ()@} o] AlEH/]
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3, Table 59 (b= 24K A& EeAA9] &
HEGS BAT Aer, 37 A Beole 28E A
gl 3.172-2°[A19] AF7t SF=AE, 57 4 o
Y7 AF7E SFEHA 2= & 5 ATk
of71A, 37F AHe] B & 71e71e A 37.11%], B
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Table 5. Characteristics of detection device for open

phase fault in Y-Y connection transformer
(a) Voltage characteristics

items 3-limb 5-limb/3-phase bank
voltage at AN 211 0
primary side B-N 219 220
1 c-N 221 221
voltage at an 216 0
secondary side| b-n 221 219
vl cn 221 221
(b) Operation characteristics
- 3-limb 5-limb/3-phase bank
ems A B C A B C
current at 3.17 1.6 1.3 0 0 0
primary side | £-2° | £-75° | £65°
current at 1.46 1.61 1.49 0 0 0
secondary side | «£4° | £-141°| £114°
limit current 4.63 3.21 2.79 - - -
operation | 4y 2y | 175 | 117 | - - -
current
operation slope| 37.1 54.5 41.9 - - -
unbalanced load % _
rate
operation .
decision operation }
(2) Y-A BN HY7|Q HSHX| EM 24
AAGHLI) 115 Aol RS 49, 2

4E 2357379 5&4E4E UEIWH Table 63 2

. 01741, Table 69 (2= BAAIL A9 WY B4
Mgt Z0g, AAEHY7IY HATRe IAglo] =

HA7|oA ZAdE A9 121E 9 221& AYo]
206[V] ~ 216[VI7F 571=l0] 5.249] ()T Zo] Al
Edlold Axet A9 AR & 4= Stk

i fe & lzl

S, Table 69] (b= ZAAL A& B4R &
AEGE AR Aer, 37 A Beole 249 A

Aro]| 3.17 21°[A]Q] AE7 Z22EH, 52F FA] 9 hAF

Y7 = 23 Aol 3.2121°1A9] W77t 54
g=eg ;JF]' lI-_OF TE A4 ZZF 71L7)9k
2] 44 B0 2%
2ol uje} HogA
5 e, A

Q}
=
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Table 6. Characteristics of detection device for open
phase fault in Y-A connection transformer
(a) Voltage characteristics

items 3-limb 5-limb/3-phase bank
volage at A-N 206 211
primary side B-N 218 218
vl C-N 221 220
voltage at a-b 215 216
secondary side b-c 223 221
vl ca 216 217
(b) Operation characteristics
. 3-limb 5-limb/3-phase bank
rems A B C | A B C
current at 3.17 2.17 1.25 | 3.21 1.7 1.51
primary side | 2£1° [£-66.5° £71.5°| £1° |£-64.6°| £68.5°
current at 2.39 3.27 3.13 | 239 | 3.27 3.13
secondary side| £-31.9|£-163°| «£87° | £-33|£-167°| «£85°
limit current | 4.56 | 4.05 3.06 | 459 | 3.59 | 3.32
operation 1y 5q | 223 | 133 | 184| 212 | 134
current
operation slopg 39.3 55.1 43.5 |40.1 | 59.1 40.3
unbalanced
load rate 87 79
operation . .
decision operation operation
5.4 SN
(1) Y-Y ZM HA7|9] HSFR| £ 24
AAEHA7Y 1345 Aol TAEE AHle] A4t
I HE B5AA 9] 4] disto], PSCAD/EMTDCY]
AlEF o)A 3t AA BE BSAA 0 oJgt FIE
B|iL8, Table 73} o] 79| SAITE & 4 3k
%, Table 79 (@< Zo] 57t A4} L7 4
5, AAE Aol AdE 7715 gous 7|E9] A4
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4 Hrle 24" Aol Aol 1EER 71E9
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A SRS AR5HA] L2 A, AR 2y Table 8. Characteristics of detection device for open
W AARS. AXI51K] E5lT o] o o Aol O3] phase fault in Y- A connection transformer
o]-‘_ = JE H _] o]- E LH']E]’] = Loﬂ 0]- (a) Voltage characteristics
of AlEol AFFS A ¢ USS & 5 Utk 3-limb 5-limb/3-phase bank
it
ems PSCAD |test device|] PSCAD |test device
Table 7. Characteristics of detection device for open voltage at A-N 219 206 218 211
phase fault in Y-Y connection transformer primary side| B-N 220 218 220 218
(a) Voltage characteristics I\
— TR T—— C-N| 220 221 220 220
items 5hm DLTPRase o oltase ac L&D | 217 215 216 216
PSCAD [test device] PSCAD |test device voltage &
secondary | b-c 222 223 222 221
voltage ar | AN | 219 211 0 0 side VI 0 T 210 216 219 217
primary side| B-N 220 219 220 220
[Vl C-N 220 221 220 21 (b) Operation characteristics
— an 220 216 0 0 . 3-limb : 5-limb / 3-phase balﬁlk
voltage at items PSCAD test device PSCAD test device
Sef:don(ﬁlﬁ‘y b-n 218 221 220 219 A B C A B C A B C A B C
side —
cn | 22 221 220 221 POt 153.3(49.950.7139.3(55.143.5/33.8(46.353.3{40.1/59.1/40.3
(b) Operation characteristics unbalanced 791 &7 83.4 %0
3-limb 5-limb / 3-phase bank load rate i i
items APS(];)ADC ;est %eViCCe APS%ADC tist c]lsevicce cheecri:;? operation operation operation operation
operation |33 ¢l 5 | 51 [37.1(54.5(41.9 - | - | -| - | -| -
slope
unbalanced
load rate 87 72 ) ) =
O(f:cﬁ;,[i;n operation operation - - 6 =
£ =RoAE gdado] dAE a2 A
(2) Y-A 2N #HAY|O| HSHR| E4 BN o2 ZALTE HAT A4, AFH| Ao AdS
AAGHLTI9] 1245 Aol wrishe Abele) Aapap  O18She AR B B UE daRiSS At
T @E 23N FHEA dstel, pscAap/ oM F& ATEAE PRt chedt Lk
EMTDCE] AlEdold gt 2AAIL A& B3R
o3t AY}E u|wslH, Table 83 o] 79 SARFS (1) QAGHI7I7F Y-Y 2AdR] A, @-lA gl
% % 9lth =, Table 89 ()9 2o AAEHUYI7} AEHIL 2= 37 Ay oi= 24 A
Y-A A4S B2t TAIglo] BE HlolA A4 Aol 710 & Aol Alkel gl
= Ao He G|stnE 7|29 AAIALT HTHHA] & dargse] wE 2AE 4ES o e
(OPR, 47)2.8 2470 &9 Aokt AL 7 & 5 Sl
2 g2 wet AAAITE AZdok RS oF 4 9 () AALHEY7I7E Y-AZAR] A, A7zt &
o} E3E Table 89 (b)9} ZHo] RE HALZOA Z2t Agle] A48 Aol AL K718k 710 A
712719t 1R BEY¥PES RogAo] A4 3t S5 2L HoA(OPR, 47) 22 2744
(301%])y2 Zfstod, AQker AAL BE LTelEo] 0] ofeie, AR Bl dE dalEsel
met BEgAE Aapine weslel Sagle o 4 ek MRS AEdier s & 5 Al
k. waEkA, Y-A AAL "A 7z} WA Qo] Aokst 3) PR Qg Aol AT F= =AA
AXAT AZ g 2o wet 2AATE AZdof 3t = WAsH] fisto], AAEHEA7IS) AAATA] H
2 o 4 ok E AAGHYYIY BAY L BHT ol wet A DAL RegAE A
zo]| we} FAg AT HARNE AR5 FS GEoloF 32 & & AL, & =wolA AARE
A9, SN SSH B4 ZAISHA Rot ol AL BogAel 4% dansiEcl #88S
B9 SEed AASHLYI] G2 A ostel Stelstaiet.
A ddFE vE & U2 & 5 Ath
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