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Development of LVRT/HVRT facility Based on single-transformer
for Performance Evaluation of Larger scale Wind Turbine
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Abstract In Korea, an 8GW wind farm is planned to be built off-shore in the South-west Sea according
to the recent 2030 Carbon Neutral Plan. Under these concepts, larger wind turbines are required for
steady operation during the setting time when voltage drops or rises occur in the power systems caused
by instantaneous faults. Therefore, this paper proposes a development method that simulates LVRT(Low
Voltage Ride Through)/HVRT(High Voltage Ride Through) of 10MW or higher to evaluate the steady
operation capability for larger scaled wind turbines. In particular, this article presents a tap-changing,
impedance turn-ratio modeling and differential operation strategy for an LVRT/HVRT test facility based
on the autotransformer of the tap method to overcome the disadvantages of the RLC method. The
performance test for a 30kW scaled artificial LVRT/HVRT test facility was implemented by modeling and
the operation method proposed above. This method could be stably applied for the LVRT/HVRT field
test of larger scaled wind turbines.

Keywords : Voltage Ride Through, High Voltage Ride Through, Wind Turbine, Single Transformer of Tap
Method, Field Test
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Fig. 1. LVRT/HVRT Standard Curve of IEC 61400-21-1
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Fig. 2. LVRT/HVRT Function based RLC type
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Fig. 8. Operation procedure for HVRT test
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Table 1. Specification of Artificial Test Facility

Contents Classification
TR Type Air-core reactor & Iron-core
Phase,F,V 34 60Hz, 380/220V
TR Capacity 30kVA
Coil Al 2NC 2.8x10.5x1H2W
Current Density 0.79A/mm?2
Number of Coil turn 72T (12T x 6 = 727)
Cooling Duct 10T x 5 = 50m
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Fig. 10. configuration of test system

Table 2. Model distribution system

Hosting S'Tr ratio S.Tr Impedance WT
Capacity : ! [%,100MVA] Capacity

1IMVA 0.38/0.38 6 % 30kW
Section Line length  Impedance Branch Load RES

1 0.2 km 0.4 [%] Research Lab 0

2 0.3 km 0.6 [%] Testing Lab 0
LVRT o )
JHVRT 0.02 km [%] WT 30kW
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Table 3. LVRT/HVRT Test condition

Step Voltage rate Situation Phase Sumr:[tsiz;
Test 1-1 0.0 pu LVRT 3Phase 0.15
Test 1-2 0.0 pu LVRT 2Phase 0.15
Test 2-1 0.5 pu LVRT 3Phase 0.75
Test 2-2 0.5 pu LVRT 2Phase 0.75
Test 3-1 0.90 pu LVRT 3Phase 1.5
Test 3-2 0.90 pu LVRT 2Phase 1.5
Test 4-1 1.1 HVRT 3Phase 1.35
Test 4-2 1.1 HVRT 2Phase 1.35
Test 5-1 1.3 HVRT 3Phase 0.15
Test 5-2 1.3 HVRT 2Phase 0.15

5.2 LVRT/HVRT A|&HEH|9| #H4H| Z2H
271004 AQret A4S B o Z LVRT/ HVRT
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Table 4. Results for turn-ratio and tap location of

LVRT/HVRT
LVRT
Voltage Parallel Series Control
W1 Impedance | W2 Impedance Tap
90% 0.9 3.10 mH 0.1 0.34 mH 18
50% 0.5 1.74 mH 0.5 1.70 mH 10
0% 1.9 0.00 mH 0.1 3.44 mH 1
HVRT
Voltage Parallel Series Control
W1 Impedance | W2 Impedance Tap
110% 0.91 3.10 mH | 0.09 0.34 mH 18
130% 0.77 2.58 mH | 0.23 0.79 mH 15

5.3 LVRT Ms E4TI}t

5.3.1 LVRT(FRT) 0 PUQI &

Table 5%}, Fig. 119] (a),(b)= 0PUS] 3AMT 24+ A
U457t 0.15secE FAEE LVRTS FRT(Fault
Ride ThroughZ7 02 A|&7gd]9] L= ulet 4
SAIE g HojEnh 0 PURAS] E2EE g2
19olH, A[gAH] 232 0.163% &< 0.1VE 4]
H8 & 5 otk weEbA 0 PURANA 34124 A4
3k9] |AAIZE QA= 0.0132/0.02%, ALL 0.15V
Ztolg HPANE ©E A3} [EC- 61400-21-19] 2
AL 5% olWE THEEEE SRISHTh of7|olA 24
AXere] A EHPOR QIS £ehdF woz A
F9] ¥5o] Aol MG o] gt 7182 34 A
stz gosict.

Table 5. LVRT test results in case 0 PU

Voltage| Classification 3phaselkV] 2phaselkV]
R phase 0.23/0(0%) 0.23/0.23(100%)
0,080 "‘;lrtjﬁe S phase|  0.23/0(0%) 0.23/0.06(26%)
T phase|  0.23/0(0%) 0.23/0.06(26%)
Duration time 163[ms] 170[ms]

Dusaion Time : 163ms Duraion T : 167

(a) 0 PU_3phase (b) 0 PU_2phase

Fig. 11. LVRT test graphs in case 0 PU

5.3.2 LVRT 0.5/0.9 PU ¢l &L

Table 63}, Fig. 129 (a)~(d)%= 0.5 PU2} 0.9 PUY
34}/ 24 AL 0.75sec, 1.5secESt SAEE %
7A0g AEAH|9] LA uet AIFEY 2HE
HojZoh 0.5 PUY £& 2 109 181 0.9 PU=
184 o], A|@AH]9] £ 0.5 PU°IA 0.763% &
QF 120V, 0.9 PUYIA 1.542% B2t 220V7F |A1ES
sRISIAT. £, 0.5 PU, 0.9 PURANA 34124 A
3t SARXZERAE= 0.013%/0.02%, 0.042%
/0.042%, A2 34712 5V, 3V Zjolg HIYA|TL,
RE A7 IEC-61400-21-19 QA E 5% ojyE
TSRS ERlskt
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Table 6. LVRT test results in case 0.5, 0.9PU

Table 7. Deviation of HVRT TEST results and IEC

Standard
Voltage | Classification 3phaselkV] 2phaselkV]
1 R phase| 0.23/0.12(50%) | 0.23/0.23(100%) Classification 0 PU 0.5PU 0.9PU
voltage S o
0.5pU | drop S phase | 0.23/0.12(50%) 0.23/0.15(65%) Voltage 3phase 3phase 3phase
T phase| 0.23/0.12(50%) |  0.23/0.15(65%) deviation [%]
Duration time 763[ms] 770[ms] 0% (0.15V) 4.1% 1.4%
l R phase| 0.23/0.21(92%) 0.23/0.23(100%) time 3phase | 2phase | 3phase | 2phase | 3phase | 2phase
voltage N o . 0
0.9PU | drop S phase | 0.23/0.21(92%) 0.23/0.22(94%) interval [%] 1.3% 2% 1.3% 2% 42% | 4.2%
T phase| 0.23/0.21(92%) 0.23/0.22(94%)
Duration time 1542[ms] 1542[ms]
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Fig. 12. LVRT test graphs in case 0.5PU and 0.9 PU
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Table 8. HVRT test results in case 1.1 PU
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Fig. 13. Compared with LVRT TEST results and IEC
Standard
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(a) 1.1PU_3phase
Fig. 14. HVRT test graphs in case 1.1 PU
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Table 9. HVRT test results in case 1.3PU

Voltage| Classification 3phaselkV] 2phaselkV]
R phase| 0.23/0.3(130%) | 0.23/0.23(100%)
voltage '™ pose | 0.23/0.3(130% | 0.23/0.280123%)
1.3PU rise
T phase| 0.23/0.3(130%) | 0.23/0.28(123%)
Duration time 161[ms] 167[ms]

Vo] 1390 Spime Voluedh] 1590 2y

Duaton Time <167 ms

pelsim

(a) 1.3PU_3phase (b) 1.3PU_2phase

Fig. 15. HVRT test graphs in case 1.3 PU

/3719l HVRTY] BE HdzxAoA HALRA Azt
A7 B4 Fig. 163 2, 24489 distd
EA3E A= Table 109} 2t} wha] g7 |74k
e "2lof o3t HVRTY Al&ZA37} IEC-61400-21-1
oA AAeke TE 20 tiste] &Y 5%CIHE
SRS & S o], FE 12MWEOE ehgslo] &
F FYArIE g g Ao FHEA EAIE

o 5T % UL T % ALk

2 T xru= 2 T

*EC-61400-21:0.15sec Mmiphase  mmophase | —IEC-61400-21
N IEC-61400-21:1.35sec

20:1.364sec

o 3@:0.1618ec

2@:0.167sec 3@: 1.360sec

Fig. 16. Compared with HVRT TEST results and IEC
Standard
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Table 10. Deviation of HVRT TEST results and IEC

Standard
Classification 1,1PU 1.3PU
Voltage deviation 3phase 3phase
(%] 1.6% 2.3%
time interval 3phase 2phase 3phase | 2phase
%l 1.1% 1.7% 1% 1.4%
6. 48
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