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A Case Study of Harmonic Resonance & Black Start in Weak Feed Power System
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(Young-Chul Park : Eun-Seob Lee  Hyo-Soo Son * Seok-Hyun Lee)

Abstract - In order to recover the power system during the wide power outage or power failure in the power plant, black
start system should be properly operated without any problem. Especially power for black start in the geographically isolated
areas of electric island is supplied from small emergency start-up generator, and loads are aux systems of gas

turbines such as SFC(Static frequency converter). This paper

introduces the international practices to overcome the

voltage drop problem with harmonics of the system having the DC output such as SFC during black start in weak feed
system and analyzes the relationship between house load inputs and harmonics. By varying the house load and input of
power supply, this paper identified boundaries between weak feed and strong feed power. In order to verify the theory
of stable condition in weak feed power system with DC output, house load is simulated using ETAP. Additionally
MATLAB was used for harmonic analysis between the load inertia moment and non load inertia moment.
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Fig. 1 Single Line Diagram for Black Start up Test
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Fig. 2 Flow Chart for Black Start up
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Light Load Test Simulation
50% 17.7 13.34 4.36
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Fig. 13 SFC90%, Gen22.5MVA, THD for hose Load 18.3MVA
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¥ 5 THD 8% RAIHHE SFC FohdH AURS HIg

Table 5 Generation Capacity & house Load Rate as SFC
Load for maintaining below THD 8%

SFC | SFC | 4ul | 2 |pcEel/

Generator| GEN . :B] ;tH R E‘j; SESH| oy

KVA) | Load | &9 | 5} | Hal/ |AUREsH /DCE 2259
Tl %) [&VA)| kVA [DCEF| (%) oo

25000 | 10 | 100 |4698|20138| 4.29 | 23.33 | 532 | 1879

DCEE/

22500 | 9 | 90 |4234|18291| 4.32 | 2315 | 531 | 1882
20000 | 8 | 80 |3764|16222| 4.31 | 2320 | 531 | 18.82
17500 | 7 | 70 |3294|13925| 4.23 | 2366 | 531 | 18.82
15000 | 6 | 60 |2824|11857| 420 | 2382 | 531 | 18.83
12500 | 5 | 50 |2349|9793 | 417 | 2399 | 532 | 18.79
10000 | 4 | 40 | 1879|7730 | 411 | 2431 | 532 | 18.79

(8) THD 8% |RAIS

9T st 2 BFsY WeE

SFC | SFC | ®a 1.3Mw THD 8% SHa}7]
Bae | =8 | @R ) o5t W] e
(%) (kVA) | 2FA] THD(%) SR =7
10 470 2,67
20 940 553 -
30 1404 7.97 _
40 1879 10.67 2] 4T, Fat T.8MVA
' (6.4MW)
50 2349 13.34 2E7] 5T, Fat 9.8MVA
' (8.3MW)
60 | 2824 16.03 9] 6oH, K5t 11.8MVA
' (10MW)
2PR7] 7, 23t 14.0MVA
70 3294 187 =
(11.8MW)
WE7] sth, sk 16.3MVA
80 3764 21.37 =
(13.7MW)
2PR7] ouf, 23t 18.3MVA
90 4234 24.03 =
(15.4MW)
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Total rotational inertia of ac system, MW-s
MW rating of dc link
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44.1 SFC Full B3} 4700kVA), 2R3} 54AMW (6.9MVA)
- ME71180kW 30tH(FA 54MW) - THD 21.12%
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% 14 SFC 4,698kVA, AUF S T4 54MVA 1+
Fig. 14 SFC 4,698kVA, Wave for hose Load 54MVA(Inertia)
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44.2 SFC Full F5H4700kVA), AUIRSH 54AMWE.9 MVA)
- HIASZ|HF4A) - THD 20.43%
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% 15 SFC 4,698kVA, 2R3t HIA 54MVA 118
Fig. 15 SFC 4,698kVA, Wave for hose Load 54MVA(Non
Inertia)
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Fig. 16 Modeling for analysis in MATLAB

% 17 Motor 300} RIS FE&HIA 1kg-m2), THD 17.7%
Fig. 17 Non-Inertia house load, THD 17.7%

8l 18 Motor 300 TAREHI 648kg-m2), THD 17.68%
Fig. 18 Inertia house load, THD 17.68%
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AFRD He 1xa FREoRE J1E 2ol AlgsteE
Z9] Shiolth ok & 62 AUESHER WHE Wdd F2
TET= THDO| thet ZoAd dmE LERATE 1 Zdit Weak
Feed Power AS0IA AUWESIO] 5718 Sd 1xm R0
TAEE & 4 Qrh IEAT ARG S7Htez 2Es A
SO L e Heksh, nxa "EQ REE 4% il
Y T gto] 7hsehe S0l @ 4= QAT

N 0%
0 e

fol

& 6 AURsH ¥ uXxal g9 AREol W2 THD 3t
Table 6 THD Value at house Load Rate & use of Filter

SFC 93 3558kW  1617kVAr
_ | ARRSE | ZEHYY ZUESH THD
aUiRet
KW | kVAr | KW | kVAr | KW | kVAr i kVA | %
MW | 9508 | 5429 5950 i 3812 i 7066 | 16,5
(ZED) | 951213731 | 3 {-1698 5951 3812 (7067 | 95
5MW | 8549 | 4846 4991 i 3229 5944|174
(ZE]) | 855213148 | 3 (-1698 4991 3229 5944 | 9.8
AMW | 7576 | 4186 4018 | 2569 4769 | 18.1
(HE]) | 75792488 | 3 {-1698|4018: 2569 :4769| 10
3SMW | 6549 | 3557 2991 | 1940 | 3565 19.3
(HE]) | 65521859 | 3 |-1698|2991: 1940 | 3565|104
OMW | 5577 i 2896 2019 i 1279 2390 | 20.2
(ZE]) | 5580 1198 | 3 §-1698|2019: 1279 2390 | 10.7
IMW | 4550 | 2267 992 | 650 1186217
(ZE]) | 4553 569 | 3 i-1698| 992 i 650 1186 |11.1
OMW | 3558 | 1617 0 0 0 [236
(ZED) | 3561 -81 | 3 i-1698| 0 0 0 [118
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