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C)ATLER [FRMEE] TE ARERNEEEE - ERAFEEER IL=38.0 A (Fi:HE®)
(4)Isc/IL=12661.6/38.0=333.2 [FEZ [ EHIWTIELEZE)

38 #4 ¥ FREVEE RFEARNE  FERELOT ¢

S0 AR TR (814 11 A 26 BWE/R2 4 6 A 4 BEED)
RS I TON R
N CES B NN BB
<11 11EN<I17 17=N<23 23=N<35 35=N THD%
#1 <20 4.0 2.0 1.5 0.6 - 03 5.0
#2 20~50 7.0 3.5 2.5 1.0 0.5 8.0
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3 0.46 13.34 0.00050 PU 0.672% 12.00%
5 5.14 149.06 0.00568 PU 7.570% 12.00%
7 3.11 90.19 0.00344 PU 4.580% 12.00%
9 : 0.51 14.79 0.00056 PU__ | 0.751% 12.00%
11 0.78 22.62 0.00086 PU 1.149% 5.50%
13 0.36 10.44 0.00040 PU 0.530% 5.50%
17 0.55 15.95 0.00061 PU 0.810% 5.00%
19 0.23 6.67 0.00025 PU 0.339% 5.00%
21 0.18 5.22 0.00020 PU 0.265% 5.00%
23 0.30 8.70 0.00033 PU 0.442% 2.00%
25 0.23 6.67 0.00026 PU 0.345% 2.00%
29 0.33 9.57 0.00036 PU 0.486% 2.00%
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4.3 1EEd AR
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24 FRHREEEEETIWAKRA - ARWAKRAR LB TRAKXTH(1/2)

FHEHE | RHEARESE I-1 2-1 1-2 3-1 2-2 i-3 4-1 32 23 1-4 4.2 3‘3_|
AR
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HRHKVA) 0 150 210 220 70 280 290 330 340 150 360 400 410
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3 0.67200) 0.7077] 0.7230 0.7256] 07390 0.7418] 0.7445 0.7558 0.7587 0.7616] 0.7645| 0.7763 0.7794
5 757000f 8.8023) 94154 9.5260] 10.1203| 10.2482| 10.3793 10.9393| 110889  11.2426| 11.4006|*12.0798| *12.2624
7 0.7510| 63120 7.4370 76647 905000 93894 97352 11.5563] *12.1155] *12.7317|*13.4138[*17.0726] *18.3220
9 4.58000 13745 20578 2.2437| 4.0922 4.8995| 6.1037] *361.0577| *-26.6690( *-12.8596| -B4725| -3 Ss!lﬂ *-19.0961
11 1.14900  3.5639|*22.3715] *185.7220) -5.2303| -4.3383| -3.7061 -2.3415 -2.1441 -1.9774) -1.8348| 14239 -1.3484
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37 0.29500| -0.0443] -0.0303 -0.0288| -0.0230( -0.0222{ -0.0213 -0.0186 -0.0180 00175 00170 -0.0152 -0.0148
ik
M 9.088%| 15.226%) 25.541%)| 186.1453% | 15.158%| 15402 15.970%| 361.417%| 31.408%| 21.416%)] 19.644%| 21.285%] 29.212%
otcdin 13.36 11.29 .o 996 9.78 9.6l 9.01 B.88 875 863 818 8.08
SERIT
AR 101 1.03 2n 101 101 101 3.74 1.05 1.0 10z2f 1022 1.04
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£4: FAHATEEETTIMAAR « R AWA R AR LB TRKRTH(2/2)

FEHE 24 1-5 4-3 3-4 2-5 1-6 4-4 3-3 2-6 4-5 3-6 4-6 I
HHmES
10K VAH #3=30] #3=30] »3=30] x3=30] »3=30] »3=30 ¥ 3=30 % 3=30 # 3=30] # 3=30 # 3=30 ¥ In30
60K VA w3=180| »2=120] ¥ S5=300| x 4=240] x3=180| x2=120] »5=300 %x4=240| »3=180] > 52300 »4=240| ¥ 5=300
0K VAR % 3m210| x4=280| x2=140] ¥ 3=210| »4=280| x 5=350| X 3I=210 »#4=280| > 5=350] war280] x5=350] #5=350
EEHKVA) 420 430 470 480 490 500 540 550 560 610 620 680
BT S FL (%)
3| 0.7824| o07855] 0.7980] 0.8012| 0.8044] 08077 0.8210 0.8243 0.8277 0.8452 0.8488 0.8710 12.00
5|*12.4507] *12.6448] *15.4857] *13.7138] *13.9496] *14.1937] *15.2621 *15.5548] *15.8580] *17.5774] *17.9668] *20.7208 12,00
71%19.7686] *21.4634] *32.6645| *37.5656| *44,1971| *53.6719] *376.6447|  *-746.739] *-187.5000] *-39.519] *-34 1316] *-18.7746 12.00
o .2.7807| -2.5007| -1.7827| -1.6633| -1.5589| -1.4668| -1.1865 11324 -1.0830]  -08891] 08584  -0.7110] 12.00/
11| -1.2805] -1.2192] -1.0230] -0.9835 -0.9496] -09129] -0.7983 0.7740) 07511 -0.6545]  -0.6381  -0.5546 5.50
13| 03212 -03094] -0.2697] -0.2613| -02534| -02460]  -0.2202 02146)  -02092] 01861  -0.1820]  -0.1611 5.50
17| -0.2204| -0.2226] -0.1990] -0.1938 -0.1890] -0.1843|  -0.1678 0.1642] 00606  -0.0451)  -0.1424]  -0.1278 5.00
19| 00727] -0.0707] -0.0636] -0.0620] 00605 -0.0591 -0.0540 00529) 00518 00469  -0.0461|  -0.0415 5.00
21| -0.0448] -0.0436] 00393 .0.0384] -0.0375] -0.0366) -0.0336 00320  -00322] -0.0293]  -0.0288]  -0.0260 5.00
23| .0.0606| -00590) -0.0534] -0.0521] -0.0509| -0.0498] -0.0457 0.0448) 00439 -00400]  -0.0393|  -0.0336) 2.00
25| .0.0392| -00382| -0.0346{ -0.0338| -0.0331] -0.0323] -0.0297 00292 -00286]  -00261]  -0.0256] 00232 2.00
29| -0.0299] -00389| -0.0353] -0.0345| -0.0338] -0.033] -0.0305 00299 00293 -00268] -0.0263] -0.0239 2.00
31| -0.0195] -00190] -0.0173] -0.0169] -0.0165] -0.0162] -0.0149 00146 00044 00131 00129 -0.0117 2.00
33| -0.0238] 00232 -0.0212| -0.0207] -0.0202] -00198] -0.0183 00179 -00176]  -00161]  -0.0158]  -0.0144 2.00
37| -0.0144] -0.0141] -00128] -0.0125] -0.0123] -0.0120] -0.0111 -0.0109]  -0.0007]  -0.0098]  -0.0096]  -0.0087 1.00
‘:::‘; = 23,5799 25.082%| 35.409%| 40.047%] 46.390%] 35.551%| 376.958%|  746.903%| 188.176%| 43.275%| 38.397%-| 27.000%)
TR 7.99 .89 .55 747 7.39 7.32 7.04 6,98 6.92 6.63 6.57 6.28
s b
A HR(%) 1.03 1.03 1.06 1.07 11 1.15 39 7.5 213 1.09 107 1.038

- BABERBARGZE

bR TR HBRESHEAE 0 SRR TR - Hrarg L5t e
EEME  ERERNRELEY AREREMEENGFEEE BN ERGKRER > BEE
WERERBERERARETSRERER M ERERMBEFE - LEEEE - R e RE {86
B R B — 2 B AR MR - anfa E RS Ne AT EE B - REE T —FEBRCAYIRE -

[FFEHE 1-2)
8240 A (FEHIR A 60kvar X 2) +(H #h =l 10kvar > 3) + (APFR @ifF 70kvarx1)

AT 220kvar » FREEHHEEL  11.03 20

[Lat il G TE R A 2.0 £ 0 BT A 0.92 HRF(39A X 0.92) X 2.11=T6A>ELB 75A Bt !!
[FFEHFE 2-6]
7T 5240 A (FFBh§% A 60kvar x 3) +(H # = 10kvar X 3) + (APFR EjfF 70kvarx5)
I ¢ S60kvar » FAEAIREL ¢ 6.92 2K
E4u A SR 213 5 0 EEMAE 0.92 IR (39A X0.92)X2.13=76.4A >ELB 75A BLIR!!
[FF{& 5 E 3-5]
AR A (FEhHE A 60kvar X 4) +(5 2 10kvar x 3) + (APFR @ii{F 70kvarx4)
#EET) ¢ 550kvar » FHEIRES 0 6,98 K
BhEEEaBTREA 7.5 (5 0 MBS 0.3 fFF(39A X 0.3) X 7.5=88A > ELB 75A BHiR!!
[FFEHE 4-1]
A2 A (CF B A 60kvar X 5) +(H #H=0 10kvar x 3) + (APFR B{E 70kvar x0)
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FEELh330kvar » RALAEIRES - 9.01 &% :

FEEE AT A 3.74 5 EEREEEE 0.55 BF(39A X 0.55) X 3.74=80A > ELB 75A k!
[FFEAHE 4-4]

TR IR A CFEI#E A 60kvar x 5) +(H# #h 2 10kvar x 3) + (APFR @hfF 70kvarx3)

Il ¢ S40kvar » HREEIREE, - 7.55

BEHEEAMERIEA 3.9 45 » 5 EMER 0.5 #iF(39A%0.5) X 3.9=76A > ELB 75A BiR!!

NBRAE
6.1 REEY

By T 3R BRI BT S T HE L ER A A R e O R D 2 R S IR A B SR B R T I BORE R #2 (0.8 L)L

by BMTREEA TR

(1) APFR i # -

(2) 30220V 60KVAR x5 Zaffuds

QAR AERE A (B 30220V 10kvar X 3) + ( 3P 220V 70kvar x 4 )=310KVAR

(4)FRMEIRES © 93 2 MABKERHFWNOT ¢

MAEWREEFRER AQe=03]10MVAR

AR ERE Xc o BRHESHERESEZE Dm=(1h/IL1) X Xch/(Xsh+Xth-Xch)

EmMATR] : o Ih BEEEZ&SIGEEER
K| KEE(Dm%) | HELGHE

[memmmmmmmm e e MABEHR— | .
3.0 0.67700 % 3.0 0.7557 % 12.00 %
5.0 7.57000 % 5.0 10.6520 % 12.00 %
7.0 4.58000 % 7.0 10.5796 % 12.00 %
9.0 0.75100 % *9.0 12.0045 % 12.00 %
11.0 1.14900 % 11.0 -2.8698 % 5.50 %
13.0 0.53000 % 13.0 -0.5545 % 5.50 %
17.0 0.81000 % 17.0 -0.3455 % 5.00 %
19.0 0.33900 % 19.0 -0.1067 % 5.00 %
21.0 0.26500 % 21.0 -0.0646 % 5.00 %
23.0 0.44200 % 23.0 -0.0863 % 2.00 %
25.0 0.33900 % 25.0 -0.0544 % 2.00 %
29.0 0.48600 % 29.0 -0.0556 % 2.00 %
31.0 0.28000 % 31.0 -0.0277 % 2.00 %
33.0 0.38300 % 33.0 -0.0330 % 2.00 %
37.0 0.29500 % 37.0 -0.0199 % 1.00 %

i REAERB
AHEEIRES: 930 X
2 B B R B EEAEE R V(0.19)? +17 = 1.01745
hAEZ kst
AP Z MR 750KW » BTE 2 30 K5 %5 83 BUBHEs » ATl 812 sh R ks 0.86 « £ - B HES A 2 3
WA 750%an £ cos(0.86) = 445K VAR - SEHHEN - AUEEA SO0KVAR LLE - BIECEM sk
23T PF=1 o L aTHERL P 2 SEME J Sl B SOOKVAR - 7R + 310KVAR B A B o IEIHER
0T ¢ HELIE Q)R 500-310=190KVAR
Q/P=190/750=0.2533
tan’'(0.2533)=14.21°
cos(14.21°)=0.969
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6.2 H5 &R

% 6.1~% 6.3 B (3G 220V 10kvar x 3) + (31 220V T0kvar X 4)IRIEH At » 1E55 —[ERE B 15 G A%

& B THD-R(%)T R 14.32%~ 18.19% » ##5F %5 15.726% REEBEFIHR(DP B H M0y ¥

19.462%  EEFA  ERBEXRINEES  BRFUCAERE
% 6.1
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Panel Discussion
On
A Quest for Effective Methods of Harmonics Suppression
In Distribution Systems

Economic benefits from using power electronics equipment are much more direct and visible
than losses caused by harmonics produced by this equipment. Consequently, we enter the New
Millenium with sources of harmonic distortion more and more distributed over distribution systems.
We have to confess that we are much more effective in generating harmonics than in their
climination. This situation should not propagate into the Next Century. Effective methods of
harmonics suppression are needed.
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A quest for effective methods of harmonics suppression may go into existing technology to
improve it. This quest may look for new methods as well. Also, education on the properties of
distribution systems with harmonics, on a proper implementation of various methods of their
suppression and on instrumentation and measurement for that purpose may contribute substantially
to reduction of harmonic distortion in distribution systems.

Resonant harmonic filters, the most common devices for reducing harmonic distortion,
increasingly more often compete with active harmonic filters. The old technology competes with
the new one. This old technology still has however, a capacity for a further development, while
active harmonic filters do not occur to be an absolute and economic remedy for harmonic distortion.
Moreover, the interaction of resonant harmonic filters with the distribution system plays a key role
in the filter effectiveness, but it seems this interaction is often not well comprehended.

The Panel Discussion should contribute to the improvement of existing methods of harmonic
suppression, to the development of new methods, to education on properties of distribution systems
with harmonic distortion, and consequently it should contribute to the supply quality in distribution
systems.
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