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Effects of Loading Char acteristics

on Power Factor Calculation
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ABSTRACT

This dissertation presents the comparison and analysis of six feasible
power factor definitions, and examines the effect of load characteristics on
power factor values. The load characteristics of the inferior power quality can
be reflected from the differences of six power factor values calculated from a
set of load data. Among the six power factor definitions, three employ the
|EEE Standard 1459-2000, and the rests base only on fundamental components.
Firstly, the impacts of load characteristics to the power factor values are
simulated based on the effects of harmonic distortion, load unbalance, and load
fluctuation. Then, the field measurement results of representing users from the
selected fields, such as railway, MRT, electric arc furnace, electrica and
electronic plant, chemical plant, commercial building, and government office
are compared. In addition, the effects of load characteristics on three-phase
source side power factor values are also illustrated for V-V, Scott, and Le Blanc
connected transformers. At last, for the searching of more sensible data
compression techniques for the long-term monitoring of the load
characteristics, the wavelet transform in conjunction with three coding
methods for data compression process is adopted. It is also to compare the
accuracy of calculating power quantity and power factor by using the
reconstructed data. The comparison result reveals that the normalized
embedded zero-tree wavelet coding has better performances on data
compression. It is suggested that the utility should adopt a proper power factor
definition and a rational rule to truly reflect the load characteristics of
customers. Furthermore, it is hoped to encourage users to pay more attention to

improve the problems of power quality.
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2.1

v(t) =/2Vsin(ot + ) (2-1)
i(t) =/2lsin(wt + B) (2-2)
S=VI (2-3)

( )
P=VIcos6 (2-4)

0=a-p
Q=VIsino (2-5)

PP _ 1Q i

PF = = 5 = cos (tan P) (2-6)



v(t)=V, + ﬁivh sin(hot + o)

h=1
i(t)=1,+ 23 I, sin(hot + B, )
h=1

Vo lo

P= thlh Cos(ah _Bh)
h=0

Qs :hz_‘ivhlhsm(ah ~Bn)

PF:E;t P

S JPP+Qg
S#4/P?+Qg°

power)

(2-9)

(2-10)

(2-11)

(2-12)

(2-13)

(2-14)

(distortion



Dp = -P?-QZ
(2-14) p-15) B

2.2

1459-2000
(arithmetic apparent power) Sa
(effective apparent power) S

(arithmetic power factor) PFa

(2-15)
Budeanu 1927

|EEE

(vector apparent power) S,

(vector power

factor) PRy (effective power factor) PFe

D)

Sy =S +S+S; =Vilg + Velg+ Vil
S S S

(2)

S, =4P?+ Q2 + D2

(2-16)

(2-17)

(2-18)

:\/(PR + P+ PT)2 +(Qgr +QBS+QBT)2

Px Ps Pr

Qer Qs Qer
Der Dss Der

+ (DBR +Dgg + DBT)2



[6]

Buchholz

PF, :S% P=P,+P,+P
|EEE
(2-18)
S, >S, PF, <PF,
©)
1922
[10]  IEEE 1459-2000
(@ 3¢p3w

(effective current)

2 2 2
| - /IR+IS+IT
© 3

(effective voltage)

Vi + V& + Vi,
V, = 5

(b) 34w

2 2 2 2
| _\/|R+|S+|T+|N
e

B 3

v, :\/1—18[3(v§ V21 V2)+ (V2 +VE + V2

S.=3V,l,
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e
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Emanuel[11]
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Se (2-26)
PF. SS S
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(2-26)
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(1)

2 2
Sivm1 =+ P+ Qiws
_ Q. Q20
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-1 M)

PF,,; = Ccos (tan
1

( ) (2-29)  (2-30)

Simz =4 I:)12 + Qsz
Q2 = ‘Ql‘
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PF,,, = cos(tan™ %)

1
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[Qu(t)at
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5
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Vig + V&, + V3
V. = RSL ST1 TR1 2_39
e \/ 9 (2-39)
12, +15 +17
o :\/ R1 ;1 e (2-40)
3p4w
1
V,, = \/E [BV2 + V2 + V2 )+ (Vg + V2 +VE ) (2-41)
12, +15 + 15, + 13
| . = R1 Sl T1 N1 2_42
el \/ 3 (2-42)
(fundamental effective apparent power) Sy
Sy =3Vgly (2-43)
Sy =2 -S4 (2-44)
Sen (nonfundatmental  effective apparent

power)
(normalized nonfundamental effective

apparent power)

S ="N (2-45)

(fundamental positive-sequence apparent power)

14



s =3v/1; =R f+ (@ (2-46)
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3.1

Simulink  Sim Power Systems (block)
3-1 Matlab [55,56]
PR
3¢3w 220V _ 's
Iy R L R
A — A
S
[ ‘R/\/_LNV\ |
R L T
\ ] N\ VY
RL N
303w
31
1. 3h3w 220V (symmetrical three-phase voltage
source block) SC = 500MVA X/R=25
2. RL (3¢ series RL branch block)
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60mm? 115A 20m
R=0.0066Q2 (0.33Q2/km) L=4.838uH (0.2419 mH / km)
3. RLC (paralel RLC load block)

(harmonic current source block)

4. (measurement block)
10kW  6kvar PF,=0.857

5. (FFT)

6. (RMYS)

3.2
4

3-1

3-2

1. Case 1l

2. Case2 PR PRy, PRu»

Casel
PF, PR, PR Casel
3. Case 3
PF, < PF, < PR, = PR =PF,,; = PR> PR,
4. Case4d Case?2

Case 3 PF, < PF, < PR, < PR, = PR,,, = PRy,
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31 4

Casel Case 2 Case 3 Case 4
Pry (kW) 10 10 10 10
P (kW) 10 10 15.7 15.7
Pry (kW) 10 10 43 43
QR (kvar) 6 6 6 6
Qg (kvar) 6 6 9.3 9.3
Q- (kvar) 6 6 2.7 2.7
| 5 (%) 0 30 0 30
I (%) 0 30 0 30
3-2
Casel Case 2 Case 3 Case 4
PR, 0.857 '| 0832 | 0772 | 0741
PFA 0857 | 0832 | 0847 | 0.794
PR, 0857 | 0.832 | 0848 | 0.808
PR, 0857 | 0857 | 0848 | 0848
PFjv1 0.857 | 0857 | 0848 | 0.848
PRy, 0.857 | 0857 | 0848 | 0.848
31 Casel
Pry = Pg = Pr; =10kW  Qg; = Qg = Qp; =6 kvar 0~60%

5 7 3-2

18



PF

1. PR =PFR,, =PFRy,

2. PF,=PF, =PF,

3.

1.
2.
3.

1.0

0.7

0.6

3-2

Casel

Case?2

PF =PF,=PF,

3-2

30

40

50

I, and I, (%)

3-1

70

Casel
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UD 3= 0%
R
133% 3-3

ubD3

3-2
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Case 3
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09 PF,=PF,=PF\;=PF i\,
o
0 50 100 150
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3-3 UD3
3.3
T (duty cycle)
[ Quar(t)ct
T(Q) = (% x100% (3-1)
" Qua(t)ct
+Q, A
Al
= A3 ¢
g o 3
S A2
A4
-Q,
§ ! .
|
3-4 T(Qu)
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T ( )
T(Q1)=100% )
T(Qv) T(Q)= 0% T
( ) 34  T(Qy
Al+ A3
T = x100% 3-2
Q)= A2s Ay Ag H00% (3-2)
393w 31
12kW T -16kvar  16kvar
T(Q) 35
1 T . .
PF,
0.8 I:>':1|\/|1
0.6
PF,y, =PF, =PF, =PF
0.4
0.2
¢ o !
-0.2 ¢
-0.4
-0.6
-0.8
N PF, | |
0 20 40 60 80 100
T(Q,) (%)
3-5 T(Ql)
1. T(Q) 0 100% PFy. PF. PFa PRy
0.6
2. PF1  T(Q)>50% T(Q)<50% |PF4|

T
T(Q,)=50%
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PF,

3. PFim1 ( ) T(Q1)
T(Q1)<50%
) T
3.4
PF.
I:)|:1M2
1. PF, = PF, = PR, <|PF, |= PF,,, = PRy, PF,
2. PF, < PF, < PR, '=| PR, £ PF,,,, = PRy,
PF. PF, PRy
PRv. < PRy < PR Q: PR, <|PR KPRy, =1

Q.
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4.1

ADX3000
4 / 8 A/D
D/A 2  8MB 486DX2-50
10 (DSP)
[57]
(1)
(2
(3) 303W  3p4W
(4) I (Hz)
(5) () 60 30 15 10 5 1
ADX3000 4-1
3840Hz 64 / (60Hz ) MOF

(DFT)
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==

3840Hz
v
(DFT)
v
v
4-1 ADX3000
4.2
PT CT
PT CT
A.
1
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ADX3000

ADX3000
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4.3

4.3.1

303W 69kV

34
4-1
4-1
(KV) (KW) (KW) (KW)
69 7400 - -
161 10400 - 10400
161 92000 3000 -
69 6800 - -
69 36000 - 36000
11.4 1240 - .
11.4 725 - -
6O kV )
4-2

3 10MVA LeBlanc

2  27.5kV
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94 11 3 ( 1 14 11 10 ( )10 11
4-4 P P Q S Sa
4-5 4-6 PP Q
Sy 4-2 4-3
PFv: 1 PFwm:1 0.8
PF. 0.393
PF1|\/|2=0.452
PF.
69 kV
A A
X X
TR1 Le Blanc TR3 Le Blanc TR2 Le Blanc
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94-11-03 11:14:00 94-11-10 10:11:00
1VY/3 | 114 | 115 | 16 | 11/7 | 118 | 11/9 | 11/10
[P (MWh) 16.597 | 24.456 | 24.125 | 29.723 | 48.162 | 33.445| 25.453| 6.115 | 208.076
|P1 (MWh) 16.590| 24.445 | 24.113 | 29.711 | 48.151 | 33.436 | 25.443| 6.113 | 208.002
Q (Mvarh) -29.090(-60.009|-60.650|-58.462|-56.811|-59.546|-58.618|-27.685| -410.871
Q. (Mvarh)  (-29.069|-59.977|-60.614|-58.424|-56.783|-59.518|-58.590|-27.677| -410.652
Qim1 (Mvarh) | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 0.000
Qumz2 (Mvarh) |29.069 | 59.977 | 60.614 | 58.424 | 56.783 | 59.518 | 58.590 | 27.677 | 410.652
S (MVAh) 35.838 | 69.396 | 69.708 | 70.606 | 80.727 | 73.356 | 68.666 | 29.515| 497.812
Sivi (MVAD) | 35.838|69.396 | 69.708 | 70.606 | 80.727 | 73.356 | 68.666 | 29.515| 497.812
Sivz (MVAN) | 35.838|69.396 | 69.708 | 70.606 | 80.727 | 73.356 | 68.666 | 29.515| 497.812
Se (MVAN) 38.662 | 73.712 | 73.968 | 75.355 | 85.867 | 78.467 | 72.962 | 30.564 | 529.557
Sa (MVAN) 37.260 | 71.594 | 71.903 | 73.069 [ 83.519 | 76.038 | 70.846 | 30.067 | 514.296
Sv (MVANh) 36.021 | 69.658 | 69.990 | 70.904 [ 80.951 | 73.592 | 68.917 | 29.577 | 499.610
S (MVAh) | 38.489|73.464 | 73.701 | 75.074 | 85.653 | 78.244 | 72.723|30.505| 527.853
Sen (MVAND) 3.581 | 5.855 | 6.047 | 6.251 | 5.965 | 5.679 | 5.680 | 1.838 40.896
S (%) 9.304 | 7.970 | 8.205 | 8.326 | 6.964 | 7.258 | 7.810 | 6.025 7.748
S, (MVAh) |35.159|68.390 | 68.851 | 69.474 | 79.670 | 72.438 | 67.697 | 29.336 | 491.015
Siw (MVAh)  [12.422|19.535|19.141 | 21.865 | 26.952 | 23.977 | 19.458 | 5430 | 148.780
Sw (%) 35.332 | 28.564 | 27.801 | 31.472| 33.830 | 33.101 | 28.743 | 18.510|  30.300
|PFe 0.429 | 0.332 | 0.326 | 0.394 | 0.561 | 0.426 | 0.349 | 0.200 0.393
|PFA 0.445 | 0.342 | 0.336 | 0.407 | 0.577 | 0.440 | 0.359 | 0.203 0.405
|PFV 0.461 | 0.351 | 0.345 | 0.419 | 0.595 | 0.454 | 0.369 | 0.207 0.416
|PF1 -0.496 | -0.377 | -0.370 | -0.453 | -0.647 | -0.490 | -0.398 | -0.216 -0.452
|PF1Ml 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
|PF1M2 0.496 | 0.377 | 0.370 | 0.453 | 0.647 | 0.490 | 0.398 | 0.216 0.452
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4-3

94-11-03 11:11:00 94-11-10 10:05:00
1VY/3 | 14 | 115 | 11/6 | 147 | 118 | 11/9 | 1110
[P (MWh) 24.817 | 38.198 | 37.186 | 43.710 | 83.183| 48.184 | 38.937 | 10.240 | 324.455
IPl (MWh) 24.807 | 38.180 | 37.168 | 43.693 | 83.165| 48.169 | 38.922 | 10.236 | 324.340
Q (Mvarh) -40.150|-81.830|-82.647|-79.898|-76.572|-81.224|-79.936| -37.435 | -559.692
Q. (Mvarh) -40.117-81.781|-82.591|-79.841-76.528|-81.181(-79.895| -37.422 | -559.356
Quv1 (Mvarh) | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 0.000
Quv2 (Mvarh) | 40.117 | 81.781|82.591 | 79.841 | 76.528 | 81.181 | 79.895| 37.422 | 559.356
S: (MVANh) 51.070 | 97.858 | 97.778 | 98.917 |123.162101.625 96.244 | 40.940 | 707.594
Siv1 (MVAQ) | 51.070 | 97.858 | 97.778 | 98.917 |123.162/101.625 96.244 | 40.940 | 707.594
Siv2 (MVAH) | 51.070 | 97.858|97.778 | 98.917 |123.162(101.625| 96.244 | 40.940 | 707.594
Se (MVAh) 55.389 [104.894({104.361{106.174{132.562/109.246102.918 42.828 | 758.372
Sa (MVAN) 53.150 |101.219(100.987|102.427128.217/105.469 99.398 | 41.902 | 732.769
Sy (MVAh) 51.364 | 98.281 | 98.233 [ 99.388 |123.517/102.009 96.639| 41.045 | 710.476
Se1 (MVAh) 55.114 (104.496/103.933|105.732/132.224108.882/102.544| 42.728 | 755.653
Sen (MVAN) 5409 | 8.864 | 9.131 | 9.370 | 9.291 | 8.581 | 8.505 | 2.841 61.992
S (%) 9814 | 8482 | 8.785 | 8.862 | 7.027 | 7.881 | 8.294 | 6.650 8.204
S," (MVAh) 49.618 | 95.483|95.572 | 96.145 [120.600| 99.852 | 93.832| 40.394 | 691.496
Siu (MVAh) 18.982 | 31.164 | 29.470 | 32.935| 47.602 | 34.978 | 30.328 | 8.932 234.391
Sw (%) 38.257 | 32.639 | 30.835| 34.256 | 39.471 | 35.030 | 32.322 | 22.113 33.896
IPFe 0.448 | 0.364 | 0.356 | 0.412 | 0.628 | 0.441 | 0.378 | 0.239 0.428
|PFA 0.467 | 0.377 | 0.368 | 0.427 | 0.649 | 0.457 | 0.392 | 0.244 0.443
|PFV 0.483 | 0.389 | 0.379 | 0.440 | 0.673 | 0.472 | 0.403 | 0.249 0.457
|PF1 -0.526 | -0.423 | -0.410 | -0.480 | -0.736 | -0.510 | -0.438 | -0.264 -0.502
|PF1M1 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
|PF1M2 0.526 | 0.423 | 0.410 | 0.480 | 0.736 | 0.510 | 0.438 | 0.264 0.502
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94-10-20 11:12:00 94-10-27 10:07:30
10/20 | 10/21 | 10/22 [ 10/23|10/24 | 10/25 | 10/26 | 10/27
[P(Mwh) 105508 |162.222| 6.018 |145.840|157.464|162.224|160.436| 54.230 | 954.032
[P, (Mwh) | 105570|162.178| 6.014 |145.801|157.421|162.181|160.395| 54.218 | 953.778
Q(Mvarh) | 9.825 | 27.467 | 3.888 |23.840 | 20.417 | 27.204 | 25.607 | 16.442 | 163.690
Q. (Mvarh) | 9779 | 27.394 | 3.882 |23.762 | 29.343 | 27.135 | 25.538 | 16.420 | 163.253
Qui (Mvarh)| 9.779 | 27.394 | 3.882 |23.762 | 20.343 | 27.135 | 25.538 | 16.420 | 163.253
Quvz (Mvarh)| 9.779 | 27.394 | 3.882 |23.762 | 29.343 | 27.135 | 25.538 | 16.420 | 163.253
S, (MVAh) | 106.416 | 168.287 | 7.432 |150.758|164.074|168.614|166.228| 59.489 | 991.298
Swi (MVAh) | 106.416 | 168.287 | 7.432 |150.758|164.074|168.614|166.228| 59.489 | 991.298
Suz (MVAh) | 106.416 | 168.287 | 7.432 |150.758|164.074|168.614|166.228| 59.489 | 991.298
S.(MVAh) | 106.614 | 168.701| 7.547 |151.155|164.499|169.003|166.677| 59.674 | 993.870
Sy (MVAh) | 106.611 | 168.696 | 7.543. |151.150|164.493|168.998|166.664| 59.670 | 993.825
S, (MVAh) | 106.607 | 168.690| 7.538 [151.143|164.486|168.992|166.639| 59.665 | 993.760
Su (MVAR) | 106.422 | 168.297 | 7.442 |150.769|164.086|168.624|166.268| 59.497 | 991.405
Se (MVAR) | 5915 | 10598 | 0.993 | 9.748 | 10.558 | 10.209 | 10.130 | 4.048 | 62.199
Sw (%) 5558 | 6.297 | 13.348 | 6.466 | 6.435 | 6.055 | 6.093 | 6.804 | 6.274
S, (MVAh) | 106.411|168.280| 7.432 |150.753|164.068|168.607|166.195 59.487 | 991.233
S (MVAR) | 1.472 | 2253 | 0165 | 1.608 | 2.296 | 2.197 | 2290 | 0.949 | 13.230
Sw (%) 1.384 | 1.339 | 2224 | 1.067 | 1.400 | 1.303 | 1.378 | 159 | 1.335
[P 0.990 | 0.962 | 0.797 | 0.965 | 0.957 | 0.960 | 0.963 | 0.909 | 0.960
|F>FA 0.990 | 0.962 | 0.798 | 0.965 | 0.957 | 0.960 | 0.963 | 0.909 | 0.960
|F>FV 0091 | 0.962 | 0.798 | 0.965 | 0.957 | 0.960 | 0.963 | 0.909 | 0.960
|F>Fl 0.096 | 0.986 | 0.840 | 0.987 | 0.983 | 0.986 | 0.988 | 0.957 | 0.986
|PF1M1 0.996 | 0.986 | 0.840 | 0.987 | 0.983 | 0.986 | 0.988 | 0.957 | 0.986
|PF1M2 0.996 | 0.986 | 0.840 | 0.987 | 0.983 | 0.986 | 0.988 | 0.957 | 0.986
1 24
2 10/22 MOF2
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4-5

94-11-10 10:41:00

94-11-17 09:18:30

11/10 | 1v/11 | 11/12 | 1V/13 | 1114 | 11/15 | 1116 | 1117
P (MWh) 964.066 |1831.965/1836.675|1650.0921802.284{1736.554{1350.403 722.774 |11894.813
P. (MWh) 964.022 |1831.882/1836.566/1649.979(1802.1931736.451/1350.308| 722.736 |11894.137
Q (Mvarh) 483.625 | 780.650 | 803.443 | 815.643 | 794.780| 802.896 | 592.215| 303.722 | 5376.974
Q. (Mvarh) | 483.538 | 780.490 | 803.236 | 815.440| 794.603 | 802.704 | 592.067 | 303.656 | 5375.734
Qum1 (Mvarh) | 483.538 | 780.490 | 803.236 | 815.440 | 794.603 | 802.704 | 592.067 | 303.656 | 5375.734
Qum2 (Mvarh) | 483.538 | 780.490 | 803.236 | 815.440 | 794.603 | 802.704 | 592.067 | 303.656 | 5375.734
S (MVAh)  [1101.888|2052.716/2061.076{1919.7092034.0621979.165/1526.066) 802.857 |13477.539
Siv1 (MVAh) (1101.888(2052.716{2061.076/1919.7092034.062|1979.165(1526.066| 802.857 |13477.539
Sim2 (MVAN) 11101.888(2052.716/2061.076{1919.7092034.0621979.165(1526.066) 802.857 |13477.539
Se (MVAh)  11102.692|2054.146/2062.558/1920.946/2035.352/1980.6101527.269] 803.453 |13487.026
Sa (MVAh) |1102.566[2053.866/2062.2791920.74112035.157|1980.3301526.939 803.348 | 13485.226
Sy (MVAh) [1102.435|2053.5852062.003/1920.55312034.951/1980.0481526.637| 803.235 |13483.447
Se1 (MVAD)  [1102.140]2053.2752061.624{1920.096/2034.455(1979.722/1526.691) 803.074 |13481.077
San (MVAN) | 23.077 | 41.609 | 44.731 | 42.638 | 41.744 | 42.817 | 33.442 | 16.686 286.744
S (%) 2094 | 2026 | 2170 | 2221 | 2052 | 2163 | 2.190 2.078 2127
S;" (MVAh) |1101.877|2052.654/2061.061/1919.6782034.022/1979.1081526.008 802.841 |13477.249
Sw (MVAh) | 15.143 | 30.455 | 30.248 | 25.656 | 28.450 | 31.783 | 28.326 | 12.799 202.860
Sw (%) 1374 | 1484 | 1468 | 1.336 | 1.399 | 1.606 | 1.856 1.594 1.505
PFe 0874 | 0.892 | 0.890 | 0859 | 0.885 | 0.877 | 0.884 0.900 0.882
PFa 0874 | 0892 | 0.891 | 0.859 | 0.886 | 0.877 | 0.884 0.900 0.882
PFy 0874 | 0892 | 0891 | 0859 | 0.886 | 0.877 | 0.885 0.900 0.882
PF, 0894 | 0920 | 0916 | 0.896 | 0.915 | 0.908 | 0.916 0.922 0.911
PFiv1 0894 | 0920 | 0916 | 0.896 | 0.915 | 0.908 | 0.916 0.922 0.911
PFiv2 0894 | 0920 | 0916 | 0.896 | 0915 | 0.908 | 0.916 0.922 0.911
24
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4-6

94-09-07 14:37:00 94-09-14 10:30:00
97 9/8 9/9 9/10 | 9/11 | 9/12 | 9/13 | 9/14
[P (MWh) 31.189 |80.934| 81.372 | 52.759 |44.017|82.216|84.976|30.257| 487.720
|P1 (MWh) 31.183 |80.919| 81.354 | 52.742 |44.000|82.198|84.960|30.251| 487.607
Q (Mvarh) 12.210 |31.319| 31.949 | 14.161 | 7.429 | 26.006|25.851| 7.555 | 156.480
Q. (Mvarh) 12.204 |31.302| 31.931 | 14.145 | 7.413 | 25.988|25.834| 7.548 | 156.365
Quvi (Mvarh) | 12.204 [31.302| 31.931 | 14.145 | 7.413 | 25.988|25.834| 7.548 | 156.365
Quvz (Mvarh) | 12.204 |31.302| 31.931 | 14.145 | 7.413 |25.988|25.834| 7.548 | 156.365
S (MVAh) 33.540 |86.959| 87.613 | 54.737 |44.629|86.584 |89.349|31.498| 514.909
Sim1 (MVAD) | 33.540 |86.959| 87.613 | 54.737 |44.629|86.584|89.349|31.498| 514.909
Sim2 (MVAN) | 33.540 |86.959| 87.613 | 54.737 |44.629|86.584|89.349|31.498| 514.909
Se (MVAh) 33.556 |87.006| 87.666.| 54.797 |44.698|86.643|89.401|31.520| 515.287
Sa (MVAN) 33.555 |87.001| 87.660 | 54.789 |44.688|86.638|89.395|31.517| 515.243
Sv (MVANh) 33.553 |86.995| 87.654 | 54.781 |44.678|86.629|89.387|31.513| 515.190
Se1 (MVAh) 33.543 |86.968| 87.625 | 54.750 |44.646|86.595|89.361|31.504| 514.992
Sen (MVAND) 0948 | 2473 | 2594 | 2161 | 2.073 | 2.619 | 2552 | 0.981 | 16.401
S (%) 2826 | 2844 | 2960 | 3.947 |4.644|3.024 | 2.856 | 3.113 | 3.185
S;" (MVAh) 33.538 |86.955| 87.608 | 54.734 |44.626|86.581|89.343|31.495| 514.880
Siw (MVAh) 0524 | 1.455| 1651 | 1.232 | 1.308 | 1.441 | 1.674 | 0.711 | 9.996
Sw (%) 1562 | 1673 | 1.885 | 2252 | 2931|1664 | 1.873 | 2.257 | 1.941
|PFe 0929 | 0930 | 0.928 | 0.963 | 0.985| 0.949 | 0.951 | 0.960 | 0.947
|PFA 0929 | 0930 | 0928 | 0.963 | 0.985 | 0.949 | 0.951 | 0.960 | 0.947
|PFV 0930 [ 0.930| 0928 | 0.963 | 0.985| 0.949 | 0.951 | 0.960 | 0.947
|PF1 0931 | 0933 | 0931 | 0.966 | 0.986 | 0.953 | 0.957 | 0.970 | 0.952
|PF1M1 0931 [ 0933 | 0931 | 0.966 | 0.986 | 0.953 | 0.957 | 0.970 | 0.952
|PF1M2 0931 [ 0933 | 0931 | 0.966 | 0.986 | 0.953 | 0.957 | 0.970 | 0.952
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94-11-17 12:02:00 94-11-24 09:53:00
1117 | 11/18 | 11/19 | 11/20 | 11/21 | 11/22 | 11/23 | 11/24
[P (MWh) 210.852|425.772/426.316424.838/425.194/441.003439.949175.064| 2968.988
|P1 (MWh) 210.830(425.734/426.275424.791/425.155/440.9711439.914175.052| 2968.722
Q (Mvarh) 91.698 (183.525/180.365/179.695169.084,154.601/155.539 61.367 | 1175.874
Q. (Mvarh) 91.666 (183.466/180.303179.616/169.018154.538155.471) 61.346 | 1175.424
Qum1 (Mvarh) | 91.666 (183.466/180.303179.616/169.018154.538(155.471) 61.346 | 1175.424
Qumz2 (Mvarh) | 91.666 (183.466/180.303179.616/169.018154.538155.471) 61.346 | 1175.424
S1 (MVAh)  |229.896|463.589/462.840461.205457.769467.273466.581185.491| 3194.644
Siv1 (MVA) |229.896|463.589462.840461.205/457.769/467.2731466.5811185.491] 3194.644
Simz (MVAN) |229.896463.589/462.840461.205457.769467.273466.581185.491| 3194.644
Se (MVAh)  |230.005/463.806463.051/461.439457.999467.533466.843185.592| 3196.268
Sa (MVAh)  |230.003|463.8001463.046461.433457.9911467.516466.827|185.585| 3196.201
Sy (MVAh)  |229.953|463.695/462.950461.336/457.882467.382466.698185.532| 3195.428
Se1 (MVAhQ) |229.948|463.700462.9411461.309457.886/467.424/466.725185.551] 3195.484
Sen (MVAQ) | 5.096 | 9.885 |10.054|10.916|10.179|10.087|10.424 | 3.891 | 70.532
S (%) 2216 | 2132 | 2172 | 2.366 | 2.223 | 2158 | 2.233 | 2097 | 2.207
S, (MVAh) [229.896|463.595462.835461.202457.7711467.294/466.602(185.498 3194.693
Siw (MVAh) | 4.859 | 9.794 | 9.844 | 9.845 | 10.159|10.973|10.672| 4.420 | 70.566
Su (%) 2114 | 2113 | 2127 | 2135 | 2219 | 2.348 | 2.287 | 2.383 | 2.209
|PFe 0.917 | 0.918 | 0.921 | 0.921 | 0.928 | 0.943 | 0.942 | 0.943 | 0.929
|PFA 0.917 | 0.918 | 0.921 | 0.921 | 0.928 | 0.943 | 0.942 | 0.943 | 0.929
|PFV 0.917 | 0918 | 0.921 | 0.921 | 0.929 | 0.944 | 0.943 | 0.944 | 0.929
|PF1 0.917 | 0.918 | 0.921 | 0.921 | 0.929 | 0.944 | 0.943 | 0.944 | 0.930
|PF1M1 0.917 | 0918 | 0.921 | 0.921 | 0.929 | 0.944 | 0.943 | 0.944 | 0.930
|PF1M2 0.917 | 0918 | 0.921 | 0.921 | 0.929 | 0.944 | 0.943 | 0.944 | 0.930
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94-11-17 12:02:00

94-11-24 09:53:00

1117 | 12/18 | 11/19 | 11/20 | 11/21 | 11/22 | 11/23 | 11/24

P(MWh) 211.216|425.597|427.391|425.846/426.024/431.537/440.796|182.995 2971.402
P (MWh) 211.201|425.571/427.363|425.812/425.994/431.512/440.772/182.986| 2971.211
Q (Mvarh) 96.459 [192.760/189.920/189.417/178.809/159.715163.197| 66.990 | 1237.267
Q1 (Mvarh) 96.436 {192.718189.874(189.359178.756/159.670163.146) 66.973 | 1236.932
Qv (Mvarh) | 96.436 |192.718/189.874(189.359/178.756/159.670/163.146) 66.973 | 1236.932
Qumz (Mvarh) | 96.436 |192.718/189.874(189.359/178.756/159.670/163.146) 66.973 | 1236.932
S (MVAh) 232.177|467.180/467.647|466.020/462.226/460.110470.000194.858 3220.218
Siv1 (MVAD) |232.177|467.180/467.647|466.020462.226/460.110/470.0001194.858 3220.218
Sim2 (MVAN) 232.177|467.180/467.647/466.020462.226/460.110470.000194.858| 3220.218
Se (MVAh) 232.261467.344/467.805/466.195462.398460.284/470.175(194.921| 3221.383
Sa (MVAh)  |232.231|467.280/467.750/466.140462.332460.207|470.101194.893| 3220.934
Sy (MVAh)  |232.223|467.266|467.737|466.125/462.322/460.200470.095194.891| 3220.859
Sa (MVAh) |232.215|467.258467.715|466.089462.301/460.194470.080194.888| 3220.740
San (MVAN) 4619 | 8.928 | 9.136 | 9.882 | 9.397 | 9.085 | 9.434 | 3.570 | 64.051
Sa (%) 1989 | 1.911 | 1.953 | 2120 | 2.033 | 1.974 | 2.007 | 1.832 | 1.989
S;" (MVAh) |232.177|467.179|467.646|466.018462.228460.122470.013194.862 3220.245
S (MVAh) 4.180 | 8513 | 7.961 | 8.061 | 8.156 | 8.066 | 7.851 | 3.155 | 55.943
Sw (%) 1800 | 1.822 | 1.702 | 1.730 | 1.765 | 1.753 | 1.670 | 1.619 | 1.737
PFe 0.909 | 0.911 | 0.914 | 0.913 | 0.921 | 0.938 | 0.938 | 0.939 | 0.922
PFa 0.910 | 0911 | 0914 | 0.914 | 0.921 | 0.938 | 0.938 | 0.939 | 0.923
PR/ 0.910 | 0911 | 0914 | 0.914 | 0.921 | 0.938 | 0.938 | 0.939 | 0.923
PF, 0.910 | 0.911 | 0914 | 0.914 | 0.922 | 0.938 | 0.938 | 0.939 | 0.923
PFiv1 0.910 | 0911 | 0914 | 0.914 | 0.922 | 0.938 | 0.938 | 0.939 | 0.923
PFiv2 0.910 | 0911 | 0914 | 0.914 | 0.922 | 0.938 | 0.938 | 0.939 | 0.923
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3¢ 500KVA 3¢ 500kVA 3¢ 500KVA 3¢ 500KVA 3¢ 500KVA
11.4/ 0.38kV 114/038kV 114/038kV 11.4/0.38kV | 11.4/0.38KkV

A
Y1

%%

f\x\/\\ﬁ NIV\\LL ’VI‘V‘\ﬁ NIV‘\LL

4-21



1800+
1600
1400
1200+
1000
800
6001
400+
2001

P (kW)

T T T T T T T 1
00:00 06:00 12:00 18:00 24:00
Time(hr:min)

T T T T T T T 1
00:00 06:00 12:00 18:00 24:00
Time(hr:min)

1200 -
1000—-
800—-
600—-

400

Q, (kvar)

200 +

T T T T T T T 1
00:00 06:00 12:00 18:00 24:00
Time(hr:min)

4-22 PP Q

54



T T T T T T 1
06:00 12:00 18:00 24:00
Time(hr:min)

06:00 12:00 18:00 24:00
Time(hr:min)

4-23

06:00 12:00 18:00 24:00
Time(hr:min)

S S Sy
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: 94-08-31 12:15:00 94-09-07 09:33:00
8/31 9/1 9/2 9/3 9/4 9/5 9/6 or7
[P (kWh) 8724.270/6958.754,19761.10811710.586| 9451.028 |20720.809/19580.092/4299.416|101206.063
IPl (kWh) 8721.082|6954.14919754.959/11707.404| 9446.424 120714.51519573.619/4297.457|101169.609
Q (kvarh)  [2419.589/4016.751] 5696.765 | 3772.016 | 4867.114 | 6214.767 | 5787.603 [2198.322| 34972.927
Q. (kvarh)  {2410.866/4004.495 5679.410 | 3763.377 | 4855.271 | 6196.353 | 5769.583 [2193.190 34872.545
Qum1 (Kvarh) [2410.866(4004.495| 5679.410 | 3763.377 | 4855.271 | 6196.353 | 5769.583 [2193.190 34872.545
Qum2 (kvarh) (2410.866/4004.495 5679.410 | 3763.377 | 4855.271 | 6196.353 | 5769.583 [2193.190 34872.545
S: (kVAh)  (9120.090(8191.457|20971.372|12846.037|10891.064{22105.00820816.476(5076.257/110017.761
Siv1 (KVAD) [9120.090(8191.457]20971.372/12846.037|10891.064{22105.00820816.476/5076.257/110017.761
Simz (KVAD) (9120.090(8191.457|20971.372|12846.037|10891.064/22105.00820816.476(5076.257/110017.761
Se (KVAh)  (9402.344(8539.237|21446.076|13067.696/11088.722/22596.72821299.774(5188.300/112628.877
Sa (KVAh)  19287.303/8434.36321256.308(12976.13311036.91822395.774,21115.812/5155.868 111658.479
Sv (kVAh)  (9183.6008309.241|21085.61512918.531/10985.84322222.216/20933.975(5120.869/110759.890
Se1 (KVAh) 19338.312(8423.57921328.720,12994.869(10994.467|22476.863|21179.779/5143.722/111880.311]
Sen (KVA) 11011.483|1394.468 2101.903 | 1278.315 | 1350.043 | 2150.817 | 2108.254 | 618.997 | 12014.280
S (%) 10.832 | 16.554 | 9.855 9.837 12.279 9.569 9.954 | 12.034 | 10.739
S;" (KVAh) [9089.249/8174.914,20935.808|12806.841/10885.03822083.968(20798.201/5072.496/109846.515
Siu (KVAh)  [2073.945/1975.966| 3969.907 | 2169.033 | 1438.787 | 4110.476 | 3913.839 | 836.436 | 20488.389
Su (%) 22.818 | 24.171 | 18962 | 16.937 | 13.218 | 18.613 | 18.818 | 16490 | 18.652
IPFe 0.928 | 0.815 0.921 0.896 0.852 0.917 0.919 0.829 0.899
|PFA 0.939 | 0.825 0.930 0.902 0.856 0.925 0.927 0.834 0.906
|PFV 0.950 | 0.837 0.937 0.906 0.860 0.932 0.935 0.840 0.914
|PF1 0.964 | 0.867 0.961 0.952 0.889 0.958 0.959 0.891 0.945
|PF1M 1 0.964 | 0.867 0.961 0.952 0.889 0.958 0.959 0.891 0.945
|PF1M 2 0.964 | 0.867 0.961 0.952 0.889 0.958 0.959 0.891 0.945
1 24
2 91
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4.3.7

11.4kV
4-24 MOF 94
11 10 ( ) 1410 11 17 ( )10 12 425
4-26 PP QS Si S 4-10
PFi 095
11.4 kV
MOF
3¢ 400kVA 3¢ 300kVA 3¢ 750kVA 3¢ 750kVA 3¢ 500kVA
11.4/0.22kV 11.4/0.22kV 11.4/0.22kV 11.4/0.22kV 11.4/0.22kV
A W A
/‘VIV\ Y NIV\ Y NI’V" Y /’V‘IV\ Y /V‘IV\ Y

4-24



P, (kW)

900 -
800
700

100

00:00 06:00 12:00 18:00 24:00
Time(hr:min)

900 -
800 -
700
600 -
500 -
400
300
200-
100-

00:00 06:00 12:00 18:00 24:00
Time(hr:min)

ol T W

00:00 06:00 12:00 18:00 24:00
Time(hr:min)

4-25 PP Q
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S (KVA)

e

900+
800
700
6001
5001
400
300
200
100-

00:00

900~
800
700

100

06:00 12:00 18:00
Time(hr:min)

1
24:00

00:00

900~
800
700+

100

06:00 12:00 18:00
Time(hr:min)

1
24:00

00:00

4-26

06:00 12:00 18:00
Time(hr:min)

S S Sy
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4-10

94-11-10 14:10:00 94-11-17 10:12:00
11/10 | 1v11 | 1v12 | 1113 | 11/14 (1115 1116 | 1117
[P (kWh) 2248.992/5455.0952084.794,2024.80513947.976/3550.916|3458.724{1290.999,24062.301
|P1 (kWh) 2248.242/5453.317|2083.086,2022.73513945.9493548.740|3456.541/1290.211|24048.821]
Q (kvarh) 851.623 |2140.4642100.8352130.654{1698.200,1776.067(1774.922| 756.666 |13229.431
Q. (kvarh) | 849.810(2137.2792097.337|2126.9191694.724 1772.680(1771.412| 755.676 |13205.837
Qum1 (kvarh) | 849.810 [2137.2792097.337/2126.9191694.724, 1772.680(1771.412| 755.676 |13205.837]
Qum2 (kvarh) | 849.810 (2137.2792097.337|2126.9191694.724 1772.680(1771.412 755.676 |13205.837
S1 (KVAh)  2441.8836012.4752965.4632949.364/4421.7054053.354(3962.514{1540.641/28347.399
Siv1 (KVAD) 2441.8836012.4752965.4632949.364/4421.7054053.354(3962.514(1540.641/28347.399
Sivz (KVAD) 2441.8836012.4752965.4632949.364/4421.7054053.354(3962.514{1540.641/28347.399
Se (KVAh)  2496.869/6135.5353112.992/3116.093/4548.402/4204.676(4112.697|1606.500129333.764
Sa (KVAh)  2480.646/6098.446,3071.6133066.957/4509.2514160.082(4069.250,1586.430129042.675
Sv (kVAh)  [2460.5336052.6093023.318/3009.4234463.056/4104.910/4015.692/1561.58928691.130
Se1 (KVAh)  [2478.514|6095.8333055.831/3057.1534507.10114153.688|4060.100{1585.95828994.178
Sen (KVA) | 253.788 | 584.581 | 592.120 | 601.798 | 589.728 | 633.437 | 639.192 | 246.877 | 4141.521
S (%) 10.240 | 9.590 | 19.377 | 19.685 | 13.084 | 15.250 | 15.743 | 15.566 | 14.284
S;" (KVAh) [2442.339/6013.421/2965.603/2949.859/4423.3144055.074(3964.246/1541.347|28355.203
Siu (KVAh) |348.302 | 832.278| 730.272 | 799.225 | 818.530 | 842.558 | 829.754 | 354.921 | 5555.840
Sw (%) 14.261 | 13.840 | 24.625 | 27.094 | 18.505 | 20.778 | 20.931 | 23.027 | 19.594
|PFe 0901 | 0.889 | 0.670 | 0.650 | 0.868 | 0.845 | 0.841 | 0.804 0.820
|PFA 0.907 | 0.895 | 0.679 | 0.660 | 0.876 | 0.854 | 0.850 | 0.814 0.829
|PFV 0914 | 0901 | 0690 | 0673 | 0.885 | 0.865 | 0.861 | 0.827 0.839
|PF1 0935 | 0931 | 0.705 | 0.689 | 0919 | 0.895 | 0.890 | 0.863 0.877
|PF1M 1 0935 | 0931 | 0.705 | 0689 | 0919 | 0.895 | 0.890 | 0.863 0.877
|PF1M2 0935 | 0931 | 0.705 | 0689 | 0919 | 0.895 | 0.890 | 0.863 0.877
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4.4

PI:1M 1

94

1

6OKV( )

11.4kV ~ 22.8kV

01 19 69

(PFlM l)

PPy, 0.8
PF. 0.393
PF12=0.452
PF,
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$I % PARAPREDH S FEEH

PETF AL REAFRERY ER DU SR F Rl F 7R
Be ~ chH fp(single-phase) T ik > R €3 2 Z4p 7 THPR 4 S F R A
Flm 3 - B IR AR F(specially connected transformer)it & * 12 *F i
PURRAE 0 K Rz AR AR ERMET V-V 425 - Scott 2R Z Le
Blanc 4231 % > § & BN R Pl 2 BB f SR i &
AR AT s FEDR P S RN S R
A A AT R o

5.2 FAREARAFRBNTR A

éjﬁfg%{ﬁaﬁpg,j\;‘:é}ﬁi]llkl:N—& k2: 2%/“%@$#

xR ® B(N)Z = = % H(N,)F eh® o (turn ratio) B % o

521V-V £

TRAUE A N LS HER RE T S AR S Bl |
TGV i~ RRM ECML 2 S FR4EE > TH* V-V EASRED =
AT A AR EZ k< EApTIR[LT] 0 B ER4cB 51 o7 0 I 2
LA EApRREES - I REI AT R AR A2 IRIT B
2 e HApEFT AR SLTENERE- - IRDTRE TP E
(phasor) i &4 -

Va =Va—Vb=kV7 (5-1)
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vbc = vb —vc = —klvM

vca = vc —Va= kl(VM —VT)
ia = kziT
b =—(la+1lc)=—k,(IT+Im)
ic = kZTM
J— 1, _IT
A >
{ J
N, -
Tip § 2
v,
N, -
Mip § § Vi
_ 1,
[ ) M
V, >
Bl 5-1V-V 0 %R E %R
5.2.2 Scott #&4

(5-2)
(5-3)
(5-4)
(5-5)

(5-6)

PEAE £ COF Scott £ 4 3 1894 & #7 £ A > 32t 1896 £ F = &

* At E R A e N R F (NiagaraFalls) sk 4 % s #o Ap s T g

*Z AP 4 [18-20] > A i R oF I kALt Rl4ep A g Tokaido

> IA L2

ATEF S

2L AR R R AE[17] ) BRI B 52077 o fIT 227k

BLPHE PR BB ERER S e > B PR IRER S D g0 B o=

RALAE S M A(Mmain)F » St H - SRl P R 6 S S RARAS T 7

(teaser)f » WA 1R HEAPRERE > d BIS2¥ F

TR 2 T dp & (phason) B fde T
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e _
Va=Va—Vp :El(\/§VT—VM)
vbc = vb —vc = klvM

_ _ _ k _ _
Vca :Vc—Va :—El(\/é VT +V|\/|)

_ 2
|a :—3k2|T
1o =k, (Im —iIT)

NE!

(5-7)
(5-8)

(59

(5-10)

(5-11)

(5-12)

ry >
L TH A v,
ry >
S VIV o Y
Iy

] 5-2 SCott 43 4 % /& 42 4 ]

5.2.3LeBlanc &%

PRSI0 kAT Y v 3 2 Scott AR e 2 [21]

PRIE s MR F A AT PREGE[17] > boB] 53 AR o A

- A RERS ShAck - R A RBE W F T AR A

ERen3ipdom - S pld 5 BFEE L ansE(winding)s = M ApE T
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ipod BIS3F FIRBRE- ~Z X RIHTBRE T N4p E (phasor) B Tr4eT -

Va =Va-— vbz—m@§V}+ZVM) (5-13)
Ve = Vb — Vo = gklvM (5-14)
Vca = Vc —Va — k1(£VT ——VM) (5'15)
2 4
_ 2 _
la =——3k2|T (5-16)
_ 1 _ _
b =K, (—=11 +1m) (5-17)
e
- 1- -
le =K, (—=11—1Im) (5-18)
e
_Ia _Iab
v >
Va . . 1
N = n
1 E I
o] —
3N A
LK
|1 =
VM
M#p §
_1
[3°

|

] 5-3 Le Blanc %50 % & & 7 B
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53 fi-Ht i

ROAYTZ R APE P AAPE R B HE - S RIZ Ak S F R
(R 45 4% g8 Simulink 2 Sim Power Systems #74% it e e (bl ock) s
HHCHE S SLB)  FEHEAc @) 540 X4 2 Matlab 3 5 4 49[55,56] » ficke Az A
P e L

I
393w 69KV _F
AT R IR |
HETRR c T
| ]
\VAv/ P
Hip e i
L
\ ]
Hip B
REEW M
i
] §
i

PliEE ZHR-HERE

Bl >4 = SRl

1. BT R E_303w 69KV #H 7 & ki e (symmetrical three-phase voltage
source block) -

2. AR AR BRI A B HAp 2 sk ¥R F 2 (sngle-phase
two-winding transformer block)¥s ¥ 4p 3 4 % B & §i % (single-phase
three-winding transformer block)z 4 » 4" it 4=

(1) V-Vl 2B 508 2 N IN,ehEAp 20 R BEH w i~ o
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Q)&m%ﬁ:ﬂ?1%@W#§N5Mﬁﬁﬁ2@£%@$ﬁﬁ

3 1uweb'\;-'\; N, &8 4p 35 $R BH S o

(3) Le Blanc £t : 417 1 %% 1t % Nl:gsz’ﬁEﬁ 2 R E

BE 2B LIS leN—é N?mﬁ’ 10 3B BB IR o

3. = Rl=Ap f 4 m w 2w RLC § 4“4 e (parallel RLC load block) %
ot Ui i e (harmonic current source block) 2 =+ -
4. 7 REF £ P e (measurement block) ¥ 4 W fEB~ = 4p B egp 7R
2RT B E o
5, i g B2 FRFEFFT)RBLTRET DA MNAE L FRh 4 o
el (RMS) nitn 3~ 4 4 £ % 4 & Flie -

1. ssEp 3 $ SC=2736MVA > @ X/R=25¢

2. BE - ApH - ApHBREZE L ISMVA - TR SN iN, =69:275¢

3RS HEERENS BEAP2EL A BHERR B w e W FUSG
0.01+j0.1pu> # i&® ILig F A~ fe2 o

4. Lt T

BRI RERERE S AR AR A ;'Eiﬁﬂ'riﬁﬁ TR
% g 0 A1 B AR FkiRAcd 51 AT 0 B E - S Rl(Z AR E
STiE A FE S FHE RSP A B2 TR - 4
1. F]Case 1777 » = 4P § §“191?6_9 # 3w enfEe o P Scott 2 Le Blanc

Bet- % PR AR b SR 4 68 S TR S BOARR e
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V-ViERNSESF 28 5 PR <PR, <PR, =P %% V-VERL

B RAGF R TG R T AT 2 R 0 VY

FEREL
2. Cae2 5 ¥ g

EMUASEN I

% PR, #5# Case 1 5 /) » 4

PF, ~ PF, ~ PR,

F Casel ik

£ fgg—,]él_ ﬁF."T o

m V-V B pF o
PF, < PF, < PF,

M}a’ 3 T e f4[22] o
R Y
Lk s A FPt PR %8 Caselfp e 5 2% PR~ PRy

’Pb/ﬁ»m' o Tl PFl_ﬁ:'ny;LZl}j‘/ﬁL

7 Flik gk ehP 8 o ¥4 Scott 2 Le Blanc
B H TR B T R PR

P3G

PF, % PR,

'jﬁ»tm 1’5
R 2 FIVV RSB L R AR T

*%1gﬁ,;ﬂ%

4 51 548 = Rl(= tasp)anf ok

225 {}«9\?

:#pﬁi‘;}%ihﬁ Casel Case 2 Case 3 Case 4 Case b
Pu_1(MW) 4 4 2 4 2
Rk
a4 W
A Pr 1(MW) 4 4 6 4 6
Qum_1(Mvar) 2.4 2.4 1.2 2.4 1.2
AR
4
B E L Qp (Mva) 2.4 2.4 36 24 3.6
. | (% 2 2
- 3(%) 0 5 0 0 5
T | - (%) 0 25 0 0 25
S ENEETE NN LS YN
- i\';ﬁ"pg ;’g%é'tt ;’g%é'tt ;gl;é'tt 2 Ag W ‘t}‘l:i oA
Ay S I SR S S N R R
) &

il ARAAmP FrEAFEEE fEATAZVE
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52 P ERBRE- KR AT 4 F FEE

34 Bk BR ¥ * _F)-‘]ﬁi:
%@“’”_ T Casel | Case2 | Case3 | Case4 | Case5*
ot T3
PF, 0743 | 0698 | 0687 | 0704 | 0721
PF, 0771 | 0726 | 0749 | 0746 | 0782
VAY,
PR, 083 | 0776 | 0824 | 0999 | 0.860
PR, 0830 | 0830 | 0824 | 0999 | -0.89
PF, 0835 | 0792 | 0749 | 0865 | 0.758
PF, 083 | 0793 | 0798 | 0922 | 0.803
Scott
PR, 0835 | 0799 | 0835 | 0999 | 0842
PR, 0835 | 0835 | 0835 | 0999 | -0.884
PF, 0836 [.0.792 | 0747 | 0860 | 0.762
PF, 0836 0793 | 079 | 0919 | 0.809
LeBlanc
PR, 0836 | 0799 | 0831 | 0999 | 0847
PF, 0.83 | 0836 | 0831 | 0999 | -0.888

* Casebehp & PR 47 B 4t -

Case 3P 7 = 4p7 4p % § §*(unequal loading) % 5 » j& Scott 2 Le
Blanc #4447 5% % 5 M PF, <PF, <PR, =PF, » 3 A7 2 PR, & %
R E N R T RVAVE L b B R R SO AVAVE-S
e ’*f#?ﬁ—ai\)f e THFEE S, {4k PR S PRy 2 PR Z B2

Bz & oo

Case 4 4 Jo 7 40 % § fiRspheandsb] » m o dpf <Ak > 27
FHFr 24k 0 M Ap ;A2 (leading) > T 49 5 5% 18 (lagging) » = &
EREEHETPR, =PRx1> v d S ENY s gR e TSR
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#E g T g R E L o bl E TR A E iR B PR
N R TN S AE L
5. Caseb Pk Bic B2 2 pE g § ;“ﬁﬂ%égfi’.é;,k%i&%erase}

Case3 2 Cased cnx R 258 a PR B8 5% &7 m# FEA F Il

6. ¥ & @ i ELEE IR Scott 2 LeBlanc >t & fE f Y iR T ehlg & 394p

i R A = R

RALE- BB RGAZ AR E L P S RS £ S BHOR
#U.étu‘;yp@oﬂi ﬁ‘&/t«b/ﬁ;mﬁ %@,;;&415 :#Eé‘?‘"-}i\%j‘
T4 EAB 5P, =P =4MW 2 Q ; =Q; ;=24 Mvar % &>

§3,

£¢ 7 030%H3 & SHAT I BSOS LT A4S I FliE
¥

2R
)

T I e S

H
1. PR skl -

2. @k T 4% 0 RIPR -~ PRy 2 PR, cid g %
3.

4 5235 g1Casel 2 Case2 4t o e B G| o
B 20334 E f 08 A0t Wk 7 4p ¥ K (unequal degree

i AL UD) e Hde T
|Sw_1—Sr 4l

UD = x100% (5-19)
Su_1+Sr 1

£ Sw 1= \/Pl\i T o} 1 (5-20)

Sy 1—\/PT21+QT 1 (5-21)

WA EBRRFAED PP R TP, =P ;=6 MW 2
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Qu 1=Qr ;=36 Mvar st > ppFUD= 0% ; A ifdF - fpih g §+2 2
LARAR AT F T RPERT BT f BB S 3 MAp o UD T
w32 100% 0 8] 5-6 & 7 UD B4 4 874 F FlHc B 82 50 end 35 3P 4o
-
1. PR, =PFRA%" %5 UDERES.
2. 3 4p% j ¢ ¥ PR, <PF, <PF,
3. PR,~PFR 2PR z iz BB E2UDES DL o

1.0

0.6 \ \ \ | | \
1.0 ‘
Le Blanc
LL 1 LTS S T T Tt s e —— s —
o 0.8°L R _
~ ~ /
PFe ~N PFAf\, PFV

0.6 \ \ \ \ \ \

0 5 10 15 20 25 30 35
I3 and lg (%)

— - —-PFq —n PFy --== PFp —PFe
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1.0

0 20 40 60 80 100
UD (%)
—-—-PFy -———PFy ----PFp ——PF

5.4 @ Pl % 8 A5

SR TR 2 BT AR B S Scott AR E
SRR R SRR S LN SEECRCS B s

—~

|

iE

TR

— > —

4
2 4L

S5 APABER K AL TR LeBlanCEMRERE o A &R H P afi

7\_
&d

SRS E ST B4 AE RFo B 57 T

N
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s RB69KkV & &

i AR v AR
TR1 Le Blanc #% TR2 Le Blanc #:-#t
3$69kV / 2¢p27.5kV 3$69kV / 2¢27.5kV
15MVA 15MVA
M M
M T x £kl I\/k T
)
kit F ki B

A

B 57 o @BEaHtE T T 4 ) S E AR

P, (MW)

Q, (Mvar)

THf

5 | | | | |
0 10 20 30 40 50 60
second

B58 RBRE- IR 1ABAAAFT#FEEH F TP EE
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1.0

0 08 1 :
LL
o
0.6 - .
1.0
< 0.8 [ 7
LL
a
0.6 - .
10 - VHVMW W
~ 08 | 8
LL
a
0.6 - .
1.0 W
—, 0.8 7
L <<*>
a g . - .
Az g ERET A I
0.6 - PF,<0 PF,>0 7
\ \ \ \ \
0 10 20 30 40 50 60

second

B159 #BRE- |3 1442 PF, ~ PR, ~ PR, 2 |PR |t 8 &%

TREA LT BOKV v LA FRATR G 2 & 3p69KV /
2027.5kV 15MVA 4p % £ chLeBlanc 2R 8 B B ¥ 7188 o £ | 8L4 b
528 HREREHA R BRI B S 5 1920Hz 7 % 32 2/iF (60HZ i 41>
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LIPTRE TINESOR et 60 A4 B 58 A - HBRES R L
AR ANAIH TR TP E ﬁpF"’T*g%ﬁjﬂ;\,m B iR
A m MARE A% B0 A 2 MW » R T% 5 - b
% 3T 2w S AT 0 2 18 5 3E 15 B 5987 % 1A &hPF, - PR,
PR, 2 PR [ 8 5% FIS R B E- XRG Fkpt B 9T ek 27
* o FP PR, & PR | LR R FAZT R > PR f e gttt o d 203
SR T PR <PFy <PR, > 2 &% 50 f)p 0 f 47 4p %D
frimid s~ UD=582% ¢ FF PR, 13 0.62° H i 273 & B f 441t

55 23i%

AR 4 FEF S Pl A i 8 V-V A~ Scott # 42 LeBlanc
FRREIP AR MRBF DL TS BEE R T T
PlEERE ERT SR
L B Rl w087 PR EF ¥ F I f 41 -

2. V-V MR B BRI R T HALE R Mo i ¥
Az ApTHEFAf T REER I AAE P LA 2P TR
3. Scott #& &% LeBlanc MR F >0 LA L HinT enlg k39497 > &

B F AR | T

i
-,
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6.1

2
(data
compression)
(redundancy)
(encoding) (decoding)
6-1
Clr Cun
oln + ol *
(Transformer) (Inverse Transformer)
i T:O[n] T
(Compressor) ———— (Decompressor)
6-1
6.1 (transformer)
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(compressor) (encoder) (inverse transformer)

(decompressor) (decoder) C,y[n]

C,[n] éo[n]

6.2
(lossless data compression)
(lossy data compression) [28]
(redundancy reduction)
Huffman (arithmetic coding) Shannon-Fano
(run length encoding RLE)

(threshold coding) (Block
Truncation Coding, BTC) (prediction coding) (transform
coding) (vector quantization coding) (subband
coding) (hierarchical coding) [28,58,59]

(wavelet coding)

(wavelet transform)
(Embedded Zerotree Wavelet, EZW) [51-53]
(Set Partitioning in Hierarchical Trees, SPIHT) [54]

(Normalized Embedded Zerotree Wavelet, NEZW) 3
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(coding)
NEZW
(wavelet transform)

(wavelet analysis)

1910 Haar
1984 J. Morlet
(Fourier
transform)
A. Grossman
Morlet a (scale or dilation)
b (translation) [58]
\pa’b(t):\y((t—b)/a)/\/g (beR,a>0) (6-1)
y(e) (mother wavelet) Vo (1) a
b (baby wavelet) a
a
norm
oo @] = v x(t)
(Continuous Wavelet Transform, CWT)
o0
CWT(a,b)=< x(t),\pa’b (t)>= _[x(t)\ya’b (t)dt (6-2)
(Inverse Continuous Wavelet Transform, ICWT)
x(t)=é_j@ J eWT@ B, 0 o (63)
Cy
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CWT (a,b)

(a,b) CWT(a,b)
x[k]
T a=a, b=nagb,
t=kT k, my n € Z
(Discrete Wavelet Transform, DWT) [58]
DWT(m,n) =< x[k],y, ,[k]>="x[k]y [(k —nag'b,)/af'] (6-4)
k

(Inverse Discrete Wavelet Transform, IDWT)
x[k] :(ZZDWT(m, n)w*[(k—naglbo)/agl]]/Cw (6-5)

Mallat[29] (Multiresolution Analysis, MRA)

1992 Daubechie ' [30]

2000
(International Organization for Standardization, ISO)
(International Telegraph and Telephone Consultative Committee,

CCITT) JPEG2000 [31,32]

[33]
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[58-60]

— >
——> >
6-2
(subband
coding) 6-2
(wavelet analysis) (wavelet synthesis) 6-2

6-2
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Coln]

6-3

CHIn]

HIn]

¢
i

G[n]

CGIn]

;
T

6

4

D,[n]

C,[n]
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D,'n]

HIn]

C,In]

G[n]

CHIn]

Coln]

CG'n]



(down-sampling)

(up-sampling) C,[n] D;[n]

(6-4)
(6-5)

CG[n]= ico[k].G[n—k] = C,*G

k=—0
CH[n]= iCO[k]-H[n ~-k] = C,*H
k=—0
0 6-4 CHI[n]
D;[n]
C,[n]
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6-4

Cy[n]
U2
N2
(6-6)
(6-7)
D[n]
CGln]

Cy[n]



D,[2n]=CH[2n]
D,[2n+1]=0
C,[2n]=CG[2n]
C\[2n+1]=0

(6-8)

(6-7) (6-8)

CG'[n]:ic;[k]-G[n—k] = C,*G (6-9)

k=—o0

CH'[n]:iD;[k]-H[n—k] = D,*H (6-10)
k=—o0

CG[n] CHIn]
(6-9)

C,[n]=CG [n]+CH[n] (6-11)

6.3 (Coding)

(Threshold coding, TH) (Vector Quantization, VQ)
(Normalized Embedded Zerotree Wavelet,
NEZW)
CR(Compression
Ratio)
CR = (6-12)
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NMSE(Normalized Mean-Square Error)

Jesm1- €

NMSE 5 (6-13)
Cotn]|
NMSE NMSE
6.3.1 (Threshold Coding, TH)
[44-46]
(byte)
6-5
3 (MRA3) (TH)
C,ln] Ci[n] D,[n]

D,[n] (Threshold)

ﬁl[n] S s
up :uxmax{‘Ds[n]‘} (6-14)
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u=0.5

Ns

f)s[n]={

Coln] +
3

D,[n]

D,[n]

D,n]

Cyln]

Ns

D.[n] , [Dyn]=n,
0 , [Dy[n]<n,

6-5

6.3.2

[44,46]

(Vector Quantization, VQ)

D, [n] 50%
(6-15)
D,[n] N
D[n]
C,[n]
A
Colnl *
3
— AA
— /[;l[n] J
A
— — D,[n]
A
— D,[n]
A
> C,n]
(MRA3) (TH)



nxm nxm

nxm X
Yi,;=1,2, ..., M (codevectors or codewords)
L= nxm
(codebook) X
Yk Yi, =12, ..M d(X,Y,)<d(X,Y;)
d(X,Y;) X Yi
(Euclidean)
2 n
4.Y) =[X=¥[" = 3%, -y’ (6-16)

X=(X1,Xp50 X))

Yj = (ler}IjZ:"'a an)t

X Yk d(X,Y,) Yk k
log;M
k Yk Yk X
k
6-6 3 (MRA3) (VQ)
LBG(Linde-Buzo-Gray) [46,61]
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vQ

\—> D,[n] —

D,[n] —

—»| D,[n] —»

| C,In]

6-6

(local code book)

87

vVQ

8 16 32 64

N\
Coln] *

3

AA
—— > 11— /D\l[n] J

~
— 2 —» D,[n]

A
— 3 — Dy[n]

— 4 —» C,[n]

(training set)

(VQ)



(global codebook)

VQ
(self-organization mapping) (simulated annealing)
LBG [46,61]
(1) M €
Y =1Y,;;1<i<M} T={X,;n=123,...,N}
N>M m=0 D) =
(2) m (rn) { m1> —ISM} T
X, d(X,,Y)<d(X,,Y,;) Vj#i
X, €C; C ,1<i<M N M
3)
Dy = Z mind(X,,Y,,,) (6-17)
D -D
(m-1) (m)
- <eg Ym)
(m-1)
4)
m=m+1 (2) Yy ={Ym s 1S1<M}
(5) G L Yonik
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LS ax, Yo (6-18)

i XneCi
d(Xn =Ym+k,i) = (Xn - Ym+k,j)T (Xn - Ym+k,j) Ym+k,i
L;
6.3.3 (NEZW)
(Embedded Zerotree Wavelet, EZW)
[51-53]
JPEG2000 [31,32] EZW
Dmax
2k k=log,Dmax k

(Normalized Embedded Zerotree

Wavelet, NEZW)

EZW EZW
k
2
1 1
:0 2_k:2_0:1
1
‘ G oo
16 32
64 (blocking) (real
time) (list) RL (refinement

list) (significant)
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SL (search list)

(non-significant)

L = NEZW

A.NEZW (encoding)

1. k=0 RL
2. RL D, [n]
3. RL D, [n] SL
(1) D,n]x27" POS( ) S
RL
(2) D,n]<-27F NEG( ) S
D, [n] RL
3) 2%>D[n]>-27" D, [n] (descendant)
(significant) ROOT( ) S
SL
4) ZERO( ) S
4. k<4 k=k+1 2

B. NEZW (decoding)

I. k=0 RL

90

(bit)

D;[n]



1 S
(1)  S=POS( ) Ds[n]=2"" RL
(2)  S=NEG( ) Ds[n]=-2""
(3)  S=ROOT( ) SL
4) S=ZERO( )
4. k<4 k=k-+1 2
6-7 3 (MRA3)
(NEZW) 6-8 3
MRA
1
NEZW -, 6-8
2
NEZW 6-9
VAN
C,In] + Co[n]*
3 3
L» D,[n] F—» —— /D\l[n] J
D, NEZW NEZW Sz[n]
N
—»| D,[n] —» — D,[n]
~— - —~
» C,[n] > C,n]

6-7 3 (MRA3) NEZW
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MRA

Biorthogonal-3.3

v(t) =2V, [1+1 > AV, sin(2nf,t +¢,)]sin(2nf,,t)

f

sys

93

(VQ) (NEZW)
64
3
1. MRAx NEZW2” X MRA
1
Y 27
2. MRAx TH X MRA TH
u=0.5
3. MRAx VQ X MRA VQ
LBG 6-1
6-1 VQ
S Dg Cq
s=1 2 64
5= 4 32
s=3 8 16
s=4 4 8
5= 2 8
A. (voltage fluctuations)

NEZW

(TH)

[46]

(6-19)



rms

fn =0.1Hz~30Hz

AV = /;mvfn )? (6-20)
6-2
2
6-2
6-2
Vems AV | AVos | AVio | AVis | AV3g (A%V) CR- | NMSE
1 10.031]0.052 ] 0:080 [0.047]0.003 | 11.08

MRA3 NEzw2-6 | 1 [0.031]0.052]0.080 [0.047]0.003] 11.08] 6.12]1.51E-06
MRA3 NEzw2-5 | 1 [0.031]0.052]0.080 [0.047]0.003 | 11.08] 6.92]5.57E-06
MRrA3 NEzw24 | 1 [0.031]0.0520.080 [0.047]0.003 | 11.08] 7.89[1.37E-05
MRA3 NEzw2-3 | 1 [0.031]0.0510.079 [0.046]0.029| 11.06] 7.95[1.40E-05
MRA4 NEzw2-6 | 1 [0.031[0.052]0.080 [0.047[0.003 | 11.08] 8.01]1.44E-05
MRA4 NEzw2-5 [ 1 [0.031]0.052]0.080 [0.0470.003 | 11.07] 10.69]2.99E-05
MRA4 NEzw2-4 [ 1 [0.031]0.051]0.079 [0.047]0.003 | 11.05] 11.545.10E-05
MRA4 NEzw2-3 | 1 [0.031]0.051]0.079 [0.046]0.029 | 10.99[ 12.80[1.91E-04
MRA2 TH 1 ]0.031]0.052] 0.080 [0.047]0.003 | 11.08] 3.75[4.95E-05
MRA3 TH 1 10.031]0.052 ] 0.080 [0.047]0.003 | 11.08] 6.87{7.12E-05
MRA4 TH 1 10.030]0.050 | 0.077 [0.045 | 0.003 | 10.66| 11.90[2.11E-03
MRAS5 TH 1 10.028 |0.048 | 0.073 [0.042 | 0.003 | 10.10] 18.60{1.14E-01
MRA2_VQ 1 [0.027]0.052] 0.077 [0.046] 0.004 | 10.72] 3.54]3.00E-04
MRA3 VQ 1 Jo.0160.041 ] 0.061 [0.031]0.007| 8.17] 4.23[2.10E-03
MRA4 VQ 1 [0.019]0.028] 0.044 [0.020] 0.010| 5.98] 4.70[3.55E-03
MRA5_VQ 1 J0.010]0.023 ] 0.036 [0.021]0.006| 4.90] 4.87]1.24E-02
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1.3 CR NMSE MRA

2. NEZW MRA CR NMSE
3. 3 MRA (MRA3)
NEZW TH VQ
B. (harmonic currents)
i(t) =T, + /2 sin(w,t +6,) + > V2L, sin(ho,t + ;) (6-21)
h=2
IO
Il
o, =2nf; =27f
h
THD1
[ 2L T
THDi=—*2 (6-22)
I1
THDv
[2 VT
THDv=-%2 (6-23)
Vl
3 6-3
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3 6-3

1.3 CR NMSE MRA
2. NEZW MRA CR NMSE
3. 3 MRA  (MRA3)

NEZW VQ TH

TH VQ
NEZW
6-3
THD1

CR | NMSE

5th 7th 11th | 13th | (%)

0.1 0.05 | 0.03 | 0.02 11.75

MRA3 NEZW2-6 0.100 4 0.049 | 0.029 | 0.019 11.54)  3.65| 1.19E-04

MRA3 NEZW2-3 0.100 | 0.049 | 0.028 | 0.018 11.49] 3.76{ 1.47E-04

MRA3 NEZW2-4 0.099" | 0.048 | 0.027 | 0.017 11.46]  4.26] 1.85E-04

MRA3 NEZW2-3 0.079 | 0.039 | 0.005 | 0.006 9.08 6.10] 2.18E-03

MRA4 NEZW2-6 0.100 | 0.048 | 0.025 | 0.015 11.41 3.84] 2.09E-04

MRA4_NEZW2'5 0.100 | 0.045 | 0.024 | 0.013 11.39 4.16| 2.44E-04

MRA4 NEZW2-4 0.095 | 0.043 | 0.022 | 0.011 10.76]  4.57|4.29E-04

MRA4 NEZW2-3 0.079 | 0.039 | 0.005 | 0.006 8.95 7.11| 2.24E-03

MRA2 TH 0.105 | 0.041 | 0.021 | 0.011 11.52 3.11] 6.40E-04
MRA3 TH 0.096 | 0.040 | 0.021 | 0.011 10.76 3.14{ 1.04E-03
MRA4 TH 0.097 | 0.040 | 0.021 | 0.011 10.67 3.14{ 1.04E-03
MRAS TH 0.094 | 0.041 | 0.021 | 0.011 10.53 3.40 1.25E-01
MRA2 VQ 0.104 | 0.052 | 0.026 | 0.017 12.04 3.46( 2.07E-04
MRA3 VQ 0.105 | 0.050 | 0.026 | 0.017 12.04]  4.08] 1.97E-04
MRA4 VQ 0.106 | 0.051 | 0.027 | 0.018 12.12]  4.49]4.33E-04

— | | = = = = = = | = | = | = | = = = | = = [ —

MRAS5 VQ 0.109 | 0.055 | 0.029 | 0.019 12.65 4.63| 9.22E-03
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6.5

(DC EAF)
303W 15
64 3,456,000
345MB
3 MRA  (MRA3) CR
NMSE MRA3 3
i4 NEZW u=0.5 TH
LBG VQ 6-1
Pl Ql Sl Se SeN SlU
A. (DC EAF)
(DC EAF) 6-10
100MVA (DC EAF)
15 6-11 6-12 60
3840
15
6-4 613 614 1 15 (
900 ) AV THDv 6-15 1
THDi 3

6-13 6-15
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NEZW TH

PPQ S S, Sy Sy 15 ( 90 )

6-16 6-21 1
3
6-5 NEZW
Pl Ql Sl
0.1% TH VQ
161kV
A

161kV/22.8kV 161kV/22.8kV

X
3 57 11 *
<

100 MVA

llH

6-10 (DC EAF)
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6-4 15
NEZW2-4 TH VQ
CR 7 6.95 427
\%
R NMSE 4.50E-04 5.10E-04 6.56E-03
CR 747 7.05 427
\%
S NMSE 4.36E-04 4.95E-04 8.69E-03
CR 744 7.07 427
A%
T NMSE 4.44E-04 5.07E-04 1.04E-02
_ CR 6.52 3.42 427
1
R NMSE 1.57E-03 8.04E-03 6.02E-03
_ CR 6.56 4.10 427
1
S NMSE 1.57E-03 7.02E-03 4.66E-03
, CR 6.55 3.86 427
1
T NMSE 1.61E-03 9.01E-03 6.03E-03
CR 6.92 5.41 427
NMSE 3.14E-3 6.00E-03 1.01E-3
6-5
NEZW2-4 TH VQ
/% /% /%
SPAt (kwhy | 13938 13926 12/0.085 | 13923 15/0.108 | 13873| 65/0.465
SR At (kwhy | 13927 13915 12/0.084 | 13912) 15/0.106 | 13868 S8/0417
S QAL (kvarh)| 10939 10930] 9/0.086 | 10926 13/0.115 | 10921| 18/0.166
SUS,At (kvAhy| 18273 18258 15/0.084 | 18254 19/0.106 | 18196 77/0.420
S'S, At (kvAh) | 18354 18323 31/0.171 | 18315 39/0210 | 18214) 140/0.762
c
S S At (kvAh)|  1443) 1215)228/15.789 | 1155| 288/19.963 | 802| 641/44.419
(&
S SuAt (kVAh) 271 269 2/0.574 269 2/0.682 1237|966 / 355.905
PF, 0.786| 0.786| 6E-6/0.7E-3| 0.786|3E-5/3.4E-3| 0.785| 8E-4 / 96E-3
PF, 0.759| 0.758| 7E-4/0.087 | 0.760| 8E-4/0.103 | 0.761| 2.3E-3/0.3
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P Q S S S Sy 15 (900 )

6-7
(DC EAF)

0.05%
VQ

69 kV

TR1 Le Blanc
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6-6 15
NEZW2-4 TH VQ
CR 7.29 5.67 427
\%
R NMSE 5.00E-05 1.10E-04 1 48E-02
CR 741 6.64 427
\%
S NMSE 4.50E-05 1.05E-04 6.68E-03
CR 735 6.57 427
A%
T NMSE 4.10E-05 1.00E-04 | 2.42E-02
, CR 597 3.77 427
1
R NMSE 1.14E-03 2.09E-03 1.71E-03
_ CR 5.82 4.02 427
1
S NMSE 3.63E-03 6.83E-03 4.59E-03
, CR 531 3.65 427
1
T NMSE 3.73E-03 9.92E-03 8.45E-03
CR 6.53 5.05 427
NMSE 1.44E-03 3.19E-03 1.01E-02
6-7
NEZW2-4 TH VQ
/% /% / %
ZPAt (kWh) 460.33| 460.30| 0.03/0.007 45941 0.92/0.201 395.15| 65.18/14.159
Z Pl At (kWh) 449 18| 449.15| 0.03/0.006 448.55| 0.63/0.141 388.96| 60.22/13.406
Z Ql At (kvarh) -707.42| -707.09| 0.33/0.046 -706.76] 0.66/0.094 -622.57| 84.85/11.995
ZSIAt (kVAh) 841.20| 840.90| 0.30/0.036 840.30] 0.90/0.107 737.95| 103.25/12.274
3'S. At (kVAh) 897.24| 894.77| 2.47/0275 | 892.19| 5.05/0.563 | 79539(101.85/11.352
c
Z S N At (kVAh) 304.23| 297.10| 7.13/2.342 290.86| 13.37/4.395 285.83| 18.40/6.049
(]
ZSIU At (kVAh) 389.90| 389.24| 0.66/0.170 389.10f 0.80/0.205 320.83| 69.07/17.715
PF,; -0.536| -0.536| 1.5E-4/0.03 -0.536| 1.8E-4/0.03 -0.530| 6.2E-3/1.15
PFe 0.513 0.514| 1.4E-3/0.27 0.515| 1.9E-3/0.36 0.497| 16.2E-3/3.17
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