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Optimization of Power Flow (Part 3)

by Yoichi NaAkaMURA, Koichi NARrRA
and Susumu YAMASHIRO

In the DC method which was discussed in the previous paper, we derived the
node phase angle, the incremental losses, etc., from approximate calculation.

In this paper, the node phase angle is calculated exactly with JACOBIAN, and
the appropriateness of DC method is discussed. And we also show the appropriateness
of the rigorous DC method, which calculates incremental losses precisely and with

relative simplicity.
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Table 1. Characteristic constants of units

T Kt & 4% P F=atbGtcGE(TM/m) 1 (MW)

a b Lo Gmax Gmin
Gy 15.30000 1.17000 0.00145 225 80
Gy 13.70000 1.30000 0.00163 175 40
G 10.30000 1.48000 0.00226 76 25
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Table 2. Calculation results using each method
TH QI (0MW) | ~“7 A7 777 5= amima m o e RO

U S : o
| Gi G, Gs G G Gs  100MW) (FF/B) | ()

il 1.3512 0.9579 0.2926 | 1.0442 1.0116 1.0116 | 0.1016 | 408.5710 0.2
& (1.0000) (0.9687) (0.9687)

2 1.3045 0.8819 0.4071 | 1.1060 1.0787 1.0291 | 0.0935 | 407.9202 0.5
i (1.0000) (0.9753) (0.9305) }

3 | 12987 08791 04151 | 11128 10848 1.0321 | 0.0929 | 4079131 | 05
250 (MW) (1.0000) (0.9748) (0.9275)

4 1.3508 0.9580 0.2927 | 1.0443 1.0116 1.0116 | 0.1016 | 408.5713 0.4
(1.0000) (0.9686) (0.9686)

| 5 1.3459 0.9681 0.2976 | 1.0486 1.0127 1.0134 | 0.1116 @ 410.2112 0.6
(1.0000) (0.9658) (0.9664)

6 1.2924 0.8832 0.4267 | 1.0000 0.9728 0.9234 | 0.1024 | 409.5415 1.0

1 | 15511 1.1619 0.4276 | 1.0509 1.0140 1.0174 | 0.1407 | 496.1426 0.2
[ (1.0000) (0.9649) (0.9680)

2 1.4923 1.0703 0.5670 | 1.1260 1.0945 1.0394 | 0.1296 | 495.1799 0.6
(1.0000) (0.9720) (0.9231)

3 | 14873 10668 05748 | 11335 11016 1.0433 | 0.1290 | 4951724 | 06
300 (MW) (1.0000) (0.9718) (0.9204)

4 15506 1.1621 0.4279 | 1.0511 1.0141 1.0174 | 0.1407 | 496.1453 0.4
(1.0000) (0.9647) (0.9679)

5 | 15457 1.1741 0.4332 | 1.0558 1.0153 1.0196 | 0.1530 | 498.2446 0.7
(1.0000) (0.9617) (0.9657)

| 6 ‘ 1.4809 1.0722 0.5877 | 1.0000 0.9696 0.9163‘I 0.1408’ 497.2708 1.1

‘ 1 1.7531 1.3697 0.5644 | 1.0578 1.0165 1.0232‘ 0.1873 | 588.3569
(1.0000) (0.9610) (0.9673)

2 1.6810 1.2611 0.7304 | 1.1470 1.1110 1.0502 | 0.1725 | 586.9736 0.5
(1.0000) (0.9686) (0.9157)

3 | 16771 12569 0.7379 | 1.1551 1.1190 1.0550 | 0.1719 | 586.9644 | 05
350 (MW) ; (1.0000) (0.9688) (0.9133)

4 1.7524 1.3700 0.5648 | 1.0581 1.0166 1.0233 | 0.1872 | 588.3486 0.4
(1.0000) (0.9608) (0.9671)

5 1.7473 1.3837 0.5704 | 1.0632 1.0180 1.0258 | 0.2015 & 590.8743 0.7
' (1.0000) (0.9575) (0.9648)

6 | 16714 12645 0.7500“ 1.0000 0.9664 0.9089 | 0.1858 | 589.5098 0.7

1 1.9575 1.5813 OA7029‘ 1.0648 1.0191 1.0292 | 0.2417 | 685.4077
(1.0000) (0.9571) (0.9666)

2 | 19499 15373 0.7500 | 11722 1.1343 1.0538 | 0.2372 | 684.6509 0.4
(1.0000) (0.9635) (0.8952)

3 | 19520 15353 0.7500 | 11864 11440 1.0588 | 0.2373 | 684.6509 0.4
400 (MW) (1.0000) (0.9642) (0.8924)

4 1.9565 1.5818 0.7033 | 1.0652 1.0192 1.0293 | 0.2416 685.3926‘ 0.5
(1.0000) (0.9569) (0.9663) ‘

5 1.9509 1.5970 0.7093 | 1.0706 1.0207 1.0320 | 0.2572 688.2786‘ 0.7
(1.0000) (0.9534) (0.9640) ‘

6 1.9521 1.5516 0.7500; 1.0000 0.9614 0.8857

0.2

0.2

0.2537 | 687.6160 ‘ 0.8

|
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Table 3. Calculation results using loss of AC method

I H 71 (100 MW) " OB B N. R &
A i F B G G G XEBE ™ & O 'z
! 2 1 (FF/5%) (%)

1 1.3553 0.9618 0.2954 0.1124 410.2942 0.18

2 1.3086 0.8856 0.4099 0.1041 409.6104 0.02

3 1.3028 0.8828 0.4179 0.1035 409.5989 0.01
250 (MW)

4 1.3550 0.9619 0.2955 0.1124 410.2908 0.18

5 1.3459 0.9681 0.2976 0.1116 410.2112 0.16

6 1.2924 0.8832 0.4267 01024 | 409.5415

1 1.5562 1.1667 0.4311 0.1540 498.3455 0.22

2 1.4973 1.0749 0.5705 0.1427 497.3591 0.02

3 1.4924 1.0714 0.5783 0.1421 497.3511 0.02
300 (MW)

4 1.5557 1.1669 0.4313 0.1539 498.3438 0.22

5 1.5457 1.1741 0.4332 0.1530 498.2446 0.20

6 1.4809 1.0722 0.5877 0.1408 497.2708

1 1.7591 1.3752 0.5684 0.2027 591.0081 0.25

2 1.6869 1.2665 0.7345 0.1880 589.6277 0.02

3 1.6830 1.2623 0.7420 0.1873 589.6167 0.02
350 (MW)

4 1.7584 1.3755 0.5687 0.2026 591.0020 0.25

5 1.7473 1.3837 0.5704 0.2015 590.8743 0.23

6 1.6714 1.2645 0.7500 0.1858 589.5098

1 1.9641 1.5874 0.7072 0.2587 688.4460 0.12

2 1.9588 1.5455 0.7500 0.2543 687.6743 0.01

3 1.9609 1.5435 0.7500 0.2544 687.6726 0.01
400 (MW)

4 1.9630 1.5879 0.7077 0.2587 688.4395 0.12

5 1.9509 1.5970 0.7093 0.2572 688.2786 0.10

6 1.9521 1.5516 0.7500 0.2537 687.6160
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Fig. 3. Optimization by esch method.
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