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Fig.l1 Centralized optimal control framework of
distributed PV

oA OGR4 SR 18 2 o, H 322 U
N 3B A T R SR 0O AR A R
T SRR B T R A 2T BILAY N T RE A B ke 3R
PR LI RO IR P ) S I TR AR

T T AR SRAERE 0 G R A 5 A T S B
EEIRERE e, LR G H IR A HOBIR B HIF R 3
AR PE AR R AR B0 A SO IR IR B T 5 A%
Ja  RGE AT S R LS TR RDER B
AT ARA R e SRBECRE AL 5 o, 7% PE B PR M 4% A Ak
PRANZTHCZEAT:, R R BEE (B AR iy 3 BOZAR RT3
FROEARIA A — E TR 22, MO SOG IR F o
MR

®39%
HF R SR L R TFRR2E AL
PP ORI TR L] TR A B R A B
CEAREYS w"E| [AT
IS Him | | A
IROEY s [N
S T A
S PR REL I i 5 R
ek A o
B i B TR

B2 AT ek B R RS 7 2L (A B FE 08 2 3R
Fig.2 Optimal distributed PV control strategy assisted by

artificial intelligence in distributed network
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Fig.3 Structure of ELM network model
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Optimal control method of distributed PV considering model errors
in distribution network
DOU Xiaobo',CAI Chao*, DUAN Xiangmei',HAN Jun®,LIU Zhihan', CHEN Xi
(1. School of Electrical Engineering,Southeast University,Nanjing 210096, China;

2. State Grid Economic Research Institute of China Electric Power Research Institute , Nanjing 210009, China)
Abstract: At present, the information collection is incomplete and the on-line accurate grid model is inac-
cessibility in distribution network , which leads to error of distributed PV (PhotoVoltaic) control and makes
it difficult to meet the requirement of the safe operation for distribution network. Thus, an optimal control
method of distributed PV considering model errors in distribution network is proposed. A rough calculation
model of PV control based on approximate sensitivity is built. Meanwhile, the artificial intelligence assistant
decision model is established adopting ELM (Extreme Learning Machine) method as a modification of the
rough calculation model for PV control. Based on the above two models,the optimal control strategy of dis-
tributed PV considering model errors in distribution network is designed. Finally, the simulative results
show that the proposed control method makes up the errors caused by the optimization only relying on
grid model,and improves the accuracy of the optimal control.

Key words: distributed PV ;distribution network ; optimal control ; approximate sensitivity ; ELM ; assistant deci-

sion
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Description and application of SSOA of neutral-point-clamped
three-level converter
TU Chunming, LONG Liu,XIAO Biao,YU Xueping, CHAI Ming

(National Electric Power Conversion Control Engineering Technology Research Center,

Hunan University, Changsha 410082, China)

Abstract:In order to improve the reliability of the neutral-point-clamped three-level converter,based on the
safe operating area of device,the mathematical model of the SSOA (Systematic Safe Operating Area) of con-
verter is deduced with considering the converter topology,the stray parameters of DC bus,the delay of the
control system, the temperature and other factors. The influence of junction temperature and wind speed on
the SSOA boundary is analyzed quantitatively, and the corresponding three-dimensional graphics of the
SSOA are depicted respectively. The proposed method is applied to the protection design of 55 kW /380 V
converter prototype, and the experimental results validate the effectiveness of the protection boundary set
based on SSOA,which show that the SSOA can guarantee the reliable and stable operation of the conver-
ter and improve the sustainable operation ability of the converter.

Key words: neutral-point-clamped three-level converter; SSOA ; mathematical models; junction temperature;

wind speed; protection design



M =

M A
R AL LBRSH

Table Al Line parameters

WA RERT R SERUHEHQ  SBECRPUQ | MAEETR RETAL SR0BQ SERHBUQ
1 2 0.493 0.2511 1 18 0.164 0.1565
2 3 0.366 0.1864 18 19 1.5042 1.3554
3 4 0.3811 0.1941 19 20 0.4095 0.4784
4 5 0.819 0.707 20 21 0.7089 0.9373
5 6 0.1872 0.6188 2 22 0.4512 0.3083
6 7 0.7114 0.2351 22 23 0.898 0.7091
7 8 1.03 0.74 23 24 0.896 0.7011
8 9 1.044 0.74 5 25 0.203 0.1034
9 10 0.1966 0.065 25 26 0.2842 0.1447

10 11 0.3744 0.1238 26 27 1.059 0.9337
11 12 1.468 1.155 27 28 0.8042 0.7006
12 13 0.5416 0.7129 28 29 0.5075 0.2585
13 14 0.591 0.526 29 30 0.9744 0.963
14 15 0.7463 0.545 30 31 0.3105 0.3619
15 16 1.289 1721 31 32 0.3410 0.5362
16 17 0.372 0.574

Bk B
#F Bl BREERE
Table B1 Bias of hidden neurons

T i WA i
1 0.714493696747410 14 0.237265992309270
2 0.801286062819921 15 0.546406632909462
3 0.257381431356295 16 0.799961792146336
4 0.226659403208819 17 0.902224699942504
5 0.263407457352751 18 0.871056585576793
6 0.710706011390183 19 0.597997272635442
7 0.842281058697062 20 0.313659251399834
0.122640133552490 21 0.0470571986325830
9 0.705039199849024 22 0.410139689928166
10 0.155292774750495 23 0.125245111496103
11 0.708213866238071 24 0.181489507933420
12 0.0379486490329606 25 0.821087178657175
13 0.898506046863483 26 0.00325540978697914
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Table B2 Input weights

=T B2 MABNE

AN
1 2 3 4 5 6 7 8
1 0.5102 0.2027 -0.4298 —-0.7568 0.6293 -0.4786 -0.8948 0.7564 0O
2 0.3911 -0.5340 -0.2126 -0.5298 0.6231 -0.8697 -0.0002 -0.3394 0
3 -0.5211 —0.3711 0.4759 -0.9117 0.4262 0.2116 0.6336 0.6323 -0
4 -0.1460 0.8157 0.1605 0.9068 0.8945 -0.3514 0.7125 0.8426 -0
5 0.1701 0.0540 -0.9187 0.4639 0.5240 —0.5462 0.5826 -0.9126 0
6 -0.1011 0.6156 -0.9127 -0.0799 0.3003 -0.2160 0.5187 0.4454 -0
7 -0.3023 0.1670 -0.7617 0.0891 0.1611 0.3212 -0.5771 0.9724 -0
8 0.6725 -0.3212 0.7620 0.4444 -0.4239 -0.9105 0.6697 -0.3411 -0
9 0.6697 -0.8893 -0.5500 -0.9429 -0.9232 0.0428 0.7020 -0.1643 0
10 0.8560 -0.7196 0.7841 -0.9727 -0.7184 -0.9333 -0.5829 0.8099 -0
11 -0.0043 0.4437 0.5683 0.4836 -0.0826 -0.9155 0.3398 -0.0804 0
12 0.3995 0.5067 0.4720 -0.3326 —-0.6469 0.0153 0.8301 -0.9098 -0
13 -0.5300 0.3326 -0.8420 -0.6967 —-0.3491 0.4076 -0.2556 -0.4444 0
14 -0.9082 0.1620 -0.1714 -0.5273 —-0.6356 —0.0340 -0.9080 -0.0697 -0
15 -0.5189 0.4809 0.5776 0.1830 0.6540 0.4696 -0.0711 -0.2332 -0
16 —0.2114 0.5081 0.0717 0.6010 0.7031 0.8711 0.4062 -0.3839 0
17 -0.4538 -0.4648 0.7978 0.2256 -0.2677 0.8965 0.8622 0.1196 0
18 —0.7677 0.8394 —0.9773 -0.2195 —-0.7651 0.2299 —0.5629 -0.8451 0
19 -0.0273 0.5717 -0.2280 0.1596 —-0.1434 0.8712 -0.5143 -0.3095 -0
20 0.6084 0.9073 -0.7714 -0.9081 0.8413 -0.0245 —0.4634 0.9869 0
21 0.9366 0.6243 0.4516 0.0560 0.0011 0.1102 -0.6382 -0.2931 0
22 -0.2126 0.0218 0.7487 -0.9906 -0.7334 -0.4070 —-0.2016 —0.0407 -0
23 -0.7377 0.4417 0.9269 -0.2710 -0.0855 0.6792 —-0.8095 0.0579 -0
24 0.5426  0.5083 —0.4041 -0.4147 0.8459 0.0135 -0.7139 0.7260 -0
25 -0.7605 0.2687 -0.9612 0.6728 0.0845 -0.2118 0.7595 0.0191 0
26 0.2453 -0.6651 -0.9592 -0.6391 0.6962 0.3182 -0.3059 0.8929 0
% B3 Wit EIE
Table B3 Onput weights
TR i ! TR
1 -7.10582744072005 14 -36.5175391506865
2 -22.4918790278892 15 7.15577115173983
3 -0.559862905430457 16 -27.2709301534425
4 30.2557314070824 17 26.2026601741431
5 -2.84869732037993 18 40.7268781852849
6 -12.2135296471432 19 -9.04421712200540
7 -3.80411501842916 20 8.67053806158853
8 74.5087254952146 21 31.8275607364891
9 12.3523118345792 22 -41.3604867333101
10 7.75062121074412 23 53.4395545835284
11 -25.4029147243310 24 -53.5156128597904
12 -45.6308189908737 25 -33.5720801067636
13 30.6293370807415 26 1.18793549806541

9

. 8894
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. 6034
L9771
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. 0061
. 5299
. 5513
. 5440
. 1610
. 5423
.5013
. 5961
. 0685
. 7834
. 7026
. 1155
. 7632
. 6762
. 8347
. 3335
. 8061
. 6680
. 1251
. 0809
. 6126

-0.
. 0408
-0.
. 6604
. 7244
. 1508
. 9229
. 2053
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. 3932
. 2680
. 7998
. 7145
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