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Table 1 Calculation results of path analysis method
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Fig.2 Forecasting results of top oil temperature
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Table 3 Forecasting errors of two methods
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Table 4 Forecasting errors of different methods
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Top oil temperature forecasting of UHV transformer based on
path analysis and similar time
TAN Fenglei', CHEN Hao',HE Jiahong’
(1. Maintenance Branch Company of State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 211102, China;
2. Department of Electrical Engineering,Southeast University ,Nanjing 210096, China)

Abstract: A method of top oil temperature forecasting for UHV (Ultra High Voltage) transformer based on
path analysis and similar time is proposed,which can obtain the best forecasting effect by dynamically opti-
mizing the amount of similar time. Firstly, after quantifying the time factor based on the fuzzy ranking
method of top oil temperature,the path analysis is used to calculate the simple correlation coefficients of
influencing factors and analyze their correlation with top oil temperature of UHV transformer. Then based
on the TOPSIS(Technique for Order Preference by Similarity to Ideal Solution) method and the time princi-
ple of “long distance with small correlation,near distance with big correlation”, comprehensive factor correla-
tion is obtained by using the linear weighting of meteorological factor correlation,time factor correlation and
load factor correlation. Finally, the process of similar time selection and top oil temperature forecasting is
analyzed in detail,and it is applied to an example of top oil temperature forecasting for an UHV transformer
in East China. The results show that the average error of the proposed method is 1.90% and the average
standard deviation is 0.013 3, which shows high forecasting accuracy and small error fluctuation of the pro-
posed method and verifies its feasibility and validity.
Key words:UHV transformer;top oil temperature forecasting;similar time;dynamic optimization;fuzzy ranking;

path analysis; TOPSIS method;linear weighting
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Grounding fault characteristics of converter valve-side and protection
strategy in LCC-FHMMC hybrid DC transmission system
LU Shuhao,JIA Xiufang
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: LCC-FHMMC hybrid DC transmission system,in which the sending end adopts LCC(Line Commu-
tated Converter) and the receiving end adopts FHMMC (Full-bridge and Half-bridge Modular Multi-level
Converter) , has different characteristics from half bridge MMC or full bridge MMC when a single-phase
grounding fault occurs on the converter valve-side at the receiving end. The overvolitage mechanism of the
sub-module under the grounding fault on converter valve-side is analyzed from three perspectives of AC
power contribution, DC power contribution and the difference between high- and low-valve groups. According
to the characteristics of non-DC circuit breaker on the DC side of LCC-FHMMC hybrid DC transmission
system, a fault isolation method based on phase selection type unidirectional thyristor bypass branch and a
protection strategy suitable for single-phase grounding fault occurs on the converter valve-side in LCC-
FHMMC hybrid DC transmission system are proposed. Finally, a related model is built based on the
PSCAD / EMTDC simulation platform, and the correctness of the theoretical analysis and the effectiveness
of the proposed protection strategy are verified by simulation.

Key words: LCC-FHMMC hybrid DC transmission system;electric converters; converter valve-side grounding
fault;thyristor bypass branch
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Fig.Al Flowchart of top oil temperature forecasting based on path analysis and similar time
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Table B1 Similar time selection based on direct path coefficient

%) %) 1 I %) 2 i %) 3
00:00 7H30H 7H28H 7H29H
01:00 7H29H 7H30H 7H28H
02:00 7H29H 7H30H 7H28H
03:00 7H30H 7H29H 7TH21H
04:00 7H30H 7H29H 7TH21H
05:00 7H30H 7H29H 7TH21H
06:00 7H29H 7H30H 7H28H
07:00 7H30H 7TH21H 7H29H
08:00 7H30H 7TH21H 7H29H
09:00 7H30H 7H29H 7TH21H
10:00 7H30H 7TH21H 7H26H
11:00 7H30H 7H29H 7H28H
12:00 7H30H 7H?29H 7H28H
13:00 7H30H 7H29H 7H28H
14:00 7H30H 7H?29H 7H28H
15:00 7H30H 7H28H 7H29H
16:00 7H28H 7H30H 7H29H
17:00 7H28H 7H29H 7H30H
18:00 7H28H 7H30H 7H29H
19:00 7H30H 7H29H 7H28H
20:00 7H30H 7H?29H 7H28H
21:00 7H30H 7H29H 7H28H
22:00 7H30H 7H29H 7H28H
23:00 7130 H 7H29H 7/ 28 H
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Table B2 Similar time selecting based on simple correlation coefficient

i % %) 1 %) 2 %1 3 %) 4 I %1 5
00:00 7H30H 7H28H 7H20H 7H24H 7H29H
01:00 7H28H 7H29H 7H20H 7H24H 7H30H
02200 7H28H 7H29H 7H2rH 7H26H 7H24H
0300 7H27rH 7H26H 7H30H 7H28H 7H29H
0400 7H27H 7H26H 7H28H 7H30H 7H29H
05:00 7H27H 7H26H 7H28H 7H29H 7H30H
06:00 7H26H 7H28H 7H2rH 7H29H 7H30H
07:00 7H27H 7H30H 7H20H 7H28H 7H29H
08:00 7H27H 7H22H 7H20H 7H30H 7H29H
09:00 7H26H 7H27H 7H30H 7H29H 7H22H
10:00 7H26H 7H2rH 7H28H 7H30H 7H29H
11:00 7H28H 7H26H 7H20H 7H21H 7H30H
12:00 7H30H 7H29H 7H28H 7H20H 7H27H
13:00 7H30H 7H29H 7H28H 7H25H 7H21H
14:00 7H30H 7H28H 7H29H 7H24H 7H25H
15:00 7H28H 7H30H 7H20H 7H24H 7H2H
16:00 7H28H 7H25H 7H24H 7H20H 7H30H
17:00 7H28H 7H25H 7H24H 7H2H 7H27H
18:00 7H28H 7H25H 7H29H 7H30H 7H2H
19:00 7H29H 7H30H 7H2rH 7H25H 7H24H
20000 7H29H 7H30H 7H2rH 7H25H 7H23H
21:00 7H29H 7H30H 7H25H 7H23H 7H27H
2200 7H30H 7H29H 7H25H 7H23H 7H24H
23:00 7H30H 7H29H 7H23H 7H28H 7H25H

7 B3 2 M AR TUNIR Z R — S XTLE
Table B3 Further comparison of forecasting error between two methods

g i s R R A R i s U 22 e

ZH E SREISUEGES (4 E SRR P e SR EISUEGES (4 ST A OC R EL

KA BA RN Wl EK R W BK &b Lz S~ ¥ NI~ 2 A
7H31H 00562 00025 00138 00831 0.0018 0.0197 0.0643 0.0005 0.0190 0.0681  0.0022  0.0190
8H1H 00328 00009 00087 00439 00021 0.0108 0.0593 0.0087 0.0141 0.0453 0.0014  0.0106
8H2H 00276 00011 00072 0019 0.0006 0.0044 0.0295 0.0003 0.0101 0.0537 0.0005 0.0141
8 H3H 00912 00013 00509 00851 0.0090 0.0335 0.1091 0.0016 0.0295 0.0671 0.0045  0.0160
8 4H 00514 00006 00150 0.0604 0.0021 0.0161 0.0863 0.0003 0.0303 0.1002 0.0018  0.0261
8 H5H 00434 00009 00100 00339 0.0023 0.0089 0.0518 0.0000 0.0114 0.0354 0.0032 0.0083
8/ 6H 00742 00094 00165 0.0443 0.0054 0.0102 0.0511 0.0079 0.0096 0.0567 0.0069  0.0115
8H7H 00518 00053 00122 0.0492 0.0074 0.0100 0.0559 0.0013 0.0130 0.0536 0.0012  0.0129
818H 00299 00001 00076 00371 0.0001 0.0095 0.0435 0.0001 0.0132 0.0317 0.0002 0.0105
849 H 00163 00007 00047 0.0323 0.0006 0.0103 0.0229 0.0001 0.0073 0.0142 0.0007  0.0040

T2 — — 0.0146 — — 0.0133 — — 0.0157 — — 0.0133
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