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Fig.1 Equivalent circuit of UPFC

based on voltage source
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Fig.2 Phasor diagram of active power-flow
control with 6=60°
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Fig.5 Operating conditions of UPFC

with constant compensation degree
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Table 1 Sampled data during negative
compensation of UPFC

W5k AX, d; Vi o)
1 -0.001 0.19157 1 0
2 -0.01 0.19157 1 0
3 -0.05 0.18693 0.96742 3.15160
4 -0.10 0.18693 0.96742 3.15160
5 -0.15 0.17672 0.89573 9.33910
6 -0.20 0.15305 0.72955 19.7306
7 -0.25 0.13141 0.57761 24.3976
8 -0.30 0.11633 0.47174 24.9201
9 -0.35 0.098 80 0.34866 22.7097
10 -0.40 0.08500 0.25177 18.8383
11 -0.45 0.07716 0.19672 15.8026
12 -0.50 0.05840 0.06501 6.078 80
13 -0.55 0.05124 0.01474 1.45270
14 -0.60 0.05125 0.01481 1.45950
15 -0.65 0.04983 0.004 84 0.48210
16 -0.70 0.04930 0.00112 0.11220
17 -0.75 0.05186 0.01909 1.87320
18 -0.80 0.05098 0.01291 1.27520
19 -0.85 0.049 14 0 0
20 -0.90 0.049 14 0 0
21 -0.95 0.049 14 0 0
22 -1.00 0.049 14 0 0
2 UPFC IE [a) #h 52 b B SR AR 2R
Table 2 Sampled data during positive
compensation of UPFC
eV d, " o,
1 0.001 0.14263 1 0
2 0.01 0.14263 1 0
3 0.05 0.14263 1 0
4 0.10 0.14263 1 0
5 0.15 0.14263 1 0
6 0.20 0.14263 1 0
7 0.25 0.14263 1 0
8 0.30 0.14164 0.97756 2.19350
9 0.35 0.13560 0.84066 13.3950
10 0.40 0.13280 0.77719 17.3161
11 0.45 0.12568 0.61582 23.6586
12 0.50 0.12440 0.58680 24.2464
13 0.55 0.11883 0.46056 24.8445
14 0.60 0.11315 0.33182 22.1716
15 0.65 0.10970 0.25362 18.9300
16 0.70 0.09901 0.01133 1.12040
17 0.75 0.09511 0.006 80 0.67530
18 0.80 0.09796 0.00249 0.24870
19 0.85 0.09851 0 0
20 0.90 0.09851 0 0
21 0.95 0.09851 0 0
22 1.00 0.09851 0 0
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AL BN A 4, ARy, R AR A B 100
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Table 3 Comparison between sampled d, and predicted (2,[

i UAOEER RN S E T A7 Dy

k AAy d, (Z,L AXy d; (2,‘.

1 -0.001 0.19157 0.190271 0.001 0.14263 0.1425%4
2 -0.01 0.19157 0.189869 0.01 0.14263 0.142589
3 -0.05 0.18693 0.187396 0.05 0.14263 0.142557
4 -0.10 0.18693 0.181977 0.10 0.14263 0.142480
5 -0.15 0.17672 0.172438 0.15 0.14263 0.142321
6 -0.20 0.15305 0.157131 020 0.14263 0.141997
7 -0.25 0.13141 0.135877 0.25 0.14263 0.141343
8 -0.30 0.11633 0.111608 030 0.14164 0.140053
9 -0.35 0.09880 0.089383 0.35 0.13560 0.137620

10  -0.40 0.08500 0.072781 0.40 0.13280 0.133402
11 -045 0.07716 0.062170 0.45 0.12568 0.127047
12 -0.50 0.05840 0.056049 0.50 0.12440 0.119248
13 -055 0.05124 0.052725 0.55 0.11883 0.111767
14 -0.60 0.05125 0.050979 0.60 0.11315 0.106108
15 -0.65 0.04983 0.050077 0.65 0.10970 0.102549
16 -0.70 0.04930 0.049616 0.70 0.09901 0.100563
17 =075 0.05186 0.049382 0.75 0.09511 0.099529
18 -0.80 0.05098 0.049263 0.80 0.09796 0.099009
19 -0.85 0.04914 0.049202 0.85 0.09851 0.098753
20 -0.90 0.04914 0.049171 0.90 0.09851 0.098628
21 -0.95 0.04914 0.049156 0.95 0.09851 0.098567
22 -1.00 0.04914 0.049148 1.00 0.09851 0.098538
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FDS-based assessment of aging degree and moisture content
for oil-paper in transformer

LI Chenglin,CAO Baojiang,SUN Jianxiang,LEI Fan, WU Guangning, GAO Bo

(College of Electrical Engineering,Southwest Jiaotong University ,Chengdu 610031, China)
Abstract: A test platform is established based on the FDS(Frequency domain Dielectric Spectroscopy) ,the
complex permittivity of oil-paper samples with different aging degrees and moisture contents are measured
and the results are contrastively analyzed,which show that,the decrease of DP(Degree of Polymerization)
of oil-paper makes the real and imaginary parts of its complex permittivity increased in the low-frequency
band while basically unchanged in the high-frequency band;the increase of moisture content of oil-paper
makes the real part of its complex permittivity increased in the frequency domain lower than 10* Hz while
the imaginary part increased over the whole frequency domain and the imaginary permittivity curve moved
rightward in parallel. It is proposed to adopt the equivalent decline extent of imaginary permittivity as the
mapping characteristic parameter of DP to assess the aging degree of oil-paper. The formula of relationship
between moisture content and real permittivity is fitted at the characteristic frequency of 107* Hz for

assessing the permittivity of oil-papers with different aging degrees and moisture contents.
Key words: power transformers; oil-paper insulation; aging of material; FDS; polymerization degree; mois-

ture; equivalent decline extent
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Research on interaction during active power-flow control of UPFC
MA Peng',LIU Qing',ZOU Jiaping’,LIU Cheng’
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Source,
North China Electric Power University, Baoding 071003, China;2. Guohua Yuedian Taishan Power Generation
Company Ltd.,Taishan 529228 ,China;3. Guohua Huizhou Cogeneration Branch Company of Shenhua
Energy Company Lid.,Huizhou 516082, China)

Abstract: There are interactions among the sub-controllers of UPFC (Unified Power Flow Controller),which
may affect its control performance. The effect of the active-power reference change of UPFC on the
controlled voltage of its voltage controller is analyzed and the limitation of applying mathematical formula to
reflect this effect is expounded. The time-domain simulation with PSCAD/EMTDC is carried out to obtain
the dynamic data of voltage,which are used to fit a Logistic model for deducing a mathematical expression
to describe the effect of active-power compensation degree on the nodal voltage variation. The deduced
expression is then applied to predict the interaction degree according to the active-power compensation
degree,which is then used to analyze the effect of UPFC active power-flow control on the operation of its
voltage controller at parallel side.
Key words: unified power flow controller; interactions; power-flow control; voltage controller; voltage

fluctuation value; Logistic model



