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Table 1 Detailed information of experimental materials
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Table 2 Pre-processing of insulating

paper samples with different
polymerization degrees

REE Ak g
1292 259C T H AR
735 100°C/ 50 Pa/20 d
420 140°C/ 50 Pa/20d
215 150°C/ 50 Pa/40 d
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JF AT FDS Wik
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A AR PRI 48 2512 W 43 BT A TDAX 300, 3 8 4 % 5
FEl oA 0.1 mHz~10 kHz, 7 15 55 P55 3L 108 2 2 Xo) S 56
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Table 3 Moisture content of insulating papers with
different steady-state polymerization degrees

R AR R %
KGR
cv=1% c.=2% cv=3% c,=4%
1192 0.981 1.988 2.969 3.885
735 0.976 1.989 2.961 3.871
420 0.969 1.965 2.954 3.856
215 0.961 1.957 2.943 3.842
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Fig.1 Complex permittivity of insulating papers
with different polymerization degrees when
moisture content is 1%
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Fig.2 Complex permittivity of insulating papers with different
polymerization degrees when moisture content is 3%
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Fig.3 Insulating paper samples with different aging
degrees, magnified 800 times by SEM
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Fig.4 Complex permittivity of insulating papers with different
moisture contents when DP is 1292

10*

10° - . . - - . :
10 10° 107 10" 10° 10" 10> 10°
f/Hz
(a) S A B

ol
10* 10° 10* 10" 10° 10" 10* 10°
f/Hz
(b) &4 BUE
= K EH A N %, - K EHI 2%
e RGP TN 3%, v K E TR 4%
BS RAEANROE AR EELEZRNENBEH
Fig.5 Complex permittivity of insulating papers with

different moisture contents when DP is 420
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Fig.6 Complex permittivity curves in
homogeneous coordinates
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Table 4 Decline extent and equivalent decline
extent of imaginary part curve

=~ B SRR
%DJE o REE
e=1% ¢,=2% ¢,=3% c,=4%  BHE
1292 344578 344646 344184 34.4684 34.4629
735  40.8722 40.9845 40.8478 41.1091 40.9534
420 451156 45.0176 45.1224 44.9424 450495
215  47.8546 47.7752 47.8168 48.0670 47.8784

7 ST BRI 3 5 46 e AR 5 T LA 6
FZELBAXLRARN .
y=50.339-0.0124x (4)
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Fig.7 Relationship between DP and
equivalent decline extent
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Fig.8 Relationship between moisture
content and characteristic parameter
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Table 5 Fitting parameters for moisture content of
insulting papers with different aging degrees

REE B A ¢ R?
1292 0.39732 -0.33178 73.7576 0.97419
735 0.39600 -0.31575 112.3202 0.94355
420 0.39594 -0.30889 161.4093 0.93415
215 0.39629 -0.29529 264.0576 0.86508
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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



