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Fig.2 Two-dimensional magnetic flux distribution
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Table 1 Simulative and experimental results of
total loss under various harmonics

WU T HAE/W SR/ W
1 3.50 3.57
3 4.38 4.55
5 5.92 6.17
7 8.08 8.49
9 10.76 11.40
11 13.96 14.83
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Table 2 Calculative results of copper plate loss under
fundamental wave

) Wi W \
WA —owee amnie mamge /v
5 22.42 18.56 3.86 3.84
10 90.52 74.24 16.28 16.59
20 363.84 296.95 66.89 68.34
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Table 3 Measurement results of total loss under
harmonic excitation

TR B P LR A MW
1 5 22.42
2 1 0.99
3 1 1.14
4 1 1.32
5 1 1.54
1+2+3+4+5 5.385 27.68
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Table 4 Experimental and calculative results of
copper plate loss under different currents

SIS/ W

WA —ewe wmnke @ /W
0.5 0.28 0.23 0.052 0.053
1 1.14 0.93 0.206 0.212
1.5 2.57 2.09 0.473 0.477
2 4.55 3.72 0.834 0.848
2.5 7.11 5.81 1.297 1.325
3 10.25 8.37 1.876 1.908
3.5 13.97 11.39 2.583 2.597
4 18.25 14.88 3.379 3.392
4.5 23.11 18.83 4.285 4.293
5 28.53 23.23 5.3 5.3
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Fig.6 Experimental and calculative results of copper
plate loss under various harmonics
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Analysis and improvement of relay protection of 300 Mvar synchronous condenser
SANG Jianbin' ,BAO Minglei' , LI Yuping', WAN Luofei*, LI Ming' ,ZHU Yucong'

(1. Nanjing SAC Power Grid Automation Co.,Ltd.,Nanjing 211100, China;2. NARI Group Corporation, Nanjing 210006, China)
Abstract; The start-up characteristics, operating characteristics and relay protection configuration scheme of 300
Mvar synchronous condenser that has been put into operation are introduced. The influence of the harmonic charac-
teristics during the start-up process on the synchronous condenser protection is analyzed, based on which,the bloc-
king logic of the synchronous condenser protection during the process of start-up and grid-connection operation is
discussed , and the state blocking configuration of the synchronous condenser protection is proposed. In view of the
importance of frequency tracking in the synchronous condenser protection, according to the harmonic characteristics
and frequency conversion characteristics in the start-up process, the low-pass filtering and zero-crossing jitter dis-
crimination are added in the frequency measurement methods. The simulation and experimental verification show that
the zero-crossing frequency measurement after anti-interference processing can not only guarantee the accuracy and
response speed , but also have good anti-interference performance.

Key words : synchronous condenser ;relay protection ; protection configuration ;state blocking configuration ; frequency
tracking ; zero-crossing frequency measurement ; simulation
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Calculation and verification for stray loss of transformer copper shield under
harmonic excitation
ZHAO Zhigang, YIN Saining, GUO Ying,LIU Jia, YANG Kai
(Province-Ministry Joint State Key Laboratory of Reliability and Intelligence of Electrical
Equipment,, Hebei University of Technology , Tianjin 300130, China)
Abstract: By referring to the harmonic loss calculation method of converter transformer provided by IEC61378-2
standard ,an analytical formula for calculating stray loss of transformer copper shield is obtained. Based on the sim-
plified model of P21°-EM1,a new method of stray loss mea-surement is adopted ,in which the stray loss in the struc-
ture is obtained by subtracting the accurate simulation value of the model excitation coil loss from the total loss mea-
surement value of the model. The obtained results are used as experimental values to verify the calculation result of
the analytical formula. The results show that the calculative results of the fundamental wave loss of the copper plate
are generally consistent with the experimental values. The copper plate loss under the fundamental wave superim-
posed multiple harmonic excitation is almost the same as the sum of the copper plate loss under each individual har-
monic excitation. Under the same excitation current frequency, the stray loss of the copper plate satisfies a certain
proportional relationship with the square of the current size. Under the same excitation current size,the relationship
between the copper plate loss and the 0.8 times of the current frequency does not satisfy the frequency characteristic
given by IEC standard. In these regards,a correction factor that considers the magnetic field distribution is introduced
to correct the frequency characteristics. The effectiveness of the correction factor is verified by comparison results ob-
tained from the correction approach and the experimental value.

Key words : power transformers ; copper shield ; harmonic current;stray loss ; IEC61378-2;P21°-EM1 model
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Fig.A1 Copper shielding model
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Fig.A2 Structure and Parameters of the Model
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Fig.A3 Load and no-load measurement diagram
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