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ABSTRACT: The key to realize synchronous closing control
is to pre-estimate the value of remanence in transformer core
effectively after the switching-off of transformer. For this
purpose, a method to estimate the remanence in transformer
core is proposed. Based on the values of voltages and currents
measured at the primary side of transformer after the no-load
closing and the phase angle at closing moment, the moment
when transformer core saturated is searched, then the
remanence in transformer core can be estimated after the
transformer is switched off. Using physical model in laboratory,
several hundreds of experiments of no-load closing of
transformer were performed, and according to the values of
voltages and currents of saturated transformer core as well as
the phase angle at the moment of no-load closing the
remanence in transformer core is estimated. Based on the
results of the remanence estimation, the relation between
remanence in transformer core and different phase angles of
voltage at the switching-off moment and that between
remanence in transformer core and the peak currents under
different phase angle of voltage at the switching-off moment
are obtained.
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Tab.1 Valuated values of core remanence with
different opening angle

e S E0(C) T e S ZHUC) T
RIS A /WD HEAIA HGRAA H/WD
1 20.2 5.1 0.439 3] 31 169.6 154.5 -0.4642
2 21.4 6.3 0.4406| 32 172.0 1569 —0.4620
3 27.1 12.0 0.4453]| 33 193.5 1784 -0.4435
4 31.5 16.4 0.4511| 34 197.1 182.0 —0.4437
5 35.9 20.8 0.4567| 35 199.8 184.7 —0.4449
6 37.6 22.5 0.459 3] 36 202.9 187.8 -0.4461
7 40.4 25.3 0.462 4| 37 207.3 192.2 —0.4432
8 423 27.2 0.464 1| 38 210.3 1952 -0.4415
9 48.8 33.7 0.464 0| 39 216.4 201.3 —0.4386
10 55.5 40.4 0.448 7| 40 222.2 207.1 -0.4334
11 58.7 43.6 0.443 1| 41 227.5 2124 —0.4302
12 65.6 50.5 0.4282| 42 233.6 2185 —0.4262
13 72.2 57.1 0.4205| 43 240.6 2255 -0.4213
14 76.2 61.1 0.4102| 44 2473 2322 04172
15 78.7 63.6 0.4069| 45 253.7 238.6 -0.4128
16 82.3 67.2 0.400 3| 46 259.8 2447 —0.4083
17 84.4 69.3 0.391 1| 47 265.5 2504 —0.4021
18 98.5 83.4 0.3804( 48 278.7 263.6 —-0.3827
19 101.7 86.6 0.3776| 49 283.4 2683 —0.3766
20 107.8 92.7 0.3762( 50 290.1 275.0 -0.3153
21 111.3 96.2 0.3122| 51 296.0 2809 —0.0836
22 116.8 101.7 0.079 5| 52 300.6 285.5 0.1386
23 122.2 107.1 -0.2467| 53 305.2 290.1 0.3265
24 126.9 111.8  -0.3937| 54 310.0 2949 0.4001
25 131.0 1159 -0.4013| 55 316.9 301.8 0.4148
26 137.4 1223  -0.4167| 56 321.3 306.2 0.426 6
27 142.6 127.5 -0.4280| 57 324.5 309.4 0.4353
28 153.7 138.6  —0.4456| 58 335.8 320.7 0.446 8
29 160.3 1452 —-0.4582| 59 342.0 326.9 0.4591
30 166.6 151.5 —0.4663| 60 348.9 333.8 0.4643
0.5
ig 0.3 :
Z 01t
Fiy L
ﬂé -0.1}
&
= -03}
-0.5

0 5 10 15 20 25 30 35
HLBAH /(%)
2 FESsHEEERARXER

Fig.2 The relationship between the remanence and
the voltage opening phase
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Tab. 2 Valuated values of core remanence with
different current amplitude

EERTU RN o AL 5L AR/ Wb
AR 400 HUERARS 70° HURARSR 150°
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3.87 0.478 8 0.4393 —0.4562
453 0.4837 0.4435 —0.4616
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Fig. 3 The relationship between the remanence and
the current amplitude
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