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Abstract

As critical switching components in power systems, high-voltage vacuum circuit breakers can reveal
potential faults by detecting their mechanical characteristics and the currents in the opening/closing
coils, providing a basis for maintenance and ensuring the safe operation of power grids. Conventional
characteristic testing systems for permanent magnet operating mechanisms suffer from prominent
drawbacks: they fail to capture key parameters, including coil operating current, coil voltage, and
power supply status, and rely on manual data entry for acquisition and integration. To address these
limitations, an automatic acquisition and testing system for characteristic parameters of permanent
magnet operating mechanisms is proposed in this paper. Appropriate sensors and hardware modules
are selected, and corresponding hardware circuits are designed to realize fully automatic control of
circuit breakers and unattended data collection. The proposed system effectively improves test effi-
ciency, eliminates human-induced risks during experiments, and enhances overall test safety. Three
groups of verification tests are carried out to evaluate the system performance, including the extrac-
tion of stroke characteristic parameters under normal opening/closing operations, characteristic pa-
rameter acquisition under variable control voltages, and sampling of opening/closing coil current
characteristics. Experimental results demonstrate that compared with traditional acquisition equip-
ment for permanent magnet operating mechanisms, the developed system achieves superior stability
and user-friendliness. It not only boosts the efficiency of characteristic parameter collection, but also
furnishes reliable data support for further research and intelligent online monitoring of permanent
magnet operating mechanisms.
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Figure 1. System composition architecture diagram
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Figure 2. System hardware architecture
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Figure 3. Schematic diagram of data acquisition
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Table 1. Reference selection of main sensors and data acquisition cards
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Figure 4. Schematic diagram of hardware control circuit
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Figure 5. Test system software design hierarchy diagram
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Figure 6. Schematic diagram of characteristic quantity acquisition for closing current
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Figure 9. Feature-quantity algorithm flowchart
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Figure 10. Schematic diagram of travel curve
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Table 2. Extraction of closing characteristics under normal conditions
2 2. EEFERATSEFEZRN
H) uorv UiV U3 t0/s tl/s d/mm v/mes™!
1 2.602 2.989 2.983 0.023 0.076 29.157 0.541
2 2.603 2.986 2.975 0.035 0.080 28.383 0.864
3 2.602 2.989 2.974 0.028 0.087 28.405 0.818
4 2.604 2.988 2.984 0.035 0.079 29.083 0.744
5 2.601 2.985 2.977 0.037 0.080 28.719 0.722
6 2.603 2.987 2.982 0.030 0.079 28.950 0.765
7 2.600 2.985 2.977 0.029 0.083 28.781 0.648
8 2.603 2.990 2.979 0.032 0.082 28.781 0.742
9 2.602 2.989 2.977 0.026 0.080 28.616 0.647
10 2.602 2.993 2.981 0.029 0.077 28.970 0.683
¥ 2.602 2.988 2.979 0.030 0.080 28.785 0.717
Table 3. Extraction of opening characteristics under normal conditions
3. EEFERATHEFEERI
A uov UiV U3 t0/s tl/s d/mm vim-s
1 2.981 2.593 2.596 0.030 0.063 29.481 1.249
2 2.984 2.594 2.601 0.025 0.061 29.263 1.079
3 2.983 2.596 2.608 0.031 0.060 28.645 1.456
4 2.980 2.593 2.602 0.035 0.061 28.901 1.597
5 2.980 2.593 2.596 0.032 0.058 29.273 1.490
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6 2.980 2.591 2.604 0.027 0.057 28.750 1.449

7 2.975 2.594 2.602 0.037 0.061 28.509 1.611

8 2.979 2.595 2.604 0.031 0.057 28.693 1.694

9 2.978 2.594 2.603 0.036 0.062 28.652 1.557

10 2.977 2.598 2.602 0.032 0.059 28.704 1.530

S5 2.980 2.594 2.602 0.032 0.060 28.887 1.471
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Figure 11. Schematic diagram of stroke curve under control voltage variation
11, #EHBET U TITIE& B E
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Table 4. Extraction of closing characteristics under control voltage changes
4. EHIBETUTEEFTEERIN
Bk 47 uov uiv usv t0/s tl/s d/mm v/ms™
207V 1 2.604 2.998 2.983 0.028 0.062 29.013 0.952
(135%) 2 2.606 2.993 2.983 0.027 0.058 28.849 1.015
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3 2.605 2.998 2.982 0.028 0.060 28.822 0.994

297 4 2.605 2.993 2.982 0.030 0.062 28.859 1.148
(135%) 5 2.605 2.990 2.982 0.031 0.062 28.787 1.080
T 2.605 2.994 2.983 0.029 0.061 28.866 1.038

1 2.603 2.990 2.983 0.030 0.072 29.002 1.185

2 2.606 2.989 2.983 0.028 0.064 28.815 0.857

275\ 3 2.606 2.991 2.983 0.028 0.071 28.797 1.171
(125%) 4 2.606 2.991 2.982 0.032 0.074 28.755 1.246
5 2.603 2.989 2.980 0.035 0.065 28.814 1.021

T 2.605 2.990 2.982 0.030 0.069 28.837 1.096

1 2.603 2.988 2.977 0.037 0.097 28.654 0.861

2 2.601 2.986 2.979 0.042 0.095 28.861 0.705

200V 3 2.600 2.986 2.987 0.036 0.086 29.608 0.625
(91%) 4 2.603 2.987 2.978 0.038 0.089 28.641 0.748
5 2.602 2.986 2.979 0.039 0.096 28.883 0.853

T 2.602 2.987 2.980 0.038 0.092 28.929 0.758

1 2.602 2.985 2.979 0.046 0.101 28.870 0.715

2 2.604 2.986 2.981 0.049 0.100 28.833 0.818

180 V 3 2.602 2.985 2.981 0.045 0.101 28.917 0.684
(82%) 4 2.605 2.983 2.980 0.048 0.100 28.693 0.791
5 2.606 2.986 2.981 0.051 0.101 28.644 0.764

T 2.604 2.985 2.981 0.048 0.101 28.791 0.755

1 2.603 2.981 2.981 0.056 0.115 28.858 0.631

2 2.604 2.984 2.981 0.052 0.110 28.834 0.644

165 3 2.605 2.983 2.981 0.056 0.113 28.731 0.656
(75%) 4 2.604 2.982 2.979 0.056 0.113 28.655 0.630
5 2.604 2.981 2.978 0.052 0.108 28.561 0.659

T 2.604 2.982 2.980 0.054 0.112 28.728 0.644

Table 5. Extraction of opening characteristics under control voltage changes
2 5. EHIBET LTS EFEEIRE
HE 45 uov UV U3V t0/s tl/s d/mm v/ms™

1 2.981 2.595 2.605 0.029 0.052 28.726 1.676

2 2.982 2.597 2.609 0.033 0.053 28.502 1.801

297 3 2.977 2.596 2.606 0.029 0.052 28.385 1.657
(135%) 4 2.981 2.508 2.604 0.024 0049  28.804 1.692
5 2.980 2.598 2.606 0.028 0.052 28.551 1.665

) 2.980 2.597 2.606 0.028 0.052 28.593 1.698

275V 1 2.981 2.597 2.607 0.025 0.049 28.622 1.751
(125%) 2 2.979 2.595 2.601 0.027 0.051 28.882 1.698
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3 2.980 2.595 2.603 0.026 0.050 28.830 1.686
275\ 4 2.981 2.593 2.605 0.025 0.050 28.724 1.642
(125%) 5 2.981 2.596 2.605 0.028 0.053 28.720 1.647
T 2.980 2.595 2.604 0.026 0.051 28.755 1.685
1 2.981 2.592 2.604 0.048 0.073 28.795 1.713
2 2.978 2.594 2.602 0.035 0.058 28.786 1.721
200V 3 2.978 2.593 2.604 0.035 0.059 28.633 1.655
(91%) 4 2.979 2.599 2.604 0.034 0.059 28.666 1.639
5 2.978 2.595 2.602 0.041 0.065 28.782 1.508
T 2.979 2.595 2.603 0.038 0.063 28.732 1.647
1 2.982 2.597 2.602 0.047 0.071 28.997 1.569
2 2.980 2.597 2.606 0.039 0.064 28.617 1.606
180 V 3 2.977 2.596 2.605 0.046 0.070 28.452 1.594
(82%) 4 2.977 2.594 2.603 0.049 0.073 28.608 1.633
5 2.978 2.594 2.604 0.048 0.072 28.616 1.623
T 2.979 2.596 2.604 0.046 0.070 28.658 1.605
1 2.979 2.590 2.600 0.047 0.071 28.980 1.648
2 2.980 2.600 2.605 0.052 0.077 28.623 1.688
165 3 2.979 2.593 2.603 0.058 0.082 28.722 1.735
(75%) 4 2.978 2.594 2.602 0.044 0.069 28.718 1.664
5 2.978 2.592 2.604 0.071 0.096 28.634 1.335
T 2.979 2.594 2.603 0.054 0.079 28.735 1.614
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Figure 12. Opening and closing current curve
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Table 6. Extraction results of closing current characteristics
6. BEERIFESRMAR

5 (5] B FEL /A g EENEIR
11 12 13 Mrie 1 et 2 BrEe 3 Hrie 4 S BRI
1 76.1409 65.9535 76.7678 0.0499 0.0144 0.0124 0.0141 0.0908
2 75.9462 65.9535 77.6108 0.0497 0.0143 0.0137 0.0137 0.0913
3 74.2504 63.9128 74.0990 0.0508 0.0152 0.0121 0.0134 0.0915
4 76.2276 66.2563 78.2810 0.0504 0.0145 0.0148 0.0150 0.0945
5 76.5523 66.5267 77.6322 0.0499 0.0142 0.0129 0.0135 0.0904
6 77.5015 67.5424 80.1715 0.0493 0.0140 0.0146 0.0145 0.0923
7 73.8841 63.5118 75.2008 0.0512 0.0155 0.0153 0.0154 0.0973
8 75.6764 65.6184 77.8055 0.0502 0.0145 0.0151 0.0150 0.0947
9 75.7404 65.6293 77.2647 0.0502 0.0146 0.0139 0.0163 0.0949
10 75.8393 65.6941 76.9949 0.0501 0.0151 0.0136 0.0156 0.0944
i 75.7759 65.6599 77.1828 0.0502 0.0146 0.0138 0.0147 0.0932

Table 7. Extraction results of characteristics of opening current

7. DEBERFHEERRIMER

5 (5] B FEL /A g EEEIR
11 12 13 Mrie 1 et 2 BrEe 3 Hrie 4 S BRI
1 2.1261 1.7366 2.7617 0.0132 0.0091 0.0164 0.0057 0.0443
2 2.1626 1.7967 2.8339 0.0138 0.0094 0.0158 0.0057 0.0447
3 2.2224 1.8857 2.7083 0.0173 0.0090 0.0140 0.0120 0.0522
4 2.2244 1.8929 2.8201 0.0154 0.0098 0.0165 0.0057 0.0474
5 2.2455 1.9418 2.8160 0.0161 0.0103 0.0164 0.0056 0.0483
6 2.1261 1.7366 2.7617 0.0132 0.0091 0.0164 0.0057 0.0443
7 2.1626 1.7967 2.8339 0.0138 0.0094 0.0158 0.0057 0.0447
8 2.2224 1.8857 2.7083 0.0173 0.0090 0.0140 0.0120 0.0522
9 2.2244 1.8929 2.8201 0.0154 0.0098 0.0165 0.0057 0.0474
10 2.2455 1.9418 2.8160 0.0161 0.0103 0.0164 0.0056 0.0483
T 2.1962 1.8507 2.7880 0.0152 0.0095 0.0158 0.0069 0.0474

FASTHE 0 A RN RS Tahl sl T xr b, S5 RRMIMF RIS HE A~ HF300
NIRRT, A RIREASBEN R, Fdb AT M BB O, HL RN CRE I B, S IE N TR
ARV o SKBREATIIEM, ZARGR & HE FD R A5 S SR DRe[7]. AT Sk kR
UL R R TT 30, ARG ERE ERESEE T IR A RS, AR ZFRT TR IR R R,
R TT N TR B SR AR AL (KT RIE 0 B 8 BE AL M TN 3R (R die ST
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