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Study of Bridge Differential Protection Measurement Method Based on Stray Capacitance
ZHANG Youan, SHI Bin, CHEN Deling, WANG Xi, WANG Yaling,
ZHANG Chengcheng, WEI Chunru

(Xincheng (Liaoning) Power Capacitor Technology Co., Ltd., Liaoning Yingkou 115007, China)
Abstract: In this paper, the issue of abnormally high measured values in the bridge differential protection
current meter in the AC filter capacitor bridge differential protection system of high-voltage direct current
(HVDC) projects is studied. Both theoretical analysis and field measurements show that stray capacitances
between the ammeter measurement wire and capacitor banks, between the wire and ground and between the
wire itself, as well as physical asymmetry in the wiring to the ground, cause differential mode interference,
resulting in the measured value of unbalanced current being greater than the actual value. An equivalent
circuit model for the stray capacitance is set up in this study, a formula for calculating the measurement
error is derived , and the impact magnitude of the stray capacitance on the measurement results is
analyzed. To precisely quantify the stray capacitance parameters, a high - fidelity 3D electrostatic field
model of the capacitor banks and measurement wire is set up using COMSOL Multiphysics software so to
provide critical input for the error analysis. Finally, using a +800 kV UHVDC project in Hami, Xinjiang as
a case study, the correctness of theoretical analysis is verified by the site test. Moreover, the solution to use
collected voltage instead of current is proposed so to achieve equivalent measurement of the unbalanced
current.
Keywords: high-voltage direct current (HVDC) transmission; bridge differential protection; stray capac-

itance; differential-mode interference ; COMSOL Multiphysics; equivalent measurement
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Fig. 1 Wiring schematic diagram for the bridge
differential protection ammeter wire in the second section
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Fig. 2 COMSOL model diagram of wiring for near-tower
vertical section
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Fig.3 Voltage and capacitance distribution diagram of
wiring route
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Table 1 Capacitance matrix of multiple conductors in wiring route

10"F
Maxwell (o Ci, Cis Cis Cis Cis Cis Cis Cio

Ci 0.5127 -0.0150 -0.0940 -0.0570 -0.0550 -0.0530 -0.0510 -0.0450 -0.0310
Cy -0.0150 0.4515 -0.0530 -0.0470 -0.0530 -0.0540 -0.0520 -0.0450 -0.0310
Cs -0.0940  -0.0530 2776 3 -1.6950 -0.1230  -0.0570  -0.0350 -0.0260  -0.0360
Cu -0.0570  -0.0470 -1.695 0 3.8767 -1.6200  -0.0900  -0.0370  -0.0220  -0.026 0
Cs; -0.0550  -0.0530 -0.1230  -1.6200 3.8855 -1.6170 -0.0890 -0.0380  -0.0360
Ce; -0.0530  -0.0540 -0.0570 -0.0900 -1.6170 3.887 1 -1.6170  -0.0900 -0.0590
Gy -0.0510  -0.0520 -0.0350 -0.0370 -0.0890 -1.6170 3.8859 -1.6210  -0.126 0
Cs; -0.0450 -0.0450 -0.0260 -0.0220  -0.0380  -0.0900 -1.6210 3.8771 -1.701 0
Co -0.0310  -0.0310 -0.0360  -0.0260  -0.0360  -0.0590 -0.1260  -1.7010 27310
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Fig. 4 2D simulation model of wire-to-ground stray
capacitance
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Fig. 5 Parameter sweep of wire-to-ground stray
capacitance
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Table 3 The rate of change of capacitance per unit length
of the wire to ground with respect to the conductor’s

height above the ground
LI UMM AMIRIE A H AR
3 J/m L2 h/ (F/m) AR %
0 1.04E-10 0

0.001 4.12E-11 60.58
0.002 3.18E-11 69.54
0.003 2.75E-11 73.71
0.004 2.48E-11 76.24
0.005 2.30E-11 77.97
0.006 2.17E-11 79.25
0.007 2.06E-11 80.25
0.008 1.98E-11 81.06
0.009 1.91E-11 81.73
0.01 1.85E-11 82.29
0.011 1.80E-11 82.78
0.012 1.75E-11 83.21
0.05 1.23E-11 88.23
0.1 1.07E-11 89.79
0.2 9.35E-12 91.05
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