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Online Testing and Improved Calculation Model for Inter-layer Pressure of Circular Elements
in DC-link Capacitor
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Abstract: DC-link capacitors are widely used in flexible DC transmission systems. The core component of these capac-
itors is made by winding dielectric films, which generates inter-layer pressure during the winding process. The inter-layer
pressure has a significant impact on the insulation performance of capacitors, however, its measurement and calculation
pose challenges and lack consensus within the industry. In this paper, based on the current calculation model of inter-layer
pressure inside the circular element, the internal pressure of the element with 2 layers of coarse film and 2 layers of metal-
lized film was measured several times by using a semi-automatic winding machine. The measured results show that the
dispersion of the measured data is small and the reproducibility meets the requirements. However, the measured in-
ter-layer pressures inside the elements are more than one order of magnitude stronger than the current theoretical
calculation pressure. Through research and analysis, it is proposed that the current calculation model of interlayer pressure
of circular element does not consider the influence of traction force of winding machine on the interlayer pressure, nor
does it consider the influence of the change of winding diameter on the inter-layer pressure. Based on the principle of
torque balance, this paper proposes an improved computational model for interlayer pressure. Additionally, incorporating
experimental data, a correction factor is introduced into the computational model to account for the traction force applied
during the winding process. The research provides a method for measuring the distribution of interlayer pressure between
dielectric films within cylindrical capacitor components and presents a refined theoretical calculation approach. These
findings offer valuable guidance and recommendations for optimizing capacitor winding processes.

Key words: DC-link capacitor; circular element; inter-layer pressure; test of inter-layer pressure; calculation of inter-layer

pressure
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Table 1 Test results of interlayer pressure of roughened film

elements

no  Domm D/mm TyN B, /MPa FyN Symm? F, /MPa pi

10 78.6 90 6 0.600 35225 36 9.78 1630
10 78.6 90 0.600 346.02 36 9.61  16.02
10 78.6 90 0.600 335.11 36 931 1552

10 78.6 90 0.797 39457 36 10.96 13.70

®©w o N

10 78.6 90 0.797 405.86 36 11.27  14.09
10 78.6 90 10 0.996 489.05 36 13.58  13.63
10 78.6 90 10 0.996 484.66 36 1346 13.51
10 78.6 90 8 0.797 384.65 36 10.68  13.40

10 78.6 90 8 0.797 39743 36 11.04 13.85
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Table 2  Test results of interlayer pressure of metallized

film elements

no  Domm D/mm TyN F, /MPa FyN Symm? F, /MPa p

10 78.23 82.64 5 0.485 37942 36 10.54 21.74
10 7823 82.64 5 0.485 39725 36 11.03  22.76
10 78.23 82.64 5 0.485 384.05 36 10.67 22.01
N
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Fig.4 Force balance during element winding
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Table 3 Comparison of data before and after correction
(0.015 mmx97 mm roughened film)

BRI R K TR SRR
Ta/N Pm /MPa  Ta/N P,,Z /MPa EurN /MPa

JEBEEL B EBREE B2

6 0.63 13.48 9.78 4.36 15.54 2.246
6 0.63 13.24 9.61 4.36 15.26 2.207
6 0.63 12.82 9.31 4.36 14.78 2.137
8 0.84 15.10 10.96 5.81 13.05 1.887
8 0.84 15.53 11.27 5.81 13.42 1.941
10 1.05 18.71 13.58 7.26 12.94 1.871
10 1.05 18.54 13.46 7.26 12.83 1.854
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Table 4 Comparison of data before and after correction
(0.005 8 mmx100 mm metallized film)
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