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Diagnosis and Simulation Analysis of Gas Generation Faults in Conventional Upright
Oil-Immersed Current Transformers
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Abstract: To investigate the correlation between gas generation and capacitive screen micro-discharge in oil-immersed upright
current transformers, failure analysis was performed on two out of three 220 kV current transformers (same model) that experienced
bellows expansion tank cover failures in a regional power grid. The faulty units underwent insulation resistance measurement,
dielectric loss tangent (tand) and capacitance testing, and dissolved gas analysis (DGA) . Results revealed that hydrogen (H,) ,
total hydrocarbon content, and ethylene (C,H,) concentrations in the insulating oil exceeded warning thresholds, accompanied by
elevated dielectric loss values. Post-disassembly inspections identified significant wrinkling in the insulation paper surrounding the
primary winding and across capacitive screen layers, indicating critical manufacturing defects. Using Comsol Multiphysics 6.3, finite
element models were developed to simulate the primary winding’s external insulation structure, oil-paper interfaces, and wrinkled air
gaps. Partial discharge processes under these defect conditions were analyzed, confirming that insulation irregularities and capacitive
screen deformation induced localized electric field concentrations. Combined with experimental and dissection findings, the root
cause was attributed to progressive micro-discharges at wrinkled regions, exacerbated by degraded oil insulation properties,
ultimately leading to gas accumulation and structural failure.

Key words: current transformer (CT) ; dissection; dissolved gas analysis (DGA) ; finite element; partial discharge (PD)
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Fig. 1 Photo of 220 kV current transformer A corrugated

expander
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Table 1 Electrical test data of 220 kV current

transformer A
T H tand/% | C,pF A EAE %%
FAWINRE, R $4%) | 0.297 1.008.0
357 0.717 762.1 —
AR S
1190 A I 4%

R R & 357 0.553 | 1020.0
75 2N R )
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Table 2 Chromatographic analysis data of insula-

tion oil for 220 kV current transformer A

LS A PR/ (WL LY R R A/ (WL L)

H, 34 169.1 <300

CO 1215
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CH, 4026.2

CoHy 386.7

CoHe 2.0
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R 44184 <100
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Fig. 2 Photo of 220 kV current transformer B corrugated

expander
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Table 3 Electrical test data of 220 kV current

transformer B
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Table 4 Chromatographic analysis data of insula-
tion oil for 220 kV current transformer B
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9437 pL/L, MEMEEEEE, =WEET
FgmAG A “1107 ¢ WA AT S 4820 1 E 73
7|79 0.042 9%, 0.077 0%k Bl . FAAk4s

RN 6. 7. KKIMAR I 8.
5 MRS B AL EBENR. MRER
EABRNEA(10 KV B ET)$EE
Table 5 Insulation resistance test, dielectric loss
value and capacitance test (under 10 kV voltage) data of

current transformer B before disassembly
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Table 6 Test data of dielectric loss and volume re-
sistivity of insulation oil before disassembly of current

transformer B

¥ MR | s | R
SHIT B KV 64.0 68.3 >40( R~ H)
{ansi% 0.0429 0.0770 <0.040(VE 7 1H)
A Z/(Qm) | 2.22x10% 2.11x10% >5x10°
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Table 7 Test data of dissolved gases in insulating oil

before disassembly of current transformer B
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BiE 3007.6 2943.7 <100
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Table 8 Test data of insulation oil moisture content

before disassembly of current transformer B mg/L
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Fig. 4 Wrinkles or overlaps on insulation paper
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Fig. 5 Large area adhesive coating area
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Fig. 6 Deformed Zone in the Zero-Layer Capacitive Screen Lead
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Fig. 7 Broken part of insulation paper
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Fig. 8 The area where X wax is attached to the insulation
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Fig. 9 Schematic diagram of oil paper insulation structure for primary winding of current transformer
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Fig. 10 Schematic diagram of longitudinal section of primary winding and oil paper insulation
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Fig. 11 Two dimensional axisymmetric geometry of primary winding and oil paper insulation
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Fig. 14 Electronic density graphs
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Fig. 16 Electron density variation curve of the 2D intercept point
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