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Abstract: Current transformers are core components in power systems for current measurement and relay
protection. During long-term service in multi-physical field coupling environments, the internal insulation
structure is prone to breakdown under local strong electric fields, triggering arc discharge in the insulating oil.
The consequent oil cracking and rapid expansion generate a sharp internal pressure rise. If not relieved in time,
this pressure surge may induce combustion and explosion accidents. Hence, the prompt response capability of
the pressure relief device under explosive loads is critical to the operational safety of current transformers. This
paper focuses on the expander—rupture disc pressure relief assembly of an LVB-220 current transformer and
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systematically investigates its dynamic mechanical behavior and failure mechanism under explosive impact
loading.An equivalent hydrogen—air premixed-gas explosion test platform was constructed. The test system
comprised two stainless-steel flame acceleration tubes with an inner diameter of 168.3 mm and a total length
of 4250 mm, a gas filling and mixing unit, an ignition device, and a high-speed data acquisition system. A
hydrogen—air mixture with a volume ratio of 27:75 was employed as the combustible gas to reproduce the most
severe explosion conditions induced by arc-generated cracking gas in transformer oil. Pressure and flame
signals were synchronously recorded using a high-temperature pressure transducer and two flame detectors
installed along the tube. The tested assembly included a positive-arch cross-scored rupture disc made of 316L
stainless steel with a static burst pressure of 0.2 MPa and a nine-convolution expander. Additionally, an explicit
dynamic finite element model was developed using ANSYS/LS-DYNA. The J ohnsor;é?k constitutive model

was adopted to describe the strain-rate-dependent behavior of 316L stainless steel. sscored region of

the rupture disc was finely meshed with a minimum element size of approximate m to capture crack
initiation and propagation accurately. The measured pressure—time history w. icd as the loading boundary
condition. Validation was performed by comparing the simulated opening pre€s nd expander deformation

ion,'the pressure wave reaches the
he/teasured peak pressure before
disc opening is 0.72 MPa, significantly higher than the static calibtation walue of 0.2 MPa, which is attributed

iformity of the pressure field under rapid
e /xial deformations of the nine convolutions

with experimental data.The results show that in the early stage of the

relief port ahead of the flame front and triggers the rupture disc operfi

to strain-rate hardening, structural inertia and the spatial n
loading. The expander exhibits limited plastic deformationwyith t
ranging from 0.60 mm to 2.30 mm. The deformation di is characterized by larger values at both ends
and smaller values in the middle, reflecting an energy absoption mechanism dominated by low-order bending
modes. The asymmetric curling of the rupture di aJ5 is closely related to stress wave reflections and the
fluid—structure interaction induced by high-speed” venting. The numerical simulation reproduces the crack
growth sequence, the opening morphology and the stress distribution with good agreement with the
experiments. The proposed experimental-simulation collaborative approach can provide reliable mechanical
basis and engineering guidance for tl%sit-re%tant design optimization of current transformer pressure relief

devices.

-
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Fig.1 Schematic Diagram of the Test System
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Fig.2 Test Setup Diagram
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Tablel Material Composition of Pressure Relief Devices

Grade Mass fraction (%)
No. C Si Mn P S Ni Cr Mo
316 <0.08 <1.00 <2.00 <0.035 <0.035 10.00-14.00 16.00-18.00  2.00-3.00
R 2B BRSHL

Table2 Technical Specifications of Rupture Discs

PR E )MPa B8 48/mm JEE/mm AE J)/MPa L5 /mm

0.2 254 0.2 0.18 8
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Table3 Setting the Properties of a Mesh Element for a Pressure Relief Device
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(a)Pressure Relief Device Model

(b)Expander Mesh Model (c)Bursting Disc Mesh Model
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(d)Expansion Joint Numbering Diagram (e) Rupture Disc Monitoring Point Diagram
B 3 it 2 B 07 LA % M 0
Fig.3 Pressure Relief Device Simulation Model and Monitoring Point Map
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2% 4 316L AN454M Johnson-Cook A7 4 2 15)
Table4 316L Stainless Steel Johnson-Cook Constitutive Model Parameter Table

A/MPa B/MPa n C

300.5 1156 0.603 0.01
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Table5 Deformation of Expanders

Number 1 2 3 4 5 6 7 8 9

Déformation/mm 230 218 120 060 080 1.06 130 1.12 158
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Fig.5 Axial distribution fitting curve of the relative deformation coefficient 7, for each expansion joint
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