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Abstract: To address the problem of insufficient characterization of the viscoelastic properties of
power transformer insulation spacers under dynamic loading, which makes it difficult to accurately
calculate the transient vibration displacement of windings, the mechanical response of the insulation
spacers under cyclic compression loading at different frequencies was systematically investigated.
The results reveal that strain accumulates rapidly during the initial loading phase, and the mechanical
properties gradually stabilize after entering the steady-state stage. Based on the experimental
results, a Kelvin-Voigt series constitutive model that accounts for hyperelasticity, viscoelasticity,
and time-varying viscosity coefficients was established, and an adaptive differential evolution

algorithm was subsequently employed to identify the model parameters. The results demonstrate
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that the proposed constitutive model can accurately capture the rapid accumulation and subsequent

saturation of viscous strain in insulation spacers during power transformer short-circuit impacts,

and can also simulate the gradual strain recovery after the short-circuit event. The stress-strain

curves calculated using the identified constitutive parameters show excellent agreement with the

experimental data for the insulation spacers, with coefficients of determination R* exceeding 0. 98

in all cases. This study provides an important theoretical basis and engineering reference for the

short-circuit withstand capability design of power transformers and the accurate assessment of

their operating conditions.

Keywords: constitutive model; hyperelasticity; viscoelasticity; adaptive differential evolution
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Fig. 1 Insulating paperboard sample and densification

treatment test device
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Fig. 2 Schematic diagram of cyclic load test device

for insulating paperboard
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Fig. 3 Stress-strain curves of insulating paperboard under two

cycles of loading
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Fig. 4 Stress-strain curves of insulating paperboard under

different frequencies
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Fig. 5 Stress-strain curves of insulating paperboard at steady

state under different frequencies

5 o3 M R A B B B R R R AN AR
14 52 T80 H5 16 UG P 285 SR 119 L A8 e i — YRR A 1

zkxb. xjtu. edu. cn

A B i KA RIATE B0 151 28 58 SIS 19 B AR AR N 3 4> S i
FEAEAE . JLREA A A A2 AL LA N AT 6 s .y AT
L o it T 2800 3 K ek SR BB 7 4l L A 2 1
NG GG S FIIEL 6 TR, 0 ) 0 F
o778 SRR 28 A A3 R S DI AH G T AE AR A B B L
M DU 555 A o DR 0k 2 A 2o e R T 22 28 £ AR RS )

RN

10 r
L . KRR
? T o ST U
st A g Jn— IRAE IR
A
7F g
SO0
ine]
2 5F
4 b
3t e
7"—. S, o T
2r - —1

34 5 6 7 8 9 10
% /Hz

ok

6 g AR e xh SRR B Pk I A% ) 5 )
Fig. 6 Influence of loading frequency on cumulative
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Fig. 8 Comparison diagram of transient stage identification of

stress-strain curves of insulation spacers
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