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“Does progressive ageing exist or is breakdown due to
material factors and independent events causing
damage over time?”

G. C. Montanari




Material homogeneity and ageing process
Incipit
“Does progressive ageing exist or Is breakdown due to

material factors and independent events causing
damage over tIme?” (question of Len D.)
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Material homogeneity and ageing process
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Correlation between
defect type and size,
stress (electric field)
and mechanism

the higher field and
void size, the higher
charge carrier energy
available for damage.

Defect damage
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concepts
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PHYSICAL MODELS
EXAMPLE OF PHYSICAL MODELS FOR MULTITRESSES
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DMM MODEL

DEFECT SITES

(microcavities,
clusters of chemical defects,
different trap depth).
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APPLIED VOLTAGE

SPACE CHARGE CENTERS
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ELECTROMECHANICAL
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APPLIED
STRESSES

DMM MODEL
? PHYSICAL DEGRADATION
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CHANGES

—

REDUCTION OF
B

G(E) = G, [G1 + Gm(E)] = Gz'Gl - AWes d BWem =

- (AW +BW,_ )

free energy, G
&

FAg

reaction coordinate

PRESENCEA; .A3 .@43 C3 .A 4.43D A@43 C3 . D 4

ABSENCEA; . A3 .@43 C3 .A 4.43D A@43 C3 . D 4

FREE ENERGY DIAGRAM




5L.)4

DMM MODEL
? LIFE MODEL: Example
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DMM MODEL
?ROLE PLAYED BY CAVITY SIZE
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Material homogeneity and ageing process
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Aging due to trigger and ‘ microvoid
growth of damage from ;
air-filled microvoid ’ oE
within polymer bulk. »le Matrix
electrodes
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Possible ageing mechanism driven by electric field
T he presence of cavities

1) ELECTRON INJECTON IN THE VOID

SOME INJECTED ELECTRONS FROM THE T ENERGY
ELECTRODES REACH THE VOID SURFACE
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Poessible ageing mechanism driven by electric field

T he presence of cavities
HOT ELECTRON PRODUCTION IN THE VOID
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Possible ageing mechanism driven by electric field
The presence of cavities

3) DAMAGE ACCUMULATION
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Poessible ageing mechanism driven by electric field
T he presence of cavities

3) DAMAGE ACCUMULATION
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Material homogeneity and ageing process
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PARAMETRIC ANALYSIS: LIFE (TIME TO FAILURE)

? ROLE PLAYED BY >
CAVITY SIZE . i&
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Material homogeneity and ageing process
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PARAMETRIC ANALYSIS: LIFE (TIME TO FAILURE)

? ROLE PLAYED BY
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LIFE-TEST DATA FITTING
XLPE SAMPLE #1 (FLAT SPECIMENS):
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OTHER MODELS DATA FITTING

Cable life estimates

N — L H5MT
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Material homogeneity and ageing process
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ability of random external
the intrinsic cumulative failure
lation system
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