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* |mportance of condition
monitoring in asset
management

* |ntroduction to the
Transformer Age Index
Model (TAIM)

* Significance of results
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Why is condition
monitoring in asset
management important?



Condition Monitoring with Power Transformers

Informed Integration of
Maintenance multiple data
Decisions sources
Early
Better

Detection of

Faults investment and

risk decisions

0 O o
@ We care about our people be We do the right thing ‘gg We think about our future [ﬂl_ﬁﬂl We are one team

&




When thinking
about power
transformers...
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What happens when we don’t listen to the results? (&
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North Hyde fire, March 2025 (AP Photo:
MatthevwsMuirhead)
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t:’ Transformer Age
Index Model
(TAIM)




TAIM Boundaries

Risk of Failure
Old Ageing

Biological Age

Premature Ageing
Healthy Ageing

Chronological Age

Normal Ageing Healthy Agelng

Premature Ageing Risk of Failure

Old Ageing Designed Life
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The maths behind it

Biological age = chronological age x ageing factor
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Paper Ageing factor

Apw= Water Content (%) / 1.5

Aonpen = (0-47A; ) + (0.6%Amy)

DP =600 App =1 Water Content (%) =1.5%  Apw =1
DP <600 App > 1 Water Content (%) < 1.5%  Apw < 1
DP > 600 App < 1 Water Content (%) > 1.5%  Apw > 1
Temperature, °C
Paper Insulation Aging In Mineral Oil 0. 0102 3 4 50
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Oil Ageing factor

Ao = (0.4%A5, ) + (0.3%A g ) + (0.2*A ) + (0.1*A 0 )

Solubility of Water In Qil Dielectric Breakdown Voltage o ) Interfacial Tension
Oxidation of Qil -| acid !

Primarily effected by moisture & particies

HHHHH H .
R=C—C=C=C—C=H + 0, R-C—H
[
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R—=C—OH
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Temperature ) oo
Water Content (ppm) = 10 Dielectric Strength = 50 Aps =1 Interfacial Tension = 30 Arr=1 Acidity = 0.07 Aacio = 1
Water Content (ppm) < 10 Aow <1 Dielectric Strength < 50 Aos > 1 Interfacial Tension < 30 Arr > 1 Acidity < 0.07 Ancip < 1
Water Content (ppm) > 10 Aow > 1 Dielectric Strength > 50 Aos < 1 Interfacial Tension > 30 Arr <1 Acidity > 0.07 Aacip > 1

@ We care about our people Dﬂ_} We do the right thing ‘gg We think about our future We are one team




Tap Changer Ageing factor

@ We care about our people

Arpp = Max (Arow » Arps » Areautts )

Arow= Water Content (ppm) / 30

Arps = 40 / Dielectric Strength

Arraun = Stenestam Ratio

Water Content (ppm) = 30 Aow =1 Dielectric Strength = 40 Ams=1 Stenestam Ratio < 0.5 Arran < 0.5
Water Content (ppm) < 30 Aow <1 Dielectric Strength < 40 Arps > 1 0.5 < Stenestam Ratio < 3 Artraun = 2
Water Content (ppm) > 30 Aow > 1 Dielectric Strength > 40 Ams <1 Stenestam Ration 2 3 Atraur = 3

Df}} We do the right thing

‘gy@ We think about our future

O o
H We are one team

?




Bushing Ageing factor

Agusy = Max(Agran » Aginsp)

5 RIP OIP
Asman = 1 Tans=07 | Tans=07 Tan5=0.15
Agtan > 1 Tan5>0.7 Tans>0.7 Tan s> 0.15

’ Asman < 1 Tan8<0.7| Tans <07 | Tans<0.15 {

No Findings Aanes = 1

Some Contamination Asnes = 1.5

Cracks/Leaks/Hot Spots ~ Aaswes =3

Thermal inspection of
Electra’s Levin East T2, 2023
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Fault Ageing factor

Acair = (0.2%A5 ) + (0.4%A5r) + (0.47A gp7)

PD ’ Partial Discharges 12
D1 Discharges of Low Energy [ 1.5
[ D2 { Discharges of High Energy [ 3
™ Thermal Fault, T < 300 °C 2
[ 2 ’ Thermal Fault, 300 °C<T<700°C | 25
o) Thermal Fault, T > 700 °C [ 3

Aueor= Condition Score
Normal Normal Operation ‘ 05
PD Partial Discharges 12
‘ D1 [ Discharges of Low Energy ‘ 15
D2 Discharges of High Energy l 3
‘ T ‘ Thermal Faull, T < 300 °C ] 2
T2 Thermal Fault, 300 “C < T <700 °C 25

Thermal Fault, T > 700 °C ‘ 3

PO Partial Discharge

T1 Thermal Faul, t < 300°C

T2 Thermal Fault, 300°C < t < 700°C

T3 Thermal Fault, t > 700°C

D1 Discharges of Low Energy (Sparking)
D2 Discharges of High Energy (Arcing)
DT Electrical and Thermal Fault

—
%C2H2

LEDT - Low Energy Degradation Triangle

100 4, 0

DT Electrical and Thermal Fault

5 20 D2 Discharges of High Energy (Arcing)
’ D1 Discharges of Low Energy (Sparking)
PD Partial Discharge
0

H2; = H2/50 H2 =50 H2 <50 H2 > 50
CH4s = CH4/40 CH4 = 40 CH4 < 40 CH4 > 40
I C2H6; = C2H6/30 C2H6 = 30 | C2H6 < 30 C2H6 > 30
C2H4s = C2H4/40 C2H4 = 40 C2H4 < 40 C2H4 > 40

| C2H2; = C2H212 C2H2=2 | C2H2<2 C2H2 > 2
CO¢ = CO/350 CO =350 CO <350 CO > 350

Gas

Limit

Hydrogen

150

Methane

67

Ethane

90

Ethylene

50

Acetylene

1
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Disease Ageing factor

Apis = Acs

Acs

Non Corrosive

Acs =1

Corrosive

Acs=2

() (b)

Example of corrosive sulfur on a piece of copper
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Final equation

Ageing Factor:

(Aractor) = (Apaper x Kparer) T (AoiL x Koil) + (Arap x Krap) + (Agush x Keush) * (Arauct x Kraurr) *
(Apis x Kpis)

(Aracror) = (Apaper X 0.1) + (Agy, X 0.1) + (Apap X 0.2) + (0.42 X 0.2) + (Acaui7 X 0.35) +(1 x 0.05)
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Electra Power Transformer Fleet

© Hitachi © Pauwels

O Wilson

. Tyree

Chronological Age vs Biological Age

© Turnball Jones @ Bonar Long @ Brush

Biological Age

Premature Ageing
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Raumati T1
)

Risk of Failure
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Midlife Refurbishment

Design life
Chronological Age
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Biological Age

Otaki T1 profile

Chronological Age vs Biological Age

6235
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So what is the outcome for

using TAIM?
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Outcomes

Visual . Data driven Combines Prioritisation for
representation planning health and age maintenance
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Thank you!
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