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Introduction
Condition Assessment — WHY ?
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Transformer Diagnose on practical Samples

Condition Assessment
Overview of Methods

Oil Analysis
SOT Standard Oil Test

Refraction Index

Clearness

Particles

Colour

Breakdown Voltage
Dielectric Dissipation Factor
Acidity

Moisture Content

Interfacial Tension

Inhibitor Content
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Oil Analysis
Furan Analysis

5-Hydroxylmethyl-2-Furfurol (SHMF)
2-Furfurylalcohol (2FOL)

2-Furfural (2FAL)
2-Acetylfurane (2ACF)

5-Methyl-2-Furfurol (SMEF)

- Correlation to DP

= Number of cellulose units (chain length)
= New kraft paper: ca. 1000-1200

- Degradation: <200

Oil Analysis
DGA Dissolved Gas Analysis

Nitrogen N,
Oxygen O,
Hydrogen H,
Carbon Monoxyd CO
Carbon Dioxyd CO,
Methane CH,
Ethane C,Hq
Ethylene C,H,
Acethylene C,H,
Propane C;Hg
Propene C;Hg
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Oil Analysis

DGA Dissolved Gas Analysis
Nitrogen N,
Oxygen O,
Hydrogen H, MSS
Carbon Monoxyd CO Rogers
Carbon Dioxyd CO, % Duval
Methane CH, & Own
Ethane C,H, - VDE 0370-7 or
Ethylene C,H, IEC 60599

Acethylene C,H,
Propane C;Hg
Propene C;Hg

Oil Analysis
DGA Dissolved Gas Analysis

MSS
Rogers
Duval
Own
VDE 0370-7 or
IEC 60599
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Electrical (PD, Discharges with low or high energy)

FAULTS
Thermal (Temperatures < 300°C, < 700°C or > 700°C)

Peter Werle, ABB
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Transformer Diagnose on practical Samples

Oil Analysis
Know-How
- For all oil analyses it is very important
= To take samples correctly
» Described in the standards
= To have experience for the evaluation of
the oil parameters
« ABB has additional rules and large

database
.
N ﬁ‘l A DI
Odicber 85514 | Side 9 P | FRIDED
Oil Analysis
Evaluation

« It is important to take all information into consideration !
[ Test | Resut |
H, lppm 3 Is this
Transformer OK ?

2 LPPM
CO [ppm] 44
CH, [ppm] 2
C,Hg [ppm] 1
C,H, [ppm] 1
C,H; [ppm] 0
C3Hg [ppm] 2
Al
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Network Connection Transformer

Example 1
Description and Background

= Technical data of the transformer:

] Rated value
Voltage 110/20/10 kV
Year of manufacturing 1991
Power 31,5 MVA

« Network connecting transformer in Germany
« History:

» Maintenance actions have been performed regularly

Peter Werle, ABB
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Transformer Diagnose on practical Samples

Example 1
Results of the SOT (12/2012)

I S

Breakdown voltage 71,5 kV
Dielectr. dissip. factor 8,5 %o
Acidity <0,03 Mgkon/9e
Moisture content 4.4 mg/kg
Interfacial tension 29,3 mN/m

= No abnormalities

ABB
Example 1
DGA Trend

= Time frame 01/2012 — 12/2012

—@—H2

== C3H8
—i—C3H6
—4—C2H6

Concentration in ppm

——=(C2H4

H2-Concentration in ppm

—C2H2

== CH4
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Transformer Diagnose on practical Samples

Example 1
Results of the DGA (12/2012)
Gas concentration [ppm]
H, [ppm]
O, [ppm] 0
N, [ppm] 40018 In general (60599)
CO; [ppm] 243 H2>CH4 -> Discharge
CO [ppm]
CH, [ppm] H2<CH4 -> Thermal
C,Hg [ppm] Problem
C2H, [ppm] 1
C,H, [ppm] 2
C3Hs [ppm] 1
C3Hg [Ppm] 1
Total Gas Content [%] 5,8
ABRD
S B s 15 FRIDID
Example 1
Evaluation of the DGA
= Value H, of above the limit
= |IEC 60599 Quotients:
= C2H2/C2H4: 2,4; CH4/H2: 0,04; C2H4/C2H6: 0,21
= Quotients close to PD (see table 2, IEC 60599)
= Graphical evaluation acc. to Dérnenburg
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Example 1
Further measurements (PD)

[ 180 [deg]

©ABB Group
October 9, 2014 | Siide 17

Example 1
What was the problem?

= Finally Customer informed ABB that last action was the
exchange of the main valve at the bottom of the
transformer

= Transformer Tank is not vacuum tight !

= Transformer was sent to ABB’s transformer service center

= A vacuum was applied to the transformer in a vacuum
chamber

= Oil was filled under vacuum

= HV test in test field, no PD were measured anymore

©ABB Group
October 9, 2014 | Siide 18
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Industrial Transformer

Example 2
Description and Background

= Technical data of the transformer:

] Rated value

Voltage 33/1.2-0.55kV
Year of manufacturing 2012
Power 55 MVA

= History:

= Increase of gas concentration was detected by a
Hydran sensor

- Recommendation by customer consultants: weekly
DGA

Peter Werle, ABB
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Transformer Diagnose on practical Samples

Example 2
Results of the SOT(07/2013)

I

Breakdown Voltage 74 kV
Dielectric dissip. factor 0,9 %o
Acidity <0,03 Mgkon/9e
Moisture content 3,8 mg/kg
Interfacial Tension 39,8 mN/m

= No abnormalities
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Example 2
Trend of the DGA
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Transformer Diagnose on practical Samples

Example 2
DGA Trend, zoom with operation profile of the transformer

=—&—Hydran
—-H2
—#&—CH4
—8—-C2H4
~fi—C2H6
~®—=C2H2

- 02in%
——N2%
~—Gesamt %

N2, 02, Total gas concentration in %

Concentration in ppm

15.04.13
25.05.13

A DD
Scober 3514 | side 23 FRIDD

Example 2
Results of the DGA (07/2013)

| Test | Resut

H, [ppm] 10
O, [ppm] 28354

N, [ppm] 64150
CO, [ppm] 502
CO [ppm] 64
CH, [ppm] 35
C,Hg [ppm] 6
C,H, [ppm] 57
C,H, [ppm]
C3Hg [ppm] 2
C3Hg [ppm] 20

Total Gas Content [%] 9,6
ST e ARB
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Example 2
Evaluation of the DGA

= On site performed electrical measurements:

Measurement | Result |

Transmission ratio No abnormality
Winding resistances No abnormality
Insulation resistances No abnormality

= No gas limit was exceeded — gases are stable

= Strong changes of O,, and N, concentration which are
expected to be stable (DGA provided by the customer)

Shunt Reactor

Peter Werle, ABB m
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Transformer Diagnose on practical Samples

Example 3
Description and Background

= Technical data of the shunt reactor

| Ratedvalue

Voltage 120 kV
Year of manufacturing 1979
Power 60 MVAr

= History:
= Abnormal DGA results in 2012

A DD
Scober 3514 | side 27 FRIDD

Example 3
Results of the SOT (07/2012)

| Test | Resut |

Breakdown voltage 71 kV
Dielectric dissip. factor 2,4 %o
Acidity <0,03 mgxon/9e
Moisture content 8,8 mg/kg
Interfacial Tension 39,1 mN/m

- No abnormalities
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Transformer Diagnose on practical Samples

Beispiel 2
Evaluation of the DGA: DGA Trend

2500

2000 -’

—o—H2
P ——CH4
——C2H2
/ ——C2H4
1000
——C2H6
/A —#—C3H6
500 é E g ;

1500

Concentration in ppm

—4&—C3H8

0

23.06.2010 23.06.2011 22.06.2012 22.06.2013
ABB
Example 3
Results of the DGA (07/2012)
| Test | Resut |
H, [ppm] 60
0, [ppm] 19460
N, [ppm] 54872
CO, [ppm] 5229
CO [ppm] )
C,Hg [Ppm]
C,H; [ppm]
C;Hg [ppm] 16
C3Heg [Ppm] 177
Total Gas Content [%] 8,1
Sloer s 8B14 side 30 I"‘taﬁ
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Transformer Diagnose on practical Samples

Example 3
Evaluation of the DGA
= Limit was exceeded at Methane and Ethylene concentrations
= |[EC 60599 Quotients:
= C2H2/C2H4: 0,0; CH4/H2: 6,8; C2H4/C2H6: 3,8
= Indication: Thermal fault between 300°C and 700°C
= Graphical interpretation acc. to Dérnenburg
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Example 3
Evaluation of the DGA
= Trend in Duval triangle
PD
40%
C2H4[%]
CH4 [%] M 09.07.2012
4.01.10.2012
40% %22.10.2012
25.06.2013
80% 60% 40% 20%
C2H2 [%]
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Transformer Diagnose on practical Samples

Example 3

Total Gas Content [%]

©ABB Group
October 9, 2014 | Siide 33

Example 3

What was the problem?

= Transportation to ABB Service Center
= Visual inspection of the active part:

= Hot spot at the core

©ABB Group
October 9, 2014 | Siide 34

Results of the DGA (07/2012)
| Test | Resut |

H, [ppm] 60
O, [ppm] 19460
N, [ppm] 54872
CO, [ppm] 5229 Experience ABB
CO [ppm] 769
CHa [ppml 406 C2H4/C3HE >=2-3
C,Hg [ppm] 116 -> Core Problem
C,H, [ppm]
C,H; [ppm]
C;Hg [ppm] 16
C3Hg [ppm] T —
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Transformer Diagnose on practical Samples

Conclusion
Oil Analysis

= Oil Analysis is the most important tool for a first diagnostic on
a liquid filled transformer

« Statement on Ageing and Failure existence can be given
- Samples must be taken and analysed correctly !

« Rating plate data, basic design information and history has to
be taken into account for the interpretation

« Experience and know-how is needed in order to draw the right
conclusions using the oil analysis results

= Additional condition assement methods can be used in order
to find the root cause of a problem

Power and productivity ‘l l. l!
for a better world™ ’ ‘ .' l'




