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SUMMARY §

Imminent explosion
...or just a little gassy?
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ﬂ TRANSFORMER OIL

Transformer oil performs numerous
functions within a transformer:

+ Insulation
+ Cooling
+ Extinguishes Arcs

It also absorbs gases from the environment
it is in.




Transformer
health can be
based on the
percenfage of
five dissolved
gases

Methane (CH4)

DISSOLVED GASES

-,y I

' Hydrogen (i—| 2)

Ethane:
used in
anti-freeze

Ethane (C2H6)

Ethylene:
known for
ripening fruit

Ethylene (C2H4)

Acetylene:
...is just bad

Acetylene (C2H2)
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GAS
FORMATION

THE PROBLEM ‘

The formation of gases is normal as transformers age.
However, under the wrong conditions, gas formation
can accelerate. So what rate of gas formation is
dangerous?

We will investigate common fault types and lock into
Duval's diagnostic methods used in DGA analysis.

METHODS




COMBUSTIELE GAS GENERATION VS,
APPROXIMATE QIL DECOMPOSITION TEMPERATURE

PARTIAL DISCHARGE (NOT TEMPERATURE DEPENDENT)
RANGE OF NORMAL OPERATION
J_ HOT SPOTS ARCING

" (OF INCREASING
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GAS GENERATION [NOT TO SCALE]

APPROXIMATE OIL DECOMPOSITION
TEMPERATURE ABOVE 150°C

GAS
FORMATION

As a transformer spends
sustained periods at
higher temperatures,
more harmful gases are
formed.

&, Transformer Qils.” GlobeCore. Ol Purification
Systems., 19-5ep-2014, [Online]. Available-

ToAug2007).




"BASIC" FAULT TYPES




"ADVANCED" THERMAL
FAULT TYPES




DGA METHODS




Tests
Hydrogen (H2) ppm

Hydrogen (H2) ppm
generation/6 month
Methane (CHA) ppmi

Methane (CH4) ppm
generation/6 month
Ethane (C2ZHE) ppm

Ethane (C2HE) ppm
generation/6 month

Ethylene (C2H4) ppm

Bﬂ'rrlene (C2H4) ppm

>100 =201

>132 <228

=50 <81

0.4 <1.5 >1.49 <L5

Calbon Monoxide (CO) ppm
Carbon Monoxide (CO) ppm
generation/& month
Carbon Dioxide [CO2) ppm
Carbon Dioxide (CO2) ppm
generation/6 month

| »350<571  >570 <1401

| 54141320  >1314 <2100
| 22500 <4001 >4000 <10001

4154 <12600 >12554 21000

<10.1=6 <6139

>3500 <7001 >7000 <10001

Tutal Combustible Gas ppm
Maisture in Qil ppm
Interfacial Tension

<10

37201921  >1920 <4631

3 <16 #1531

{dynes per cm)
Acid Number

{KOH in mllllgrams}

=45

<05

<45 »35 <36 »25

=0,04=0.2 219<5.1

<26

0.5

This table represents a composife of IEEE C57-104 & |EC 60599 standards

BASELINE TESTING

s there a problem?

13.



PD = PARTIAL DISCHARGE
T1 = THERMAL FAULT LESS THAN 300°C
T2 = THERMAL FAULT BETWEEN
300'C AND TOO'C
T3 = THERMAL FAULT GREATER THAN 700°C
D1 = LOW ENERGY DISCHARGE (SPARKING )
D2 = HIGH ENERGY DISCHARGE (ARCHING) 80
DT = MIX OF THERMAL AND
ELECTRICAL FAULTS

€0
% cH, /

DUVAL'S TRIANGLE ONE

« This is the classic Duval's Triangle
for oil-filled transformers

« Each side is expressed as a
percenfage of it's sum

« The triangle interior is split into fault
zones

« The chart only identifies fault
types. It cannot indicate whether a
fault is actually present.

14.



DUVAL'S TRIANGLE FOUR

« Triangle Four is for the diagnosis of
low temperature faults in oil-filled
transformers

* |t can be used when Triangle One

indicates a PD, T1 or T2 fault.

« It uses Hydrogen, Methane and
Ethane.

« It's fault zones include the
'advanced' f:::u|’rs, which are PD, S,
C, O as well as ND (Not
Determined)

15.



DUVAL'S TRIANGLE FIVE

« Triangle Five is also for the
diagnosis of low femperature faults
in oil-filled transformers

* |t can be used when Triangle One

indicates a PD, T1 or T2 fault.

« It uses Methane, Ethylene and
Ethane.

« It's fault zones include the
'advanced' f:::u|’rs, which are PD, S,
e —— C, O, T3 as well as ND (Not

Tt Determined)

16.



DUVAL'S PENTAGONS

17.



DUVAL'S PENTAGON ONE & TWO

4% H;

40% CaHy 0% C;H;

AP CH,

40 % CH, 40N CH,
40% CH, 4% C.H,

DGA results identified by visual inspection as due to faults:

OFD AD1 AD2 X5=200C X5-120C WT3-H
OPD APl AD2 ET3 ET2Z KS$=200C  KS120C 4TI BT2-H BT1-H ®T3-C ®T2-C ®TI-C *T1-0

DGA results identified by visual inspection as due to faults:

Pentagon One represents the six 'basic' faults whereas Pentagon Two represents the 'advanced' ones

18.
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Michel Duval

B

Duval's
Triangles

Duval's
Pentagon

ANALYSIS

Baseline tests and Duval's methods
were used to analyse the three
transformers.

CH4 CaHe

20.




Tests

Hydrogen (H2) ppm

Hydrogen (H2) ppm
generation/6 month
Methane (CHA) ppmi

Methane (CH4) ppm
generation 6 month
Ethane (C2ZHE) ppm

Ethane (C2HE) ppm
generation/6 month

Ethylene (C2H4) ppm

Bﬂ'rrlene (C2H4) ppm

»132 <223
100 <201

>132 <228

=50 <81

0.4 <1.5 >1.49 <L5

Calbon Monoxide (CO) ppm
Carbon Monoxide (CO) ppm
generation/& month

| »350<571  >570 <1401

>414 <1320 =1314 <2100

Carbon Dioxide [CO2) ppm
Carbon Dioxide (CO2) ppm

| >2500 <4001 >4000 <10001

generation/6 month

124154 <12600 12594 <21000

<10.1=6 <6139

>3500 <7001 >7000 <10001

Tutal Combustible Gas ppm
Maisture in Oil ppm
Interfacial Tension

37201921 >1920 <4631

3 <16 #1531

{dynes per cm)
Acid Number

{KOH in mllllgrams}

<05

<45 »35 <36 »25

=0,04=0.2 219<5.1

<26

0.5

This table represents a composife of IEEE C57-104 & |EC 60599 standards

BASELINE TESTING

Is there a problem?

Don't proceed unless there is.

21.



TESTING TRANSFORMER ONE

Is there a problem?
Don't proceed unless there is.

Methane (CH4) ppm
generation/6 month

(dynes per cm)
Acid Number

(KOH in nilligﬂ'ns
This table represents

22.



TESTING TRANSFORMER TWO

Is there a problem?
Don't proceed unless there is.

(dynes per cm)
Acid Number

(KOH in milligrams _
This table represents posife of IEEE C57-104 & IEC 60595 standards

23.



TESTING TRANSFORMER THREE

Is there a problem?
Don't proceed unless there is.

Moisture in Oil ppm
Interfacial Tension

osite of IEEE C57-104 & IEC 60399 sfandards

24.
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SUMMARY

Baseline Triangle Pentagon

* *®
one

two v
three x PD/T

It has been concluded that the site of transformer three is unsafe to enter.
It will be replaced within the next financial year.

31.
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Any questions?

34.
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