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HEALTHY 90 YEAR OLD
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HEALTHY ?

0 7aldaziannuau (Temperature and Blood Pressure)

O n579180A (Blood Tests)

Oa519Uaa1e (Urinalysis)

0 6an31917@ (Ultrasound)

OMRI

O aovunwlszinvesaulunsounsa (Family Health History)

0315530, ammunden, ANuA3BA (Life Style, Environment, Stress)
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@ HEALTHY TRANSFORMER AND GENERATOR?

wiL.ns. duse surinhy msisesnyua:nadougunsailih

SIMILAR METHODOLOGY

Healthy Person ? Healthy Electrical
equipment ?
Blood Tests, Urinalysis, DGA, Power Factor, %Moisture
Temperature Insulation
Family History Equipment Design
History
Stress, Environment, Workplace, Load Profile, Location of equipment
Lifestyle
Type of Care Maintenance Program (TBM, CBM,
RCM)
6
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ELECTRICAL EQUIPMENT DIAGNOSTICS

Review Patients History

Review History of Equipment

Q Family History of

U0 Maintenance History

— High Blood Pressure and Heart
Disease

O Operational History

— High Cholesterol, Cancer Risks, etc.

Q Service Advisories

Q Factory Tests

O Site Inspections

4 Routine Tests

wi.ns. d1s0 aurinly
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Temperature Tolerance Class Maximum Operation

Temperature Allowed

OC °F

Y 90 194

A 105 221

E 120 248

B 130 266

F 155 311

H 180 356

C > 180 356

| INSULATION CLASS TEMPERATURE RATING




@ CIGRE — GENERAL AGING AND FAILURE MODEL

Insulation
Spare I
Margin
[ ]
Failure
Incudents
Insulation "
Stress /
New Increasing Age Oid
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@ dnjuilouninmauan

External Contaminants

Other
Chemicals

Dust and Particles

Mold

0Oils and Grease

13
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oanuasaana Wi (Electrical Stresses)
O Wav1NN1NA (Mechanical Stress)

O 91NWaN19Al (Chemical Stresses)

O 91ANAAINTOU (Thermal Stresses)

o mstuiloudanado

(Environmental Contamination)
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Capacitance charging current

\. J
( N\

v

Dielectric absorption current

. J
( )

Partial discharge current(corona)

G J
( )

Volumetric leakage current
. J

18
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DIELECTRIC PHENOMENA AND POLARIZATION

He.As. duse Jurily mswusssnyuanadouaunsailiih

1:;:: ‘\ Capacitance

% —1— charging current

: \

.4(1 \ A N

\\\\ Total current
- \ NI
. \
~

15 N Swj

o =1 ~

K o \

2 \

. \ N

5 / \

Conduction
i /‘_ or le.a.k;lge \ >\\
/ current Absorption
N: ',' current \
L5 / \ 19
HELAS. 'ci'llS\] (ju}’i'ﬂﬁ ]lll 015 02 02503 04 05 llﬁ(h?“;::(l)llllds L5 2 253 1 5 6 7 8910
NMSNAdourUOU AIFILSIAUNS=ILANSY
Y [Z .
O MINATDURUIU AWUTIAUNTSUANTI (DC voltage testlng)
Y . . .
® N1TNATDUANUATUNIURUIU(Insulation resistance testing)
® High-potential (Hi-pot) voltage testing
20
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® MIIFABNANNYBINUIY (Degradation)

) ,
oilumsnagouiien
= 1 2 49; . . )
® M1330gveaav1u)on(Contamination) 1150 o
o
-

A £ v JNY
o HANIENUNUADAITUYNADIVIINAAND ulﬂllﬂ

a

® NAUBDIYUNYN

U

9
® A7U¥U (Humidity)
® External leakage 1NANUANYTNVDI Insulator 1AL Bushing Tu
FEUINMINATOLU

21
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Oﬁ'lll'ﬁﬂll‘liﬂﬂi’]ﬂl‘ﬂu
® Short-time Reading
® Time-Resistance Reading (Dielectric Absorption Ratio (DAR) Test)
® Polarization Index (PI) Test

® Step-Voltage Reading

22
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SHORT-TIME READING

THIS VALUE
IS READ
AND
RECORDED
%)
=
E=
=)
G
w
=
0 TIME — 60 sec 23
ni.ns. duse urhy msisesnyua:nadougunsailih
TEMPERATURE CORRECTING FACTORS
Rotating Equip.
T Transformers
Temperature Class
_emperature 0il- Dry
°C °F A B Filled Type
0 32 0.21 0.40 0.25 0.40
5 41 0.31 0.50 0.36 045
10 50 0.45 0.63 0.50 0.50
15.6 60 0.71 0.81 0.74 0.75
20 68 1.00 1.00 1.00 1.00
25 77 1.48 1.25 1.40 1.30
30 86 2.20 1.58 1.98 1.60
35 95 3.24 2.00 2.80 2.05
40 104 4.80 2.50 3.95 2.50
45 113 7.10 3.15 5.60 3.25
50 122 10.45 3.98 7.85 4.00
55 131 15.50 5.00 11.20 5.20
60 140 2280 6.30 15.85 6.40
65 149 3400 790 2240 8.70 2

wi.ns. d1s0 aurinly

70 158 5000 10.00 31.75 10.00
75 167 7400 1260 44.70 13.00

Unsailwlih
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Dielectric Absorption Ratio (DAR) Test

A 9 A A 2 ' A '
O AUIUNA ANNUATUNUAITIZUAUNNVUAADALINIATNNUNITIY

ugadun 1y
o sfumneRe PUILTAA Absorption Current vzanauiioratdn
O M3NAaADY Dielectric Absorption Method ﬂzﬂﬂﬁuﬁuqmwgﬁuamum
voagilnsal
O 831831 UD4 Dielectric Absorption LAAIDIFNNYDIRUIY 1@ hi

Resistance Reading at 60 s

DAR = - -
Resistance Reading at 30s

25
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TIME-RESISTANCE TEST

INSULATION
PROBABLY

TN

(7]
=
= =
o
o
w
= /
MOISTURE AND DIRT
MAY BE PRESENT
(B)
0 TIME —~ 10 MIN 26
He.As. duse Jurily mswusssnyuanadouaunsailiih
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TIME-RESISTANCE OR DOUBLE-READING TEST

INSULATION
GOOoD

TIME

START 30 SEC 1 MIN

|  meconms

INSULATION RESISTANCE

OHMS

INFINITY
m

- WL

00 600

290

——
o

,#‘,

”

/

/

[

HA.AS. d1S

INSULATION MAY BE WEAK,
BETTER WATCH!

27

PI TEST

IR

PI — at 10 min

IR

at 1 min

60/30- Second Ratio

Polarization Index (PI)
(IEEE C57.125-1991)

oUATIY

<1.0

a1

1.0-1.1

Uerade

1.0-1.25

1.1-1.25

wo'ld

1.0-1.25

1.25-2.0

=
9]

>2.0

wi.ns. d1s0 aurinly

msusssSnuanadgougUnsailwih

g . . . ' &
O 1Wumsnaaou Dielectric Absorption Test DY INHUY
ann

28
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Power Transformer

Company - S.D. Myers, Inc. = 3
Location - Tallmadge, OH est No

Equipment - 3 Phase Transformer Rating - 50 MVA Voltage - 69/13.8 kV
Type - FOA Mfr. - GE Winding Age - 1956

State if Transformer is Oil-Filled and of the
Conservator, Free-Breathing or Gas-Filled Type Conservator

If of the Free-Breathing Type, describe the Breather
Arrangement and Dehydrating Medium Used

CF=1.98
Test Data - Megohms Top Oil Temp 30°C
Test Voltage 2500 vDC 2500 vDC 2500 vDC
PRI To Line PRI To Line SEC  TolLine
TestConnections | GND ~ ToEarth| SEC ToEath| GND To Earth
1/4 min 450 525 400
1/2 min 475 625 425
3/4 min 500 700 450
1 min 550 725 480
2 min 650 850 600
3 min 700 925 625
4 min 725 975 850
5 min 750 1000 660
6 min 775 1050 670
7 min 775 1100 680
8 min 790 1125 690
9 min 790 1150 700 .
10 min 800 1150 700 29
10/1 min ratio 1.46 1.59 1.45 N y
Remarks: Step Voltage Test @ 500 VDC for 1 min = 400M ohms/SEC
. Step Voltage Test @ 500 VDC for 1 min = 500M ohms/PRI
wi.as. d1se aurinly
Dielectric Absorption Test
& 10 Three Phase Transformer -
gg 9 3750 KVA., 13,800/2300 volts A
8« —
By 8 —— 9
S 7 W 2 4
-—
Sf‘% 6 — —13 +—
se
'_;E " ) /
_";"E L — 1. Primary to Secondary P =159
4 2. Primary to Ground +—— P =1.46
3. Secondary to Ground P=145
3 | 11
114 112 3/4 1 2 3 4 § 6 7 8910
Time in Minutes
30

wi.ns. d1s0 aurinly

msusssSnuanadgougUnsailwih
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STEP-VOLTAGE READING (DC VOLTAGE TIP-UP TEST)

I Y 2 o 1 9 A a ]
o lumsnaaaudlemamuusgy Mo lUnauIunagou N3
ANUA UMY

X A & A da 2
O FIUITDNTIINN AUV, ﬂ’JﬁJﬁﬂﬂ’iﬂ uazmﬂmﬂ@u@uq NNAVU

Melunuiu
eLis. 180 Buriily mstgrsinranageugunsadlaib 31
MSNAdoOUAMAUNTUYDITUIU
gunsailwih
b, diso lumhl mssssmuanadovgUnsailiih 32
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s [T 0o
x1 O
x O
-Om 6O =+

Tested Transformer

MEGGER :|Lj aOL

21959AMAIINATUNIURYIY

ni.ns. duse urhy msisesnyua:nadougunsailih

33

ANSONAMATUNTUYIIRUIUNSILANS)

o lunsain lufimdaguls W Fanuduwus deil
CE
R=_
, KVA

KVA =KVA 19490210410
' ) 4 0
R = AIAIUMUMUID9RUIUN 20°C
%39 =kV+1 dmsuvandgInd1 100 KVA

naaeuTag i Guard L
C = 0.8 dwmsuniiniu 7120°C wio
= 16.0 Dry, Compound filled, or Untank Oil Filled

E = u59auNmMyuave9vaaIn

He.As. duse Jurily mswusssnyuanadouaunsailiih
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MSONAMIATUNTURUDUAS=ILANSI

naae1 1aed) Guard
C = 1.5 gwmSuniinie 7120°C vie
= 30 Dry, Compound filled, or Untank Oil Filled

o Ao Yy o Yy 1 g Y A 2
E = UIIAUNNINUAUDIVAAIN mmmm@mmuﬂu DA 1190 @913

35
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POLARIZATION INDEX (PI)

O Polarization Index (PI) 7B A1ATIAIUANNAIUNIUAUIUNUIN

D.

N 10 dowIin 1 R
PIZ ar10min
R

arlmin

1 ) v v A 9 a Y [ dy
O PI dmsuaaduanInvesnieas Wﬁ]”liill"lnlﬂiﬂﬂ@ﬂi”lﬂﬂﬂ H

(IEEE C57.125-1991) AN PI

SUAT1Y oena 1.0
1 1.0- 1.1

e e 1.1-1.25

wold 1.25-2.0

36
f ¥1NNI1 2.0
ur.ns. dse durinhy mistsesnyua-nadauaunsailnih
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Hi.as. d150 gun’

4.2.2 maamanl

TABLE 2

sznouuh lvamzumsianamiiumiuauaun

MEGGER INSULATION RESISTANCE TEMPERATURE

CONVERSION FACTORS FOR OIL FILLED TRANSFORMERS
FOR CONVERTING TO 20°C
TEST MULTIPLY TEST MULTIPLY TEST
TEMF ® BY TEME "€ BY TEMFP ©
-20 0063 21 1.072 6l
-19 0067 22 1149 P
-18 0072 23 1231 P
-17 0077 24 1.320 64
0082 25 1414 65
0088 26 1516 66
0095 27 1.625 €7
0.102 28 1.741 68
0.109 29 1.866 €9
0.117 30 2.000 70
0125 3 2144 7
0134 32 2297 72
- 0144 33 2462 73
= 0154 34 2639 74
- o165 35 2828 75
] 0177 36 3.031 76
-+ 0.18% 37 3.249 77
-3 0203 38 3.482 78
2 0218 39 3.732 75
-1 0233 <0 4.000 80
o 0250 a1 4287 51
1 0268 a2 4595 52
2 0287 43 a.925 53
3 0308 a4 5278 54 y
4 0330 45 5.657 85 90.51
5 0354 46 6.063 £6 97.01
6 0379 47 6.498 87 10400
7 0406 48 6.964 &8 11140
8 0435 49 7464 g9 11940
B 0467 s0 5.000 s0 12800
10 0.500 51 8.574 o1 13720
1 0536 52 9.190 52 147.00
12 0574 53 9.549 53 15760
13 o616 54 10.560 94 16890
14 0660 55 11310 95 18100
15 0707 s6 12.130 96 19400
16 0758 57 13.000 7 20750
17 0512 58 13.930 58 22250
18 0871 59 14.930 99 23890
15 0933 €0 16.000 100 25600
20 1.000

sailnlih

37

MSINAGLEsuIaUIY

O Dielectric Loss Measurement Tidi’e) Insulation Power - Factor

wi.ns. d1s0 aurinly

msusssSnuanadgougUnsailwih
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msonndauldguasauou (o)

e e PI ogluanmiad lidesnadeumnuguidouas %PF

e e PI HAsznin L1- 115 Tinadeumanugadenas %PF 0
39AY 2.5 kV. Nou

v o

' a LY g
L4 uuﬁﬂmqmwgmmumu 21NA uazmm%uanwm

'
Ay =

¢ Tunsaindeamsmieua NUAIMATUIN 159UHITMINATDY
A A o Y q Yo Y} Y v ax
wanwitlennnmuuald Ivimsnaaeuliideandoanuisnisnagetuea
T59911

39
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msonndauldguasauou (o)

[

) o ° Y dy
O Test Voltage d1isunaaaumviua liasil

ISR AAveIYARIA kV) | ussaunagou (kV)
3-5 2.5
5-10 5
> 10 10
40
He.As. duse Jurily mswusssnyuanadouaunsailiih
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msonndauldguasauou (o)

v v A 9/

Of1 % PF. N1 20°C dwmsudaguan mvesrivondas ﬁi]"limﬂ@%}ﬁ]"lﬂ

%iin anma | anmiaede GORVITR)
(%PF) (%PF) (%PF)
Power TR. <0.5 0.5-1.0 >1.0
(Oil Fill)
Dist. TR. <1.0 1.0-2.0 >2.0
(Oil Fill)
Dry Type <2.0 2.0-5.0 >5.0
Askrel <0.5 0.5-10 >10 "
ni.ns. duse urhy msisesnyua:nadougunsailih
POWER TRANSFORMER
ﬂ—i BUS
" LV% HV. MEGGER
- INSULATION TESTER
p s -'6 )
- |
| | I 1
} 42
He.As. duse Jurily mswusssnyuanadouaunsailiih
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1 Y
ﬂ’]ﬁl%@llﬁﬂ ']WGIJ@Qﬁ']ﬁUCI’TﬁﬂL!ﬂﬂQ

Y v
O niuniionas(Transformer Oil) HMHN

" AUIU

" G152U18ANNS U

- ﬂaaﬁuﬂizmmmu
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msideudnmuaniniumiaulas

]
=1

o @ A A < ' v
OﬂTTUTE\ﬁﬂBW ﬁmwmmuaumau"lﬂmW] M urnanoasIns
1 4
Lﬁauﬁm‘wmmumu

- Oxygen control
- Moisture control
- Operating temperature

9 [ v X 9 . . a3 1
<+ tamnsoniuquilademiaiil 14 Oxidation product Nag lidunsn

a X 3 o L .
AU 11 uLaL Solid insulation

ni.ns. duse urhy msusesnymiouvaslulil

45

A ~ g o Y
1. 1o a1 MM ANUDNII YLD
uilag

2. iiomamnaNuAalna

A a ~ A 9
3. lfwmJ‘izmumqmwaammwmuﬂm

msnadouuniumiaulag
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tiiopdmo-fitmuzauvenimiumioulas

o msmﬁamﬁamn 5U(Acceptance tests)
L] Tlﬂﬁ’@‘]JLL‘]J‘]JLﬁ?J’SﬁSWI”I%J(speciﬁcation)
® NATDULUUNINGDY
® NSNATOULET
O MINAABUAINNTEUMULMNT WU (Periodic tests)

Oeilsziiiuergimaevosrdoulag

ne.As. duse Juriily msussSimipuagluih

| nadauLUUNAN g0y

* Minaaouma Il (Electrical Tests)
* MINAFOUNIUAL (Chemical Tests)

* MINATDUNNMYNIN (Physical Tests)

24



msnadoun iWih

I1UNT

1531

Dielectric Breakdown Voltage

D1816 (IEC156) 1aL/¥30 D877

Power Factor (Dissipation

Factor)

D924

Megger-

wi.as. d1se aurily

msusesiymiaiagiin

msnadounal
31NI NIAT3 U
Water Content D1533
Oxidation Inhibitor Content D2688
Neutralization Number D974

wi.ns. d1s0 aurinly

msusesimiaiagluin

50
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MSNNdouniImMyanIn
319N NIATTTU
Interfacial Tension D971
Color D1500
Specific Gravity D1298

51

NMSNAdOUNMIINMYNN
31UNT NIAT3 U
DGA, Gas Content D3612
Resistivity D1169-89

Corrosive sulfur

D1275-06(B)

Oxidation Inhibitor Content

D2668

wi.ns. d1s0 aurinly

52
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mMSNadouNIIIS:

d‘ %,' v 9 zg 1o
@=ﬂ1sLaammumuwmuﬂawwuagﬂu
" a0
=) %)J 5 a
" YUAUDIUIMWUAY (crude)
* 35MINAUNITUBEYYD Oxidation inhibitor (DBPC)

b
= gnnzmsldau wu guugl msdwiou msdudanuussems
LA 1ALIR

4
2 I o 1 a
= NSNAVY Sludge, Peroxides, Organic acids, water eiludusalding
ﬂmﬁammﬂizmyamu

53

mMSNAdoUNIIIS:

nIneasay IND AT

Color MILFaNRNINKIE Fetuwlauauaing

Dielectric Breakdown Voltage | &9twidanunwfia($nIotauainin) waznan
WARNNITLFONRNWY BTN NN YN b
Aouautiang i laid

Interfacial Tension seUwlonuviia wazaninaannnsg

A Y o Aa &
PRABUFNTNDBINBINW, gIUIznaunNuvn

He.As. duse Jurily msusssnymouvaslulil
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mMSNNdoUNIIINS:

nIneasau

N EGERRRET

Neutralization Number

a & a 4 | A a
sotwlanuriie Svswlngesduniaiiia

NnakRaNFNIN

Power Factor

'
a

qmauu‘”ﬁmﬂﬂﬂwﬁ“ﬁiﬁ, Fotuion, nIafeniia

MNMITLFTONRAN

Pour Point

=

g o v ‘§/
Myt auﬂmlmﬂvlmggwu

Specific Gravity

matwausas solvents, ianshadugnia

organic materials

wi.as. d1se aurily

20

msusesnmiaudagluih

mMsSNadoumuds:
AINAFDY R ERRRET
Viscosity mstuwdaneas solvents, HuTiad® e

Water content

msﬁagj"naaﬁw

Inhibitor Content

USumwNiniauadea1unsiie Oxidation

Metal in oil

(3

laneNazanansalaneNdaInInau(zn, Cu, Al,

Fe, Pb, Si, Sn)

wi.ns. d1s0 aurinly

msusesimiaiagluin
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AuVURIUOUTANIMiumiauas

ASTM IEEE IEC
Standard
Recommended Action Limits Recommended Action Limits Recommended Action Limits
No. Test Item S Good —— Good = Good
1 |Interfacial Tension [mN/m] ASTMDO71 | £69kV | 69-288KkV | >345kV | IEEE c87.106 | <69kV |69-288kV| >345kV | ISO 6205 All
224 >26 >30 25 >30 >32 »28
2 |Color Number ASTM D1300 All IEEE c37.106 All 150 2049 All
1.0 Maximum 10 All Clear without visible contamination
3 | Dielectric Breakdown Voltage at S0Hz [kV] ASTM D1816 | <69V | 69-288kV | >345kV | IEEE ¢57.106 | <69kV |69-288kV| >345kV |IEC 60156 | <72.5kV | 72.5-170kV >170kV
New oil gap 0.04" >3 >26 >26 20 >30 30 40 =50 60
4 | Dielectric Breakdown Voltage at S0Hz [kV] ASTM DIS16 | 69KV | 69-288kV | >345kV | IEEE ¢57.106 | <69kV |69-288kV| >345kV |IEC 60156 <72.5kV | 72.5-170kV >1 70KV
New oil gap 0.08" »34 45 45 ~40 ~48 60 40 =50 60
5 |Dielectric Breakdown Voltage at S0Hz [kV] ASTMDST7 | S69V | 69-288kV | »345kV | IEEE c57.106 | S69kV |69-288kV| >345kV |IEC 60156 | <72.5kV | 72.5-170kV >170kV
>26 >26 >26 >30 >30 30 ~40 >50 60
6 |Water Content [mg/kg] ASTMDISS3 | <69KV | 60-288KV | >345kV | IEEE c57.106 | <69KV |69-288kV| >345kV |IEC 60814| <72.5kV | T25-170kV | 170V
3 2 20 <15 <8 <5 <10 <5 <5
7 |Acid Number [mg KOH'g] ASTM D974 | <69kV | 69-288KkV | >345kV | IEEE c57.106 | <69kV |69-288kV| >345kV |IEC62021| <72.5kV | T25-170kV | >170kV
02 02 0.1 0.2 0.15 0.1

wi.as. d1se aurily

msusesiymiaiagiin

\

|

NA.MS. dLSu. du

msnadouuniumiaulas

Dielectric Breakdown Voltage Test

Water Content test

“Interfacial Tension test

29
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Acidity test Color Number

59

msusesiymiaiagiin

wi.as. d1se aurily

| msnadouuniumiaulas

—
T
W
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Dissolved Gas Analysis
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Furanic Analysis
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Power Factor test
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1. Gases
2. Present in very small quantities (ppm)

3. No bubbles, i.e. dissolved in the oil

Operational Gases ‘ Faults Gases

Carbon dioxide (CO,) Methane (CH,)
Carbon monoxide (CO) Ethylene (C,H,)

Hydrogen (H,) Ethane (C,Hy)
Acetylene (C,H,)

He.As. duse Jurily mswusssnyuanadouaunsailiih
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Exposure to air C,H,

H, CH, co
Thermal & electrical stresses CO,
C,H

2' 74 C2H2 H2 C2H2

65
Contaminant induced chemical reactio

fA17: Thailand Presentation, March 06 2008 Serge Gutieres, P.Eng. MBA Worldwide Sales and Marketing director Morgan Schaffer inc.

COMBUSTIBLE GAS GENERATION VS.
APPROXIMATE OIL DECOMPOSITION TEMPERATURE

PARTIAL (NOT )
% RANGE OF NORMAL OPERATION
v HOT SPOTS ARCING

HYDROGEN
(Hz2)

85°C

METHANE
(CHy)

ETHANE .
(C2Hg)

ETHYLENE
(C2H4) .

ACETYLENE
(C2H2) ||

150°C

66

GAS GENERATION (NOT TO SCALE)

APPROXIMATE OIL DECOMPOSITION
TEMPERATURE ABOVE 150°C

[ T T B B (I T I
HHHHHHHHHHHHH
co CoO,
H CH G2,
2 + GCH, H, ¢co, H, coO
C2He
Cellulosic insulation starts ageing and degrading o
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MoST COMMONLY USED

® Dual Triangle

< JEEE C57.104, Limits, rates and TDCG
& Key Gas Method

& Dornenburg Ratio Method

® Roger Ratio Method

& [EC 60599 Typical Gas Levels

& Trend Analysis

fun: Techniques for Interpretation of Data for DGA From Transformers, Doble Engineering, IEEE Conference 2006. 67
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TCG

*IEEE 100 350 120 65 50 35 2500
101-700 | 351-570 | 121-400 | 66-100 | 51-100 | 36-50 | 2500-4000
701-1800 | 571-1400 | 401-1000 | 101-150 | 101-200 | 51-80 | 4001-10000

720
7211920
19214630
>4630

>1800 | >1400 >1000 >150 | >200 | >80 >10000
“Electra 28.6 289 122 85.6 74.6 =
(CIGRE)

377

520

IEC 60599 | 60-150 | 540-900 40-110 50-90 60-280 | 3-50 | 5100-13000
Typical
| Range

Manufact. | 200 500 100 100 150 15
(250) | (1000) (200) (200) | (300) | (35

1065
1985

“IN THE PROCESS OF BEING REVISED
“*CORRECTED VALUES 1978
() VALUE 6 -7 YEARS

uA.as. duso gurnly msnadauna:dnsHinumiswaalulily

DISSOLVED GAS ACCEPTABLE LIMITS VARIOUS SOURCE$
Ha co CH, CoHg CoH, CoH, CO;

vy
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DUAL TRIANGLE

Duval Triangle
Methane (CH4): 11000ppm, 37 2% : W Mot oT M %C2H2: 0
Ethylans (C2H4): 179600, 60 6% 02 2 Xtytz
Acetylene (C2H2): 570ppm, 1.9% 3
100
%C,H, =2
xty+z
< £
/ %
Z 100z
& i) %CH,=——
S P B, xtytz
g % '
g‘ =~
N _ .
s of ¢ for x=[C,H,] in ul/l

fory:[CzH4] in ul/l
[cH,] n wui/l

2 % %

A— % Acetylene (C2H2)

69
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IEEE C57.104, LIMITS, RATES AND TDCG

Gas detected in
relay, gas space,
or oil

Compare values
with Table 1

Table 1 indicates
Condition 1: Normal

Table 1 indicates
Condition 2, 3, 4:
Problem may exist

l

Resume normal
surveillance

Resample to find
generating rate:
Refer to 6.2

Gas space or
relay sample:
Go to Table 2

Dissolved in oil:
Go to Table 3

Investigate possible fault type using methods
described in 6.6, 6.7.1, or 6.7.2. Recommended

initial resampling interval and operating procedure.

HA.mS. ¢

Adjust sampling interval and operating procedure
based on accumulated data and experience

R=
1

(S7 —Sg)xFx107°

is the rate (liters/day)

is the first sample (microliters/liter)
is the second sample (microliters/liter)

is the tank oil volume (liters)

is the time (days)

70
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IEEE C57.104,(2008) LIMITS, RATES AND TDCG

Dissolved key gas concentration limits [uL/L (ppm)”|

Status Carb Carb
Hydrogen | Methane | Acetylene | Ethylene Ethane -Arbon -arbon i pepsb
N - CH C 'l[ (_"" C.H monoxide dioxide TDCG
(Hz) (CHy) (CzH3) (CzHy) (C;Hg) (CO) (CO,)

Condition 1 100 120 1 50 65 350 2 500 720
Condition 2 101-700 121400 2-9 51-100 66—-100 351-570 2 5004 000 721-1920
Condition 3 701-1800 | 401-1000 10-35 101-200 101-150 571-1400 4001-10 000 | 1921-4630
Condition 4 >1800 >1000 >35 >200 >150 >1400 >10 000 >4630
* deulu ﬂ“ﬁmmﬁywﬁﬁaﬂu’luﬁwﬁm;hniﬁ:ﬁuﬁﬁmuﬂ iaasimfonlasdinal#18 uadimsueiiadiinaganhasfuimmuanulune
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4 o b RV O . S e oA y o AN
* dou'h 2 Whinameideduluiniueglusszaviidmua ugashensiledniarunolunionas arseinsdquasininiudesasunniu
o lhamssnnamBinavesisiiiaiulundas u

* NE]N”I.‘]J 3 ﬂ?u1mmqﬂnmaﬂuluumuaﬂ‘lumai ﬂll“ﬂﬂ'l“ﬂuﬂ Llﬁﬂi’J]LﬂﬂﬂWilﬂﬂHﬂJBJﬂu]uﬂi ﬂmwmumu%i Wl_lﬂﬂi]'uﬁ]'llﬁ»i iﬂﬂVIﬂJN“]ﬂ‘lﬂll
fﬂ]mﬁﬂﬂ"ﬂ'ﬂﬂWﬁHﬂﬂﬂiuﬂﬁN AT llﬂ'liﬂi’)i]ﬁﬂllﬂ']ﬂﬂ'ﬂﬂﬂiﬂﬂfuu uﬂﬂnmmnvlazmmﬂmuum ﬂ»ﬂ-ﬂﬁ] ﬁﬂiﬂﬂWiHWl'Ji)UNu'ﬂJH l“JJ‘VI'Iﬂ'Ii
nﬂiuwnwmaﬂu°1uumumﬂmmuﬂimummnmu LW?]“VHﬂﬁﬂTLI'Jmﬁ]ﬂ%ll'lmﬂW‘Hllﬂﬁ %uﬂmﬂmulmma Eeil}

* douly 4ﬂ“sumﬂwmaﬂulumuuaalus sduRimua uﬁmmmﬂmmau'uamuauﬂs anwvioriui Tussduiigann FufunslFumieula
Tlothadoriios o1 nJuNam"lmnﬂmmmﬂmﬂﬂwuﬂuﬂmaﬂuulﬂ

ﬁm: IEEE C577.104-2008, Guide for the Interpretation of Gases Generated in Oil-lmmersed Transformers.
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DETERMINING THE TRANSFORMER CONDITION AND OPERATING

PROCEDURE UTILIZING TCG IN THE GAS SPACE

Sampling intervals and operating procedures
TCG levels TCG rate for gas generation rates
o o, . N
%) (%/day) S.amplmg Operating procedures
interval
Condition 4 =5 >0.03 Daily Consider removal from service.
0.01 to 0.03 Daily Advise manufacturer.
<0.01 Weekly Exercise extreme caution.
Analyze for individual gases.
Plan outage.
Advise manufacturer.
Condition 3 =2 to <5 >(,03 Weekly Exercise extreme caution.
0.01 to 0.03 Weekly Analyze for individual gases.
<0.01 Monthly Plan outage.
Advise manufacturer.
Condition 2 20.5to <2 >0.03 Monthly Exercise caution.
0.01 to 0.03 Monthly Analyze for individual gases.
<0.01 Quarterly Determine load dependence.
Condition 1 <0.5 >0.03 Monthly Exercise caution.
Analyze for individual gases.
Determine load dependence.
0.01 to 0.03 Quarterly Continue normal operation.
<0.01 Annual
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DETERMINING THE OPERATING PROCEDURE AND SAMPLING INTERVAL

FroM THE TDCG LEVELS AND GENERATING RATES IN THE OIL

) Sampling intervals and operating procedures
TbCG TDCG rate for gas generation rates
levels (RL/L/day) "
(nL/L) ) S.amplmg Operating procedures
interval
Condition 4 >4630 >30 Daily Consider removal from service.
10 to 30 Daily Advise manufacturer.
<10 Weekly Exercise extreme caution.
Analyze for individual gases.
Plan outage.
Advise manufacturer.
Condition 3 1921 to 4630 >30 Weekly Exercise extreme caution.
10 to 30 Weekly Analyze for individual gases.
<10 Monthly Plan_outage
Advise manufacturer.
Condition 2 721 to 1920 >30 Monthly Exercise caution.
10 to 30 Monthly Analyze for individual gases.
<10 Quarterly Determine load dependence.
Condition 1 <720 >30 Monthly Exercise caution.
Analyze for individual gases.
Determine load dependence.
10 to 30 Quarterly Continue normal operation.
<10 Annual

KEY GASES — OVERHEATING, OIL

Combustibles, %

100+
90+

80+

70

60
50+

40+

30+

20+
10+
0_

Cco

H2

CH4 C2H6 C2H4 C2H2

A Techniques for Interpretation of Data for DGA From Transformers, Doble Engineering, IEEE Conference 2006.
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KEY GASES — OVERHEATING, PAPER

100+
90
80-
S 701
g’} 60-
=
z s01”
2 0.
g
S 30
20-
104"
0-

Cco H2 CH4 C2H6 C2H4 C2H2

e Techniques for Interpretation of Data for DGA From Transformers, Doble Engineering, IEEE Conference 2006. 75

ne.As. dse gurinly msnadouta:dnsHinumawaalulily

KEY GASES — PARTIAL DISCHARGE

100+
90+
80
70
60
50
401
301
20+
10+
0_

Combustibles, %

Cco H2 CH4 C2HE C2H4 C2H2

Aun: Techniques for Interpretation of Data for DGA From Transformers, Doble Engineering, IEEE Conference 2006. 76
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KEY GASES - ARCING

100+
90+

80+

70+

60+
50+

404

Combustibles, %

30+

20+

10+
0-

co

H2 CH4 C2H6 C2H4 C2H2

A Techniques for Interpretation of Data for DGA From Transformers, Doble Engineering, IEEE Conference 2006.
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LOAD BREAK SWITCH

WA.AT.a5 Buvinld

ssuulndnan
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LOAD BREAK SWITCH

vauzaniumsingeineinauazanng
I#usege LOAD BREAK SWITCH

wel.As.d15 Suninldd seuulndugn 79

LOAD BREAK SWITCH(#12)

waugantiunisnintuangaasenielugluiiusegs
LOAD BREAK SWITCH

wel.As.d15 Suninldd seuulndugn 80
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LOAD BREAK SWITCH (s19)

vazddunsdnemasauyanalngluiliusgs
LOAD BREAK SWITCH

wel.As.d15 Suninldd seuulndugn 81

LOAD BREAK SWITCH(#12)

Yazafiun1snsiadiauaziinnauazann POWER FUSE
LOAD BREAK SWITCH

wel.As.d15 Suninldd seuulndugn 82
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LOAD BREAK SWITCH(#12)

audun1sasiaseuAnMuiununiduiava s iniusege
LOAD BREAK SWITCH ( Contact Resistance )

wel.As.d15 Suninldd seuulndugn 83

LOAD BREAK SWITCH(#12)

vauzandun1sasaseuyanalntasiunisdnisasvesy
In#i1us9g9 LOAD BREAK SWITCH

wel.As.d15 Suninldd seuulndugn 84

42



LOAD BREAK SWITCH(#12)

YIMN1SNUNEIR1N INaVide AUUTNEUREYaY MAIN CONTACT

wel.As.d15 Suninldd seuulndugn 85

Ring Main Units : RMU

WA.AT.a5 Buvinld ssuulndnan 86
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Ring Main Units : RMU

vauzAntiunisnaaduangyadenieluglui RMU

wel.As.d15 Suninldd seuulndugn 87

Ring Main Units : RMU

F
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