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ABSTRACT

Partial discharge in power transformer can be the original cause of transformer damage.
There are several methods for detecting the partial discharge. However, the dissolved gas analysis
(DGA) is currently the most well-known method to detect the partial discharge because it can
perform on-line testing without shutdown the power system and also provide high accuracy of
testing.

This thesis presents a model to investigate partial discharge in the insulating oil. The new
insulating oil is employed by filling in the testing vessel. Then, it is applied by AC high voltage
under the conditions of varying electric field and humidity in the insulating oil. The model also
includes the investigation of partial discharge in the insulation paper. Then, the dissolved gases are
analyzed follow the standard ASTM-3612-02.

The results show that hydrogen (H,) and methane (CH,) occur when partial discharge
was taken place and they were increasing severity all along the partial discharge period. Therefore,

the results can be used to classify the trend of increasing the intensity of the partial discharge.

Keywords: partial discharge, insulating oil, dissolved gas analysis, hydrocarbon
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2.4 ANV
Aav . I a da o 1 & 9 o 1 = 1
U398 YDI Dornenberg [1] 1UNTAATIEHIFDAI 16U F91 50051801 V03 Winuae
a J a 4] o
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MNN 2.33 ﬂﬂwmﬂu@]ﬂlamﬂmﬂﬂmﬂlm Dornenberg

Y
911396909 R R. Rogers (CEGB Fault Gas Ratios) [1] uasilajmiinaliuaindasidau
I

YoM CH,/H,, C,H/CH,, C,H/C,H, ag C,H/CH, CO,/CO uaazygailudaiiaiuvosnie

v a

a { a 1 Y a { Qo' [ o 4 [ 1 ] H
nangungiigenemanaigamgidinaan iuiegngurgivesilymiedlugrenesen
f81FY Slight Overheating 150 — 200 83711 Arc with Power Follow Through, Partial Discharge
@ 1 1 H ) I o 3 .
with Tracking 95 a2 martiazgnimlasilu Code 0, 1, 2 Az 5 1379911 Code NIFNN
] 9

uilawa m3sua Code dzinoiio ldN91591 Gas Limits and Warning Level 1221111 Ao
o U ' 9 @ 1 %) A AA |a 9 1 4 o Y

FSunTwedianoMs lFnudasaunnmsdesrianilinatiosniunamnzinlnnisula
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CEGB Fault Gas Ratios

CEGB Fault Gas Diagnostics

Ratio Range |Code Code Diagnosis
<0.1 5 0|l o | o] o |Und
>01<1 | 0 510 | o]0 |aaniaundiu
CH4/H2 a 9 a
> 1<3 1 121 0 | 0| 0 | wouSnaanudeunu < 150°C
>3 2 120 1| 0|0 | wouSnuanudeunu 150 - 200°C
<1 0 0 1| 0| 0 | wuusnaanudeumu 200 - 300°C
C2H6/CH4 Y a v o
> 1 1 0] 0 | 1] 0 |anuSounuuudni
<1 0 1o | 1] o0 |nszualvarluvaaa
nszua lvaru luunuranuaza6g
CH/CH, | 21<3 | 1 1 lol2lo L, - ,
ANUTDUNUUUIAAD
>3 2 0ol o | ol 1 |ulaxTonesluindsnulvaniu
<05 0 0 | o [12 |12 ] 015n dndanulvaau
msainaeiiliosnniigannunion
= 0.5<3 1 0 0 2 2
C,H,/C,H, Tvlhags
Aamsaunsauuuuises'lni
>3 2 500 |0 |12 >
Usng (Ingi3una co 1szneon)
CO/CO, > 11 guMgNUURNIUgUAULAA

91UV California State University-Sacramento Guidelines (Key Gases) [1] U9

! ! e < 9y Y (A [ [ a
91N15AT179 1¥U Corona, Arcing, Local Overheat 1Huau lagleSunamauaazyiiauiuda

[ 1 a Il | v o oY 4 & IS @
Taasa wannmsuaazaia lufianuneaiudumasduas Fedlddudeyamivayuuay

] v P4
101 189 CEGB Fault Gas Ratios 118¢ Gas Limits and Warning Level clﬁ/ﬁﬂ’ﬂllgﬂg]}@ﬂ GRE
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4 4 v A
M319N 2.5 1NN saaanlaves California State University-Sacramento Guidelines

C. S. U. S. Guidelines
e Unf (<) Annd ) wiama
Hydrogen 150 ppm 1000 ppm Tals11 0150
Methane 25 80 athsa
Ethane 10 35 VInUANYToUINY
Ethylene 20 150 AT DU UTULSS
Acetylene 15 70 915N
Carbon Monoxide 500 1000 mm%’amﬁu;umq
Carbon Dioxide 10,000 15,000 AT DU UTULSS
Total Combustibles 0.03 % 0.5% -

[

U191 391U IEEE Std C57.104-1991 (Gas Limits and Warning Level) [1] gﬂui’fau"aﬁmm

13

4 [ @ I~ a o
mofeuszauaulasansueaniioutlas uazilunamina13u1n13911 CEGB Fault Gas Ratios

v
KR v 9

Jd o J 9 A a J 9 4 v Y [
Lﬂm"ﬂﬂﬂﬂﬁ'nllﬂu"ﬂQﬂWﬂ'lﬁ‘VlLﬂﬂGU ﬂ'iJ’HiJE]!ﬁJEN Lm%muiummmummﬂaaﬂm I

v
= =)

o A =l bo< 4]} ] & v
anuesily mimenzunaluas naasnuaeeenseae 1 Hudu
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M99 2.6 naNNIaaaulave IEEE Std C57.104-1991

L1 L2 L3 R1 R2 Q1 M1
H, 100 700 1800 1.39 4.17 60 0
CH, 120 400 1000 1.67 5 25 0
C,H, 65 100 150 0.9 2.71 25 0
C,H, 50 100 200 0.69 2.08 20 0
C,H, 35 50 80 0.49 1.46 5 0
CcoO 350 570 1400 4.86 14.58 50 0
TDCG 720 1920 4630 10 30 0
Co, 2500 4000 10000 35 100 0
Water 35 50

Min 3
CO/CO,

Max 10

FA
[] < o 1 [ Y] Y]
¥IAUNVAIE19AT 90 1) (1)

UIUAA 365 90 30 7 1 015299
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. < =2 @ I g} % 9) 1 @ T A ad
Duval Triangle [1] iJumsaineiaied1aisiuniontaindi 10,000 Ae819MUoUIs

1 A o w 1 [ Yax o ] Y 1A an
UDJ Rogers HAUNUNIENIDATITIU ﬂa‘ﬂvlﬂﬂ‘ﬁwaf]@lﬂiW\I"U’ENETHJﬂWBVI,mLﬂ UINY 1BNAU LA
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an | A @ A 1 A a : 1 a
pzsNau WU aguAInINg 2.34 Lmazﬁ’]’mmmmnmaﬂmmmﬂimmﬁ”wwﬁm@ﬂimm

Y
MIAUMFITINAU VITATUIUAIT

9

)

[

DLIFNAY AD X 0NAU AD Y TNU AD Z

% DLIFNAU
% leNau

% TN

v

D1
D2
T1
T2
T3

M 2.34 nyidmuaveuuailaymived Duval Triangle

100X / (X+Y+Z)

100Y / (X+Y+Z)

100Z / (X+Y+Z)

v ' Y
wunalueumasuiaNuuuea il

= Partial Discharge

MIAABISTINEINUM

MIAAITINAINUGT

a

Paymianuiou gangiidindi 300°C

U

a

Pyminnudou gairigil 300-700°C

U

Aa

Paymanuiou gungiiganin700°C

U U

Online Diagnostic

Duval Triangle

Methane (CH4Y: 865ppm, 62.0% Wro

Ethylene (C2H4): 523ppm, 37 .9%
Acetylene (C2H2): Oppm, 0%

% )
A— % Acetylene (C2ZHZ)

Mate:  The above diagnosis is not significant if gas concentrations are below

tyoical {normal) values for this type of transformer.
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MW 3.4 1AT0300 70 MI

9 '
HANMIMNUUBNRTNUTIUEMSUMTITNIVATIT IV 1IN (FUINMNTADEY
HouusadunaaouINUNEY U WILAINTDI Z IHHU99INAaoUIUNTZNUNAA TS
v Y v ¥
vnduiiagnaaey ¢ linaussduanivaves ¢ uay ¢, awdanialszylla ¢, iile

[ [ 1

Farseusauan naganahldinansguasiad i lvaiuasuiesszrin C, C, uag CD

9 i
aatiu cp uag M1 dalszq IWihfdemsznin ¢ wag ¢, Tagnmsduiitnsanszua

[ A o

wad i tierih lueasnaso’ll)
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1INNIANYANIATITURTNT VLI N 3.1 myuznageuhiiumonas
C, "l@’ﬁﬁsmLﬁaamﬂmzmﬁauﬁyﬁuwﬁ’auﬂmﬁ’uuma;,ﬁmﬁi%’iumimaaummmmwu
auhunenas IEC 156 Second Edition, (1995-07) [4] TudoslSunagesnaiiy
wifoudasildlunsnadey fe 600 m FuiludSmafiissnesunsnaden DGA Aidesns

Y Y v
frve1ainiuiies 150 ml TdeonuuunazdaiVuaIuAINg 3.5 1ag 3.6
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3.4 sl lnihvesdidalnsa
Y 9 '
Tuandseiinaaouneldaun i 3 uuy Fanmn 3.8
o . . A ad Y Y

1) auw Tihadueave (Uniform Field) A9D1AA 1ATA TTUIL AU TTUID VUIALFY
HIUgUENaT 25.4 Tadns A3 3.7 uag 3.8 (n)

2) aw Wi ldasiueruedniies (Slightly Non-uniform Field) Aodidn 1asa nsanax
AU 59U VNAdUAUgUINa1INTINaN 13 T0amas §9n 1w 3.7 1ag 3.8 (1)

3) aww Il liasiuawesgs (Highly Non-uniform Field) Andian Insa Uanouna

AU STUIY AININ 3.7 t1ag 3.8 ()

i

jéu D2 D3

() (¥ (A1)

3 ad
mwi 3.8 auwlilihvesdianlase
A o Yo ad @ 1 @ = ' o Ao Y a
iotlounseiulinudmnTasaludnyazaieg degii 3.8 aznuimseauiilding
J T o R 9 1 A ]
wynaieg liminu Suinezliszes D1, D2 uaz D3 MNUAAI

U

3.5 Wniundanilag

Y
o w

oy o { I ] a . . L

ifundoudasnlglumanaass Wuiniundoutaslv ¥iia Mineral Oil Faiilu
2 o 9 ~AqQ Yo ' ~ A S Y o A g
Wlurdetlasnldnuunsvareniniga UA1INNITNAADUAIAUAIT AUTY 14 ppm [5]
1 a [ [ { U L] g} %
AANUAINURUIU 67 KV [4] 1azTuan1sden1319i 3.1 a1 CO uaz o, Voglutiniu

P aqUd o Ao v g & e 9
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a a P
M990 3.1 ﬂin’lmﬂ’l%@m@]uﬂ@uﬂ’lﬁ‘ﬂﬂﬁ@ﬂ (ppm)

A H, CH, C,H, C,H, C,H, Co co,

DGA 0 0 0 0 0 2 517

3.6 inseanaaaumaluiiuvsionlas
Y ¥ Y
Tuaudseilfaseanaaeunisluiiundenas vvvudalasulans1wl (Gas
Chromatography, GC) ii U Myrkos - Portable DGA MicroGC U8 Morgan Schaffer l,‘ﬂui: UM
9 A A Y 9 () F) 1
naaouldu1As§IUu ASTM D 3612 1ag IEC 60567 Apuns1zinala 7 me laun lalasiau
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3.7 YUADUNINATDI
1) A92995MIATINIVAAMT D UmuTei MualuinasgIuaIna IEC 60270

Third Edition, (2000) [3] w995 auyanInd 3.1 9¢ Idmmn1nd 3.10
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AL anuduhiniunemlag sEAUAAITIVNEI

1 14-20 ppm >200 pC in Oil

2 14-20 ppm >500 pC in Oil

3 14-20 ppm >1,000 pC in Oil
4 14-20 ppm >5,000 pC in Oil
5 14-20 ppm >10,000 pC in Oil
6 14-20 ppm >20,000 pC in Oil
7 30-40 ppm >200 pC in Oil

8 30-40 ppm >500 pC in Oil

9 30-40 ppm >1,000 pC in Oil
10 30-40 ppm >5,000 pC in Oil
11 30-40 ppm >10,000 pC in Oil
12 30-40 ppm >20,000 pC in Oil
13 >50 ppm >200 pC in Oil

14 >50 ppm >500 pC in Oil

15 >50 ppm >1,000 pC in Oil
16 >50 ppm >5,000 pC in Oil
17 >50 ppm >10,000 pC in Oil
18 >50 ppm >20,000 pC in Oil
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AL anuduhiniunsemlas sEAUAAINTIVNEIY

1 14-20 ppm >200 pC in Oil

2 14-20 ppm >500 pC in Oil

3 14-20 ppm >1,000 pC in Oil
4 14-20 ppm >5,000 pC in Oil
5 14-20 ppm >10,000 pC in Oil
6 14-20 ppm >20,000 pC in Oil
7 30-40 ppm >200 pC in Oil

8 30-40 ppm >500 pC in Oil

9 30-40 ppm >1,000 pC in Oil
10 30-40 ppm >5,000 pC in Oil
11 30-40 ppm >10,000 pC in Oil
12 30-40 ppm >20,000 pC in Oil
13 >50 ppm >200 pC in Oil

14 >50 ppm >500 pC in Oil

15 >50 ppm >1,000 pC in Oil
16 >50 ppm >5,000 pC in Oil
17 >50 ppm >10,000 pC in Oil
18 >50 ppm >20,000 pC in Oil
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RLoM anuduhiniumemnlas sEAUAANTIVNEI

1 14-20 ppm >200 pC in Oil

2 14-20 ppm >500 pC in Oil

3 14-20 ppm >1,000 pC in Oil
4 14-20 ppm >5,000 pC in Oil
5 14-20 ppm >10,000 pC in Oil
6 14-20 ppm >20,000 pC in Oil
7 30-40 ppm >200 pC in Oil

8 30-40 ppm >500 pC in Oil

9 30-40 ppm >1,000 pC in Oil
10 30-40 ppm >5,000 pC in Oil
11 30-40 ppm >10,000 pC in Oil
12 30-40 ppm >20,000 pC in Oil
13 >50 ppm >200 pC in Oil

14 >50 ppm >500 pC in Oil

15 >50 ppm >1,000 pC in Oil
16 >50 ppm >5,000 pC in Oil
17 >50 ppm >10,000 pC in Oil
18 >50 ppm >20,000 pC in Oil
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3.8 ag3EauiiumsIde
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Tuunii'ldnandimsasouniosilo gilnsal uazdunounisnaaes d1msuyea
a ' 1 Y 9 I . ..
nageuAa s vuaIu lamssuasudaunaziiulUamuasgiu IEC 60270 Third Edition,
Y
[ 0o w adg ]
(2000) MI0OALUY MITAATINNFUzNageVITunTaulauazdidanlase wan1sdaasia
I $ Aa 3’ @ 1o
Fuldawnesnuuurazanusalanaaen1dase n1swssuiindundenasluusuau 200
A ¥ Ao & a A A o S o v &
a3 nieuaaunIamny M3 suaaunuazinisanaaounisluiihiunieoudauduldaw
Y OSJJ Y o 5 A A Y
1A ASTM D 3612 wiewnidlddmuadunounisinaaes Wou'lumsnaaes e lv
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Y v
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aww i Iaemsnaouzinsedan Insauazanudu hranmsnaaewun iz idie3snien
v Aa a \{dyd
HAZIMINZAUNUINGIINUT AD
a 79y a . . . . . . Y
1) UAg 121A2877 California State University-Sacramento Guidelines (Key Gases) 15
a [ 1 a oY 1 a ] { ] Y] 4 %
Usinamauaazsiauudalaensa wannmsuaazsia liuanuwdsiud Ui sduae &9l

< @
Lﬂu%agaauuaigu CEGB Fault Gas Ratios 1i6i€ Gas Limits and Warning Level 1ﬁﬁﬂ31ugﬂﬁﬂﬁ
J Y
a <K

dNR]]

2) 1111/5uamenfia1sw Gas Limits and Warning Level A1331@5§1% [EEE Std

1 a 9 Aax o [ 9 [ [l [ A AaAa (a Y
C57.104-1991 NOUNIITUIAIYITOATITIU ﬂ'lfl'glﬁlfﬂ'luﬂﬁi'l'ﬁ'lui]'lﬂﬂ'l“]f'ﬁ@\?“]ﬁ!ﬂ'ﬂﬂﬂiiﬂmuﬂﬂ

' J 0 Y 2
mnﬂmcmlmﬂwﬂﬁuﬂawawﬂwam

ada 4

a I Y an . - < @ 1 a 2] A
3) UATIZHAIY2T Dornenberg Ratio 1 UI5UATIZHIINOATIEIUU09UTINDMISN
P4 Y
wavuluriniundeontlas fie CH/H,, C,H,/C,H,, C,H,/CH, ag C,H/C,H, TagWasanlinse 3
11 4 Arvesdnsiaiu

4) JAI1ZHA287F RR. Rogers (CEGB Fault Gas Ratios) JIAIIEHINDATIAIUYD

A CH/H,, C,H,/CH,, C,H,/C,H, 1ag C,H,/C,H,, CO,/CO unazyafludasiaruvesmaniai
T a

A . Ao o Y 1 A o <
angiigeemananguugimaaa sasrdamrariazgniuuauily code 0, 1,2 uag

2O

Y KR o & A
5 1121299111 Code Na@VLana
ad . Yax & %) Y 1A an an
5) 7% Duval Triangle J35naans1vesa A1 laun Jimu efay uazosisnau

< A ~
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4.1 wamanaasameldanaulvthasivaue
(; A a3 ]
manaassneldauy lihatinaue Tasldaaa lasauuuszuny /U 5210 YUIA
9 [ 4 Aa A ] 1 Aa g ~ Aa A a dy
idurIugUENane 25.4 Taans s2ev19szrINDan lasanai 5.00 Jadwas nnwsulu
Y v Y 9
Wiiundondas 14-20 ppm uaaedan13199 4.1 Anudulusiniundeudas 30-40 ppm uaafa

[ 9 Y [
"135199 4.3 Anusulniniurdondaunnnii 50 ppm anRens 19 4.5

3 (7] : v (; g 3’ &
M99 4.1 wansnaaeumaluiniurdeuas meldaun i aivaue anudsuluiiniu

wiieuad 14-20 ppm

ffu|  sedudaEnse H, | CH, | CH | CH, | CH, | co | co,
171987 (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 [>200 pC in Oil 55 4 0 0 0 2 529
2 [>500 pC in Ol 149 13 0 0 0 4 514
3 [>1,000 pC in Oil 287 22 0 0 0 2 532
4 [>5,000 pC in Oil 1106 | 98 3 1 0 2 537
5 >10,000 pC in Oil 1913 | 185 7 1 0 3 552
6 [>20,000 pC in Oil 3589 | 253 13 2 0 4 548

Y
MINATIZH DGA Fauu Iunu aunsothsz 9@ ams au19a1uaauas=a 200

pC UAZENTLAUNAINUATYIFV0E19ABITIBIIUVINAINNTLA 20,000 pC FININA 4.1



77

4000
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< m CH4
8 1500 C2H6
1000 l m C2H4
500 l B C2H2
0 L~ - L
200 500 1000 5000 10000 20000
PD (pC)

9
o w

v 1 Y 9
Mun 4.1 wanmsnageumaluiiiundeudas meldaun Iiihadieaue anudsuluiiniu

wiieuad 14-20 ppm

b

1IN0 4.1 nazn i 4.1 1hinAmziais i g iaedudsi
a 4 as Y 4 % \ . .
1) UA9 181«?991/ 3835 California State University-Sacramento Guidelines (Key Gases) N13
v 4
NARBINTEALAANS VN IMNINNT 5000 pC Yu i) Sanmine H, agluszauialndolaia
] A J a [9J [l v A a a s :}I 1 @
IaT51mIe01sn uazlsmunis CH, agluszauiallnaoianaaihsa uenantivegluszauy
Una
a 4
2) UATICHATUNINTIIU [EEE Std C57.104-1991, Gas Limits and Warning Level
a N Yo ~ < Y Aa (9 a a o/l A 9 3 1 v A 4
INTIZN 1AA9A15197 4.2 aziiu 1a9 USuanis H, Andnassauisuduaauaszauaass
4
VAN 500 pC HAZINTLAURNAUAUATLAVATIITILNEIULINNTT 10000 pC
3) ANT1LHAIYIT Dornenberg Ratio (FHAATIZHIINAINATOINTLAY Gas Limits and

9
a a 1 a ] o w a 4 1
Warning Level Ain1n@ wuiternnala lsuluiiuwideudas lumsnaaesdanssudaunn

a 4 A, A a 4 {
4) IAT1LH AT R.R. Rogers (CEGB Fault Gas Ratios) (3331A5121H91nn13NAa0ei

[ a a 1 a A 4 1 a 4
3¢AU Gas Limits and Warning Level AAUNA NUDUNAATFITIVNAIU TUNMTNAADIATIIT

VNAIUNNIEA
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[

[

du|  seduAaEnse H, | CH, | CH | CH, | CH, | co | co,
VAU
1 [>200 pC in Oil Und | Una | dna | dnd | U@ | dnd | na
2 >500 pC in Oil L1 Und | Und | dna | dnd | Un@ | iUnd
3 [>1,000 pC in Oil L1 Ung | dnd | dnd | dUnd | dUnd | dUnd
4 [>5,000 pC in Oil L2 Una | dnd | dnd | Und | dUnd | dUnd
5 [>10,000 pC in Oil L3 L1 Ung | dnd | dnd | dnd | in@
6 [>20,000 pC in Oil L3 L1 Una | dnd | dnd | dnd | iUn@

VNAIUNNTZAY LAAINANITAATIZHAINING 4.2

a 4 a, 1 a a 4 1 a 4
5) AAT12HA287T Duval Triangle WUIOVUAAAAVISVV1EIU TUMINARDATNITY

60
<« % CzHg

$ a 4 a, {
M 4.2 1AT12HA207F Duval Triangle 11AHan13NAARIIUAT190 4.1
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v 9 ' Y Y
A15199 4.3 wamimaauﬁ”waluﬁwﬁuﬁﬁmﬂm maiﬁaum"lﬂﬁmﬁuam Au¥u Ty

niiouilag 30-40 ppm

awu|  szAudAamda H, | cH, | CH | CH, | CH, | CO | CO,
VA (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 |>200 pC in Oil 57 3 0 0 0 3 634
2 500 pC in Oil 153 15 0 0 0 3 637
3 [>1,000 pC in Oil 285 23 0 0 0 4 636
4 |>5,000 pC in Oil 112 | 102 1 0 0 3 640
5 [>10,000 pC in Oil 1843 | 176 5 1 0 3 635
6 [>20,000 pC in Oil 3443 | 250 11 1 0 3 635

9
ﬂ'li’)l,ﬂi'lgﬁ DGA L%QLLH?I%N‘WH’)'] ﬁ'llﬂiméjﬁg’?\iﬂﬁﬂﬂ{%UWQ?{’JH@TQLLG}?%@TU 200

pC UAZENTLAUNAINUATITV0E19ABITIDIUITAAIINTLAD 20,000 pC HININA 4.3
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g 2500 = H
< 2000 m CH4
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200 500 1000 5000 10000 20000
PD (pC)

v 9 [ Y Y
MW 4.3 wamimaauﬁ”waluﬁwﬁuﬁﬁauﬂm ﬂ181ﬁﬁﬂ1h1ﬂﬁ1ﬁﬁ']tﬁﬂ@ Au¥u Ty

niiouilag 30-40 ppm
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be

[

-d' d' o a 4 ada Y 9
1NATITNN 4.3 LATHNINN 4.3 HIWUATIEHATNITUATIEHUWNAUAIU
a <Y a, . . . . . .
1) UA9 121A287T California State University-Sacramento Guidelines (Key Gases) 119
A v A J 1 ' d? a 2 1 v A a a
NAABINTZAUATIS VU EIUNINNTT 5000 pC IuT) UTmme H, ogluszavaailndeinia
] A J a ) U v A a a 4 09.:} 1 [
TaT51mIe01sn uazismunis CH, egluszdauialnaolanaaihia uenantivegluszauy
Una
a 4
2) UATIEHATWNINTIIY IEEE Std C57.104-1991, Gas Limits and Warning Level
a M Yo ~ < Y a 2 Aa a [ A 9 09’/ 1 Y 4
'J!ﬂi'lgﬂhlﬂﬂﬁﬁ'ﬁ'l\ﬂfl 4.4 ﬂglﬁul’lﬂ'ﬂ ‘]Jill'lﬂ!ﬂ'l"]f H, Wﬂ°]Jﬂﬁizﬂﬂlinﬁuﬂﬂll@ﬁ%ﬂﬂﬂﬁ%’lii]
9
1 v o a o 1 v A 4 1 '
VNAIUNINNIT 500 pC Llaglefl}'lﬁgﬂﬂigﬂlﬂu@\ulﬁigﬂﬂﬂﬁ%'ﬁi]ﬂ'l\?ﬁ')uiﬂﬂﬂ')'l 10000 pC
a 4 a A a 4 ! @
3) ANTIZHAID Dérnenberg Ratio FUAATIZHIINNTNAAOINTLAD Gas Limits and

Y
a a 1 a ] o w a 4 1
Warning Level #ia1n@ wuiternnala Isuluiiuwideudas lumsnaaesdanssuedaunn
a 4 a, A a 4 {
4) ALK AT R.R. Rogers (CEGB Fault Gas Ratios) (5331A512H910n13NAa09HN
[ a a 1 a A 4 1 a 4
3¢AU Gas Limits and Warning Level AAUNA NUDINUNAATFITIVNAIU TUMTNARDIATIIT

VNAIUNNITEAL

M3197 4.4 MIUATIZHAWNIATIIU TEEE Std C57.104-1991 1nwan1inaandlumsiei 4.3

awu|  szRudanse H, | CH, | CH, | CH, | CH, | cOo | co,
VAU
1 [»200 pC in Oil Und | dnd | dnd | dnd | dUnd | dUnd | dUnd
2 [»500 pC in Oil L1 Ung | dnd | dnd | dUnd | dUnd | dUnd
3 [>1,000 pC in Oil L1 Una | dnd | dnd | Und | dnd | dUnd
4 [>5,000 pC in Oil L2 Ung | dnd | dnd | Und | dnd | dnd
5 [>10,000 pC in Oil L3 Ll Und | dnd | dnd | dnd | iUn@
6 [>20,000 pC in Oil L3 L1 Una | dnd | dnd | dnd | in@

a 4 a, ' a a 4 1 a 4
5) AA512HA287T Duval Triangle WUOIUAAAAVISVV19EIU TUMINARDATHTY

VNAIUNNTZAU LAAIHANITAATIZHAIN NG 4.4
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4 a 4 a, {
M 4.4 AAT12HA267F Duval Triangle 11nNan1sNAa0lua15197 4.3

4 (7] g’ o (; g 3’ &Y
M99 4.5 wansnaaeumaluiniundenas meldaunu i aivaue anudsuluiiniu

wiieudaauInna 50 ppm

awu|  szAudAanse H, | CH, | CH | CH, | CH | co | co,
VI (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 [>200 pC in Oil 45 I 0 0 0 3 634
2 [>500 pC in Oil 148 9 0 0 0 4 635
3 [>1,000 pC in Oil 261 17 0 0 0 4 635
4 [>5,000 pC in Oil 1003 | 98 0 0 0 3 642
5 >10,000 pC in Oil 1625 | 156 3 0 0 3 635
6 [>20,000 pC in Oil 3265 | 221 7 0 0 4 637

9
a 4 a v v Aa 4 1 @ 1 @
N13UNTIEH DGA L‘lf\iLLu’JIﬁfiJWﬂ’)'l ﬁ'liJ1iﬂl,§1'li$’J\1@It’f“]ﬂi"ﬂﬂNﬁ’JuGN!,l,ﬁizﬂﬂ 200

@ @ a 4 U 1 4 s @ @ {
pC I,La$ﬂﬂigﬂﬂ‘wa\?\ﬂuﬂﬁ“}ﬂii]@El'l\i@]@l,ﬁ@\ﬁ]ulﬂiﬂﬂ'l')uﬁigﬂﬂ 20,000 pC AN NN 4.5
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H 9] g’ v :; g g} &%
MW 4.5 wamsnageumsluiiundentlas meldauiuIdihadvaue anuduluiiaiu

wiieudaauInnI 50 ppm

D

[

-d' -d' o a 4 ada <Y 9
1NA1319N 4.5 1AaZMNN 4.5 1N AATIEHANITAATILHUNAUAIY
a o a
1) UA9 181«?@9{ 183% California State University-Sacramento Guidelines (Key Gases) 119
A v oA 4 1 1 d?‘ a 2 1 v A a a
NAADINIZTAVATITVUNAIUWINAT 5000 pC Fu 1) USummes H, ogluszaviainaeinna
] A J a 93 U v Aa a a J aaz’ 1 @
TaT5um3Ie01sn uazlsmunes CH, agluszauiallnaoianaaihsa uenantivedluszau
Una
a o
2) UATCHAIWNINTIIY IEEE Std C57.104-1991, Gas Limits and Warning Level
a M Yo ~ < Y a (42 Aa a [ A 9 :/l 1 v A o
W12 1AA113197 4.6 vzmiulad USames B Andnaseauisuduauaszauadanse
9
VWEIUNINAT 500 pC HAZINTLAURNIAUAIATLAVATIITILNIULINNTT 20000 pC
3) ANT1LHAIYIT Dornenberg Ratio (THIATIZHIINAINATOINTLAY Gas Limits and

9
a a 1 a ] o w a 4 1
Warning Level #in1n@ wuiternnala Isurluiiuwieudas lumsnaaesdanssuedaunn

a 4 A, A a 4 {

4) IAT1LH A28 R.R. Rogers (CEGB Fault Gas Ratios) (5331A5121H910n13NAa09h

[ Aa a 1 a A 4 [l a 4
7¢AU Gas Limits and Warning Level AAUNA WU UNAATFITIVNAIU TUMTNAADIATIT

VNAIUNNIEA
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M3197 4.6 MIAATIZHAWNIATIIU IEEE Std C57.104-1991 1nWan1inaanslumsiei 4.5

eu|  seduAaEnse H, | CH, | CH | CH, | CH, | co | co,
VAU
1 [>200 pC in Oil Und | Una | dna | dnd | U@ | dnd | na
2 >500 pC in Oil L1 Und | Und | dna | dnd | Un@ | iUnd
3 [>1,000 pC in Oil L1 Ung | dnd | dnd | dUnd | dUnd | dUnd
4 [>5,000 pC in Oil L2 Una | dnd | dnd | Und | dUnd | dUnd
5 [>10,000 pC in Oil L2 L1 Upa | Und | dnd | Und | Una
6 [>20,000 pC in Oil L3 L1 Una | dnd | dnd | dnd | iUn@

a 4 a, 1 a a 4 1 a 4
5) AAT12HA287T Duval Triangle WUIOVUAAAAVISVV1EIU TUMINARDATNITY

VNAIUNNTZAY LAAIHANITAATIZHAINING 4.6

4 a 4 a, {
MNA 4.6 AAT1LHA287T Duval Triangle 11nNan1sNAa0IlUAIT19T 4.5
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msnaaesmeldauiy i laduavodnios Tasldaidaa lasauuunsinay fu

] -4 a A ] J ad { a A {
sz vnadurugudnag 25.4 Tadwas 3821195211901 Tasaned 5.00 Taawas 0

dy g} o 9 [ ~ dy g} o 9
anuyuluiuiuvdonilas 14-20 ppm aaIdan15199 4.7 anuyuluihiundonilas 30-40

[ 9 Y [
ppm UAAIAINT199 4.9 AU Tuiuiurdonannnii 50 ppm aasiea1ei 4.11

. 2 cy o ] (; <
M990 4.7 wanisnadounisluiifundoudas meldawiu i luainanedanios

dy g} o 9
AnuFuluiiuvdoutlas 14-20 ppm

ffu|  seduAaEnse H, | CH, | CH | CH, | CH, | co | co,
171987 (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 [>200 pC in Ol 56 4 0 0 0 3 559
2 [>500 pC in Ol 151 15 0 0 0 3 565
3 [>1,000 pC in Oil 288 24 0 0 0 4 577
4 [>5,000 pC in Oil 121 | 93 4 1 0 4 575
5 >10,000 pC in Oil 1924 | 189 7 1 0 3 562
6 [>20,000 pC in Oil 3628 | 261 12 I 0 3 555

Y
MINATIZH DGA Fauu Iunu aunsothsz 9@ ams au19a1uaauas=a 200

@ @ a 4 U ' 4 7 @ @ {
pC LAZINTLAUNAINUATYIIV0819ABIHBIIUIVTNANIUNTLAV 20,000 pC AININA 4.7
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PD (pC)

H g’ @ 1 :; < g
Mun 4.7 wanmsnaaeumalusiniurdendas meldau i hiaitauednies aAusu

Tusiniunouas 14-20 ppm

b

A A ) a 4 ada Y Y W
INATITNN 4.7 LAZHNINN 4.7 HIWUATIEHATNITUATIEHUWNAUAIU

a 4 a,
1) UAIIEH #1835 California State University-Sacramento Guidelines (Key Gases) 119

[

uAanA19INA

E4
=) J o 1

TaTsumSeensn uazilSumme cH, agluszauAnlndornnaaisn uenviniuegluszay

1na

v A 4

v £4
NARBINTZAVAANS VU IMNINAT 5000 pC Yula) A/Summes H, oglusza

2) alﬂiwﬁﬁmiJMiiﬁWu IEEE Std C57.104-1991, Gas Limits and Warning Level
Sinseilddnnsnadt 48 sxifiuldh USinafe 1, Aadndssdusudududssfuaanss
VNAIUNINAI 500 pC uameﬂ’ﬁzﬁ’ugmﬁuﬁyau@iizﬁ’uﬁmﬂ{ﬂquaumﬂm'w 10000 pC

3) 31512182695 Dornenberg Ratio 1511315 12¥910N15NAABIAT LA Gas Limits and
Warning Level Ha1/né wrhendalalsiluiuimdenlas TunsnaaesdasavadIunn
JZAU

4) 51031287878 R.R. Rogers (CEGB Fault Gas Ratios) (3131051910113 naa0af
5$@1 Gas Limits and Warning Level AnUn@ nudievnaaainiaveaiu lumsnaaeidamnsa

VRAIUNNIEA
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M3197 4.8 MIAATIZHAWNIATIIU TEEE Std C57.104-1991 Mnwamsnaandluasei 4.7

eu|  seduAaEnse H, | CH, | CH | CH, | CH, | co | co,
VAU
1 [>200 pC in Oil Und | Una | dna | dnd | U@ | dnd | na
2 >500 pC in Oil L1 Und | Und | dna | dnd | Un@ | iUnd
3 [>1,000 pC in Oil L1 Ung | dnd | dnd | dUnd | dUnd | dUnd
4 [>5,000 pC in Oil L2 Una | dnd | dnd | Und | dUnd | dUnd
5 [>10,000 pC in Oil L3 L1 Ung | dnd | dnd | dnd | in@
6 [>20,000 pC in Oil L3 L1 Una | dnd | dnd | dnd | iUn@

a 4 a, 1 a a 4 1 a 4
5) AAT12HA287T Duval Triangle WUIOVUAAAAVISVV1EIU TUMINARDATNITY

VNAIUNNTZAY LAAINANITAATIZHAINING 4.8

60
<« % CzHg

4 a 4 a, {
M 4.8 AAT12HA267F Duval Triangle 1nHan13NAA0I U190 4.7
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4 :I 2 1 (; <
M9 4.9 wanisnaaeunigluiiniundeonas neldauin i luaiuauednilos

9 Y
ANy luiniuviienalas 30-40 ppm

awu|  szAudAamda H, | cH, | CH | CH, | CH, | CO | CO,
VA (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 200 pC in Oil 54 2 0 0 0 2 656
2 500 pC in Oil 156 16 0 0 0 3 672
3 [>1,000 pC in Oil 277 | 21 0 0 0 3 645
4 |>5,000 pC in Oil 1110 | 100 1 1 0 4 662
5 [>10,000 pC in Oil 1765 | 171 4 2 0 3 636
6 [>20,000 pC in Oil 3624 | 231 9 1 0 4 651

9
ﬂ'li’)l,ﬂi'lgﬁ DGA L%QLLH?I%N‘WH’)'] ﬁ'lllﬁméjﬁg’?\iﬂﬁﬂﬂ{ﬂHWQ?{’JH@TQLLG}?%@TU 200

pC UAZENTLAUNAINUATVIF V06 197B1TIBIUIVINAIINTLAY 20,000 pC FININH 4.9

4000

3500

3000
g 2500 - H2
< 2000 m CH4
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1000 l m C2H4
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0 L— - I
200 500 1000 5000 10000 20000
PD (pC)

Y 3, % I a3 -
5]11Nﬁ 4.9 wamimaauﬁ”mfluumuﬁﬁ’auﬂm fl'IElcligl}’ﬁu'IiJ]l‘l’\lﬁ'I]lllﬁll'llﬁTil’ﬂlﬁﬂﬁﬁlﬂ mm%u

Tusiniundouas 30-40 ppm
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be

[

-d' d' o a 4 ada Y 9
1NATITNN 4.9 LATHNINN 4.9 HIWUATIEHATNITUATIEHUWNAUAIU
a <Y a, . . . . . .
1) UA9 121A287T California State University-Sacramento Guidelines (Key Gases) 119
A v A J 1 ' d? a 4] v v A a a
NAABINTZAUATIS VU EIUNINNTT 5000 pC IuT) UTmme H, ogluszavaailndeinia
] = J a ) ll v A a a J 09.:} 1 [
TaT51mIe01sn uazismunis CH, egluszdauialnaolanaaihia uenantivegluszauy
Una
a d
2) UATICHANNIATIIY IEEE Std C57.104-1991, Gas Limits and Warning Level
a 9Y o A < Y a 2] Aa a [ A 9 09.:} 1 v A 4
3!ﬂ§1$ﬂﬂlﬂﬂ\wﬂ§1\ﬁﬂ 4.10 %mublﬂm ‘]JiiJ'lﬂ!ﬂ'l"]f H, AHAUNATZAVISUAUAATEAVATLITY
9
v v o a o ' v A J | v
VNWNAIUNINNIT 500 pC Llaglefl}'lﬁgﬂﬂigﬂlﬂu@\ulﬁigﬂﬂﬂﬁ%'ﬁi]ﬂ'l\?ﬁ')uiﬂﬂﬂ')'l 20000 pC
a J a A a J ! @
3) ANTIZHAIID Dérnenberg Ratio FUAATIZHIINNTNAAOINTLAD Gas Limits and

9
a a 1 a ] o w a 4 1
Warning Level Aia1n@ wuiternnala Isuluiiuwideudas lumsnaaesdanssuedaunn

a 4 A, Q' a 4 y
4) ALK AT R.R. Rogers (CEGB Fault Gas Ratios) (5331A512H910n13NAa09HN

52611 Gas Limits and Warning Level AaUn@ udionamnaaansaunaadiu lunsnaaesnannss

'
Aa

1 [ 4 1 1 [} 4 o {
VNEIUNNILAD sniumsnaassiaa s aueduuInn 1 5000 pC linsalou'ly (§1du7 4)

1@ Code 5-0-1-0 luenunsadaiize ¢

M3197 4.10 MIVATIHAWNIATTIW IEEE Std C57.104-1991 91nRan1inanedlua1s1ei 4.9

awu|  szAuAamia H, | CH, | CH | CH, | CH, | co | co,
VAU
1 [»200 pC in Oil Una | dnd | dod | dnd | dUnd | dUnd | dUnd
2 [»500 pC in Oil L1 Ung | dnd | dnd | Und | dnd | dUnd
3 [>1,000 pC in Oil L1 Ung | dnd | dnd | Und | dnd | dUnd
4 [>5,000 pC in Oil L2 Una | dnd | dnd | Und | dUnd | dUnd
5 [>10,000 pC in Oil L2 L1 Una | Und | dnd | Und | Una
6 [>20,000 pC in Oil L3 L1 Una | dnd | dnd | dnd | in@

a 4 a, ' a a 4 1 a 4
5) AAT12HA287T Duval Triangle WUOIUAAAATIS VAU TUMINARDIATHTY

VNAIUNNTZAU LAAIHANITAATIZHAINING 4.10



4 a 4 a, {
M 4.10 AA512HA267T Duval Triangle 11HAN1TNAABI1UAT19N 4.9

89

H (7 :I @ [ (; <
M99 4.11 wansnadounslihdundontas meldaun Wi luaiuaueidniios

9 Y
Aanuau luiniunsiont/asuinnin 50 ppm

awu|  szAudAanse H, | CH, | CH | CH, | CH | co | co,
VI (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 [>200 pC in Oil 46 I 0 0 0 4 712
2 [>500 pC in Oil 150 11 0 0 0 4 674
3 [>1,000 pC in Oil 256 15 0 0 0 3 689
4 [>5,000 pC in Oil 980 82 0 0 0 4 687
5 >10,000 pC in Oil 1630 | 161 2 0 0 4 692
6 [>20,000 pC in Oil 3188 | 210 7 0 0 4 690

9
a 4 a v v Aa 4 1 @ 1 @
N13UNTIEH DGA L‘lf\iLLu’JIﬁfiJWﬂ’)'l ﬁ'liJ1iﬂl,§1'li$’J\1@It’f“]ﬂi"ﬂﬂNﬁ’JuGN!,l,ﬁizﬂﬂ 200

@ @ a 4 U 1 4 s @ @ {
pC I,La$ﬂﬂigﬂﬂ‘wa\?\ﬂuﬂﬁ“}ﬂii]@El'l\i@]@l,ﬁ@\ﬁ]ulﬂiﬂﬂ'l')uﬁigﬂﬂ 20,000 pC AN NN 4.11
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PD (pC)

4 :l 2 [] (; <
Mun 4.11 wanisnaaeumisluiitiundeudas meldawiu i lhainanednios

9 Y
anuyu lurhdundenaannnii 50 ppm

= = o a I’ aqa Y Y o &
NAITNWN 4.11 HAZNINN 4.11 UIWUATIEHAINITAUATIEHUINAUAIY
a J asn N \ . .
1) U3 12%#283%3 California State University-Sacramento Guidelines (Key Gases) 119
A v A 4 1 ' d? a 2 T v A a
NANDINTEAVUATBITIUWNAIUNINNIT 10000 pC GUUVIJJ Uy H, agluamumﬂmm%
a ] A J A v A J 1 ' d? a 2] ll
e lal51m30015n LAz NTZAUAANTIUNAININNT 5000 pC Y1 1) YTumne CH, og1u
v A a a J qs;l [l [ a
szavnalnaonnaaihin uenvntivegluszaulng
a L4
2) UATCHAINNINTIIY IEEE Std C57.104-1991, Gas Limits and Warning Level
a Y o A [~ Y a 4 a a o A v 3 1 v a J
’Jlﬂi'lg“rﬂﬂﬂwni’l\iﬂ 4.12 ﬂzmu"lmw Usanas H, HAUNATZAVITUAUAUATZAVATHIT
9
VWEIUNINAT 500 pC HAZINTLAURNAUAIATLAVATITILNEIULINNTT 20000 pC
3) AAT1LHAIYIT Dornenberg Ratio ITHAATIZHIINAINATOINTLAY Gas Limits and

9
a a 1 a ] o w a 4 1
Warning Level #in1n@ wuiternna la Tsuluiiuwideudas lumsnaaesdansauedaunn

a 4 = A a 4 {

4) IAT1LH AT R.R. Rogers (CEGB Fault Gas Ratios) (5331A5121H91nn13NAa09

[ a a 1 a A 4 1 a o
7¢AU Gas Limits and Warning Level AAUNA NUDUNAATTITIVNAIU TUMTNAADIATIT

VRAIUNNIEA
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M3197 4.12 MIAATIZHAWNIATFIW TEEE Std C57.104-1991 1inpamsnaandluaingi 4.11

ey seduAaEnse H, | CH, | CH | CH, | CH, | co | co,
VAU
1 [>200 pC in Oil Und | Una | dna | dnd | U@ | dnd | na
2 >500 pC in Oil L1 Und | Und | dna | dnd | Un@ | iUnd
3 [>1,000 pC in Oil L1 Ung | dnd | dnd | dUnd | dUnd | dUnd
4 [>5,000 pC in Oil L2 Una | dnd | dnd | Und | dUnd | dUnd
5 [>10,000 pC in Oil L2 L1 Upa | Und | dnd | Und | Una
6 [>20,000 pC in Oil L3 L1 Una | dnd | dnd | dnd | iUn@

a 4 a, 1 a a 4 1 a 4
5) AAT12HA287T Duval Triangle WUIOVUAAAAVISVV1EIU TUMINARDATNITY

VNAIUNNTEAY LAAINANITAATIZHAININD 4.12

$ a 4 a, {
M 4.12 AAT12HA287T Duval Triangle MAHaN13TNAADI1UAT19N 4.11
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4.3 wamsnaasamealaalnihliminanegs
' ° aa Y
nmsnaassnteldauin i luaiuauegs Taeldodnlasauuuiateunay iy
] a A ] J ad { a A {
FEUD VNAFUHIUFUENANN 25.4 Haamas 52eyr19TEnI19BIan Tasanah 5.00 Haawas 7
dy oy & 9 Y ~ dy g} o 9
AnuFuluiidundiondas 14-20 ppm HEAIRIN15197 4.13 ANuFuluihiundonilas 30-40

[ 9 Y [
ppm LAAIAINT199 4.15 ANvdu Tuiuiuvdondasunnnin 50 ppm Laasdeas1ai 4.17

] bl ' v
M9199 4.13 wamsnaaeuimaylusiniunientlas neldauu i laduauegs anuduly

sumdeulaq 14-20 ppm
fu|  seduAaEnse H, | CH, | CH | CH, | CH, | co | co,
171987 (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 >200 pC in Oil 80 6 0 0 0 3 560
2 [»500 pC in Oil 197 18 0 0 0 2 533
3 |>1,000 pC in Oil 305 33 0 0 0 3 543
4 >5,000 pC in Oil 1250 122 2 0 0 3 578
5 |>10,000 pC in Oil 2121 198 6 0 0 4 528
6 |>20,000 pC in Oil 3744 290 10 0 0 4 550

Y
MINATIZH DGA Fauu Iunu aunsothsz 9@ ams au19a1uaauas=a 200

pC UAZENTLAUNAINUATVIF V06 19ABITIBIIUIVINANNTLA 20,000 pC HINTNN 4.13
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4000
3500
3000
€ 2500
é 2000 o
< m CH4
8 1500 C2H6
1000 mC2H4
500 ® C2H2
0 Lo m |
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PD (pC)

] v [ v
M 4.13 wamsnaaeuimalusiniundeutlas meldau i liaiuanege anuduly

Wiiundonlas 14-20 ppm

A A o a s ana Y Y w oA
1NA15 197 4.13 1azmni 4.13 1IN BATIZHAINITAATIEHINAUAIT
a 4 a,
1) UA9 131«?@9{ 189% California State University-Sacramento Guidelines (Key Gases) 119
~ [ 4 1 1 d? a () L] v A a a
NAADINIZTAVATITVVNAIUUINAT 5000 pC Au 1) USammes H, ogluszaurainaeiana
] A 4 a [ v v Aa a a J :}I 1 @
TaT51mIe01in uazsmames CH, ogluszauialnaoranaaisn uvenvinivedluszay
nf
a o

2) UATICHAWNINTIIY IEEE Std C57.104-1991, Gas Limits and Warning Level
a Y o ~ < Y a (7 a a o/ A 9 :/l 1 v Aa 4
AnTRIdaenni1ei 4.14 azmiu'ldn dsuaime 1, AadlndszduiTududuassquaanso

4

VNAIULINNTT 500 pC LAZINTZAURNDUAIATEAVATISILIEIUNINAD 10000 pC

3) ANT1LHAIYIT Dornenberg Ratio ITHAATIZHIINAINATOINTLAY Gas Limits and

Y
Warning Level Ann@ nuienana Ialsthluiniundeontas lumsnasssdamnssueaaunn
@ kY Aa 4 ! 1 ] dl o w A

52AU 8NAUNMINAABINAFWITILNEIULINNI 1000 pC luinsadouly (§reuh 3)

4) JNT1LHAIIT R.R. Rogers (CEGB Fault Gas Ratios) (31A3121010013NAa047
52611 Gas Limits and Warning Level AaUn@ wudienamaaansaunaadiu lunmsnaassnamnss

a

1 @ { 4 1 ' ] 4 o w .
VNAUNNIZAY snAunInaaeIiads auaIunINn 1000 pC liasulou v (Gr1dun 3)



94

M3197 4.14 MIVATIHAWNIATFIW TEEE Std C57.104-1991 1nnamsnaandluaisedi 4.13

[

[

ey seduAaEnse H, | CH, | CH | CH, | CH, | co | co,
VAU
1 [>200 pC in Oil Und | Una | dna | dnd | U@ | dnd | na
2 >500 pC in Oil L1 Und | Und | dna | dnd | Un@ | iUnd
3 [>1,000 pC in Oil L1 Ung | dnd | dnd | dUnd | dUnd | dUnd
4 [>5,000 pC in Oil L2 L1 Una | Und | dUnd | Und | Una
5 [>10,000 pC in Oil L3 L1 Ung | dnd | dnd | dnd | in@
6 [>20,000 pC in Oil L3 L1 Una | dnd | dnd | dnd | iUn@

a 4 a, 1 a a 4 1 a 4
5) AAT12HA287T Duval Triangle WUIOVUAAAAVISVV1EIU TUMINARDATNITY

VNAIUNNTZAU LAAIHANITAATIZHAINING 4.14

$ a 4 a, {
M 4.14 AA512HR2873 Duval Triangle MAKANITNAADSIUAT199 4.13

60
<« % CzHg




95

v v v Y
M919d 4.15 mansnaaeuinylusiniundenlas meldaulilih adwanege anwdulu

b

Wunient/ag 30-40 ppm

awu|  szAudAamda H, | cH, | CH | CH, | CH, | CO | CO,
VA (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 |>200 pC in Oil 74 6 0 0 0 4 712
2 500 pC in Oil 195 16 0 0 0 4 654
3 [>1,000 pC in Oil 296 | 27 0 0 0 4 720
4 |>5,000 pC in Oil 1223 | 114 2 0 0 3 785
5 [>10,000 pC in Oil 1840 | 166 5 1 0 4 668
6 [>20,000 pC in Oil 3466 | 265 11 1 0 3 773

9
ﬂ'li’)l,ﬂi'lgﬁ DGA L%QLLH?I%N‘WH’)'] ﬁ'llﬂiméjﬁg’?\iﬂﬁﬂﬂ{%UWQ?{’JH@TQLLG}?%@TU 200

pC UAZENTLAUNAINUATYIS V0E19781TIBUIINAINNTLA 20,000 pC HINTNN 4.15
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Wunsientlag 30-40 ppm
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= = 0 a ¢ ana Y Y o A
INATITNN 4.15 HAZNINN 4.15 UIUNUATIEHANNITAUATIEHUINAUAIY
a <Y a, . . . . . .
1) UA9 121A287T California State University-Sacramento Guidelines (Key Gases) 119
A v A J 1 ' d? a 4] v v A a a
NAABINTZAUATIS VU EIUNINNTT 5000 pC IuT) UTmme H, ogluszavaailndeinia
] = J a ) ll v A a a J qs.:} 1 [
TaT5um3Ie01sn uazlsmunis CH, egluszdavialnaoianaaihia uenantivegluszau
Una
a d
2) UNTICHAWNIATIIY IEEE Std C57.104-1991, Gas Limits and Warning Level
a 9Y o A < Y a 2] Aa a [ A 9 09’/ 1 Y 4
3!ﬂ§1$ﬂﬂlﬂﬂ\w]'ﬁ'l\ﬁ/l 4.16 %mublﬂm ‘]Jill'lﬂ!ﬂ'l"]f H, Wﬂ°]Jﬂ9’]izﬂﬂli‘n@]uﬁ\ﬂl@i%ﬂﬂﬂﬁ%'ﬁﬂ
9
v v o A o v v A J v v
VNAIUNINNI 500 pC Llagleﬁl'ﬁgﬂ'ﬂﬂﬂﬁlLl@]Q!Lﬁigﬂﬂﬂﬁcﬁ'liﬂﬂ'lﬂﬁjlzln’mﬂ']'l 10000 pC
a J A A a J ! @
3) ANTIZHAID Dérnenberg Ratio FUAATIZHIINNTNAAOINTZAD Gas Limits and

Y
a a 1 a ] o w a 4 1
Warning Level #ia1n@ wuiternnala Isuhluiiuwideudas lumsnaaesdanssuedaunn
a 4 a, A a 4 4
4) TAT1LH AT R.R. Rogers (CEGB Fault Gas Ratios) (3331A5121H910013NAa09N
[ a a 1 a A 4 1 a 4
7¢AU Gas Limits and Warning Level AAUNA NUIDINUNAATTITIVNAIU TUNMTNAADIATIIT

VRAIUNNIEAL

M3197 4.16 MIVATIZHAWNIATFIW TEEE Std C57.104-1991 1nnansnaandluaisadi 4.15

Wyl szAudanse H, | CH, | CH, | CH, | CH, | cOo | co,
VAU
1 [»200 pC in Oil Und | dnd | dnd | dnd | dUnd | dUnd | dUnd
2 [»500 pC in Oil L1 Ung | dnd | dnd | dUnd | dUnd | dUnd
3 [>1,000 pC in Oil L1 Una | dnd | dnd | Und | dnd | dUnd
4 [>5,000 pC in Oil L2 L1 Una | dnd | dnd | dnd | in@
5 [>10,000 pC in Oil L3 Ll Und | dnd | dnd | dnd | iUn@
6 [>20,000 pC in Oil L3 L1 Una | dnd | dnd | dnd | in@

a 4 a, ' a a 4 1 a 4
5) AA512HA287T Duval Triangle WUOIUAAAAVISVV19EIU TUMINARDATHTY

VNAIUNNTZAU LAAIHANITAATIZHAINING 4.16




4 a 4 a, {
M 4.16 AAT12HA287T Duval Triangle 1AHANITNAADSIUAT190 4.15
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v k2 [ Y
M9199 4.17 wamsnaaeuinslusiniuvienlas meldauuliih luaduanege anuduly

@ s

Y
Hiiuvidoutaaninnii 50 ppm

awu|  szAudAanse H, | CH, | CH | CH, | CH | co | co,
VI (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 [>200 pC in Oil 82 6 0 0 0 3 646
2 [>500 pC in Oil 168 15 0 0 0 3 762
3 [>1,000 pC in Oil 274 25 0 0 0 4 685
4 [>5,000 pC in Oil 1322 | 116 1 0 0 3 661
5 >10,000 pC in Oil 1650 | 144 3 0 0 3 640
6 [>20,000 pC in Oil 3255 | 254 6 1 0 3 783

9
a 4 a v v Aa 4 1 @ 1 @
N13UNTIEH DGA L‘lf\iLLu’JIﬁfiJWﬂ’)'l ﬁ'liJ1iﬂl,§1'li$’J\1@It’f“]ﬂi"ﬂﬂNﬁ’JuGN!,l,ﬁizﬂﬂ 200

@ @ a 4 U 1 4 s @ @ {
pC I,La$ﬂﬂigﬂﬂ‘wa\?\ﬂuﬂﬁ“}ﬂii]@El'l\i@]@l,ﬁ@\ﬁ]ulﬂiﬂﬂ'l')uﬁigﬂﬂ 20,000 pC AN NN 4.17
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| v v Y
ai 4.17 wamsnaaeuimalusiniundeutlas meldau i luaivanege anuduly

Y
Wiiundonawunnnidi 50 ppm

~ ~ ) a 4 amAa <Y 9 [ dy
INATT NN 4.17 AaZNINN 4.17 HIWIUATIZHATUITUATIZHUINOAUAIU
a2 ( a . . . .
1) UA9 181«?5{ 2873 California State University-Sacramento Guidelines (Key Gases) 119

v A 4 o

v 9
NARBINTZAVAANT VU IUNINNT 5000 pC Yu 1) Sanmines H, agluszauialndoiaia

E4
= J o 1

TaTsumSeensn uazdlSumme cH, ogluseauAnlndornnaaisn uenviniuegluszdy
nf

2) ﬁmiwﬁmmmmgm IEEE Std C57.104-1991, Gas Limits and Warning Level
szl dansnai 418 vzt 1831 USnaie o, AnlndseduEududaudsefuaannis
qudauuwﬂﬂdw500pCL&nn%wizﬁugfn§u5§udizﬁuﬁawwgﬂuwadauuwﬂﬂdw20000pc

3) AATILHAYIT Dormenberg Ratio 5UAN3ZHINNITNARDITSZHY Gas Limits and
Warning Level Ha1/né whedalalsiluiuimdeuas TunsnaaesdasauadIunn
JZAU

4) 51n312¥8767% R.R. Rogers (CEGB Fault Gas Ratios) (3131051291013 naa0afi
5$@1 Gas Limits and Warning Level AnUn@ nudieanaaainiaveaiu lumsnaaeidamnsa

VNAIUNNITEA
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M3197 4.18 MIAATIHAWNIATFIW TEEE Std C57.104-1991 11nHansnaandluaninei 4.17

[

[

ey seduAaEnse H, | CH, | CH | CH, | CH, | co | co,
VAU
1 [>200 pC in Oil Und | Una | dna | dnd | U@ | dnd | na
2 >500 pC in Oil L1 Und | Und | dna | dnd | Un@ | iUnd
3 [>1,000 pC in Oil L1 Ung | dnd | dnd | dUnd | dUnd | dUnd
4 [>5,000 pC in Oil L2 L1 Una | Und | dUnd | Und | Una
5 [>10,000 pC in Oil L2 L1 Upa | Und | dnd | Und | Una
6 [>20,000 pC in Oil L3 L1 Una | dnd | dnd | dnd | iUn@

a 4 a, 1 a a 4 1 a 4
5) AAT12HA287T Duval Triangle WUIOVUAAAAVISVV1EIU TUMINARDATNITY

VNAIUNNTEAY LAAINANITAATIZHAININD 4.18

$ a 4 a, {
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Partial Discharge Detection of Power Transformer by Dissolved Gas Analysis
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Abstract

Recently, Dissolved Gas Analysis (DGA) fechnigque is a

method for detecting Partial Discharge (PD) in power
fransformers. As the fransformer oil under themmal sfress
according to types of the discrder, the Hydrocarbon chain will
liberate gases which relates to level of heat in the transformer
oil. The analysis of this relationship can be used fc assess

severity of abnormalities within the first fransformer insulation

transformer has been severely affected. Approach to
maintenance and damage prevention is fimely. This study
focuses on partial discharge monitoring because some

damage fo the majority of the insulation within the
transformer due fo voltage durability. As the results, it is
shown that the hydrogen {H.) and methane (CH,) tend to be
increased severify during the partial discharge occumred.

Keywords: Partial Discharge, Dissolved Gas Analysis, DGA
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RATIO RANGE CODE
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>=1<3 1
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Carbon oo
500 1000 AT WA UTUUT
monoxide 3
Carbon .
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dioxide 0
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Combustibles
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Abstract

Various methods have been applied in detecting the Partial
Discharge (PD) in the power transformers. Dissolved Gas Analysis
{DGA) is one of the most useful techniques to detect incipient faults in
the oil-filled transformers due to it can be used to detect fault without
off-line or disconnecting load. As the transformer under the thermal
stress, it cause of insulation oil decomposition to gases depend on the
degree of thermal stress. Analysis of these relationships can be used to
assess severity of abnormalities within the first ransformer insulation
transformer has been severely affected. Approach to maintenance and
damage prevention is timely. This study focuses on partial discharge
detection. As the experimental results, it is found that when the partial

discharge occurred More than 200pC., the hydrogen (H,) and methane

(CH,) can be detected that will be the beginning of the problem and it

will increase severity during the partial discharge.
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