.

SRR




nsitasEautuneulasuiintnsudle3sn1san e iuiafiazanelusingy
DIAGNQOSIS OF OIL IMMERSED TRANSFORMER INSULATION
BY USING DISSOLVED GAS ANALYSIS

log
UNHIINIYIUING anduns
UNERUNUUN BHRRGT
ULAIFNA LNYET
uenlguAas Yoziniung

U‘%zuuwuqﬁwuﬁ‘ﬁﬁ‘lud'awﬁwaoﬂﬁﬁnmmwé’nqm’iﬁ'an's'sumﬁmﬁ'mﬁm
AMAFVIANTTUIAR ARLAAINNSIUAANS
a01UUmATUTAENSZRUNANIIANNITAINNTZU
Un1sfnwn 2561



DIAGNOSIS OF OIL IMMERSED TRANSFORMER INSULATION
BY USING DISSOLVED GAS ANALYSIS

KANCHANAPORN LUK-IN
CHANTAPAPA SAMERPAK
NATTAKRIT CHUMNINUAN
NADPAKUL PIYAPATAMIN

THIS PROJECT SUBMITTED IN PARATIAL FULFILLMENT OF THE REQUIREMENT
FOR THE BACHELOR’S DEGREE IN ELECTRICAL ENGINEERING
DEPARTMENT OF ELECTRICAL ENGINEERING FACULTY OF ENGINEERING
KING MONGKUT'S INSTITUTE OF THE TECHNOLOGY LADKRABANG
2018



Un1sfinen 2561

nstadeauludaulasrinutudle3snsinsevinRanasatelusingdy
DIAGNOSIS OF OIL IMMERSED TRANSFORMER INSULATION
BY USING DISSOLVED GAS ANALYSIS

oy
UIHINQYIUINS anauns
UA1AUVUUN BHEHRE
wgnigngm P1iiua
weniguAnn Yoziniiuns
21915873

F99ANEATID1TE 0. USLATE WAILAY



UseygiinusUnisfnen 2561
A3 dangsu i

Augdmnssumans anfuwelulagnszaoundndnnuvnsatansed

[
° o 2/

599 Mfittsauuntswlataliuseisnsinsiziuianazaneluiingiy

FARYIn
1. WNEINYIUINS gnduns
2. WeE9uNUUN ENGROD
3. wwalgnge F1dura
4, wealgudad Yogtniiuns

..................................................................... 9191387UINW
(599ANAR519158 A5, USLATYE AALLAY)



N15399RsauUVd A vlnUNIUA2835 15 AT Iz A dNaza1e TuLneTy

WNEMINMYINT  gndung

WA weosing

wealgnge P8uIa

Wwalgufan Veedniiuns

.05, USLAT G Wimuey 0191587

Un1sAnw 2561

UNANED

2
=l o/

Uiganinusetuiiiiiaguszasimefinuilassasisdiulsenoussaidoudasluii

& a

WaLNIsIATIZNIAT Iz aazauluaulIumal (Dissolved Gas Analysis : DGA) lawn
hiuus wamedossuud (i FR3) uavintutndy uiadind iiaduainnnssiasens
Anundfiintuldlunieudas Inevhmssiaenisiinusnanaisioussiulainssuaadu
YOIRUIUNAINULIATEIU IEC 60156 N1siianTstusnandmesdulniinssuaaduens
staua%mﬁQn%mwamuﬂuau’aumm nsIARNTIUINATER s I uB e RIS UIn
LaEIAUTBIRUINA IR 1ATFIU IEC 60897 N1siiANISIUSNATINA B IAUBUNadN N
‘??amm,l,as%nawauwmua%mﬁgnamwﬁmumiuamumm WAYNIINAFBUNITAAYITY
UNNAIUYDIAUIULNAT LLﬁaﬁLﬁmﬁue‘fﬁaxﬁwaagiuﬁwﬁuwgnﬁ&aaﬂm WoluAnw
ngfnssunsifnturesuia nuideseiiinasenududunfaiiintuuneiinvenis
wsnAY Sauesansiusnanl wagszersEwindiEnngm MntuvinsuUanasg Iz
WP IEC60599 wazanasgnu IEEE C57.104 wul1 ANUQNARIvesisnsulanaufasis
liinseunqunsaifinuiiavin fuardoadenldimauanalimnsaufulgmusiayyia



DIAGNOSIS OF OIL IMMERSED TRANSFORMER INSULATION
BY USING DISSOLVED GAS ANALYSIS

Kanchanaporn Luk-in
Chantapapa Samerpak
Nattakrit Chumninuan
Nadpakul Piyapatamin

Assoc. Prof. Dr. techn. Norasage Pattanadech Advisor

Abstract

The objectives of this project are to study the principal parts of a transformer
and the dissolved gas analysis (DGA) of insulation liquids i.e., mineral oil, FR3 fluid, and
palm oil. The insulation liquid dissolved gases were generated according to the fault
types occurring in the transformers. The aforementioned simulations were comprised
of 1) AC breakdown of insulation liquids according to IEC 60156, 2) AC breakdown of
liquid impregnated pressboards, 3) standard lightning impulse breakdown (both
positive and negative polarities) of insulation liquids in accordance with IEC 60897, 4)
standard lightning impulse breakdown (both positive and negative polarities) of liquid
impregnated pressboards, and 5) partial discharges of liquid insulation.- The dissolved
gasses were extracted and examined the behavior of gas generation. It was found that
the concentration of such dissolved gasses depended on the breakdown voltage types,
number of breakdowns, and the gap distance between electrodes. The dissolved gas
interpretation was performed which was complied with IEC 60599 and IEEE C57.104.
Each interpretation method was suitable for different types of fault problems.

Therefore, the interpretation method needs to be used relevant to the problems.
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2.1 daudsznaunisuanvasniioundas [1-4]

dulszneuneuenuelalUaiuwanifsgy 2.1

Oil Level Gauge

Conservator Tank

Neutral Bushing Buchholz Relay

Low Voltage Bushing

On-Load Tap Changer

Pressure Relief Device

Tertiary Bushing

Hich Voltage Bushing

Dehydrating Breather

Radiator

Main Tank

Cooling Fan
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2.1.1 dafiutindudnsas (Conservator Tank)

[y
o w ]

fuAvinfudrses SuiiRuiitu sesfunismada verefavenisfunely
wifeutas wardredsurne dethfunelunieudasiinisdaia Tnsdafuiitudisesgn
findeaggenindifadn uasaslufiqeay (Rubber Bag) vinthitesiulallfernmmneuen
Sutatuifumiouasnielulaenss Tnedl Rupture Detecting \ugunsniudasiowmniinng
Srpniunsioulas was Ol Level Gauge Jaseiuthifuludafuisiudses

gﬂ‘ﬁ 2.2 faAvihdudrses (Conservator tank) [5]

& /
2.1.2 94an799AUYU (Dehydrating Breather)
YANTOIAMILTU MNTTANANIUSERINIEINIANIBUBN kagannian e ludauiy
Unsfud1ses lasussgeadanduitu wazdlegaanuiudavideuluanipuduiihaauns

(n) AouUAAAINLTY (1) MeInAANLTY

31.]171' 23 ‘gﬂﬂia\‘lm’m%}u (Dehydrating Breather) [6]



2.1.3 gunsalszueAd1udiu (Pressure Relief Device)

gunsalszurenudy vhuihiiaanuduneluidmseuvasiifianngunain
nsveEfvpiy LLazmnﬂ’mﬁrﬂmmﬁmlnﬁma‘tuﬁﬁﬂﬁlﬁ@mmﬁuqa%}uaﬂ’mi'ml,"%';
Wielilimnudunseyiradmsioutasnuiinnisuinausadald lutligiulduuuauss
fheufunnwelerususaUidld drazgnilineenliihiiulnasenuiauausutesnin

w3eaU3s afignlaas

31]“71. 2.4 pUnsaiszuremNufu (Pressure Relief Device) [7]

]

2.1.4 qﬂniﬁﬁiﬂqmwgﬁﬁ'}ﬁu iazunaIn (Oil and Winding Temperature Device)
lduangunniiveanidouvas 1wy gamaiidiuvuvesidundeudas uazgumgives
vaan Ingisuaruioussdaliluuinaioaumgiiadian Admiiaasilanal 16

2%

=

Uﬁ 2.5 gunsalingaumgiiy Iy wavemaan (Oil and Winding Temperature Device) [8]

9 Y

2.1.5 yvlaansiad (Buchholz Relay)
yalaaviiad gninasegsenitmdaudasiuduiviidudises vwmdinsadunia
AnTuegRAUNA lurawlad Waian1Tan199558 119N aIATIHAIN SELAS A998 Y50

ansAamaunsd Faduanufinundiliguuse WeufaludSuaivtes uiaezaseiig

Y

suuy waglazauiidiyrleadiiad Wefalunateassuiinauianazauiiuinauilign
aRgA UUNYDIYYLEdnsLad wwousaslunauduntinduda wirdedugrondeulud
vosAuAN uitAnAuRaUnARiuLse Wy n1sense azieudalulszuiaiininly
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JU# 2.6 nannsvitauvesytlednsiad [9]

gﬂﬁ 2.7 yuleavsiad (Buchholz Relay) [10]

3

2.1.6 nevislauuag (Tank)

favsfouvas winiivdn Ao vesguniiy stevfudusenoundenasnelu W vaan
unuwdin sy uarsesSueunsalutindne q Wy yads wasgmuny lasasdpsmuussiud
wfstunnauAnUndvasyheulild Smun wazeumusieussiutuiumseenuuy

2.1.7 AsusEUIEAueu (Radiators)
ATUTTUNEAINToU ansnsadavduls wazliaaiuudeuss Fedreiniuiinngsyune

2

s

A21158UYDIUNTY ﬁ&uﬁmﬁaﬁ’wﬁameﬁﬂé’ﬂma%sﬁﬁaé’wuwlﬁﬁmuaquﬁqelwaLﬂih

%

wazvieduaslimhdugaumadinlvandugnliowas

v e
guﬁ' 2.8 ATUSEUEANLSBY (Radiators) [11]



2.1.8 Waauszu1eA1u3aU (Cooling Fans)

Waa Vi ddiunisssuieeudeuliaity Tnarhaulufinsussunsanudouriily
9IN1AIELTINAT NS BNAIUETIUUF 9Inn1TITen1slRmautIeszUIsAINS U
anunsaiiuUsEANSands 25% Nrauesiaslduniseonuuuiititesaneniinide syl

WNeaEgsUNMIUTINA U MIawUanes deuldusmasiuunsinsysen

U 2.9 Wnawszurmmou (Cooling Fans) [12]

2.1.9 Y334 (Bushings)
yrde viwhiluauouiusswindasadhiudade liud yrusegs yrausei uas

a o

Yuiisilinsea lassaievesyelarysenouludisunuosd wasnsyay Fasesiuiy

U 9 muszauLsulnii lnsusasduazsessuussnulniiunisesnuuvvedlssnuy
I = a =
wuseanidu 3 Yua AL
= = J o . . § L7 2/ S s '
1. yu@eyansziiesdiu (Solid Porcelain Bushing) ldfumiauuasiiifiusiuliigeann

Alassaineing o lududou

W-— Lead Thread

Lead Thread T

Insulator——

=

Cushion Washer Clamping

31]171' 2.10 yrdsviinnszilowiu (Solid Porcelain Bushing) [13]
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2. yuisviladianeiaila (Cable Terminator #3a Pothead) ldiuniiouyasfitiusesu

ligann aednihnusenanudowlasgnifusisiada

Capper Conductor

N\
NN

A -

Top Cap

i

R

Cable Insulation

/ Porcelain Insulator

T

S

Vol

Semi-conducting Tape

Cable Metallic Shielding

%
g
Z
—1
x
% g. Mounting Ring
4' / Ground Strap

Cable Sheath

fgﬂﬁ 2.11 yu@syiiatiarunila (Cable Terminator #3® Pothead) [1]

3. YoBsvilanouiauiyas (Condenser Bushing) Henldiundoutaiusiduas
Usznoumensgnenunagddiinsnwsisusiu Tnswasdynuiniinasauiuluin

Top and Nut

Oil Level Gauge

Transformer Oil

Pre-stressed Tube

Condenser Body
Clamping Ring

Mounting Flange

Porcelain Insulator
Qil Side

Bottom and Nut

3Ui 2.12 yadiiameuaulees (Condenser Bushing) [4]
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2.1.10 fiuandaw (Lightning Arresters)
mudnaeth vimthiidesiugunsal seuu vieawds ldlvlasuanudemeannny

Ws9PULAY (Over Voltage) itiinanniinen wiensuanduaing

s

g‘dﬁ 2.13 fAusingawn (Lightning Arresters) [14]

2.2 dasznauneluveswsianas [1,4]

2.2.1 unuwan (Cores)

LAUYEN HERINLNILMANKIUNITIALEY AFBUaUIY Lﬁaaﬂﬂ'swuqmuLﬁawwalwﬁw
\esannseualnanu (Eddy Current Loss) Tnsuwnuiwdndesiiansueutioonin 0.1% mind
USinaesusuinnagdwaliiinnugadeiiiennindaineida (Hysteresis Loss) wazeny
nsldauduas wnuwmdndiviiinendaassfudaneu Tnsdansudieifiumudiunily
wnuwdn vildiaugamiiidesnnnssualvaiuanas winsiuuiuadaeen
wnniAuly damalinumdninzlsgnanuauldliiiu 3%

sinyy 45 s ey linasinavenduusaslndnayainiy ann1saadely
WNUWAN waranAnseLaaiieusivan

173

VUnWang /sﬁuwé’ﬂﬂﬁ

Z

Z

A

fgﬂ‘ﬁ 2.14 Lmumanﬁmﬁuy 45 93r1 [4]
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dnunUseneuluunuminuuu Conventional Joint %38 Step-Lap Joint iielsiAn
fesinveimesyninuiumdnuinusessetosfiganeliAnnisimieniusivin uaznis
lvaveudunswslivinedaliusyaninmgegn LineliiAansmdenduimdnawinnis
dud Wunsannszuavarliflvan annsgadevnieliifiven wazanszauauduodes

SUNIUVBINLaLUAS I

N

A

—
77

| e [ mavma B B2
EE 1 [ 1E 1
| weeeeie [ e B R
=0 =22 SR BEEEEEETTT

Summ— ] B == =2
\/ \ Conventional Step-Lap

fgﬂ‘ﬁ 2.15 msUsznauwnuman [4]

v

wnumdnuifowdasdiufinidaduasnay Weiinnszualuaguusduveainaziia
Lssnsgviiamaviiunduvdslagunalnlidenis usdndundewlasuaanililu
a & L 2 Ja v 2 aa i - ad 4 v oo oo
2asBianvselindg viievidoulasrunadniidnislalnialiunn wnuwdnetafiiuividedy
dwidoy Lesnussiiiieannisdnisesdenananuiinadisiufiailigenn

2.2.2 uwaanUdaunuman (Core Clamping)
uwaandBaunuindn fivihavaenaunumdniielildilgeilidudaty doaviliia
MsELALNGIY waiinnsensa Bnviadsraestosiunisidomeainnisidsuusmiena

g‘d‘i’?'; 2.16 waaudBaunuman (Core Clamping) [15]
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2.2.3 vaan (Windings)

yaaanlutiosuuas fiddadl 2 vila fe vaadauseen LazYnaIALsegs Tunoudad
vndhiiniseenuuuliiiveainnfiend uareamadouuiiuse Tngvaanusssnaziioginu
lugn dnufuwnainusige wnaamiond uazunandsuudiu audisy

vnaasideldlunieutas fio Simsandeon Wesanldmudilasiussansnw
gean wilumifouvasdmneifinsléstmssnaufigmaviliisaasiuiisaiianuldades
N1UNF uardnuwarNIsNUYRRINIZITIIUIUTOUTDIURAIALALNSELE LU IAMUAS N HY
YInTRUREIn Seivdn « 4 via fedl

1. Layer Windings s1uauseuluniswuiosseiiosfutuaudaiuuy deuldly
wiouUaswuindn nans wazlunmifoudamualugfesldiuvaaaUasuuiv

2. Helical Windings Tuusiayspuasil Spacer A 9a85U18A21050U Wazy85uULSs
yana deuldfurnaeiifinszualrawey uavdosnisanuudusadena

3. Disc Windings nsiuusiazsouassieaynsuiuly feuldivumaaiidniudesnis
Fruauseudwaunin winszuds Tneanuudusadiinnalndidsetu Helical Windings
1Ay Disc Windings in15Wulenoanu1deeiln A Conventional kay Interleaved lae
Wuuusn Conventional fis nsRuvRarasiafudueunsuiuluudardu dauwuvilass
Interleaved agasusavnalnldligafiniy

4. Foil Winding l4masuns v3segilifenviaurulunisfudueeain Feawnsoan
wssnanaunfald wazaanalunsiuuaain Seylilurnainussinve miioutasdmine

v

A) Disc Winding 4) Foil Winding

U 2.17 dnwaznsiuraain [4,16]
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2.3 Wnsundanlag

niioudadluiln WWugunseldmivdenszualiiainisesnszuaadulgdnisasmil
Tnglaiinmsivdsuudasanad Wenszualiihvariusaainasiliiinmudeuiniy w3
o1aAnAuRnUnAnslninelundieutas Fesndudesdiauruluii waznisszune
Ao avtumariududddyvemioutas ?ﬁqﬁaqﬁ@mauﬁ’ﬁwﬁﬂ q sl

- fiennumanuvesauumalitiings Wenuanedsanslwinlussrineildouls

]

1 =

- fianauniiaen aunsavyuisunglundeutasliegwdasy ssuemnusoulss

D

- lipausudRgampiiiivanzan iwelinisuasaansaduyhnulunnfdgamaiion

9

- fiawasmuiensiiaufiseneendndu woldongnisldeuenuuiu

Uagtuiimsldawanegnianuasnainvanssiialuvdionvawinsaliiiez du
nuauvasludniade (Power Transformers) niloudasiSosnszualwia (Traction
Transformers) niawUaslwiiseuudinine (Distribution Transformers) waznsiawlas

W89l (Instrument Transformers)

A15199 2.1 THnveRuIuaRMlunTawladas viauUaanasasilate [19]

@\ » 1] Unsiuednes U
RIS Xy . i | R
GG d9A5E | (LoAWBIEIINYR)
yilouUadlnifings A X B B
wiakUauseanseualnin A A A X
yilawUadlnArsyuudmiie A A A A
nilauUaunsasilaln A X X X

nnewg: A = Insldausgaunsnane B = dnisldsu uadey uay X = ldfinnsldaw

2.3.1 dsiuus (Mineral Oil) [2]
dnifuususzneumearssznavlalasmsvauiindnannisndutduiu dnnsld
Uselevtedreninewne dnuaud@vimiran saaaliune vlfinaslddduusuiniigaly
& Y] (= ' = 2/
gamns sy vdauUas duhuusiureunailussla Lid fiduuseneulesadrdluanaves

lalasasuaunnusldsd




15

|
e R
555t (=gt
HHHHH H H HH
U 2.18 ns1iuuuugnld [2] JUT 2.19 wsiunuuis [2]
H,  H, § ’
CH.C
-
H2|C/ \cl: \(lez e
l | |
H,C CH
N AN HC\C/C\C/CH
H, H, A A
SUT 2.20 Lunitu [2] sUit 2.21 exlsindnlalnsasueu [2]

@

Tnganauentszinnaesinsumioutasmunssuamsnduls 2 vila il

1. sy

iRnamindufuiiusgnausie n-paraffins TuuSinasnn Tneiignlvamgs wassoinis
ansiiuusaiovilselvamana

2. dnslununiu
\inarndiuAuiiusenausie n-paraffins TudSuatseuin tnedigalvamen was
Lisipanisansifinuss dwivgnlnamiinadnvuresnunieiit uasiergnislénuuiy

d&)d

nilaaandald ‘U%Jﬂ’iﬂﬂUENlJF"“IEUﬂiJ‘U‘ﬂL‘ﬁ\‘i?J’JVI@ﬂ'TIU’INUWﬁWWU

2.3.2 UnAuednessssuYn@ (Natural Ester Oil) [17,19]

v
= o

ﬂwﬁuLaama%ﬁﬁwqﬁﬂumawammﬂmuuﬁw lngnguvasnsaluduagsinaiuainyia

el el = =

oty ummaama‘immamuwmﬂammmmle@ LAzERYAANEANUTITUYIAIY weild

5

AmuRaUnIeeentntu
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A5199 2.2 AnusuiRvesuiie Usnuesduseneurensaluiu uasduiuiusys [17)]

USuneuwes nym sy (%)
sty Wser® | lelodiu® N _ N e _
g 558 Palmitic | Stearic | Oleic | Linoleic | Linolenic

U1 17 44-58 42.8 4.2 40.5 10.1 .

1gnon 2.8 75-94 13.7 2.5 71.1 10.0 0.6
fadas 3.4 80-106 11.4 2.4 48.3 31.9 -

AU 3.8 94-120 4.0 2.0 56.0 | 26.0 10.0
X 3.9 103-116 9.0 6.0 41.0 43.0 1.0
wanie 3.9 90-119 21.6 2.6 186 | 54.4 0.7
2717INA 4.5 102-130 109 | 20 254 | 596 1.2
fundes 4.6 117-143 11.0 4.0 23.4 53.3 7.8
ADANIUAZ T 4.7 110-143 5.2 2.7 37.3 53.8 1.0
WanRuuNand 6.6 168-204 5.5 55 18.1 15.3 56.6

WBIW: a = Suuiusegade, b = Usinmvesleleru (mg) Ansyifuiusyelu 100 mg

Ya9unduNNY

lnssaisluanavosnsaluaiy

1. Palmitic Acid

Palmitic Acid 158 Hexadecanoic Acid fia nsalusiudusnnwulalaevinldludnd dy

wazdaldinvuwinian Tnedgnsvneiadifia CHa(CH1COOH wagll C:D Ao 16:0 @4 Palmitic

- Acid Wuduusgnaundnvaninsiuiidy wvenantudmuldlundasueianndma vy e i

LAy a

0

/\/\/\/\/\/\/\)LOH

sUil 2.22 lnssadralaanaves Palmitic Acid [18]

2. Stearic Acid

Stearic Acid #38 Octadecanoic Acid fia nsaluududfil 18 lawuszasuauil
anwauzilulaiuiedalaedignsmaeiife CrHasCOH 84 Stearic Acid Wunilslunsalusiud

wulavl Tusssuvn@duienstu Palmitic Acid
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(8]

/\/\/\/\/\/\/\/\)LOH

sU#l 2.23 Tassadaluianaves Stearic Acid [18]

3. Oleic Acid
Oleic Acid fig nsmleiuiiusinglusssusnfetraunuievisludaivazite Ineluans

laifindu warlddd Tunensdredudmdssielranunsauesldse Tuniaad Oleic Acid
ligndruunaglungunsa Monounsaturated Omega-9 Fatty Acid deilgnsniaaife
CH3(CH2)7CH=CH(CH2)7COOH

Ll OH
ME/M/\/\/\/Y

O

31J17'i 2.24 Tasaasnsluianaves Oleic Acid [18]

4. Linoleic Acid

Linoleic Acid %38 Carboxylic Acid fi@ Polyunsaturated Omega-6 Fatty Acid 7if
18 leuszansuay Milaesiusyaluzuvesda doldin 18:2 (n-6) e 18:2 cis-9,12 lnevialy
Usnglusssuwdlugy Triglyceride EsterImaﬁﬂlﬂﬂ'aawugﬂfﬁlﬂiummi Sniatlaanunsa
avanulalu Acetone, Benzene, Diethyl Ether wag Ethanol “‘5& Linoleic Acid Lﬁwﬁﬁumm
losiuiisnduiyweliansadannesililasdoddanaeusnvihiu

0] w

o))
[y

HO™, ¢ 9 12

sUii 2.25 Tassaslanawes Linoleic Acid [18]

5. a-Linolenic Acid
a-Linolenic Acid (ALA) s n-3 Fatty Acid 1Junsaledusndudnds 1ae Linoleic

Acid 1u Omega-3 Fatty Acid fnulaludadia (Chia, Flaxseed, Hemp) wavdn (Notably
Walnuts) Bsluiwadaseadreiisndons All-cis-9,12,15-Octadecatrienoic Acid

a-Linolenic Acid 1Tu Carboxylic Acid 7131 18 ledWuseafusy wazaunuseaidy

U

fa lneWusyadusuLsnegiiasuausnaiiuain Methyl Tu Fatty Acid Chain
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HO™ 4 9

JUN 2.26 Tassadsluanaves a-Linolenic Acid [18]

6. Gamma-Linolenic Acid

Gamma-Linolenic Acid %38 GLA (y-Linolenic Acid) #38 Gamolenic Acid @8 N5
lushuiiwulsuluthifuaindie cLA gndneglunsalefiudssan n-6 (w-6 w3e Omega-6)
Famneanui uszafansniuain methyl (9370 n vio w) 9gnSIMTUBUIT 6. GLA gn
Amumu 18:3 (n-6) Ine GLA 10U Carboxylic Acid 31 18 TgWusza1suay LLaxamﬁuﬁw;jﬁ

Juda %GL‘TJU Isomer AU a-Linolenic Acid ﬁL“ﬁlu Polyunsaturated n-3 (Omega-3) Fatty
Acid

O w

/u\/\/\ ’ 1

HO — = CEVAS T Y
1 6 9 12

JUi1 2.27 Tassas1slianaves Gamma-Linolenic Acid [18]

2.4.2.1 Yhifudamdes (Soybean Oil) [17]

difugaindeslasdruninusenaviuinnsaleiulisud adrefuiiunen
nungiu nsnsaloduludusaluditudiivdes Ao Polyunsaturated a-Linolenic Acid
(7-10%), Linoleic Acid (51%) wag Monounsaturated Oleic Acid (23%) wazUsenaunie
nsnlusiuBush Stearic Acid (4%) uag Palmitic Acid (10%)

A19197 2.3 AuauURresutImdsaisuiudiuls [17]

AnANTR tsuus ituimies
ANAMUYBIRLIUNALAT (kV) 60 39
Al (me/ke) 1.5 1.9
ke °C -40 -1
wulu °C 154 242
UMY (g/cc) Aigaumndl 15 °C 0.895 1.462
AvAmiln (mPa/s) figaumgil 100 °C 1.3 29.2
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Tusssumiihdudamdesdinnuliiadosraniseandedu wnilldlunioutas
sdlumaifivanamiadeninnd lunsdiarPemniinisravdelussuvduiinedney
Foanw wagiiuauniindulugn msviugmanilituisudamiesiasansiueyys
fasvuandliidiuimumisdiailngifsetudntualug anuwerelunsufulsmmand
ganifuiandes fie nsifiuaudunusenseendinty lneiiuedugnisiulalasiau
Lﬁm‘hm'smL%’]ﬁ’umss‘huawaﬁmsaawﬁm A9 Citric Acid (101000 ppm) wag Tertiary

o

Butyl Hydroguinone (200~1000 ppm) agiim1nutafivsiiuiusgefidoddn wazdaiinng

@
|

<

wssunsonlildluiniigumgiisnlaensWauiAmgalvamlieglusumgiisn dewleuiu

unduimaesidslilausulse Sahdudundesivivdgudalianumilaftulszanu 50%
wazillaisuiuiiduns dndfuduniessiauani@anitedraunnlunndiu Mmeme by

'
aa a o

) & ° v 2 o A o a Y oA v
fwvdesanansmhluldlafundfoudasisifine WelnswinuazUsuusinunimediefiudy

2.4.2.2 sinifuvrdu (Palm Oil) [17]

whifutdy fnselastududusznauetunn vilsfianuzfsvodeiiguvniives lny
flearusznoundn Ae Triacylglycerol (TG) 95% untuudmliuansuszney ndlweseadiu
nnludu luanmvunfeziinnunilegs nsdalvegludssnmuiifiadosnings esnn
mﬁﬂiaﬂa‘umqLﬂﬁﬁﬂﬁ@lﬂﬁuémﬁqazag:mn

5ﬂﬁwﬂwémgnﬁwlﬂlﬁumiﬁmmmum dviuauunsseelunioulas thifuundu

S s

filnpsiiladianniniifinds wasdenanunienauiuluiiiisings Tnenmaudfinisauues
dnfudiduannsadiulgalaenis eendladnsaluduiiliuduaraisuou luan1iziande
iadios uagigarulnge dmwamurasauiunisiniigendn anuuauiy wesauaudi

fON15AAYNSY MsEaLEaTIENNSISUIRTA wazluiduivnesssuynh

A597 2.4 anaudiveshdulrduiisuiviigues [17]

AUFNUR thifuug thifuunda
ANNAIUYRIaUIUNLIA (V) 70-75 81
mpudunas (mg of KOH)g) <0.01 0.005
abuam (°0) -45 -32.5
auln (°0) 152 186
PMILNLYY (g/co) Tigaumndl 15 °C 0.88 0.86
numidle figaumgll 40°C 8.13 5.06
Fasfindif () 22 2.95
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2.4 auiundsluvsionuas [2,20,21]

o o v a g o o v e a4 w a a
AUIULLUY VI’IWU’MLUUQU’QUMNWWI BAZUIETNITONINUINEE NIDTULLIINAYILAR

PNUIMNVRILATIATS ViSawsanalauriindiinainnseualniidnsey lasauiuudeileluy

vialauUasdiuunn fAs nseae

Iﬂaamuwﬁammmmiamquuwgﬁ’l%’muqm (Temperature Classes of Electrical

Insulators) lanamn51991 2.5

A1519% 2.5 Yszinnvesawinlwihiiuusnugamaildanugge [2]

a8

Class Y :

Class A :

Class E :

Class B :

Class F :

Class H :

Class C

ARNAVDIRUILLDS aamailldaugean (°C)
4 90
A 105
E 120
B 130
H if %
H 180
€ 1NN 180

auaLifanuasvureguvniiliiu 90°C Ieud nsvan dhile dulesssan@ilsl
fnsquiiundviesdy susssmivsunszuaunsianlug uazimesly
Wana@Rndman PE, XLPE %38 PVC

auauTiiinuRmudegumailiiy 105°C 6 fanain Class Y wsiiinisyusae
thifunfersdu

auaufilinuamusiegamailitiu 105°C ldun Yaqusznvandiunnarafnuie
wosluwanainlisuiulriues wesludnis Siond Sumavioniy wu
Phenolformaldehyde, Melamine-Formaldehyde wag Polyethylene
Terephthalate Fibers

awuiiiiunmussgamailaiiu 130°C éuA Inkuesussnvdunid uasianiia
ANuBAvgu W T uilefu

auauifinunsusiegumgilitiu 155°C léun Yan Class B nanfuLsiu gy
doN% uay Silicone Alkyd

auaufiliaunmusegumgiiliiiiu 180°C 1dun Yaq Class B wanfuLsiuwia
gun3d 1 FalAu 15T Lase1eTalau

auaufifianunmusiegamaiigindt 180°C Tiud Yanusziandunds wu lud

q

wsiad anvsnautuansaunselinauiuasauile
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nyzauldluniouas
avruntioulaslafinsWauluniou q fAunswauvioutas wininfinisidauiu

HausEwINnsEwLastfuasgneeusulaziinuutede Mdharaedamummssuilnig

winiunsliisaglaa uasihduluauiudmiunieudadliiious e 1920
dwdszneunanluauiunseaiy fe waglaa lagwaglaaussnavlumunguues

luanafifinugiliwiduedludumvistng q fu Befiadudiewuselalasiau wagyiinis
Wweusieulneiusylnlaalefndauanslugui 2.28 1ae n = Degree of Polymerization

j OH
o CH20H
0]

HO / /
5 0 o OH

OH o
CH20H OH

CH20H

5UN 2.28 lassasslaanavesauiunseans [22]

1. N5zA1¥ATINILEZNIZATEEALSY (Kraft Paper and Pressboard)

nsznwasiignlfifuledidnasnvesifivuszquazauauveaalanouiiagiunld
uauwnlunieudas Taeldiuauiufuseninedu (Layen vawwnanudatussninanads
useFLaLYnaIALS saereusiouUas Tasfinislénsemuiuisdulunioutasieunisly
nsyawBinaniumdaeingy Fansldnszawiuisdudsliamsonuderuaiongsldidy
Ushaiu Jelinmshnfunsenudauseag Weidman samnsanumiuiniongauasusmis
nalsd Tnesimslinssmudausdunioutasdsi

- Mlwawintnmnasingasunan

- Wudlunssesfussinnmnuarlaseadig

- Wlunsshutugudwiuiusnainussivdesnmmusgs

- lividugnyinvensemusesiniu emaauiisureshdumelundieutas uay

frelunissyuieanuiou

;stlﬁ' 2.29 N5£AYORNLSY (Pressboard) [23]
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2. nsgmutAsy (Crepe Paper)
nsgawAsy gnlddmiuiudni ieswndanudavdugs awisadadliuinds
20% wenanidaldluvaeguuuuiieneiu wu weludwmnse latwnneiuames

Ul 2.30 nszawiasy (Crepe Paper) [23]

31]17; 2.31 nsgAmuAsUNUAUN [23]

3. nsYAuWlLEwNIA

q' =l L 4 aaw :’?’ gj e = = =

Wesnindnmslinlouwvasinngstu wazuneasiinisldluannelvaniu faiana
fnatsergmsldnisveslaudassiuisengvesnsyay Jaimsiauiuaznisldnseauine
Lu-gwinsa Ineidlingusrasdiiiodaanamsldiuvemifoutas Tnevuinsemwineluswinge
fiongnsldemuannninauaunsyawinlunaewi (10 wh Areumunu 60%)

v
o a

A15197 2.6 AnuautRnisliihvesauiunas (nseewieziiiv) [2]

P& AIULASER 413 o &
Wil Tan & figauvdl | Tan & Nigaungil
NILMY aunu s % J
Impregnated N o a9
waw (kv/em)
NIEAWATING g 180 3.8x10° 7 23°C | 5.7x10” 7 23°C
NsEAWATI | UnsTuddleu 180 2.7%10° 71 23°C | 3.1x10”° 71 85°C
ns¥AuATINY | Polybutene 180 20x10” 1 25°C | 2.0x10° 7 85°C

[

A19199 2.7 Ao sinAinvesnseauiigndunsniun A 20 °C (8. [2]

o AUDSIRRIR (€,0)
QUMD LD NLUA ; ; =
0.8 ¢/cm 1 g/cm 1.2 g¢/cm
Trichlorophenyl (g, = 1) 6.28 6.3 6.4
Pentrachorodiphenyl 5.11 5.88 6.06
vistuus 3.26 3,72 43
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2.5 nsiaudaluauIudnty

2.5.1 Mmysagfvavaglad [26]
wedweivesauluaglaa (Nsea1w) Useneudeiawmuueulslasnglaasiuaunin
waziifusyluiana C - O wazusengladdaniudanss uwiladeswesniwuselelasaiveou

1 1
Qs =4

Twdsiy Wegamgiiunnndn 105°C asvihlildaesiusenediueignda waznelumiveou

=

waziilegamgiigandn 300°C axiinfamiuaunauenled wazufansueulnoenlemiintu
2.5.2 magaeavasngiy [26]

thifuus Usgneusaeluianavedlelasasuounanuansluanaiiuansneiu Tiun
CHs, CH, uae CH Iiausdafulaefussinil n1saaiefuszres C-H way C-C 1AnTuena
iessnanauRaunimalwiuazanuRaunfinisaauieu viliiAnlooainiiluauysal
Wi H, CHs', CH,', CH %58 C° Tuwmagmwusﬁqﬁmm%%’au denissiudfulusdegng
samSuuiseridudeu neliifnluanavesufadu lalasiau (H-H) i (CHs-H)
811U (CHa=CHs) LoWdu (CH,=CH,) w38 axle#idu (CH = CH) saufisoyninvasuisves
AsuBu (C3130 Co) uavindweslalasamivau (X-wax)

MshavIndanusity nsfavfavisdussanlalsuniamnsa vildiusy c-H
(338 kJ / mol) aanesaiuisenlosslud uavilavauduufalelnsiau andsaugeiu
uavgamgiiigatusnne axviliiusy C-C aaesh uaznssaudlnlfufeiusuien
C-C (607 kJ / mol) Wusge C=C (720 kJ / mol) sawuszany C = C (960 kJ / mol)
ieiduiifvezuinndndinunasfiinuiigamniigenit 500°C duerigiiduaziing

a 1 °

gaungilodnedes 800°C &4 1200°C n1sUsIngueseleiidudatsdinsiinonsniuisit il
MUY 9 MaeuBImaLTE
Tuvnsassiduazeandladvilinie CO way CO, TuuSuutos uderadiusuad

1nTuiladinisavaulinsannnisiauisiuduianunu
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Partial Discharge (Not Temperature Dependent)
[ Range of Normal Operation

H it
(of Increasing
Temperature)
Hydrogen
(Hy)
Methane
(CH,)
Ethane
(CoHg)
Ethylene L
-2 C,H>CH
(CoHq) d o
CoHe>CaHe Trace —
Acetylene -4 \
(CQHQ) ] S/Du
CoHp>10% of CoHy — S
Ll (=

JU7 2.32 nsiiawialiieieufugnmgil [25]

2.5.3 Stray Gassing [26]
Stray gassing LU lalasiau (Hy) dinu (CHy) uag Binu (CHg) Wuufaiminduly
iuiigaumaiisinndy 200°C Wiaiianiseendindu Tusgiuaudnuazmaeiiveniiu lay

Stray Gassing hifiendullamaidunsie

2.5.4 wiafieduluauluinsiunazauiunszane [27]
uffoudamnadaluannznisvieudnd svlufaindulusedunis uiursnded
annrRnund wiafifntuldivy Jgmnisiinaudeuduluauiu anuiinunisg 9
Sanin veas ludiuresruRaunfidlesainaanudeu nsharisauiseu warnmsenda ns
Annearnluitusznanuialalaseu (Hy) uRatling (CHe) axwfidu (CH,) o7ty (CoHa)
uazdwnuy (CoHg) Wmﬁl.ﬁzfagiaavﬁ"]mﬁsn%’a@ ANURAUNAAHERTNY (CH,) Talasiau (Hy)
asvautewenled (CO) uazasuaulneanled (CO,) nasamuiananlnldenavsvenienis
fssegrosnuiaundillesannauieu anuiaundidasanlii wiemshavaueday
atnslnagrmiandonatsesne mssiufituseuiamlalnensiasulans il Tnoaylsion
fureseasdlugamaiiing 4 wenanddasdmvesuiadudevsdisuanveeasd
msamlesuiaurarrinasduldonmnineaduinnimilaneas wseloweadusziny
viafniulululssamduty pufinunddesanlnihiiRaanaudeu
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ANUNEIYIUTAEAAIINNUI8VBILAANUINAIINITOTUILNE IARILSTTUBIRUDINTS
A5191axn153A 81l inTaRanatatudulunIsAAN 'Luﬂmm"f]uﬁuﬂuﬁmwﬁuﬁag'
wdd wlewdasunsidiadldaulailunamaslne q fllsasinsifausauinninund

2.6 mMsudanauis
2.6.1 nMswlanauignunggu IEEE [27]

2.6.1.1 mRaUnAdlasanauieu

msaaefvasiifuusfeus 150°C ft 500°C azadraudaminluanasluiina
wn 1y lelasiou (Hy) wazdiiny (CHe) wazadrsufaiminluanagnit fie ufaediay
(CoHa) waw Binu (C;Hy) Tuviunauios qumgiifiindusswdeutuufadminluanagdly
Uninasdiiiindutiufie B (GHe) musndsieiiau (CH,) lunsuhevestapnuiaund
Weanmnufou  whalslasiouardininfiudSnaaniu uasiinsuaneziofidu (CH,)
Wdndfen lumensedufunisaaiefadeaiufeuresiuiy nisaaeddeainufeures
waglaauavauuudedy q vliiAnafuouneusnles (CO) amsuesulnoanles (CO,) uat
loth figamgiisninmaaaesivesiiiy ileswnnssmuisuideniionmnfisina i

2.6.1.2 AaRaUnfiemnlwih—nisharnsandsausi

MIRarIFINE LA 1WUNTRaYISIVINEIY wazniirarsadussarlusey
aunn agudnlalasiaududiulng nieufuiviinuaraswesufaiimuuasiAnosiniay
Entfen Wlemuguuswesnishiaunaiutiu mmnduduresensiuiasionsauaniuiy

o w

aesildydAey

2.6.1.3 AnuiiaunAlilosanlwin—msfawiiandsug
WesanauguuswesmuiaUnfilosnnlnindigeensa wisnishauisandis
sioilieanuaeiu Nigavgiaaus 700°C fa 1800°C TneUSuauesaziafiau (CH,) ausud

2.6.2 MsudanauianuunsgIu IEC [26]

2.6.2.1 MsAdw1saUIEIU
NM5AEYISIVEW Al LT UL UNAINNITALALVDY X-wax TINIZUUANIUATEAY

2.6.2.2 MIAFYVITINGIUA?
msAauTandsuiludiundenseane Wunavinnisnadvesmsueuiinngmyg
nsgAw (Punctures) segluiusnniRanszany (Tracking) safoynamsueuluigiy
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2.6.2.3 NMIAAYVITAINGNUES
NMsfaYFINGINUGIIANTULSINTT e nnszamuuazidugniany vildiie
Asuaulunszany Inslvavesnszualwihiuiduuagnseany iliiAaasuougsluthdy

2.6.2.4 AnuinUnfLiiesnmnuioungumgilainid 300°C

WNARANNRAUNALEDIINAINToUNRUMA TN 300°C nszawazildsuiu
ddnna

2.6.25 anuRaUnfiilesananuieungumgiissning 300°C 8 700°C

winifinauiiaunfiilesnnauseuiigamaiiganin 300°C sxfiasuauliniu

=

2.6.2.6 AnuARUNALilasINANUSoUNgM g 700°C

figaunniigendn 700°C finsademsuauluhdy vingamaiigendn 1000°C axdinis

vasuaranyvadlany

=

2.7 minTaspuuazinTziuianaalnldasareagluiiiiv [27]

MMsUfRmunstmuedidunuddyirelut

1. Mangadu snrsesramnisuiale 9 Adsdululiinanniing wasluly
Usglomiluwuimsiimansay fansnwuaulaundldish ssananudenevsendnides
ANudenele

2. NMsUszdiu inn1susEiliunansEnurasanuinunfinenisigulavemiionlas
Ingldyauuimni

3, MIilumg Mnsaunsemuauuzi Inoduainnsidnse s wagmsiudu
Trnnturomsinsevidiudy IngnsanlvanvesmliouUadliiiviienisaengunsaloan

2.7.1 aRFINITIWNYUVDILLNENS xmaag‘[umuu

esnnsinaiinmvewiafissesraios arsliaansadluiaseiany
AnUnA uagnusuguanioutadly Seasdamsasmaiatuveuia

msfnusansnTnmsitiuresialaelinasuvesmududy (ppm) vewuia
Anlwldviavan MnunaenIy CO,, O haw Ny) Auauns 2.1 Fadl

-6
_ (ST ‘SD)_)FVXlO (21)

e R A 9nsinsiiudureia (Bas/u)

R

Sy #io fegrainsiusiivds (ulesdns/ans)
Sr Ao fheghisushiians (ulasans/ans)
Ve YBunasunadansiu Gns)

fio e (F)
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2.7.2 Yinnsvewfanialnldnazarsagluungdy

Wnsnilsfigensulalunisfinaiunisidenaninvesianauiundontasinife
N19ATNIMNUSHINSTINTBLAE annsamunUSuInssINYLdaluaunis 2.2

_FGW)
TDCGy = —'—1000000 (2.2)
lagfl FG A HATINYBA Hp, CHa, CoHe, CoHa, CoH, waw CO [lulasins/ans (ppm)]
V Ao Usuesunduluvsiewlasladin [Bas (wnaasw)]

TDCGy fp Usunmsuhandalnlalenanus [Bn3 (Wnaaow)]

2.7.3 msusztivannvidondadlaeldanududuvesufannazsiin way TDCG

nsadeuivlowvasanansovinulanuuniazidululdenn wnldideyanis
avangvesufauneuntng dnswmunnasiunasgudsedu dWeondseudesdiiunde
LLUaaL;‘jalaiﬁfﬁ'aagam3axmwamﬁ”amﬁauwﬁwﬁlﬁ fan15197 2.8 et TDCG fp Usums
voaufafianlwlifiazarseyluiidy

- @oulv 1 A1 TDCG Aidhndsedudivsdimtoutasinisviauund mnfansan
Aufainalnld slafmuiifiunisesuiitunasiinisnseaeunioulaniidiy

- Geuly 2 /1 TDCG fogluthsivsdidisyiuniaiianlaldmnniung wnfiansan
Aufafianlld dlafimudifuninsesuditimue srsiinsesieaounseulafiuiiy way

|

Asiinsiiudettslnuieanuldunsesnsnsifindy hesandaudululafiaynu

Y
Tgymlumiianvas Teganidunisaudeuwuzdilumised 2.9
- Wauly 3 A1 TDCG neglutietuansdenisaatedalusyduas mnRarsaunAuia

Aaalnle MlafauiiunInszauiidivun astinsasadeuntaulasiindy warmisiinig
8 w i 4 YO | o A w - = ~ < vl
iumedrahlfuioguuilduniednsnisiiudy iWeswindanudululimaswutigmlu
vslawlas lneudunisamudonuziinlunnsen 2.9

- Geauly 4 A1 TDCG MAunINArTLansfen1saatasaiunAuly winldeudsly
pravilvmdlawdandeniuld T ulnadnsInIsIfinTy antudndunisaudauuzinly

A15199 2.9
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A15199 2.8 MsUsedlivanwmdeuwtadlaeldaududurssufaunazsin wazTDCG [27]

Usinamnududuresufiafiasaseglutihdiu (ppm)

g0UL

H, CH, GHy | GHy | GH. co s | TDOE*
Feulv 1| 100 120 1 50 65 350 2500 720
P 10189 | 12199 | 28 | 5189 | 6689 | 35184 | 2500 fla | 721 4
Woula 2

700 400 9 100 100 570 4000 1920
P 70109 | 401D | 104s | 101 4¢ | 101 s | 571 89 | 4001 §ie | 1921 &
oulay 3

1800 | 1000 35 200 150 1400 | 10000 | 4630
Revlvd| 1800 | 1000 | >35 | 200 | >150 | >1400 | 10000 | >a630

weme: * A1 TDCG lumsnsaghisay o, slalldufananlmls

15197 2.8 wanspnududunesuiafiazaisyiasng 9 TDCG dwdudeuladi 1
fatouly 4 maeillflumsvssiiudeulvvesufadmiumioutadmi vieagnden vield
dmsunifewdasilinenegeunisazaevesufiannouieliifoyamsvaseuaiae

L, aa i s ' ¥ o s
274 msmwuﬂwmaumiﬂgummuuazmmﬁiumnﬁumamwwumnﬁ::ﬁ‘u TDCG
LAZINTINISINNVUVDILAE

AT 2.9 svuAnuilunsdusegniiulardunaunisuf iR nudmiudinnm

2
I o=

TDCG usgausng 9 (ppm) wazdnsinisiinduvesuiia lneAvsgesivedtetgmiaiy
JuusITiLAY Asudusiilildanudlunisifuded sihduiesiy
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A15199 2.9 Tupsunsufiinulazanudlunisiiuiiedisiduainsefuat TDCG uas

BATINSHNIUTDILAE [27]

8n31N13 TouuRnu uazaudlunisiiuiiogng
TDCG N , -
anu WAy | Anudlunisiv " F.
(ppm) o o g B YURBUNITULUA
(ppm/Aw) | et
>30 | yniu -NAFUINTNYA LTI
10 4 30 | yndu U URmuAwUERIRHER
sl numBANsEIRnS Tl
Roulu 4 | > 4630 Sy
<10 | nndUnv Awsgneveuiawnasyina
-3uNEal g
~“UAURAUAMUTVBILNER
>30 | ynduavi RACEISI RV P PR P B P ER
[ =
= | 108930 | nnduam QUNTIG L
P 1921 fis : Y~ = A\
wouly 3 Apseieveuiausazie
4630 v
<10 | nnieu VNN UgANI T
U URAIA MU VR IENER
[, >30 | nBY AIsumeERILsEnTe
al 721 89 = & a ey o ' a
wauly 2 e A e Anszimveaniausaz e
<10 |94 ifeou -n33vgaulagiaIsananlvan
-msldauptsziinge iy
>30 | VN “RsanAvesiaudazyin
Geulu1 | <720 -A579@pUlagNI1TNNINIVAR
108930 | vn 4 \Fiou RN A
= Ignulaogsund
<10 | nny
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2.7.5 nsusziuauiaunilaeld s AguAe

gavgivesuniunasnisgesaanawaglaa Wuiugudmiunsimuauszinnaes
AuAAUNAANS 9 Nnufafiddignianiansan wiamatisenin Aduia

100
1. el : finsaanefves _ 80
\ORHY (CoHa) Hnu (CHa) Binu (CHe) wae E 60 |
lalasiau (H,) W@nties Ineeviwiiau (CoH,) é e
%Lﬁﬂf*ﬁmﬁawaaﬁﬁmmqwm " ZO' , T
Afufa: lofidu O H; CHe GHs CHe G

wid
Usunufausazetinonmsinnusoulutinaiy

2. \eanusaulueaglaa 00
Y 4 92
USuauiiuinvesmisuauntneanten way - 80 I8
ArsUBuNBURNlYs (oeniinAIINSeu = 50 .
= dl" A:lI o L2 L3 1 _é 40 '\ >
induinwaglaa uialalasarsuoud wu & 20 8
@ 20 |
(CoHa) 83U (CHg) a8tinaInANRRUAR LY o JE
o i = 217 CO H, CHy CHg CHy CHy
lassaseiignBanwsniumluigy Wi

Adufa: msusuveuanlas (CO) Yunufaudareiiannmafamwieuluaglea

100

3, INANNTAAYISIUEIU : WIANTAEUIS 5 8.
VNIRRT zUassunalalasiau = 60
(Hy) Hnu (CHy) Binu (CoHe) antiee was g o' :

7aU (CoHa) & 20 ] —BE

$au .
t2 2Mg ' O R
Aduia: lelasiau (Hy) @ H, O, B CHe G

wha
USinaiaumazedaannisiianisiagisauiadiu

4. 1Aian15015A: dn1swanlalasiau (Hy) 180;'

wazazliiau (CHy) Tuusuimun finu % 6 | 60

(CHq) wazlofau (CHe) \Judiuiioe °§ 40 %
AISUBURLADONLYA (CO) Uae ’5290 5,

CO H, CHy GH, CHg GH,
uia
USunauiausazeiinonmsiianisensa

AsUBNNRUanles (CO) autinduninidu
ANNRRUNRAINEaglad
Aduwia: avefiau

5UN 2.33 AduianduiusiuauReund 4 Usuan [27]
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2.7.6 NMsUsEEUANURAUNR e S AAs1zansdunianfan lwld

nszUIun15Ului3ues Doernenburg Wagmadig Rogers lagdnsnaunsviniae

Ratio 1 (RL) = =1
H,
Ratio 2 (R2) = %ﬂ_j
Ratio 3 (R3) = %
Ratio 4 (R4) = E—j:f
Ratio 5 (R5) = ic:-j—::{%

1ne35 Doernenburg aglddnsndau R1, R2, R3 uay R4 uayis Rogers ld8nsnau
R1, R2 wag R5

2.7.6.1 mMyUsziuauiaun@laeleisn158ns1d9u Doernenburg
7% Doernenburg WuisAuanslviiiuiisnisiinnudauniing o lWaiuuszand
Aetunelundouvas madfinanl¥lude 2.5 3aildanuduturesuiaiaiuinldain
915187 R1, R2, R3 way R4 IWEJLLﬁﬂﬂ%ﬁaﬁLﬂuuﬁﬂﬁQﬂLLEJﬂE]’e]mJ’ﬁﬂﬂ‘lE’lfuwﬁaLLﬂﬁx‘iL‘Vh‘lfu
Avetufawardtuusnasdsudisusuanududu L1 Tumsiedt 2.10 dieliuyla
IfeuRauniviold warliudlaiufaudavefinfissmedmiunmsinneisasdniiagld
Nt ensd R, R2, R3 way Ré Wisuifisutuailunisied 2.11 eUszifiuaing
NaUNR
Tnensiasiesiiaesoludl
Fumeuit 1 Sapnududurefauasuenufasnunlngialasunlang i
Fupoud 2 mnaududuve L ia (ppm) a8atesniisatnaly Hy, CH, CoHy wae
CoHa ganidndn L1 @oaiin (gensnedt 2.10) wazuiavdslavianilslu CH, CO Sanfu L1 fo
Infirufiaund dudunstumeud 3 defiansanmwmILRaLHASHT A
Funoudl 3 NTNANLAUNAFUNAYDIONT1E I fndmsauegsoanilsagnsly
R1, R2, R3 wag R4 snnndnen L1 fedauwmnauna mnlilydnsndiussluiivudnguazas
wfiushegslmivieldnsnsisgeuisau
Sumoud 4 ﬁ‘]uﬁvﬂ'ﬂadﬁé’mwmuﬁuaumaamaué’a 8m371873 R1, R2, R3 wag R4
sgnulSeuidisufiumlumsnedl 2.1
Funewi 5 vnfimsduiunuedigndes swanmnsaszyauiaunilulaansied

2.11 lgimgnsgndion
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> lLidanuiauni

RATIO
Tiemusels e
TEST N . P )
yimsiAusiegnalu
OK
W
R1=CHy/H,
R4 vk y
R2=C,H,/CoH, Y msfamiutaEm
>0.4
R3=C,H./CH,
N
R4=C,H,/C,H, i
2e/Caf Wlaunsaszupmnu
Anunile vinas
iudatalnl
R1 5
ARECREC]
01to1.0
Tiannsosyyanu
Anundld vinns
Wusedalwl
AEaUNG
o ndey

vanewe; N e Lidld wee Y fis ld

35U 2.34 Tlarn$eves38n1ssns aau Doernenburg [27]

A15199 2,10 USanauuRasnada (L1) [27]

R ALY (ppm)
Ho 100

CH, 120
CcO 350

CaH; 1

CoHq 50

CoHg 65
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A1519% 2.11 nsUssliuauinundlegldisn1sensidiu Doernenburg [27]

97371874 R1 oMI1dIU R2 2m31d7U R3 M58 R4
CHa/H> CoH/CoHg CoH2/CHq CoHe/CoH,
AU
B i ¥ o Gas ¥ oL Gas v Gas ¥ L Gas
WAUNG 1n3Tu 1371 13T 13iu
Space space space space
1.n158a1887
Y > 1.0 > 0.1 <075 | €10 | <03 < 0.1 >04 | >02
INAINS DY
2.15A@Y152
, <01 | <001 - <03 | <01 >04 | >02
UNEIU
) 0.1 §¢ | 0.01 fig
3.N119919A 7 o = RVATE 5/1/A0) > 0.3 0.1 <04 <2

2.7.6.2 nsusziliuanuiaunilaeld3Sons1dau Rogers

s

5ens1dau Rogers lfiesamdnsidaude dnsdn R1, R2 uay RS manugniadves
9

ANVugNUAINFUNUSYRINaa NS ALanIdauUnmindy Tudnemsifeliuds

Doernenburg #3995183U Rogers 8198ioulanlinssdunisns faumasfiasaisainy

u

WHTUYaILRELAasYTn hay TDCG wazisaduia saume
TPeN1sIATIzinma iUl
m57d@7U R1, R2 kay R5 ggniUTguieunualunis199 2.12 mindinnsaniuau

pg19gneDe aranInszyAuAnUnflulaensed 2.12 lieggnies

M13199 2.12 nMsUsziiunnuiinun@lagld388nsndu Rogers [27]

. | 9m91@mR2 | dmsd@u Rl | 8wsiE RS NM3UswLiu
e CoHo/CoHg CHa/H; CoHa/CoHe ANUEAUNR
0 £ 01 0.1-1.0 < 0.1 dnnizUnd
1 418 <0.1 %01 N13AEYIS U1sdU
2 0.1-3.0 0.1-1.0 30 n15919A
3 <0.1 0.1-1.0 108130 | Aamnudouigampiis
i <0.1 > 1.0 108430 | ifemnudouiigamail < 700°C
5 <0.1 > 1.0 > 3.0 Winmudeugamall > 700°C
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R1
018110

nsed 0
anvuni

whaudn Y

R1=CHy/H nTdi 3
R WnAnusoui
R2=C,H,/C,H, -
R5=C,H,/C.H, ! u‘ )
o fin1sdelvanifiu
b 4
RS nsd 4
1.0 i1 30 WaATSo R

grumpii< 700°C

n3dl 5

- v -
Hanruiouit
anmgil> 700°C

Y
R2 / RS ndl 1
Y Y -
<0.1 <10 A5AEYI9R
N Y

R1
018910

N3 2

%

01430 >30 nsania

vianewin: N As lly wag v Ao Td

U 2.35 Tnaw1savesisnissnsidn Rosers [27]

Y



2.7.7 nMsuszsiuaMuRnUNAlae3s IEC Ratio [26]

35

% IEC ratio 198madulun15UsSRINRAAT CHa/Hy, CoHa/CoHe wag CoHo/CoHe 3978
IEC ratio Wau11191035 Roger Ratio laganunsaifdaduanuinunffivihliengauiuduas

oA Aavnauedufindnuniargs anuRaunfdosanivihuezaudou wiistlils

o = a A 9 I ] i o 1 4 a
duun anuiadnfiliiesanldiuazanuiouseniluyiges Tnsfluinsgrusnsdefe

IEC 60599

A5 2.13 MsUsedlumnulaUn@laeds IEC Ratio [26]

nsl wilnes fault CoHa/CoHa | CHa/Hz | CoHo/CoHe

PD | AawnsaunaIu (Munewe 3 uey 4 ) NS <0.1 <0.2

D1 AavFandasusi >1 0.1-0.5 >1

D2 | Aaynsanasiuas 06-25 | 01-1 >2
ANURRUNALBIRINANLISBUTIRMYT 3 >1

T1 - | NS e <1
UB8N11 300°C um NS
mmé‘iﬂ‘uﬂaLﬁmmﬂmm%'auﬁqmwQﬁ

T2 : - <0.1 >1 1-1
3E¥W74 300°C 89 700°C
rmAinunfdesanauieuiigumgd y

18 : <0.2 >1 >4
gan1 700°C

WBLNR 2:

WNBLAR 3:

vanewe 1: luuassmednsaau CHy/CoHe 3nnandmnsnaiu CHy/H,

milufadiladiviladiargmaundlirwnenizmivaniufivy

99n51d2U CHo/H, < 0.2 @ msudawsauedrulumiontanmsodiloin uay

on31@IU CHA / H2<0.07 dwisudavsaunsdinluyeds

msaaeivesiantiuu q wileununinfigamgll 140°C

wnewg 4: JUluunsaaneiveuialnuafeadisiunisiarissunsdiuiinainnain

VNS = lufiviudneny
? psiiistuvesrn CH, Wushuwendgeseuieamaiigenit 1,000°C




f15199 2.14 nsUsziunuRnUn@laeds IEC Ratio a819dne [26]

3 CoHo/CoH CHa/H, CoHa/CoHs
PD - < 0,2 -

D > 0.2 - .

T ¢ 0.2 - -

39 IEC Ratio €¥ana1na151999fudsanunsadtademunaunilasmiensin AegUT
2.36 lngvimsganumisiilauunsn 3 @ ouvisimunallegluge il Inszezns
Mduianangafinuam Udunualinadnsidulunuiuit

C,H/CH,

— 10

1.0

0.1

«

CoHa/CoHs ! 10

10

Ul 2.36 nsmdnsduLAanLAss Y IEC [26]
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2.7.8 nMsUssliuaMuRaUnAlaeds Duval Triangle [26,28]

Duval Triangle 1Juisnns3fladeaurutsiuvesgunsalluiliusegs Tnsianag
vifaudas Aifin1swwmua1n Michel Duval flduRalslasandveu 3 vila lunsitedy Ao
T (CHa) 1878 (CHo) uazaziafiau (CHy) tnefiufans 3 ufa fauaenadesfussiu
wasnureiaiifedulumieulas Tngds Duval Triangle lAsunsiigaufisaugniasuay
undeile Iignlnudunamas? uarlutagtiuduuiiten duied fo wWesifudaiu
Aewatnto

Tneviluuda Duval Triangle aunsadfadsauiinundld 3 Usewnm Ao nsdavsa
U14987U (Partial Discharge) ﬂﬂ‘sﬁa"m%ﬂwé’mu@aLmswé’amuﬁw (Discharge of High and
Low Energy) wionanmAinunfiilesanlulih (Electrical Fault) uazqasauiidasgamgdsg 4
(Hot Spots) w3pAuARUARiasaInAImEoU (Thermal Fault) @ausni3u Duval Triangle
grl¥Afasemuinundnielumioudassinauiutuuswiidy Tlennsel¥3tesde Inanud
Uiuiaedaiiniiiy (Load Tap Changers; LTCs) waztinsunsioudaswiinduilailavhsiuns
U Ysueaimessssun@ (Natural Ester OIl) thiuomvesdansiey (Synthetic Ester Oil)
wazi1iudalau (Silicone o) Tasluilaqiu Duval Triangte 1gfinrsunauslifonun 7
sUuuu itelfesune uazitedvauiuinsiulfasouequuiniy udiiies Duval Triangle 1
wag Duval Triangle 2 wiriufiaglusnass u IEC 60599

2.7.8.1 Duval Triangle 1
Duval Triangle 1 ltlun193iadeaiuiinunfaintnfuus (Mineral Oil; MO) Mty
auudRunelundondat Tnewuiautnunisanidu 7 Tou aemnsnei 2.15

A1 2.15 seyleuAaRaUNAves Duval Triangle 1 [28]

Ty ANRARUNA

PD NSAEYISIUIIEIY

D1 NSRS aNd s

D2 MIRATITINGNIUGS

T4 mmﬁwﬂﬁijaamnmm%’auﬁqmwgﬁﬁm'ﬁ 300°C

. rnuAnUnAdlesanafeuiigumnisswing 300°C ds 700°C
T3 auiinUnfiiesanmnuseuiigumniiaendy 700°C

DT NausEINALAnUNRLewInauSeuLar AR nREV Sl
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80 60 40 20
~——— %CH,

gU‘ﬁ 2.37 Duval Triangle 1 [28]

2.7.8.2 Duval Triangle 2

Duval Triangle 2 1¥lun1sifaduauRnuniiarniisiung (Mineral Ol MO) iy
awuthifuresivanufiuwuiass (Load Tap Changers: LTCs) TngTnanufivivuansluanig
msveuardinisersaduung Tumsdifade aruRaunifiAntululvanufivivume 3l
AR iunminianelulnanwivisumes Tasuddeueendy 6 Tau fmssil 2.16

519 2.16 Ans1eszyleunuAnUnfues Duval Triangle 2 [28]

Teu ALRAUNG

N an1gynauUni

= mmﬁmﬂﬂﬁt,ﬂ'aamﬂmw%auﬁqmmﬁqaﬂfh 700°C

T2 ArwRaUnAllssnmmsauiigumgiisyning 300°C & 700°C

anuAsUnALdesIninnsEUINTS Coking (T3 %58 T2)

= wioMIAaY1SINaIugs (D2)

D1 NSRAYISING TN

al MsiRnfawfandssh (01) vieruRnunfiilossneudey

nunewe: WewsnauAnUndlay D2 a1nleu T3 Win1sduazivdewinduanely
Inanuiivivuaes udwinsldnulranuivisunesuszana 100 ads 9andhild DGA Wile
wenuiia uazm1gauY Duval Triangle 2 drdumisdsnnfumiloudeunisiudsuindu
wansinAnauAnUndlyy D2 wididundsgnideulunisdne uansininaanuRaund

Tou T3 WnTu
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80 60 40 20
+— %C;H,

31]'71 2.38 Duval Triangle 2 [28]

dwsulou N AseunquynUsstavvosivanuiivwuaosvintdu uinssunanvde
Bveanunsoanveuivalay N Wdnasls Tnsveulsnveslouaiunsarmualdlneldnavos
DGA vaus i1 inanuivivuisesundndalni wiswlesiinisnsisaeunisvineures
Tvanuiiviwuiaes

fuRa CoH, uag CHa fUSunnididosnda 10 ppm AvihveuauitaduAnuiaUng

v
0w !

WesanUSurnuiatoy Fenannan lparaian1sUuiUouteaiitiuind waze1atAnannal1u
AewaangUnsallgnuia

2.7.8.3 Duval Triangle 3

Duval Triangle 3 Mlun1siiadoaruRauniaandfuitlailedhsiuus (Non-Mineral
oil) Muawuisiundlunsoutas

wafuus (Mineral o) iuauruisuildfuedrsunsnarsdousonn uslutagdy
auqufwﬁwﬁm5uﬁgm§mﬂ%’muumﬁu \fesnnfienulalndinia wiefinnuduiinsse
Aawndouninndt 3eiin138nrisnnsitadeanuRaundduuilug iesessuauiutiiu
yifintiy 9

nsnsIvdesuAuAnUnfvesndoudaiildawrutdiduildlddtuns §3500s
nsraaeudildunidn iessrnifaduiinisldou wardildldagrsunivane ieddady
AuRnUnAveniioutasanufaiiatuluauiuigiy 3dddnsmaasulngnisdiasy
aufaunAlufosufii nsluauiuddusiagy ArugutisTuus 1A30uuy Duval
Triangle ﬁﬂgﬂﬁ 2.39
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80 60 40 20 80 60 40 20
~———%CH, +———%CH,

W
o @

a. Ududalau b. U1 FR3 (W13/uL0@nassssuani)

80 60 40 20 80 60 40 20
+—%CH, g=iet:H,
. Uuiwa (UndueamasaunsIe) d. unsululawmud @hsfueamassssuwd)

gﬂ‘ﬁ 2.39 Duval Triangle 3 [28]

2.7.8.4 Duval Triangles 4 waz 5

Duval Triangle 1 ldfunsigatiudrinduszansamegrunnlumsseyfeainues
AwiimUnAfindulunioudas Taelduffa CH, CHs uay CH, uiilonaves DGA aglng
Twu PD uae T1 shilkszyrilnmnufinunildienn 3aléadne Duval Triangle 7lduAaiiiAnty
Lﬁmﬁqmmgﬁ@?’l (80-200°C) Farenufiawaniin Stray Gas lneiSen Duval Triangle wuulwy
i+ Duval Triangles 4 waz Duval Triangles 5

3149 Duval Triangles 4 and 5 'Lu"‘aﬁaﬁfammﬁmﬂﬂﬁﬁlﬁﬂﬁqmm’;ﬁﬁw ieBusuns

eANuRnUn@aINNIsAA PD, T1 w38 T2 970 Duval Triangles 1 11y
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15197 2.17 ansneszyleunnuAnunAives Duval Triangle 4 uay Duval Triangle 5 [28]

Loy AIUAAUNG
PD NsAaYIsIUIsEIuTalalsu
S Stray Gassing
asiisundidlesainaudouindanfuufazen
. anfueuluetulunsenny (aumali>300°C)
O AMUTBUIAY (aunil<250°C)
ND Lufinssey

Duval Triangles 4 a¢ldufa 3 ufia Aiduufand s (Low-Energy Gas) laun H,,
CHg g CoHg

80 60 a0 20
- % H,

gﬂ“?i 2.40 Duval Triangle 4 [28]

Duval Triangles 5 l¥gugunugniasnuiaunfnidelduiusuainnisly Duval
Triangle 4 laglgufia 3 uiia M3unin Temperature Gases AwA CoHa, CHy #8¢ CoHg

+— %C,H,

Eﬂﬁ 2.41 Duval Triangle 5 [28]



a2

2.7.8.5 Duval Triangle 6

Duval Triangle 6 fiauAd1aadsiu Duval Triangle 4 16lun1s3dadeauinund
9 ntafy FR3 wla Duval Triangle 3 dwiduthiiu FR3 Liannsaszylainfnanuinunid
PD, T1 %38 T2 Ingldnsimsiesiannuia Ha, CHy wae CoHg

37197 2.18 msaszyluauAaUnAves Duval Triangle 6 [28]

oy ANUEAUNG
PD nsfamsausdueiialalsun
S Stray Gassing
AnuRaUnAiiosnnanufeuinianfiuU it
i arsueulurdulunseay (aamgi>300°C)
o ANuTouLiu (aangi<250°C)
ND Taifinnssey

-~ %C,H,

gﬂ‘ﬁ 2.42 Duval Triangle 6 [28]

2.7.8.6 Duval Triangle 7

Duval Triangle 7 §iasuadanadsiu Duval Triangle 5 14luns3faduauiudeiy
FR3 e Triangle 3 dwisutiiu FR3 biannsasvyldininaraiinun PD, T1 wie T2 Tne
T53As1zRanUAE CHq, CoHg Wag CoHe
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5197 2.19 msaszylsupuiiaunfves Duval Triangle 7 [28]

lou ANAAUNG

PD NsAEYIFIVNEI

S Stray Gassing

aruRsUnfiiiasaneuiouiingay Auyufizen

¢ aiveuludulunszany (gamgi>300°C)

0 ALY (9aun)i<250°C)

1% mmﬁ@ﬂﬂﬁLﬁmmﬂmm%fauﬁqmmﬁqmdﬂ 700°C
ND Luifinngsey

9

80 60 40 20
+——%C,Hs

gﬂ‘ﬁ 2.43 Duval Triangle 7 [28]

2.7.8.7 s leuanuiaunddioldusunanAaiiiatu [28]

mnﬁg\ﬁamﬁwwaaamLﬁ?amzuﬁmﬁﬂﬁﬁ’ﬂﬁﬁauanﬁqé’mﬁ’nwamﬁa CsHa, CoHa
uaz CHa Tuusiasdu saus 0 9 100%

dlan1svinisusnufaainihsfu axlduia lumiae ppm 198f CH, = x, CHe = y
uay CHy = z wdinsivdeuldeglusuiifaduarumdsunouiinisndonasuugy
anumass TngynissuauSunauiananuuda x+ v + z :ntuvinnisiunailesidud
vaufaniauuia alawed

100
%Cqu - X-E-y-IYZ
%CH = 100z

X+y+z



a4

Mage SNaveInIswenuials x = 20 ppm, y = 110 ppm wag z = 70 ppm Azl
CoHa = 10%, CoHe = 55% way CHy = 35% nlundesluguauwmden Jeazldqa R lddegy
waglinansitadueglulsu T3 Juinaruiaunfiilessnanuiouiigamaligendt 700°C

giJﬁ 2.44 ﬁaaﬂwamaaqm%amw Duval Triangle 1 [28]

2.7.9 n1sUszliuAuinUn@laeds Duval Pentagon [29]

Duval Pentagon {Hunilsluismsularumuievesmsiassiuiaiasanglutisiy
(DGA) e‘fm%’uqﬂﬂ'ﬁtﬂw%ﬁﬁﬁwﬁmﬂuamu Tnglddnsadand 40% vesufalelasaisuau
5 ¥n e uidlalnsiau (Hy) eziefiau (CH,) 1ody (CoHa) fwu (CHo) wagdmu (CHy)
Seamuduuning msldauiisasidiud 40% veudalalnsarsuau Lﬁaammﬁamﬁ;ﬂ
Audnanswawivdsureauia wuitazogisumidaiiu 40% vuunuufa

finnsldfa1u Duval Pentagon il Duval Pentagon 1 &y Duval Pentagon 2 d1%5U
1isuus uaz Duval Pentagon 3 dwduthsiueaines Uszsnause thifusnds (Rapeseed)

Vs FR3 (Soybean) inifunanniueziu (Sun flower) thiluliina (Midel)
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2.7.9.1 Duval Pentagon 1
Duval Pentagon 1 llumsitiadedmiudnfiuns Faszneudeanulauninugiu

6 B1A A ANURAUNRINANNSIU wazAURAUNR NN

A5 2.20 seylaunnuiaunAves Duval Pentagon 1 [29]

Ty ANURAUNR
PD msAayFavsdu (alsun)
D1 mshawsandanuh (sadsnsathdn)
D2 NSAAUITINGINUGS
Ji mmfisunfidesainaudouiiguugiigendt 700°C
T2 anuAaundilaannanueuiiguuafisswine 300°C fis 700°C
T1 mme‘iﬂﬂnﬁLﬁaqmnmm%’auﬁqmmﬁﬁmfiﬁ 300°C
5-120 uay S-200 | Stray Gassing Tuthiiulgnmail 120°C was 200°C

H,

CoHg 5 D1 CH,

T1 D2

T2 i)

CH. CoHa
gﬂﬁ 2.45 Duval Pentagon 1 [29]

2.7.9.2 Duval Pentagon 2

Duval Pentagon 2 Usznaulushganufinunfanlaiiiiugiu 3 Teu e PD, D1
waz D2 uawiilouitseyfelgmesiauiug 4 lou Ussneude

+ T3-H: mwiaunfidosnnanudeuiiintuame by

« C: Mainuisermsveuluedulunszay

- O: AnuSouliu (@aumginindi 250°C)

s =

+ S: Stray Gassing lutisfufieamaf 120°C uay 200°C Al nn1snanesly

q U

weaufjURng (Laboratory)



5197 2.21 seylsuanuiinun@ves Duval Pentagon 2 [29]

Ty ANUERUAR

PD nsAarsavIsdIu (alsun)

D1 M3RavFIndsui (saudsnnsaunin)

D2 NIRAYITINALIUGS

5-120 uaw S-200 | Stray Gassing Tutsiuftgamgfl 120°C uay 200°C

0 P wFouiiu (gamgiininii 250°C )

T3-H mufnunfiiesanaudeudifietulamzluisiu
@ naiauisenasusuluetulunszany

H,

D1 CH

D2

T3-H

CH, C;Hq

gﬂﬁ 2.46 Duval Pentagon 2 [29]

2.7.9.3 Duval Pentagon 3

o o @ o @ 3

Duval Pentagon 3 liifladudmsuihifueames dureluil

1. Duval Pentagon 3 d@wiuiniiunanniungiu

H2
PD [
CoHy S D1 CH,
D2
Ti|T2 T+
CH, CoHq

sU#l 2.47 Duval Pentagon 3 dmsuthafunenyuneiu [29]



a7

2. Duval Pentagon 3 d@usuindulswdea (Rapeseed)

H.

GHg D1 C,H,

D2

T3

CH, C;H,

gﬂﬁ 2.48 Duval Pentagon 3 dmduthsusnda (Rapeseed) [29]

3. Duval Pentagon 3 dmsuthshudiiaa (Midel)

H.

CoHs CH,

T2 T3

CHq CH,

U 2.49 Duval Pentagon 3 dmuthiufina (Midel) [29]

4. Duval Pentagon 3 d15uindu FR3

H,

CaHe CH,

CH, CH,

{gﬂ‘ﬁ 2.50 Duval Pentagon 3 dmduthsiu FR3 [29]
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2.7.9.4 FFn1smlouanuiaunilu Duval Pentagon [30]

nsvleualudaunflu Duval Pentagon agtivesidudvasuialalasiau (Hy)
T (CHo) B (CoHe) 1078 (CoH,) wazavtaiay (CoHy) u1Ransan Weynauinunidi
Aatu Tnganunsanidesidudvesufaléann Uimuuia (ppm) AlovsuaRansiule

giavedl
- Hz (ppm)
O =
: Hz+ CHa + CoHs+ CaHa+ CoHz (ppm)
%CHs = Che: o)
=l = Hz+ CHa + CaHs + CaHa + CoHz (ppm)
T CzHs (ppm)
P27 T H 4 CHa + C2Hs + CoHa+ CzHz (ppm)
et - CoHa (ppm)
2 T H,4 CHa+ CoHe+ CaHa+ CaHz (ppm)
CzHz (ppm)
9%CaH; = AR A

Hz + CHa + CoHe + CoHa + C2H2 (ppm)

Inewedidudvefaudazeinagdilundenszningaaudnansvosiimion (0%)
LAINYBINUMELL (100%) mnﬁwmmﬂuéﬂmwauﬁaﬁaﬁwmﬁ%ugﬂﬁnmé’auﬁwulajwh

ﬂ?&?ﬁﬂ’liﬁ/ﬂ\‘iﬂﬁmﬁﬂﬂi 3 LAYATIMAY X-Y ‘mﬂ@mmLumaammquéﬂmwmﬁwmﬁauﬁﬂmm

L |

N“UUGI@UWQU

as

1. AR (x;, y) VOIAWTE el
xi = (% uiid)x COSOL gy y; = (% Wila) X COS(90°- ) &3 O = yuvasunuuiia
Wguduwnu X

-v

2. vasannleinia (X, Y,) vesufiavieingn awnsefuinmyegudnansvesuials
9l
1

C=%A

( i+Xi+1)(XIYi~|—1'Xi+1y1)

O\

:'DMJ

E
H

()
~
1

( +Y|+1)(XJY\+1 me)

2|~

ITE
o

—

N-

A= (xi Yis1-Xi+1Yi )

I\)In—-

m
o

i
log#l (X, Y,) Ao Arnvesuiausnazqn
(CX,C ) fe fiinvesgarudnatimdsuruliivi
A A Ywniiunvasiwastmuliivi

3. dgagudnansvesuia (C,C,) Nlandes 2 iisuiuguwuu Duval Pentagon 7
FBINT5HAITON

)
=
A
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2.8  FUwuvLRsEINEmMTULTIAUNSEUAREUNaNISVAgRU [3,31]

Assnunseuaaduitlinaasunesiinulndifssguaduled Tasgnimualay

fAngege WesnniduAidmnueseagegaidwadiunszuaunisiusnanig Wewleuiue

rms AusITUMAFaUgneulag

Ve = Vpeak _ Vpeak+ +|Vpeak-
T a2

mAngegaiivisasstalidwneiu Anadevesinsaesssgnihlulfidurgegaunu Tu

(2.3)

UNATHUININAABU 2191UAT rMs WU 18U AISHIBNSWaTBIRIILSDUABNISIUSAANY

dle T fie Srsamilsany Tnegnadunisiauanuastaau arsiipasauanesiy dal
arueraliAu 2% Inetasanudseusulsvesussiunageuag 45-65 Hz (£5Hz) Ay
UmIgu IEC 60060-1: 2010
Vpeak+ + I Vpeak- I

Av| = < 0.02 (2.5)
| J Vpeak+
FALUTAY 9 YINISNAROULTIRUNSBUARAU

Voltage (V)

Vpeak /-\ /\

2

Vims +osak
/ - Tlme (5)
i _Vpeak
\/

JUN 2.51 guAGiuanmsgudmiulssiiunseuaadu [31]

Wasanguaduilanunainvanglinaisgukuuiaiimunsuvessundureus iy

NAADUALNINTFIY IEC 60060-1: 2010 fleruArusznauvesagegainduauduius

2/

TEWINAGIEANUAT rms asiiAvindu {2 Tegegnelutas £5 % Fumnernuladed

Vpeak

< 1.485 (2.6)

1344 <

rms
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Tngmsfewdisanns 217 aseurquiiafissigegaifissviniulnglildfnnsants
sURAuTRILsUNAdey FeenatfissnarenisvaaouaIUURBLS WL vEEMsNAdEY
winanad uslerliasoupquiismsmeasumsiianiaunsdnildsunaanmmaseunsdiu
e

Fegundudilsaziianfueiin Fad1en Total Harmonic Distortion (THD) 117915847
Tafuinaneageanvetusazesluiing (Vi pea) fiUsINgUUARUAILANEN (Angeande

Vl.peak)

THD = —2 Zvﬁpeg,k 2.7)

lusAmsussmamniinues IEC afeft 42 Iimswideilasieisousuldunnaei
5% v0eA1 THD usl IEC 60060-1 uadslaignausilunisufluafsaianlud 2010 Tnens
favrsaunedu SdmalifntadnszuagnivgdwmaliAaussfuandauny (Av) Tasly
IEC 60060-1: 2010 sl AV, < 20% Tneisnasgiulaildiszyrasnafivenvifinusaiy
anliogataau

dwiunaildlunisvadeu T, ideendn 1 unit Widaufeuaald +1% dwsu T
fannnin 1 undt WA £3% leeBsdamuiannnlunsegeusiduardesdauianannld
snnniufosnlinalunsudsuatussiuiiselildnadiiunnguiniues

2.9  YEHNTATN waTNITIAusIAUBUNAANINT [3,31]

LS UBUWAE Lﬂumaﬁ’uﬁﬁgm%uLé’ﬂuLL‘uummnLL‘Nﬁ’mﬁmﬁ%wsmﬁauﬁﬁﬁm1n

= o &

waneuen Miierdesiulsingmsafiadiend ussduduiadsunduiieh waziiindy
&

nauvangluszuudedigias Ae iinvinnisvinauvesaing viowesinusnines (ed

AnuRansauindulusruuSEnI ussuduWadaingy

2.9.1 UAAUUsITUBIRAdNMTgIY
ussuduRadinATgIuE i MuRsederunsolul
- YUIAVDIUTIFY T,mmlﬂaa]aﬁvmmﬁaffiwamaagﬂﬂ?{uLmﬁu Tunsdiifiszandoud
Aaaneeadaatulndquanguadu Mieiodiadsandwonguniuszasn
- frewsuaafuiuuinieay Weifsutuiy
- nantimiheay T1 wnefsinafiussiusuiituanqudauiieen
128799 9REY T2 wmaﬁa‘ﬁ’ganmﬁﬁgﬂLwiLLiaﬁuFﬁ"uLﬁmﬁumnquémuﬁhﬂa@

YUNTLVIVUNANALNEDATINTIUDIALDA
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sUnduLsIBNTade1auddladu
1) jUadudiu (Full Wave) Fanunefisgupduiflvunaifivdufisrneen udros o anas
atsailipsrunszviadugud

e

2) sUmdudia (Chopped Wave) Baiinainnisteunssiuduiadsuaduifudalui
Tagvadey warmsawiuvesianvadeutunusousiuntewdlulula Jufanisaurineiu
Aanulpun vivedinusnanilinngneg MliAeN15692995 o 9 Tnendudinaiusa

WPYUNIEILNNIARY Yisod UMY

T t
#T, T1=1.67R
12 T'=0.3T1=05T

JUT 2.52 ussduBuniadsunduiiiiguaduiu [31]

gﬂﬂﬁuﬁmﬁﬁauﬁmuﬂﬁﬁﬂﬁm f8 19a1eAALAR (Chopped Time, To) 5W§Uﬂ§u§f®
fimandu vunvossadu Ao Arwon (Peak) uAtsURRUS AT AduTLIAYBILTIT RS
Anfilet o o FadurgeanvesUnduiivaa
U

10D - ) Tail
Q9 = 2\ Fe

0.5
03F=—1A

F

]
o g

UM 2.53 uswiuduiadsuaiuilrindantiadu [31]

Y



1.01
0.9

0.7F

0.3
0.1

(
)

5UN 2.54 ussiudunadsuaduiwdandhaiu [31]

s L1

U

i

b

wsauBuWadauLesgIu awnsaasalalneen Ty, T w38 Tc lag3sh wanalusy

Tegluinausinfimuassludl

- AImTnAAY T1 =1.2 ps £30% Ao JeApteglutag 0.84 - 1.56 s
- ANYNVIARU T2 =50 ps +20% Ap dxsvdRglumaa 40 - 60 s
- ANRANSINU Un saulliifiawanalel 3% vesr1iissysuaduuswiudunad

& e o o v a W i
2.9.2 2asNugIvaATa s lanssAUBUNAdH R

g0 €

wastiuguildasraussuduiadgupauinng 2 wuu Auandlugui 2.55 wasgui

2.56

&. gflm)

C T I u(t)

JUN 2.56 29asiiugurannIasiuiinduiad 2993 B [31]
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Taofl U, Ao wssdunssuansevesiadng
Up FB UsaudnUseqnssuansy
Cs Ao ffvusygduiadifudifiundenu
Co fo Mufivuseqlvan (saismuglnihuesgunsaliniesiauazaue)
RL AR AuduvuIinnsyuasnyseq
Ra  AD AINAUNUMING
Re Ao anudumuldesyseq
Ut) e ussuduiaddlduusluauan
SG  #e aursnuny

2.9.3 2evsiTesrdaussfudunaddns ety

1MIsugLTeINITaILssRuBITad e Undinvesnuuuliadroussduldss
200 kv Falaluieswadmsunsmaaeu BIL vesgUnsaifldifuuseiuszuy 52 kv W38gININAN
LsenuBuadgs o pnasildmeaiosiiiaduaduuuvarsty Tnoldsesadausedusy
Wad aumdnnisvesnsnd (Max's Cireuit) fisguil 2.57 mramanevasdydnuallunses 1y
mﬁauﬁ’mws‘ﬁguﬁuﬁm (n3oemny * wansiaduadaty wasiademune 7 uansia
auﬁﬂizﬂa‘umauaﬂﬁLﬁuﬁutﬁaﬂ%‘ugﬂﬂﬁu)

5U# 2.57 2asIATRITnBuadWUUANeTUINNaTISND [31]



ApeRUsenaululens
y 1 =3 a @ &1 0‘.’/
C's : ANAUUITIBUNAER DT
G : AnAUUsEqlvan
R’y : AINA UMY SUNTNARURDTY

Ry : ANUAUMUUSUMINAGUN18UEN

R’e : AUMUMUUSUNI9RFURDTY
R”. : AMUAIUMILUSUN AR UNIBUDN

= = ¢ [ Vo1 <]
Waiieaunsnesavdenuuuuaunsuazlam sl

Ug=nU’y
L=l o1
Rg=nR’4
Re=nR’%

2.10 AsAUA29819UNTUY [32]

2.10.1 ANWUIAUA29819

AN5199 2.22 AvusiiuieEsdInsuNIseaauLTy [32]

54

MYUBUeEe |, L . . 9 USuns
R lgduduia | 9wt . y I
YUANTNARDUY wadan | widu (ml)
DGA ] o 25-100
U 0] 1a 20
[ £ v b
AL IVOIRUIY I n g1 200
BUNA Lo €] la 100
N19LUINANIY a 500-1000
NIAAUY 9 NNIENE uaziadl 1o 10} 250
weme: dusunimaaey DGA Aesviliidududadueiniatdeeiian wavsuldvan

WAARN

nMsnaaeunsidnduazialidu q Ae nrsvedeusiu arumile ALY

wazaudunse Wudu
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2.10.2 MsANNFZDIRMURLRAUAIENS

nsviaNaze ngunsaliudIeg e wazdundaiuiedne Wunistesiunis
Juilouvessegaintu dmiuandadesimsudeniiu (nevhluaesiuihans) iva
stnasufleminduitou huareunia) fervavasiluands wazldqaslefivhainesluleg

AesinsiiAuage i uiaiufeg1mnaseRdmsiiusieglnl

2.10.3 nisiudlegstnsuaglesus

ey s =
3 ¢
1 Ny
5
<
a) b)
———
‘ :
)/ ./
4 it d) 2
¢
Lo
g7/ »
< GRIVRR
NMEFUNN @ B

UM 2.58 maiiudhednsiniuseledud [32]
(1) A9 le5ud (4) Am N@EEUNI9
(2) #m 1Nanatle (5) A2 MANAUFDE

(3) Ao viaws (7) Ao fanis
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nsifiudethaihsiugelesusiduneudsselui

1) Wouslegunsalnugud 2.58 a) laefindafushagiuiineg

2) Uundaanumslishums A euseettiuiie 1 8¢ 2 8ns adludedi

3) Usundanumaluiidiumis B islbifulnaidleiusdn q (U 2.58 b)) T
limsoanfugueen Wsaedournugumuussiureningy

4) U3undranumalufisumis C iieudesiiiuasdsiis uaznaduguldennaeen
MnleSud ImEJﬁlﬁuﬁmaag’tuumﬁgﬁﬁﬁwaﬂﬁuéayjrﬁhuuu (g‘uﬁ 2.58 o)) Inadosiulas
ﬁﬁﬁﬁ@ghlﬁ%%ﬁy

5) ¥duneuil 3 uwavdumeudt 4 Srauninifuliiieseinia antulfuandaa
melufisuma B ilelsinsuidialegus (gﬂﬁ 2.58 d))

6) Mntdandnfiusedng uazndadete

7) Usumdranumidludishumis ¢ wdvanledusonn

8) naLfudogiaitudiuiunismaaey DGA ‘vﬂnﬁnﬂuiﬁmnqﬂm‘sm’lﬂﬁwﬁ%’au
Lﬁulsaj%ua‘iaanfiaﬂ,uLme%”’a"Lﬁﬁwaalﬁa%uﬁagjﬁﬂuuuwn'jﬂﬁ:wﬁuﬁ]sLﬁuﬁaaaasm%"} q 9nefy
fnlesuddnnges udrvudeenly Inefiluidiielilviinnosennielusiu

‘< o i ¥ o w ¥ e
2.10.4 NISINUADENUILUAB VNIV AU
nsaiduviaumlanisiiuldtuainiauan Fetulsusdimindivainnii delunin

i
s

= [ % @ [} o/ o = @ v [ =
YUY UNITLAVUILUEI NI UNISNAEDY DGA mawmiﬂaqnummmmiwmmﬂuwmw

duSunisuuad LagnsaLiy
15N UAT8E19ETY ArTmdesdutTu Il AluRiunsaInueuuuYIn Wienis

P818Mvas0INIMTEN YT TeETuL TeRINg U I NTY

sk )G

me
e

JUT 2.59 maifudegnainiusmevin [32]
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JUN 2.60 mMsiusnegraisiusienn - n1starvan [32]

(3) fia viasia (29) Aia U7In
(5) A9 MANAUAIDEN (30) fa H1tlp
(7) fiB views (31) fig YnTawaiamn

nsiRufeE I usenut v ealave it unaud el

1) Ao q iWandufusesrsliiiuivaluiidiimilddesdasiuioss dowiule
'.hwa\au,ﬁ”agﬂﬁﬁfﬂaaﬂdauﬁﬁ’aaéwfwﬂuwgmﬁu

2) lduan Em'asiahlﬁr’fwmmLﬁw’haéwqiummxﬁéwﬁuﬁalwaagLtaziﬁéwﬁutﬁuaw nans
Fulvuurin drwandetntumisluauvesmn antumihsueteis

maviufaegrnitudindunisneaey DGA seaduliisiulmasdredoiies luifinsg
Inafiuuse Wedsulvaluluvndeslailifaneuia nsivaasimefiasliiiiulvald
worl uazlmeliliAnnsdouiansauiaiansuuideuruene mnldatlunsiunais
wAuly asiusedndle

|
al

3) ndunenvioreoenanyIned e q vaeuiudilvaey Juviniuiiesieidl
Wsiuagiun 9 antiutneeeh
4) Uandnnudied1e wazoenvienssen fnaainiidu nyud Ualiuiudnass

17
o a @

PAIINTIU LT UAIAILA?
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2.11 n1suenuian83s Headspace [33]

2.11.1 Anilew

Headspace: ufafidudaiutihsiulunivuste avuzlolufiifevinuiussgansd
AUY 20 dadans

uffawn (Carrier Gas). uwfadiviuiihfifusamansiegraiigniliduuia w quin

asihgreduid Tudgilduiasisneu

2.11.2 ®ann1599935 Headspace

Tuisthidilurinuussgans (Vial) aviinsdudefuufama druvefafiaransly
¥157 (Hy, Oy, Ny, CHa,CoHa, CoHe, CzHs, CO wag CO,) auLpdouluss Headspace neld
anmzvesgamall muiuueLnsau Headspace axielaulugudnansnieluiineduives
wialasannnsma ﬁuagﬁuqunigﬁﬂ%’ m'mLﬁuﬁuﬁuaaLLﬁa’Luf’]ﬁu%gnﬁmmiﬂalﬂtﬁ'ﬂg‘uaa
lEAuasAduUsEavsnsustveniniy
ihifughegsilduiaiuuiemg (Headspace) gnwilagufiaensnou (uhan) 169
nadutl TaeuRawmai] (Hy, Oz, Ny, CHa, CO, €Oy, oy, CoHa, CoHe W3a CoHg) axsinelouly

€9 Headspace

[ G o T
R O,
g

O

®
el

Ul 2.61 nsuenuiasieds Headspace [33]

U

Tngdl 1 Ao wanufusTgans 5 fip wiam
2 9 wrugnsUnnin (Septum) 6 Ao wATinAIINGU
3 fe fhethahsiu 7 e frufufegg
4 fio whawwa 8 fim AnAmaITuTEgUdnas
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ANuutureLiafleg i wInlaenguensud memdulseanonisuusinues

2
o w

13U K waeans1diuyasusunng

CL =K e CG

We C Ao mnuuduvaaialudaesingy

Ce A AMULTLTUYS Headspace

a

K A9 duuseandniswussvesingu

A5190 2.23 Fuuseavsnisuusivesindiunsfigamall 70°C [33]

wAa FulszAvEnsuUsfva itk
H, 0.074
(O] 0. 1F
N> 0.11
CHq 0.44
co (@311
CO, 1.02
CoHy 0.93
CoHa 1.47
CoHe 2.09
CsHe 5.04
CsHg 5.67
CqHe 10.10

2.12 msuenuialagdsnasuialasuiinns i wi [34]

(2.8)

shagrauwianiiuisenurainmadisdilu dnsuenudaseisnsuialasuilnns i

wRasnaaTBmseviissielud
- whalelasiau (Hy)
- uianendiau (Oy)
- whalulasiau (N,)
- WA (CHy)
- Wiadmu (CoHe)
- WAALOTAAY (CoHa)
- uN@ezeRay (CH,)
- uwAdAsvauuauanld (CO)
- wiaansvaulaeenlen (CO,)
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2.12.1 whalasunlnns i

whasetanzgnanemuazdadiluluinieslasunlnnsni ndinisataufaseds
Stripping in15l4naaiudetneuas Stripper foru Cold Trap Weiadlasualnnsmi
n3din1sanauiasieds Headspace Anvsldinaruiewiauay Zero-Dead Volume Adapter
sarifuredutiiedaufa Tnoufalasunlnsnswiiusznoude

1. Thermal Conductivity Detector (TCD) 1 an$293ULAE0125 (Hy O, way Ny)
meluilufdlelasiawihmihifuuiaiemudou (Thermal Conductivity)

2. Flame lonization Detector (FID) Tdd@1nsunsiadulalasansusunazaisuau
oonledmelu FID formauarlalasiaulosou SeagiliAnnszualniiievinlmiudyaa
#5999V

3. Catalytic Converter l¥d@m¥uulas CO uaxCO; Wudnyainmnsiadu Wenis

A3293ULAELL Flame lonization Detector

2.12.2 apduil (Column)

roduinnlulseneumeassdaufie Molecular Sieve Column Litenisuenuiad
WA (Hy, O, Na, CHg ¥ CO) wag Carboxen-1006 PLOT Column titenisuenufiasy g
(CO;,, CaHz, CoHa, CoHg wag CaHg)
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3.1.1 gunsnd
Lyanagau (Test cell)
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wsnaddsuswiuliihnszuaaduvesiiu nsvadeumsiusnaifeusaFuliii
nszuaadureunsavesafigndumsniunluthifuiivssqegluganaaeuiildauuiiy
n1svageuMstusnaLifoussiulwi Buiadintinvesiniu uarnmsvageunisiusnana
meusssulnihduiadfvinveunsavasarigndumsniusluiviufiussreglugaveaeuild
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JUH 3.2 yavaaeumsiusnaisaewsaiulnihBuiadimive iy [36]

Uszuid 25 mm
Usganad 15 mm

& 6 mm
& 25 mm

—
ad

@75 mm
& 250 mm

Uszuad 115 mm
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U7 3.3 gavinaeunsiusNAItYINsaUasafigndusnualuiy [37,38]

62



2. BlanInsaLuuLdy
[ 4 [
YuaUagunlglunsnaaauszunn 50 lulasuns A3y

a o

JUN 3.4 8dnlvsanuudy

3. ASAIVAABUNTHSNANUNILINTURssIsulWinszLaady
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4. Onines
Unineslddwivursaunduiesunislugeugayagyine
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3.1.2 QUAUWIA
1. Yhsuus
2. 1ty FR3
3, dnsfuundy

] o
3.1.3 YUABUNITATEURUIULAAN
1. AMNRUIUWIAYIARINISNAEBUaITNINDS

i
o o

§UN 3.8 ihifuus (@e) widudidu (nans) Wi FR3 (427)

=

2. A UinnesAuIIIRUIUNAINIBULATEOU TIaaugil 60°C A21uM U 200 mbar

U

Sye¥LI81 12 97%34

3.1.4 n9¥AY
AUAUNTEAWNLY AD INTAUDSA VUM 5x5x 1.6 MMULAZUIUIRN 5x5x 3.2 mm

(Nx&xd)

JUN 3.9 wsavadn
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& =
3.1.5 YURBUNITIATHUAUIUNTYAT
1. yhmseuwsauesn N9yl 80°C A1WAY 200 mbar Wuian 12 Falus

o

2. dhiwsavesaiinmsauudy wdumsniusluiiduudazede nSeudveufigrngd

U

60°C Ay 200 mbar Wuian 12 $1lug

3.2 ANSNNEaUNISIUSNAIUA8LsIaUlWHInSEILEaduYe 9NNy

3.2.1 199agau

@ g ol
1.--\-1-’::}‘-“3“ Tostef . 9 . |

i

-y > Evengslne T 011 Purifiog ¢

JU 3.10 yanaaeunsiusnaliisuswiuliinssuaaduveniiiu Tny 1.1A50maaey
nsiusnaadmeussrulinssuaady 2. yavegeununnsgu IEC 60156 [35]

3.2.2 SunaUNISNAFOU

1. USussezunusewinedianiangm 1.0 mm

2. ussgthifuudfriunsevaslugavagey daeU3nal 500 mL

% mwaauﬁwﬁuLL%ﬁ@g‘luﬁ@wmaaudwﬁwaammf’i'ﬁ%alu' anfivesenaliwnliau
WospnAwegly

4. ﬁ’l‘qmwﬂﬁau’lﬁ"lum%laqmaaumﬁm'ﬁﬂmuﬁﬁwLmﬁuiw“ﬁ'}n'imaaé"u wanUald
NueSeMAEaY laENAaaUAILNINTE I IEC 60156

5. mmeaeuliAnusnanadieuseulniinssuasduazanlutsiuns sy 5
ads udaduiinAraunmussussulninssuaaduiisnuld i nint smadey wazfiu
srogreinulSlurnudaduusinm 250 mL
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6. Vi wazemYIMAFEU Lazvnsnaessluduseudl 1 §1 4 usviniseseu
ThAmusnanazadluitiunssuu 10 uay 15 A% muddu

7. ¥msveasssludunoud 1 81 6 widsuszezunUseninedidnlasady 1.5
ag 2.0 mm AIUaIRU

8. ¥n1smAasssluduneud 1 81 7 uidswdudiu FrR3 waziduuagy
AUEIRU

9. thiethaitufithunsiiausnandluvimeseiuiaiasanslutsu

3.3 NISNAADUNISHUSNAIIUAITLIIAUDUNAd NN YD 93T

3.3.1 2999VAgaU
R G Ry VD

JUN 3.11 1995WRdoUNTSIUSNANIUMELSIUBNAEH s ve st

loe?l U, Ag ddneusediunseuanss

o s

R A anwsnumudiinnszuadausey

C, e Fuiudsyyduad

SG  fie gursnuny

Re A AMSUMUUEREYsYY

Ry A8 AMUAIUNIUNLLY

VD Ao Lawadlines

Zc Ao @ealda

Ml fe we3esdlen

Crc fD "qmmaaum'iLUiﬂmaﬁéf’mLmﬁ'ulvdﬁﬂﬁuﬁaﬁﬂmwmﬁwﬁu

3.3.2 funsunsasouRiBuswuBuWad AR IUINn
1. fi93e9sRegUTl 3.11
2. findsdalalonlifidauan uaruusrerunusswiedidnlasn 10 mm
3. ussyrhuusThumseuasluemadeu waeUinal 300 mL
4. pxrvmeuinguusiiogluganaaouiniiesenmavielsl Siwesenmeliinliay

Nasanavaly
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5. WyaadeusslulsITIAaBUMSUINANIIF LB Iad Rt Wi
mstunseulaeldisudui 50 kv Fesnnsiuusetunsiindiag 5 kv aunsetainnns
wWInAU InenedounuNInsgIu IEC 60897

6. vinnrsnaasuliiAnusnanadfeussiuduwadiaridruanluthsuus sy
5 a%h udrTuTinneuRmURBLs IR UBLWAdTs TN Bruldannedemadey wazifu
shograisuliluranuiduusine 250 mL

7. mnuazemyevadey wasvinnisaaesd-luduneud 1 s 6 uwivhmsnadeu
TAnusnamvavanluthsuussuag 10 uag 15 Ade sudsy

8. ¥hnsnaassslutuneudl 1 8¢ 7 wiBsusrerundszuinedidniasady 15

WAy 20 mm MIUaInu
9. YIMN15NAaIT lUTUMEUN 1 D9 8 wetudeuduiiy FR3 wazuiuuisy

AIUAIRU
10. Wrdeghuit unsiausnt iU i aiazatsluingiy

3.3.3 YUABUNITNAFIUAILLIIAUDUNAFNINITIAU
M9995AagUN 3.11
fanetalalanlintay wazususzezunyseuinedidnlagg 10 mm

ey

ussqusuusTunseuadlugsmedeu daeiine 300 ml

4. avaeuiiiunsfioglurgemaaauinivesenavielal Sriwesenmelsiinlfou
Wasanevie U

5. hyanadavsielulesnageumsiusnanieusuduiadiiitaay ugavi
nstuuswulagldBuduil 70 kv Fesnmnisiiuussiunsiindiay 5 kv JunseRaians
winantl lnenaseuAIuaInsgIY IEC 60897

6. imsvaaeulmAnusnannimeussiuBuiadiwdrauluduussau 5 ade
wdufinAnmnuAmusausssusuvadi it auiswlF eI omagey Lasfufegn
v lunauddeny3inm 250 mL

7. yhanuazeayavaaey wazvhnavaaasslutuneudl 1 8 6 ushmsnageu
ThAnusnamazadludsuns ey 10 uae 15 At sy

8. vn1meaassludunoud 1 8 7 wilEsusrerundseninadidnlnsady 15
WAy 20 mm AUERU

9. ynrsnnasssrludumoudl 1 fe 8 usUasuludiy FR3 wagdhiuuady
ALY

10. Wishegahsuiiniunistiausnmadluyinsiesngiutaiaransluisy



3.4 NISNAEBUNISAFYISIUINEIUALIIAUDUNAd R IH D8 UvRIUsTY

3.4.1 293VagaU

R, SG Ry VD
——+——O O~ )

O

JUN 3.12 299 adeun1sRavsausdius L ssiiuduRadinEdauve iy

Taedt U,
R
G
SG
Re
Rd
VD
Zc
Ml
Crc

D FITNBUSITUNSTUANTS

B ANUAIUNININANSELadnUTYY

Ao Faflulszqduiad

Ae aursnuny

Ao ANFUNUUGeEUSE]

A AUFIUNIUNL

Ao LiawmaRlumes

e aeLALla

fio LAesilain

fio gannaouNsRamsIUNEIUsusIsuliBuRadiwidraure i

3.4.2 YUADUNISNAFDUABRIIAUDUWAEN KT

ls
Z
5

MB9ATAIFUN 3.12
AndstnlalealiNiau uazususzazunysewinedidnlnge 10 mm
UsTUTuLIAINun1seUaslugAneaey Meusina 300 ml
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4. pyvaeuthdulinegluyanageuiniivesoniavseld ddiwesenelsinliau

Wosanavie LU

5. yANAADUABlUNITNAFBUNSAYISILE LB S UBLRadATE T8 LN

YINNSVULTIAY 60% UBIATLITIPULUTNANIUDUNAFTIaU

6. nn1snegauludunaud 5 91U 5 A5 uaaiusegrstnaulilurauiagen

U3una 250 mL
7. MANUEZDINYANAADU WagynInaaesglutunaui 1 89 6 wivinn1snadey

TAdnnshawseazanludfuuss i 10 uag 15 ASs muasy

8. ynseaastlutunauf 1 89 7 uildsuszezinussunedianinsady 15

LAy 20 mm AIUaInu
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9. vinsvnasagnludunaud 1 fe 8 widswduuisiu FR3 wavisiuuidy
AIUAINU
10. WA slunNIuNTRaYsIUEIU U Nl e aiava e lusn g

3.5 Asnadeunisiusnadddlsussaulniinssudaduvaansavasaiign
sumsnualuthdunussyegluyanagdeuitldauiuingdu nsdliusnaiiad
LRI

3.5.1 293 MAdau

VR TT R, VD
© A A
Ul UH
Z. M
- Crc )
o

JUN 3.13 299 IAFUNSIUINANINMIBLSTUlNTnssuAdSUYBIINSAURSA
figndawsniualuingdi nsdiiusnavdigaiiy

Tnedl VR Ao sudunsay
TT fie vileuUaavaaeuulsigs
Re Ao Audumiuii
VD feo hawadlieed
Zc fo arewaida
Ml e wn3esilatn
Cre o ganaspUNsiUsARiTRmsaUBIATignBumsniunluiTy

3.5.2 FUABUNITNAFBU

L. f89asvnERUMAUTl 3.13

2. huwsavesevuia 3.2 mm Aignduiwsniunuda Taluganeadeu uaviminiuuias
TugamegaumeUsInn 3500 mL

3. m‘smﬂauﬁ‘wﬁu&‘ﬁﬁgﬂm‘luﬂmmaaudvﬁwaammﬂas‘jﬁahj aiineenelinn
Taunesenmamald

4. ymstuuseilninnsEuasUmEsATIM RN UAT 2 KV/s unseriaie
ﬂ’liLmﬂmnﬁq}éﬁ'ﬁgmfﬂ‘uﬁmu 5 ads

5. Tuinanuamusenssunszuaaduiioldniinesausay

6. iushathesuuslurauiduusina 250 mL



!

7. YAz IAgANAdeU uagynsaaesTluduneun 2 83 6 uaviinivedau
TiAnusnadazandau 10 uaz 15 A53 Auaiy

v W

8. Y11A5NAADILT I UTURBUN 2 B9 7 uwetUasutduingdy FR3 wazulsiuuidy
AIUAFU
9. 11A79819UUNHIUNISIAUSIANT LUV NI el A aNazas Tulsuy

3.6 Msnadaun1suINA1tABLIIRulninsTuAdduYLWSaUasATIign
duwsniualuiiunussyegluganaseuildauiuindu nsdiusnanay
Lalgngauhiu

3.6.1 1asnAgau
TT  \R) VD

VR
A A
B M
~ CTC J
O

U7 3.14 1svadaunsiuInAmeL s linsTuaaduTasmsaUaSA
wgndumsnusluingy nsghusnandligngesy

Toefl VR fie shusuusesiu
TT fe nilauUamngouusias
Ry Ao ATmudumiui
VD e Lamadlines
Zc fo aeada
Ml Ao wadesiiede
Cre e yanmaeuMsIUsAAMITIBasaUeiafigndumaniualuthiiy

3.6.2 Tunsummagay

1. seesVAdBUALFUT 3.14

2. dwnsaveierun 1.6 mm figndumsniunud ldluravaaoy ussminduusas
TuganaaeumeyUiuim 3500 mL

3. myvaeuthsuusiignvlugamaaeuiniineseniseguielsl Sriwesennielsiin
Tauresernmamely

4. yhnmstuussiulinsyaaduiesnsnsuusiund 2 kv/s aunseitaia

ANSUSNANIY LAYIINISIURBUNTAUDTATILIU 5 ASY
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5. JufinanupmusausunsyuaaduiisulganimesTausdu

6. \iusogaisiuusluriauidenySinm 250 mL

7. Yhmwazeinyavaaey wavvinismaaeselutuneudl 2 §1 6 usvhmsmadeu
WiAnwusnamtdagauluisiuussiuau 10 way 15 ad pudrdy Tneynadsfiiniusnaing
Foalduusauaialvinnads

8. yhnsneaesslutunoud 1 8¢ 7 widsurunamsauedaidu 3.2 mm

9. vnisnasesirluduneud 2 f¢ 8 widswdudhii Fr3 warthuuady
AUAINY

10. Yshograisiuiiunsifinusnndluvinsiessinaiazanglusiy

3.7 n1snadaunITiuInaNlagusIduBuwaddtvaswsauasafign
suwsniualuiiunussgegluyanagauildauiuidiu nsdiiusnanad
Y19

3.7.1 2935vImgiav :

R 5G R D

——+——0O O (5

O

JUT 3.15 KwsvpaauNsiusnadmewsuBuiad i ve wnsavedn
Mignduwsniunluingdu nsdliusnanvggaiy

lng¥l U, Fi9 flad el sssiunssuansy

o as

RL Ao Anu@umuiianssuasnyseq

C, Ao fuuussgduad

SG fip aursnuny

Re fo Anudumulaesyseq

Re A9 AMNATUNIUNLI

VD Ao lamaslines

Zc feo auada

Ml fe inSesdlotn

Crc f® ‘qﬂwﬂaaumsmiﬂm:}ﬂ%aLWiauaimﬁgﬂﬁmmmumhﬁ”)’]ﬁu
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3.7.2 Suspunsndeuf BB uadedauan nsdiusnanaiengaia

1. sie29sfaguil 3.15

2. Bt lalanlifidauan

3. Yunsaveinouin 1.6 mm fgnduwsniunuds Tdluganaaeu uasuminduusas
Tugavaaeume s 3500 mL

4. psrvmouiuusioglugsmaaouiriiesennanielsl Sriinesennaliinliou
Wesonmmgly

5. dgamnaeuseluIRIABUNEIUTNANIRsLSUBITad R R TAuan Wi
nstuusssulaglFi3udud 100 kv fesnnsifiuusiduasiindias 5 kv aunseriaians
\wsneY IngvnaaunuunIgIu IEC 60897

6. ¥msnaaauliAniusnaisgadudsussiuduiadiiinidauansiuay
5 afs wtuiinAnAnuAmusBusWuBLRad AN Tie g AT e aade wazfiU
shothahiulluaauiaseunn 250 mL

7. YnANATEIAYANAABY wasvhnsnnaesdiludunoui 1 8 6 usvinnsmeaey
TiAnusnaniazanluiiuussuiy 10 war 15 Ads mud

8. vhnmasestilutunoudt 1 8 7 widsuunamsauedady 3.2 mm

9. vnrsnaaestrludumoudt 1 81 8 witdBsuifuthiu FR3 uavtifuundy
AU

10. Yighegrahsiuiiunisiaiusnaniluvinmsiinseiuiafagasluchsu

e

o

3.7.3 YunsumsvadeuiIBuTIRUBIWARR KU N3EiUSNANILULIALAY

1. #92995693U7 3.15

2. Ansstalalonliidnau

3. insavesnwun 1.6 mm figndumsniunuds Tdluganaaey wasiiuusas
Tuyavaasualeysana 3500 mL

4. aandeuiisiuuifiogluyemadeuiniviasenmanseld dfivesernaliinliou
Wasenemely

5. thyanagousslueasnadBuMSIUIIALFBuTITuBuTadi Ty i
stuusafulneliusui 200 kv Freshnisfuussiundiindiay 5 kv sunseradinns
lwina1u lnenegeunuunsgIu IEC 60897

6. vimsveaeuliiAniusnandtidngaiuseussiuduiadiidaaudia 5 af
udrtufininAnumamuseussiuduiadiihdaauiisldanieiemaaeu uanifiusioens
hsulilureufdvvun 250 mL

7. ¥harwazeayavagey wazvimsvaaessluduneudl 1 8 6 uivinismadey
WiAniusnandaganludhifuussiua 10 uae 15 adh anudaiy

8. vhmsvaaesiluduseudl 1 f 7 widsusuamsaveiadu 3.2 mm
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W

9. MIN1SNAARIT Il UTURDUT 1 D9 8 uatUdsutduiiniy FR3 wazulsuulay
AUAIRU
10. WfMegnahduik unsiiausnauluyinsiesgufanazanslunay

3.8 N1SNAABUNISHUSNANIUAYY LLiaﬁuﬁuﬁaﬁﬁmwauwmua's‘ﬂﬁgn
duwsniualuihduiiussyegluganesauildausuiidu asdiusnanad

LiggaLau

3.8.1 2995v1AdaU
R SG Ry VD

- M|
O

JUT 3.16 2IMAdOUNTSIUSIATIUR BUTIRUBNTadT W ewsaUDSH
Agnduwsnisluingu nsdlwsnanadlddgaay

le?l Uy B SRa10usanunsslanss

o a 7

R A8 mnumumudianssiadnlseq

G, e sunulszyduiad

SG fp @lrsnuny

Re fa mnusumiulaanlsey

Ry A AINATUNIUNUIS

VD fe hawadlipes

Zc fe areada

Ml fe indasilath

Cre o yampasumslUsnAMvaansauainfignduwsniusluiiy

3.8.2 JunpuNTIVAFIURIELSHUBIWadAr S AUIN nsdiiusnananflaidngaiiu
1. #9299593UT 3.16
2. Anssdalalonlifidhuan
3. dunsavedavug 1.6 mm fignduwsniuaud Talugavaaoy uazmisuusas

luganaaeumeyUsuIn 3500 mL
4. psvaevihduusnegluyanaaeuindvesonianseld drfiwesennialdinliau

Wasainemely
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5. thyanadeuselulsssmageumMsuINAdeBLsfuBuRadiHITIUIN Wi
nsvuusulaelREuFuR 100 kY fresasmaiuussiundindiay 5 kv unseiaions
LUsNANY lnenaaaunulIRIgIu IEC 60897

6. vhmsvageuliAnusnaflishaniy feusuduiadiinindauan Taevinnns
WasuwsaUe$AsIIL 5 At udTuTinAAuAuRBLTIR L BLTa R E U nTieule
NnASamaaey wazfiufetsiiulilurnuidsneunn 250 mL

7. ¥muazenyemadoy wavvnnimveaess-ludunoud 1 s 6 uivhnsmadeu
TAnusnandazausiwu 10 uay 15 A suddu Imanﬂﬂ%&ﬁﬁmmnmaﬁﬁadLﬁﬁﬂu
msavoialndnnass

8. ynsneaesslutunoud 1 8¢ 7 uidsurunamsavedady 3.2 mm

9. vnsnaasssiludunoudt 1 8¢ 8 wiwdswmduinsiy FrR3 uartiuundy
ATUAIAY

10. WisheghaihsuikunsiAnwsieadluimsiiseiuiaiavanglushsiu

3.8.3 SusauNMsadaURIBLIRUBNRadA KT AU nsslusnanilisngaiia

1. fle993segui 3.16

2. Aassinlalonlifitaau

3. whensavesnee 1.6 mm Aigndumsniuaids Tdlugavaany uazivmiduusas
TuyavedeusmeUsuim 3500 mL

4. asvedeusunifieglurameasuiriinesornientelyl diwesennialiinliay
Wosananely

5. dgamnaeusslulasaaaunslusNAILRIBLs LB a AT T AU wdavh
mstuusstulnalidudud 200 kv faedasmnafinussiuasiindeay 5 KW sunsertafnnis
\winay InenadeunuuinsgIu IEC 60897

6. vmsvaaeuliiAnusnailddiandy feussiuduiadiisidauan Tnevinnis
wWasumsaveiadiuau 5 At uduiineaunmmudeussiuBuadinindauiisnulgen
ieanaey wanAusatiaiiulSluraaudidsivung 250 mL

7. ¥harwazeinyavadou wazvhmmeasstituduneudl 1 s 6 udvhnismeaey
WhAnusnanadazanlutdiiuussnau 10 way 15 afs audey Tnennadeidnusnand
Foaldeunsavesalminness

8. vnmsvnaestiludumeudi 1 81 7 wiBsuaummsavesaidu 3.2 mm

9. innsmaaesdrludumoudl 1 f¢ 8 udidswduthiu FR3 wazthiuuada
RHGRION

10. ¥degnisiuiiiumaiausnailuinsiesesiuiafavagluhiy
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3.9 n1sUsziuAuRaUnRanUSUAaazans Ty

3.9.1 msUssiliuanuinUunAnINuInsgIu IEEE C57.104
-7% Roger Ratio
- 3% Doernenburg Ratio

- 3% Aduda

3.9.2 MsUsziliuaNUEAUNARIUNINTFIY IEC 60599
-8 IEC Ratio
- 3% Duval Triangle 1
3.9.3 nMsUszifiunnulaunidae38ililiuinsgiu IEEE C57.104 uaglildunnsgiu
IEC 60599
-35 Duval Triangle 3.b
- 35 Duval Triangle 4
- 35 Duval Triangle 5
- 35 Duval Triangle 6
- 3% Duval Triangle 7
- 35 Duval Pentagon 1

- 35 Duval Pentagon 2
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UNN 4
HANSNAFaULLAaZNISLUANS

4.1 wan1sIesIzinianazaneluliigy (DGA)

wanewn: XX#base” fio tiuiidiliinisvageu
AA_BB_GHN" %138 AA P_NC_G#N" 30 AA P_C_G#N"
< AATEN AC  AD NsvAdBUNISIUSAANILRIELSIsU NN SEwaadU
Im+ fia nMsvegaunsiusnaisensTuBLRadEnd N
Im- f9 MIMedeuUNIsIUINANLReLSsFuBLRadHHN Ay
PD- fle nMsnedsunIshawIsunsdus B uRadistay
- BB ¢ MO Ao tnsfuus
FR3 fio Ui FR3
PO fo vhiundy
«P_NC_ fo iwsauesafigndumsniunlutdu nsdnisvaasuiusnanad
%ﬁfgmﬁu

=i =

«P C_ fo wsaveiangnduwsniuslutddu nsdinswedeunisiusnaiy

lsigrqaifu
« G fip seBzUNY
« N fig Siununiansiusnadazay
-7 uansnnsvdeufetuiignietesluiufude
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4.1.1.2 nMsimsieinanfanazanelusnsiuns

30 i)
B uny 1.0 mm 5 ASY

B uny 1.0 mm 10 p%
wny 1.0 mm 15 Ada
WU 1.5 mm 5 pds

B unt 1.5 mm 10 A%
uny 1.5 mm 15 Ass
W unv 2.0 mm 5 Ad

B und 2.0 mm 10 A%
wn 2.0 mm 15 p¥a

25

(ppm)

20

AU AE

, il

CHy  CoH2 CoHs CHq co Ho

JUN 4.1 nsmuanIrNUFNRUSSEWINUSINaIUAE (CHe, CoHz, CoHg, CHa, CO wae Hy)
AARTUAUTIWIUATINSIUINANILLUNITNAADUNISIUSNAILALY
wsenulninsswaaduraainTuwg

12000 B und 10mm 5 F!'ixxl
' B wnd 10 mm 10 A%
unU 10 mm 15 pda
By 15 mm 5 A%
B uny 15 mm 10 a¥s
wny 15 mm 15 A3
By 20 mm 5 Afa
B w0t 20 mm 10 %3
wnd 20 mm 15 ps
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B uav 20 mm 5 Ade
B uny 20 mm 10 pda
wny 20 mm 15 A
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(ppm)
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o
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AT ULAE

40

20

JUN 4.2 nsmluansmudunussewinsUSinauia (CoHe, CoHa, CoHe, CHa, CO uae Hy)
AANTUAUTIUIUASINISHUINAITLUNITNAZRUNISIUSAANIUME LSS USUREdTHN T UIn
999118 1 (n) USUauua CoHa, CoHy, CoHg, CHa, CO Wag Hs

() nMwaenEYesUSHIaWAE CoHg wazwia CO
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JUN 4.3 nsvlianauduiudsewinsUSunamnsa (CoHa, CoHa, CoHg, CHa, CO Wa Hy)
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uwny 15 mm 15 ads
B unU 20 mm 5 Ade
B unv 20 mm 10 Ads
wnU 20 mm 15 A

W und 10 mm 5 s
B unv 10 mm 10 A%
wnd 10 mm 15 Ads
B uny 15 mm 5 ad
uny 15 mm 10 as
uny 15 mm 15 ads
B unv 20 mm 5 Ady
B unv 20 mm 10 A%s
wnU 20 mm 15 s

Ya9URULS 1e (n) USuauuiia CoHa, CoHg, CoHe, CHa, CO wag Hy
() pawaenevesUSuawng CoHg wazwia CO

CHy GCHy CoHs CHg CcoO

W v 10 mm 5 Ade
wny 10 mm 10 A
uny 10 mm 15 ps
B uny 15 mm 5 A%
wnt 15 mm 10 A%y
wnt 15 mm 15 Ass
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B uny 20 mm 10 ase
wnt 20 mm 15 nss
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NIWAAIAINFUNUSTENMIUSUIUUAE (CoHa, CoHa, CoHe, CHa, CO ae Hy)
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= s o

ANRTUAUTILIUATINSAFYISLUNITNAZBUNTISAATITIUNSEILAY

LSIRUBUNAFMHNTIAUYDIUNITULS



83

MANTMFUR 4.1 Feguit 4.3 wudn mstusnamdiskssiuliinnsyuaaduvestihify
wiawUnnguiiaeiidu ufdeswiau ufalelasiau wasufadivy Tuvueiinsusnanaidae
ussuduiadiindavinuazdhay wdsinguiavnuiinfvihnsdananisal Ae ufaiefidy
widozigNay uiadivuy wiadinu wiaaisveuusuanled wazufalalasiau
PNNAFBUNISUTNAILSBuSsFuRsa v danudn Audutunialslasansvey uazula
lelnsiau fuwliufistudiesuauadsnswsnandiiuiu wazdlosrosunuifindy luvue
Aanutudunfanisveuisuenlesasiivunliufutuilodsuiuadinsiusnatuinay
Wi Iﬂammﬁu%’uuﬁaﬁmﬁqm A9 whdeziwiau mumeuialalasiou whaefau wis
U uWAEBvY wazuiaasSusumauanles muasu

mﬂgﬂﬁ 4.4 WU nsPavsauIsdausasuseuBuRadi i autetTuLs
Usnguitesufialelnsiau lnsmnduduufaiuunlivenasilosiuiuninisfauiaiudy

wazlilosrarun UL



4.1.2 MAdauUdy FR3

4.1.2.1 wan1simssinianazansluinsiu FR3 (DGA)

A1319% 4.2 wan1sesevnianazatslutngdu FR3

84

L
AI3LUINAIU/

- T— P ¢ AILDILTULRE (ppm)
f9u 39 iy | PN n13Aawsa
bt s oy &, CO; CoHa CoHs CoHs CHa co Hs
1 | FR3#base' - iy FR3 - . 357.931 0.000 0.000 6.340 0.000 5.063 23.743
2 | FR3#base? - At FR3 - 357.204 0.000 0.000 8.835 0.000 5.670 26,005
3 | AC_FR3 1.0#5! nszuaadu | iy FR3 1.0 B 262.872 0.000 2.765 11.167 0.000 4.964 8.793
4 | AC_FR3 1.0#10' nIzuasdy | iy FR3 1.0 10 308.694 0.766 4.197 13.328 0.000 6.766 10.911
5 | AC_FR3_1.0#15' nszuaadu | ity FR3 1.0 15 280.675 0.914 5.209 14.337 0.000 8.554 12.683
6 | AC_FR3 1.5#57 nszudady | iy FR3 1.5 5 516.460 0.883 4.853 11.129 0.000 10.701 48.391
7 | AC FR3_1.5#10° nszudady | sy FR3 1.5 10 466.761 1.203 6.730 9.658 0.000 10.404 35.452
8 | AC_FR3_1.5#15° nssuAady | nsu FR3 15 15 509.610 1512 11.307 8.489 0.000 8.758 28.083
9 | AC_FR3 2.0#5° nszuAady | i FR3 2 5 414,017 1.052 5.632 7.289 0.000 6.966 25.251
10 | AC_FR3 2.0#10? nswuaady | ity FR3 2 10 487.537 1.491 8.781 8.888 0.000 10.112 32173
11 | AC_FR3 2.0#15° nazuaady | ity FR3 2 15 528.929 1.859 11.486 11.724 0.000 13.008 40.832




AN319# 4.2 nanmsiagiuianazanslutniiu FR3 (s0)

85

) ) o — " msmfnm?ﬂ/ mmdudunia (ppm)
a1y ng u, AUIUVA N1IAEYITD
wsenuluit (mm) N o, CoHe CoHa CoHe CHa e H,
12 Im+_FR3_10#5 fuvaduan | thifu FR3 10 5 236.658 4.296 69.134 16.518 0.409 18.542 54.052
13 Im+_FR3_10#10' fufaduan | i FR3 10 10 325,220 17.851 240.590 18.888 5.399 54.672 144.970
14 Im+_FR3_10#15' Suaduan | i FR3 10 15 317.195 21.527 294.532 32914 5.962 56.697 142.825
15 | Im+_FR3_15#5! Suaduan | thifu FR3 15 5 290.325 20.465 201.143 15.134 6.699 51.357 155.820
16 | Im+_FR3_15#10 Buaduan | dhafu FR3 15 10 375.601 53.111 489.626 23671 17.755 108.015 310.906
17 | Im+_FR3_15#15! Bustaduan | i FR3 15 15 365.997 72.892 660.955 24.471 20.841 103.387 259.570
18 | Im+_FR3 20#5! Suwaduan | ity FR3 20 % 412,024 46.215 334.576 19.931 13.219 61.144 149.444
19 | Im+_FR3 20#10' fuviaduan | thifu FR3 20 10 452,681 105.863 760.604 26,085 30.474 125.805 337.641
20 | Im+_FR3_20#15! Suaduan | iy FR3 20 15 505.858 194.513 1375.815 41.987 68.686 291.266 780.695
21 | Im-_FR3_10#5' duwadeu | sy FR3 10 5 434.376 29.782 266.402 18.435 9.536 51.123 121.795
22 | Im-_FR3_10#10’ duadau | sy FR3 10 10 492,600 39.672 438.126 20311 13.632 82.615 210.667
23 | Im-_FR3_10#15' uiadau | thifu FR3 10 15 485.110 76.949 727.121 26.541 28.176 138.015 385.993
24 | Im- FR3_15#5! Suiaday | thifu FR3 15 5 449.017 103.384 531.408 26.766 32.806 97.746 240.626
25 | Im-_FR3_15#10' fuadau | shifu FR3 15 10 503.214 206.193 1126.823 44.039 73.882 219.818 610.355
26 | Im-_FR3 15#15! uvadau | thiu FR3 15 15 502.305 261.722 1458.714 52.691 88.232 222.820 597.113
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AN3199 4.2 wamsIAzndanazaelulingiu FR3 (6a)

Rl Ivid ‘Uf:}‘ﬂ?lﬁl\’i QAUIULKRT o ﬂ:i?;:::;j/ St (ppm)
usadulaih {irm) o €O, CoHa CoHo Cole CHa co H,
27 | Im-_FR3_20#5' fuadeu | uhifu FR3 20 5 461.817 174.632 709.688 31.408 52.451 121.074 291.226
28 | Im-_FR3_20#10' Buadau | thalu FR3 20 10 552.895 516.925 2053.066 23.190 188.418 392.545 1188.578
29 | Im-_FR3_20#15' Buadau | ahafu FR3 20 15 548.280 509.012 2520.053 25.786 196.244 461.805 1599.133
30 | PD-_FR3_10#5' PD- thifu FR3 10 5 606.778 0.000 0.000 7.854 0.000 16.486 47.458
31 | PD-_FR3_10#10' PD- v FR3 10 10 339.579 0.000 0.000 5.275 0.000 9.301 27.652
32 | PD-_FR3_10#15' PD- vty FR3 10 15 466.228 0.000 0.000 6.277 0.000 11.745 33.418
33 | PD-_FR3_15#5' PD- rhifu FR3 15 5 436.612 0.000 0.000 6.278 0.000 11.489 35.117
3¢ | PD-_FR3_15#10 PD- ity FR3 15 10 547.397 0.000 0.000 6.889 0.000 12.029 35.337
35 | PD-_FR3_15#15! PD- 1hifu FR3 15 15 376.326 0.000 0.000 5.919 0.000 9.374 30.725
36 | PD-_FR3_20#5! PD- vty FR3 20 5 573.331 0.000 0.000 8.194 0.000 15.584 52.639
37 | PD-_FR3_20#10' PD- viufu FR3 20 10 425.968 0.000 0.000 6.822 0.000 10.493 38.880
38 | PD-_FR3_20#15' PD- thify FR3 20 15 551.109 0.000 0.000 8.049 0.000 14.610 45.695




4.1.2.2 nMsapszinanianazatsluingdu FR3

il (ppm)

AL ULAE

Tunia (ppm)

AT A

60

50

ao

30

20

e 5|

CoHa  CoHg

CoHs  CHq

CzHs

(n)

()

co

CHa

H

B uny 1.0 mm 5 pda
B unu 1.0 mm 10 A
unt 1.0 mm 15 ¥
B unU 1.5 mm 5 A
B uny 1.5 mm 10 pd
wnU 1.5 mm 15 A%e
B uny 20 mm 5 as
B unv 2.0 mm 10 pds

wnd 2.0 mm 15 A9

Wy 1.0 mm 5 ade
@ unU 1.0 mm 10 A%
wn 1.0 mm 15 At
B uny 1.5 mm 5 Ads
B uny 1.5 mm 10 ads
und 1.5 mm 15 ad
By 20 mm 5 A
Buny 2.0 mm 10 pta

und 2.0 mm 15 Ass
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U9 4.5 n3UanIm LTS TEnIeUSInawia (CoHa, CoHa, CoHe, CHe, CO wae Hy)

(V) wrgEvedUTuIlAE CoHe WNE CoHg kagwiia CHy

ARATUAUIIUIUATINITUSNANINIUNSNAFDUNSIUSNAITMsLswulnTnssLaady
Y99U8U FR3 1me (n) USurauudia CoHg, CoHp, CoHe, CHa, CO wag Hy
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1600

1400 B unU 10 mm 5 Ase

B uny 10 mm 10 A%

1200

B uny 10 mm 15 A9

(ppm)

1000

o

800 W unU 15 mm 5 A9

ALt uLAE

B uny 15 mm 10 a%a

2

600

uny 15 mm 15 Ass

W unU 20 mm 5 ASY

B und 20 mm 10 adh

CHq co Hz

(n)
250
B uny 10 mm 5 A5e

200 wny 10 mm 10 AS9

(ppm)

L wnU 10 mm 15 ASa

WU 15 mm 5 ASe

AL

100 wnU 15 mm 10 AFY

o

- wnt 15 mm 15 a

B uny 20 mm 5 ASe

= wnt 20 mm 10 ASe

gﬂﬁ 4.6 NINUARIANUFLNUETEMINUSINULAR (CoHa, CoHa, CoHe, CHa, CO way Ha)
fAnTususauaSImMsusna I lunMAaUNSIUS AN S ELS U BLRE TR un
Y99UHU FR3 1 (n) USuauwia CoHa, CoHa, CoHe, CHa, CO UAE H,

() NWBBIBYBIUSHIUUNAGE CoHg wid CoHe wazuia CH,
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SUN 4.7 A5lansmudunussEnaUsSuauAE (

U

' w
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CoHa

CzH:

CaHs

B unU 10 mm 5 A%

B wnd 10 mm 10 pds

wn 10 mm 15 ads
W unU 15 mm 5 Ads
B uny 15 mm 10 ASa
und 15 mm 15 Ada
W unU 20 mm 5 A%

B uny 20 mm 10 A%

WU 10 mm 5 s
B unU 10 mm 10 Ada
unv 10 mm 15 Ass
W und 15 mm 5 A
@ um 15 mm 10 A%
unt 15 mm 15 Ass
B uny 20 mm 5 Ase

" unt 20 mm 10 A%

Y99U3iU FR3 198 (1) USunauuda CoHa, CoHo, CoHe, CHa, CO Wa% Hy
(1) NMWVNBYBIUTUIMUAE CoHg Wild CoHg waguia CH,
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CoHg, CoHa, CoHg, CHq, CO way Hz)
AARYUAUTIUIUATINITLUTNANIL NS NAABUNISLUSNANIUAIELSITUBUNAE N KT aY
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60
B .unU 10 mm 5 A%

50 o
B unuU 10 mm 10 A9

a0

(ppm)

wnu 10 mm 15 Ase

o

30 B unY 15 mm 5 ASe

ALt UL

und 15 mm 10 A%

2

20
wnu 15 mm 15 A9

B unU 20 mm 5 Ade

B unv 20 mm 10 ads
CoHs CoHz GCiHg CHq Cco H2

UM 4.8 N3 MUAMIAMNANNUS SEMINUSHIUUAR (CoHe, CoHa, CoHe, CHa, CO wae Hy)
AARTUAUTIUIUATINITAFVIS IUNITNAFDUNTRAYISAUIEILG e
wssRUBNNAANIKNIUIaUYeIUNITY FR3

INFUT 4.5 Faguil 4.8 wuin nisiusnantifaeussiuliihnszusadurenitu FR3
wUsInguialedu uiaszeiiau wiadmy uwiarsusunousnles uazuialalasiau
luvauziinsiusnamifeussiuduiadiidauanuaztaay szdsinguiiannadiniiviinis
dunanisal Ao widleyay uidezaiay uiadwu whalmu whaasvsuneuanles way
uhalelasiau

1NMINAFBULUSNATINMBLS Ul nSELaadY WUl AuituveIwiaLefiay
whaezleiiay uhadimu uialalasiau wazufamisusuusuenlad drulngudifiuualiy
Wintwdlesmaundinsiusnedfistunasidlesrsunuundy femaududuseuia
wiandesiivualduanaaiioswaurfinsiusnanadundufisezuny 1.5 mm lneaany
L{J'wﬁ’ul,l,ﬁaﬁu'mﬁzjm Ao unalelnsiau arunlsufidosiefidu whadu wavufa
asueuneuenleAluUSinalndifesiu wesufaeiauluuiinumiign

PNNIINAFB UL e uInuaziaay wudn AmdaduLiadivin
msdunanmsafiuunlinlnddissiu Ao Suwildudududiesuinadansiusnamidiuty
wazilosvezunuiiaty IﬁlEJLLi&ﬁuﬂ’iN"l%’JU’lﬂﬁﬂ%ﬂ?NLkﬁﬂﬁLﬁﬂ%ﬁﬂﬂﬂ‘ﬁaﬁ Ae wiaesiidu
aumswnalalasiau uiamsueuueuanlen wiawefay wiadwu wavwiadimuaiudisu
Tusasiiussiuiivihdrauiiadutunfaiuniian fe ufrosedidu museusalelasiay
mussufaa1sveunsusnlen wasuRaefauluuduianin q fu audeufaivy wae
WARBLNY MINAIRU

mﬂgm‘f’i 4.8 Wuin NsPavIsausEIus LS ssuB LR ad RN auTe gy FR3 2y
Usnguiiadinu ulaasuounouenles wazufalslasiau Tngranududuvosfamani
ADULIUNI Tmammﬁl’uﬂmﬁaﬁmﬂ%m Ao wialalasiau mumsuiansvausauanlan

LAZWNEDLNY MIUATNU



4.1.3 nsviedaudnsuUIay

4.1.3.1 wan1saasiznianazatelutnduliay (DGA)

715199 4.3 nan1seseiuianazanglutinsiuldy

91

i U‘LI @ ﬁﬁfmaq AUIULVAD fed n:::;:::;j/ ﬁ’}’mﬁuﬁuuﬁa (ppm)
ussdulat (mm) N fon €. CoHs GaHi CHa co Ha
1| PO#base! - thifuthau - - 379.710 0.853 0.000 0.000 0.109 19.694 0.000
2 | PO#base’ - iy - - 477.287 0.990 0.000 0.000 0.629 17.311 0.000
3 | PO#base’ - difundy s 496.086 0.473 0.000 0.000 1.508 18.029 3.292
4 | AC_PO_1.045! nszuaady | dhifundy 1.0 5 416.133 0.760 2.274 0.000 1.364 7.465 2.469
5 | AC_PO_1.0#10! nszuaedy | il 1.0 10 447.086 1.028 4.194 0.000 1.666 8.521 2.979
6 | AC_PO_1.0#15 nszudady | dhdfuada 1.0 15 432.440 1.088 5.456 0.000 1.583 8.066 3.325
7 | AC_ PO 15#5 nszuAady | dhshuundy 15 5 606.660 1.591 3.634 0.000 1.397 21.532 2.381
8 | AC PO 1.5#10° nsewaady | thdfundu 15 10 695.383 1.920 6.653 0.000 1.581 22.136 3.658
9 | AC_PO 1.5#15° nszuaady | dhdudy 15 15 569.816 1.753 8.342 0.000 0.947 18.089 4.048
10 | AC_PO_2.0#5° nssuaady | s 2 5 491.288 1.394 4.663 0.000 0.446 14.357 3.424
11 | AC_PO_2.0#107 nevwaady | dhiuidy 2 10 7 687.341 2.298 8.856 0.000 1.902 25.642 4.991
12 | AC_PO_2.0#15° nesuaady | dhifuidu 2 15 438.816 1.683 7.683 0.000 0.348 13.928 2.888
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13 Im+_PO_10#5 fuaduan | dhduundy 10 5 352.211 5.850 74.064 0.000 1.242 22.540 32.876
14 Im+_PO_10#10" fuiaduan | audrdu 10 10 481.522 9.520 130.430 0.000 3.757 43.308 73.037
15 | Im+_PO_10#15! Sutaduan | dhafuundu 10 15 431.917 18.029 238.493 0.000 5.943 55.407 110.925
16 | Im+_PO_15#5! Buaduan | shafuda 18 5 382.400 19.385 162.406 0.000 5.944 30.910 63.003
17 | Im+_PO_15#10! duvaduan | thifutnda 15 10 362.895 35.055 289.190 4.195 11.654 55.833 160.577
18 | Im+_PO_15#15! fuiaduan | thafudu 15 15 369.942 58.596 475.535 6.075 19.737 85.722 250.453
19 | Im+_PO_20#5! Sufaduan | dafundy 20 5 378.109 39.390 259.184 3.833 12.272 41.669 102.294
20 | Im+_PO_20#10} Suvaduin | thiuthdy 20 10 450.452 93.668 521.501 7.396 32.567 121.754 384.942
21 | Im+_PO_20#15! Sutaduan | dhdfuurdu 20 15 408.680 113.003 711.305 9.669 33.463 110.545 306.379
22 | Im-_PO_1.0#5" duiadau | dhdfuthdu 10 5 401.441 18399 168.675 0.000 8.021 38.907 100.514
23 | Im-_PO_1.0#10 Buwadau | thifuunda 10 10 407.809 50.686 385.691 5.171 18.003 70.539 206.526
24 | Im-_PO_1.0#15' Buaday | dhsuundy 10 15 405.220 57.534 498.655 6.047 20417 86.796 226.462
25 | Im-_PO_1.545' duadau | dhiuuida 15 5 428.895 69.149 359.111 5.855 23.670 63.452 180.747
26 | Im-_PO_1.5#10! dufiadau | dhifuad 15 10 456.822 163.246 736.712 12.232 54.702 138.455 388.179
27 | Im-_PO_1.5#15' Sufiadau | thifurdn 15 15 416.760l 144.884 817.782 12.111 50.812 147.782 402.689
28 | Im-_PO_2.0#5! Sufiadau | thifutidu 20 5 478.962 146.608 590.131 10.150 48.239 100.268 277.890
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29 | Im-_PO_2.0#10" Butadau | hiuundy 20 10 465.225 315.082 1238.851 22.810 97.818 217.464 637.898
30 | Im-_PO_2.0#15! Buvadau | vhiuuady 20 15 533.167 444.715 1847.557 53.779 125.625 253.343 587.778
31 | PD- PO _1.0#5° PD- dhifuund 10 5 556.419 0.445 0.000 0.000 1.496 13.654 3.493
32 | PD-_PO_1.0#10° PD- vundy 10 10 530.766 0.229 0.000 0.000 1.463 9.698 3.091
33 | PD- PO 1.0#15° PD- iy 10 15 513.511 0.244 0.000 0.000 1.472 9.027 3.012
34 | PD- PO _1.5#5° PD- s 15 5 485.257 0.764 0.000 0.000 3.666 14,749 2378
35 | PD-_PO_1.5#10° PD- dhifuthdy 15 10 425.687 0.000 0.000 0.000 3.045 12.925 2.470
36 | PD- PO 1.5#15° PD- viuUady 15 15 425.332 0.000 0.000 0.000 2621 11.516 0.000
37 | PD-_PO 2.0#5° PD- rhifundy 20 5 463.953 1.164 0.000 0.000 0.284 21.239 0.000
38 | PD-_PO_2.0#10° PD- thifutnd 20 10 497,079 1.108 0.000 0.000 0.254 20.035 2.583
39 | PD- PO _2.0#15° PD- g 20 15 448.223 0.858 0.000 0.000 1.693 14.957 2.120
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i i mﬁuﬂ?aa AUy wWasn | ssazum ﬂ;i?;n Aadiuufia (ppm)

wsadulid | e QRERY (mm) oo COs CoHa CoHs Gl CHa co H,
1 | P_MOt#bhase! hifuus - - - 334.785 0.000 0.000 0.000 0.000 0.000 2572
2 | P_MO#base’ - thifuus - - 339.958 0.000 0.000 0.000 0.000 193.894 0
3 | P_MO#ibase® - vhituus - - 301,561 0.000 0.000 0.000 0.000 2014 0
4 | AC_P_NC MO 3245! nssuaddy | dafuus | liwdeu 3.2 Z 243,792 4.657 14.986 2.000 1.277 5.098 18.188
5 | AC_P_NC_MO_32#10' | nssuaadu | dnsfuws | lLiwdeu NYae 10 294.439 64.704 244.509 10.797 26.696 51.891 148.852
6 | AC_P_NC_MO_32#15' | nszuaadu | dhshuug | hidou 3.2 15 237.591 98.679 359.078 14.141 36.891 64.370 179.598
7 | ACP_C MO 16#5° nszuaady | Wshus | wWaeu 1.6 5 467.357 83.260 365.8041 12.822 30.484 64.383 212.741
8 | AC_P_C MO_16#10° nssuaady | s | Wby 1.6 10 586.475 329.127 1181.117 58.420 115.766 205.223 659.328
9 | AC_P_C_MO 16#157 nssuAady | thifuus Wasy 1.6 15 616.223 692.775 2158.185 58.505 210.137 244.903 809.259
10 | AC_P_C_MO_32#45' nssuaady | dhifues | waeu 3.2 5 282.797 381.036 2533.439 39.004 228.121 486.019 1955.025
11 | AC_P_C_MO_32#10} nssuaddy | s | wWaou 3.2 10 415.736 1170.259 7907.893 120.115 778.334 1884.732 7421527
12 | AC_P_C_MO_32#15! nssuaEdy | s | wWieu B2 15 433231 1785.299 11405.400 192.233 1006.648 1908.414 7573.217
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12 | Im+_P_NC MO 16#52 | Buaduan | vhiuus | Litdeu 1.6 5 456.619 0.967 1.727 0.000 0.000 1.685 2.386
13 | Im+_P_NC_MO_16#10° | Buwaduan | thifuus | luwdey 16 10 434.263 2.684 2.903 0.000 0.632 2,571 3.002
14 | Im+_P_NC_MO_16#152 | Suwaduan | shifuus | liwdsu 16 15 498.287 5.534 5.271 1.831 2.841 4.244 5.903
15 | Im+_P_NC_MO_32#5' | Baaduon | dhafuus | Liwdeu 3.2 5 303.170 16.230 16.598 3.114 16.624 32.556 2561
16 | Im+_P_NC_MO_32#10" | Suaduan | dhsfuns | liwdey 3.2 10 288.449 39.919 47.655 5.265 46.301 93.302 82.471
17 | Im+_P_NC_MO 32#15' | Baiaduan | dhifuus | hindeu 32 15 298.138 77.900 97.584 9.447 80.531 139.536 126.068
18 | Im+_P_C_MO_16#5° Suiaduan | thiuus | wibu 1.6 5 369.585 10.089 6.865 1.249 8.648 13.202 14.041
19 | Im+_P_C_MO_16#10° | Buadwan | thius | wieu 1.6 10 317.504 33.449 19.302 5.657 33.157 32616 47.644
20 | Im+_P_C MO_16#15° | Buwaduin | duns | waey 16 15 408.111 48.422 29.928 7.856 47.325 43.134 69.246
21 | Im+_P_C MO _32#5° Suiaduan | dhiuus | wiby &7 L 369.469 27394 19.911 5.207 30.478 48.872 30.765
22 | Im+_P_C_MO 32#10? | Suaduan | vhsfuus wWaguy 3.0 10 413.954 90.806 73.219 14.632 91.607 104.043 87.402
23 | Im+_P_C_MO_32#15° | Buwaduan | thifuud | waeu 3.2 15 336.561 131.453 118.766 19.334 126.944 133.932 123.812
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i " ’Uﬁuﬂ"ﬂﬂﬂ auu Wasu | szeeuny n;':L;Jgn sdiuuia (ppm)

wssulii | an nsEay | (mm) N COs CoHa CHa e CHa o H,
24 | Im- P_NC_MO_16#5% Suadou | thiuws | lindeu 1.6 5 405.925 0.000 0.000 0.000 0.000 0.796 0
25 | Im-_P_NC_MO_16#10? | Suwadau | vhouud | liwdeu 1.6 10 464.592 0.000 0.000 0.000 0.000 1.316 0
26 | Im-_P_NC_MO_16#15° | Buwadayu | vouus | liwdou 16 15 414.070 2.229 2.482 0.000 0.041 1.373 2.559
27 | Im-_P_NC_MO_32#5' Buwaday | dhiuus | Liwdeu 3.2 5 300.891 68.413 62.864 9.016 58.795 12.659 69.68
28 | Im-_P_NC_MO 32#10' | Buadau | dhauus | luw@Eeu 32 10 349.080 195.627 197.282 22525 195.013 42.849 253.222
29 | Im-_P_NC_MO_32#15! | Buadau | thifuus | lingeu £2 15 245.989 241,515 268.682 27.220 199.887 40.276 218.903
30 | Im-_P_C MO 16#5° uviadau | thifuus Waeu 16 5 446,592 17.528 24.968 1.918 12.951 19.862 20,755
31 | Im-_P_C_MO_16#10° Suvadau | dhiuus | wWaeu 1.6 10 520.615 41.828 51.236 4.994 31.756 41.281 75.876
32 | Im-_ P C_ MO_16#15° fuadou | s | wibu 1.6 15 560.966 58.647 60.506 7.455 41.581 44.342 41.051
33 | Im-_P_C MO 32#57 duiaday | thifws | Wiy 3.7 5 397.667 56.083 72.963 #VALUE! 45317 60.584 57.761
3¢ | Im-_P C MO _32#10° fuadau | s | wWeu 3.2 10 531.165 158.758 195.311 18,964 146.840 187.381 202.895
35 | Im-_P_C_MO_32#15? Buaday | dhafuus Wi 3.2 15 420.427 197.900 242.688 23.437 177.613 214.361 237.623
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Adunniiszazuny 1.6 mm lusaedinnududundamarinszezuny 3.2 mm Sualdy
dududiednunfimausnanaiiuiy Tngaududuufaiuiniian fo ufaoziwfisy
auseufialalasiau uiaefiau whaiivnu uiamsueuueuenled wasufadmu mudisu

6. N1SNAFBUNITHUSNANUME LSITUDUNadHINITIavTe LNSaUasATa QNBUNTN

weluhiiuus nsdiiusnarienldgady (m- P_C_MO)

W und 1.6 mm 5 A53

B wnv 1.6 mm 10 A

wid (ppm)

N 1.6 mm 15 A5a
150

(9

AULTLTUL

B unU 3.2 mm 5 AY

8 unv 3.2 mm 10 A%

v
o

wny 3.2 mm 15 @59

CzH: CzHs

gﬂ i a.18 NI INUERIANENNUSTEUINUSHI AR (CoHa, CoHo, CoHg, CHa, CO 1Az H 5)
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4.1.5 nMsvadauWIAUaIANgnBuwWsnLualutngiy FR3
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4.1.5.1 wan1sAsizrwnanazateluundu FR3 mnmsmﬂﬁa‘uL‘wsaua'iﬂ‘wgnamwsnl,um“lumnu FR3

A15199 4.5 namsATgRLAatazaelutngiy FR3
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. " *ufiﬂmaa 2w Wasy | szusuny n;:g;_u;n AUl (ppm)
wsssiuliiy | e nsgay [ (mm) @0 COs CoHa CoHa CoHe CHa co Hy
1 P_FR3#base! E FR3 £ . - 418.092 0.000 0.000 8.211 0.000 4.790 11139
2 FLFR3#I:)aE‘-LD_2 = FR3 = o - 651.791 0.000 0.000 11.238 0.000 7.866 22.055
3 P_FR3#base’ - FR3 - - - 590.171 0.000 0.000 5918 1.396 7.854 28.078
q P_FRS#base“ - FR3 - - = 113055 0.440 0.264 6.524 1.679 12.739 35.097
5 | ACLP.NC FR3 32#5' | nssuaadu | FR3 | liwEou 3.2 5 422.304 23.909 182.036 11.856 9.669 137.470 171.216
6 | AC_P_NC_FR3 32#10' | nesuaadu | FR3 | Liwdeu | 32 10 380.753 43.169 328,533 14.658 16.334 187.468 232,088
7 | AC_LP_NC_FR3 32#15' | nssumadu | FR3 | hiwdeu 32 15 507.886 60.575 469.197 20.841 22.695 229.720 251.557
8 | AC_P_C_FR3_16#52 nswuAady | FR3 Wisy 16 5 799.161 24.994 105.775 18.464 12.747 113.899 168.592
9 | ACP.C_FR3_16#10° | nswusadu | FR3 Wasy 16 10 810.552 75.574 323413 26.797 41.868 298.634 412416
10 fﬁ\(:_l:’7C7|:|:§.°)_“16#152 nssladau FR3 LU?EJLI 1.6 15 752.657 121.110 495.764 35151 64.658 388.904 433.893
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i i 'rjiﬂﬂuaq auu Wasu | szezuny ﬂ;i?;n AR TULR (pprm)
waseulndh Lwan NIZATY {(mm) @) o, CoHa CoHo CoHe CHy o Hy
11 | AC_P_C_FR3 32#45! nsEuAAGU FR3 wasy 3.2 5 491.272 206.528 1278.200 40.470 99.228 1112.751 1375.503
12 | AC_P_C_FR3 32#10" nIEwaAaay FR3 Wasu L7 10 503.138 373.457 2567.765 37.177 180.472 1879.247 2205.762
13 | AC_P_C_FR3 32#15' NIBLAGAY FR3 Waey 32 15 750.611 726.341 5046.932 75.195 339.355 3337.358 2949.581
14 | Im+ P_NC_FR3 16#5° | Susiaduan FR3 Lindeu 1.6 & 797.771 0.000 0.000 12.149 0.000 11.215 27.751
15 | Im+_P_NC_FR3_16#10° | 8uwaduin FR3 liwdeu 1.6 10 544.734 0.000 0.000 8.608 0.000 7.783 21.780
16 | Im+_P_NC_-FR3_16#15? | SuwWaduin FR3 Taiwdeu 1.6 15 631.396 0.000 0.000 9.647 0.000 10.401 22,562
17 | Im+_P_NC FR3 32#5' | &uwaduin FR3 FRIGE 3.2 5 449.016 0.885 0.000 8.762 0.000 6.614 13.513
18 | Im+ P_NC_FR3_32#10' | SuWaduan FR3 Taivuden 3.2 10 396.950 10.153 9.392 9.156 2.952 11.032 18.014
19 | Im+_P_NC_FR3 32#15' | Susiaduan FR3 Taivdey 3.2 15 410.517 21.296 23.259 9.830 6.632 16.914 23.571
20 | Im+_P_C FR3_16#5° Buaduan FR3 Wasy 1.6 5 592.442 3.578 3.465 5.067 3.269 12.708 30.600
21 | Im+_P_C FR3_16#10° | 8uwaduin FR3 wWasu 1.6 10 650.471 14.146 12.351 7.014 10.255 25.060 50.877
22 | Im+_P_C FR3 16#15° | Sasiadunn FR3 Waey 1.6 15 757.256 37.527 29.682 11.648 25.598 51.894 90.272
23 | Im+_P_C FR3 32#5! duaduan FR3 Wasy k. 5 751.263 24.973 17.930 9.918 15.765 40.884 70.464
24 | Im+_P C FR3 32#10° duWaduan FR3 Waey 3.2 10 769.919 104.568 100.844 19.157 57.764 115.981 190.426
25 | Im+_P_C FR3 32#15 Buwaduan FR3 wWaey 3.2 15 756.919 144.412 128.407 24.889 83.248 154.209 231.383
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. . wiinDa au wWasu | ssezuny mm’?ﬂ i (ppm)
a1mu Id i AU
wsanulih | o nsgA | (mm) N COs CoHe CoHa CaHe CHa co Hy

26 | Im-_P_NC_FR3_16#5° duiadau FR3 e 1.6 5 621.824 0.000 0.000 10.130 0.000 12.206 27.221
27 | Im-_P_NC_FR3_16#10' | &uwadau FR3 Tiwaeu 1.6 10 655.996 0.744 0.000 12.073 0.000 10.755 27319
28 | Im-_P_NC FR3_16#15° | &uWadau FR3 liwagu 1.6 15 522.092 2.275 2.608 10.126 0.000 10.373 24,852
29 | Im-_P_NC FR3 32#5 dunadau FR3 laiwAey 32 g 386.795 6.143 9.122 7.985 1.006 11.172 19.293
30 | Im-_P_NC_FR3_32#10' | 8Buwadau FR3 Liwdey 3.2 10 510.419 45.997 62.624 13.538 18.348 44.411 59.010
31 | Im-_P_NC_FR3 32#15' | SuwWadau FR3 liwdey 3:2 15 452.131 108.876 134.064 17.952 44.879 78.240 86.993
32 | Im-_P_C FR3 16#5° duiaday FR3 wasu 1.6 = 659.067 13.034 10.097 12.579 6.249 23.895 38.267
33 | Im-_P_C FR3 16#10° duviadau FR3 Wasy 1.6 10 604.743 29.723 22.928 16.250 15710 40.488 59.720
34 | Im-_P_C_FR3_16#157 duviadau FR3 wanu 1.6 15 726.08i 61.596 56.508 18.450 38.006 88.311 101.332
35 | Im-_P_C_FR3 32#5° duadau FR3 Wagu 32 5 618.263 26.956 27.747 7.808 17.187 44.824 68.582
36 | Im-_P_C_FR3 32#10" duWadau FR3 wWasu 3.2 10 594.889 57.640 53.966 10.981 32,026 69.429 102.965
37 | Im-_P_C_FR3 32#15" Sutiadau FR3 wWasy 39 15 575.429 85.686 79.131 13.664 51.493 116.919 152.456
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4.1.5.2 mswnszinauiaiazaieluiniu FR3 annsmadaumsauasadigndu

WASNLUATULNGY FR3
1. NMSVARBUNISIUSAANIUAIELTIAU TN TLLAERUVRUNTAUDS AT AN DULINS NLUS

U

Ty FR3 nsdlwsnananigngeds (AC P NC_FR3)

(ppm)

WunU32mms5 ﬂ";’a

3

B unv 3.2 mm 10 A5s

o

wnU 3.2 mm 15 A

AT ULAE

P AN\
CoHq CoHz CoHs CHgq co Hz

SUM 4.19 N3 KERIANANNUSTENINUTUAE (CoHa, CoHa, CoHs, CHa, CO Way Hy) 7
ARTUAUTIRIUASINTHUSAANIUIINSNAZOUNISIUINAIUMBLIIsulnHns sLaady
Youwsavaiavignaumsniualuintl FR3 nsdliusnaiugiqaiis

wui1 azusinguRannydeiviinisdaunanisel fde wialedidy ulaezieiidy
wiadwu whiadimy wharisueuneuenles wazufalelasiau Insanunduduusaimani
wur T uifiesvauessnisiusnanadiiuidy Tngauiduduufiaiiuiniian fe
wheezwau sumenialalasiau uidasveuuesuenles uidehau sumewiadiny way

wigdwuluuTanauin 9 M auasu

g mwmaaum‘smiﬂﬂnﬂﬁwLmé’ulw%mzLLaaETU‘ua&maaua%mﬁg}n%mﬁmum

Twihiu FR3 ﬂ‘ifﬁLU‘iﬂﬂﬂﬁlﬂ\i%ﬁgﬂLau (AC_P_C_FR3)
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M und 1.6 mm 5 A4

£ so000
o, y
o) B unu 1.6 mm 10 A9

~ 4000
o

-]t . &
3 000 uny 1.6 mm 15 A39

@

.'AR z
& 2000 B unY 3.2 mm 5 ASY
=

1000 y
= B uny 3.2 mm 10 ASY

CoHa Sunu 3.2 mm 15 A

UM 4.20 nswluanspuduRUSEIaUSINLAE (CoHa, CHa, CoHe, CHe, CO UaE Hy)

ARRTUAUTIWILATINISLUSNANMTLUNSNRdaUNSiUSNAUaIs LT Ieu WA Sy Laasy
TaunsAvRIATgNaumsnIuAluIEY FR3 nsdlwsnanvlidgqeiiy
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wui1 ezUsInguiannuiaiviinisdaunanisal fde ufaedidy uidezieiiau
uwRadimu uwhadvu ufaafueuneuenled wazuialelasiau Tnemnududuniamanis
wnlinifuiosuundimsiusnadifiuiu wesslossezunuifndy Tnsarududuuia
funniige fio uRaeziefiau mudeufalalanau uazufaaisvounouenlesluyiunn

Wi 9 fiu enuensuiaeiau wiadvu lazuiadnu aiuaiu

3. MIPABUNMIIUINALMY USIFUBUNadI I TIVINVBINTAURSATIgNBaILWT N

walwddu FR3 nsaliusnaniiengaiy (Im+ P_NC_FR3)

W und 1.6 mm 5 A4

€ 2 :
e AU 1.6 mm 10 A5Y
; 20 &
s und 1.6 mm 15 A%a
= 15 .
ag W uny 3.2 mm 5 Ase
g 10 R "
2 N B unJ 3.2 mm 10 A5
& &5 §

& N

N

wnd 3.2 mm 15 A9

0

CHs  CoHz CoHs  CHg co

JUN 4.21 N3 MLanIANUANRUSIENINUSINAE (CoHa, CoHa, CoHg, CHa, CO Wag Hy)
NATUAUTILINASINISUTNANI T IUNSNAZEUNTSIUSNATRUME LS UB LN adH 6T U
vounsaueinfigndumsniunluingy FR3 nsdliusnaidigaiis

WU AN LA de Ry wideziaRau wiadwu ufamisusunousnles
whadvny wavuialalasiaw TuualduiududindnuiuasInIsusNANI NI U NSz oz uny
3.2 mm Turagianududusiamaniinisuniesnszozund 1.6 mm laeanududuLian

wniige fe uialalasiau
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4. MsvedeUNSIUINANILAELTIduBNTadih duInveanTaUesaigndumsn
walutnshy FR3 nsdliusnandligngeia (m+ P_C_FR3)

250

e B uny 1.6 mm 5 Afa
o 200

o} L
— B wnd 1.6 mm 10 Ag9
a2 150 .
= wnd 1.6 mm 15 A4
2 100

= ) &
B W unU 3.2 mm 5 ase
ﬁ -
2 50 B unu 3.2 mm 10 ass

wnt 3.2 mm 15 A%

&

CaHq CoH, CoHg CHa

JUN 4.22 N3 MuanInINENRUS sz WINIUTINURA (CoHa, CoHa, CoHg, CHe, CO Wag Hy) 9
AATUAUTIUIUASINITIUTIATIULUNS AR UNISHUTNANMUMELSITUBuNadTH T UIN
YgunsavesaTgnBuwsnualudiu FR3 nadiiusnanailigigaiis

wudn ssusInguianauiiadivitnsdsinanisal fie ufaeiidy uwhaeviefiay
whadimu ufaiiny ufaersveunauenled wazufialelasiau levaaududuniamanis
wliudisudosuauefinsiwsnnliiuiy wasilosresunuifinty Tneaudiduusa
fanndign Ao ufalelnsiau museufansueuneuaniorn ufmefiay wineseiay uid

U kazwdadmuy Audieu
5. mwmaaum‘msnmqﬁéfmLmﬁuauﬁ’aéﬁwm‘ﬁ’aawaal,wmuaéﬂﬁgﬂﬁume
walutiiy FR3 nsdliusnannugigada (Im- P_NC_FR3)

160
B unU 1.6 mm 5 A9

"E“ 140

Q- 120 uny 1.6 mm 10 A5
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s wnd 1.6 mm 15 A53
= 80
ag &
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& 2
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wudn avusinguianneiianvinnisdaunanisal fe whaeidu uwideviahauy
wigdnu whatinu wiaasusuneusnled wazuialolasiau anududunfawaidlnedu
Ingfuuilduiuduidiodruruaienisiusnadiintuiisseruny 3.2 mm luvaed

AMAULTUTULAAWMAI T NISLATNTEEE 1.6 mm
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6. NSNAABUNISLUTNANIUAIE KSIPUBUNAANINIT A VLD INTAUBSATIONDULNS A

U

waluudy FR3 nsdliusnanaidligigada (m- P_C_FR3)

180

~— 160 &
£ W nU 1.6 mm 5 Aa
O 140
o L ¥
; 120 wid 1.6 mm 10 A9
EE 100 o y
= WU 1.6 mm 15 ASe
;g 80
b &
38 & W und 3.2 mm 5 A3
&:4 a0 o
0 B uny 3.2 mm 10 A39

20

wnv 3.2 mm 15 A59

CH:  CoHg

Y
AARTUAUTIVINATINISIUTNAIUIUNITNAFBUNSIUSNANIIIIE LS SuB AT et 28U
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whadnu wiadiny ufaarsveuneuenles wavufalalnsou Tnoanududuniamantd
funltudsdudioswiuesinisiusnentdifiuty wasdlossoz unuifinty Tnsenududy
uifaiundige fie uialelasiau musheufanfusuueuanles uiaeitu ufdeisiiay
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4.1.6.1 wan1sas1einianazateludnsiuligy 3nn1sagauwmsaUSaTian

A1919% 4.6 wan1sheszfanazatsluisuudy

U

=

BULWINLURA

Tuvnsiuulan

113

s i ﬂﬁvﬂmaq sl Wasu | svezuny ﬂ;ifgﬂ A adidiuuia (ppm)
wsaulviin nsgAy | (mm) K o, CoHe CoHy CoHe CHa © Hy

1 | P_PO#base! - hafuundu - 2 - 472,881 0.000 0.000 0.000 0.000 7.231 2.892
2 | P_PO#tbase’ - thifuunda < - - 575.902 0.000 0.000 0.000 0.235 7.788 2.305
3 | P_PO#base’® - vishundy - - - 522.314 0.320 0.000 0.000 1.913 9.743 3.705
4 | AC_P_NC PO 32#5! nssuaady | dsiidu | hindeu 3.2 5 478.212 0.850 2.206 0.000 0.000 11.279 3.753
5 | AC_P_NC_PO 32#10' | nswusedu | dhifuthdy | Liwdeu 3.2 10 542275 9.516 40.035 1.989 2082 19.385 14.115
6 | AC_P_NC PO _32#15! nesuaady | dhudn | lLiwgeu 3.2 15 627.264 30.287 124.828 5.873 11.492 58.493 69.765
7 | AC_ P C PO 16#5° nssuaady | dihudy | wWaey 1.6 5 649.201 21.871 55.307 5.886 16.377 62.253 105.527
8 | AC_P_C PO _16#10? nssuaady | dhuhdn | waou 1.6 10 598.045 46.744 117.345 10.897 33.387 108.036 198.207
9 | AC_P_C PO 16#157 nssuaadu | difudn | wWaey 1.6 15 623.371 76.955 186.764 16.677 53.706 167.731 306.114
10 | AC_P_C PO 3245 nssuaady | whifuthdn | wiey 3.2 5 483.574 31.926 114.883 6.959 18.397 130.959 147.876
11 | AC_P_C PO _32#10 nssuaady | whiuundn | waey 3.2 10 552.141 71.844 234.725 15.140 47.940 255.889 334.329
12 | AC_P_C PO 32#15' nssudady | dsuidu | wisy 32 15 582.935 108.819 328.245 22.790 78.103 337.150 451.743
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e = Yinwes Wasu | szeruny m'im"in Anududuufia (ppm)
amu wd i AUIULYAT AU
wsanulnil nsgany | (mm) A COs Eibh it ol CHa o H,

13 | Im+_P_NC_PO_16#5° | Suwaduan | whifuthdy | liwdeu 16 5 480.943 0.000 0.000 0.000 0.000 6.951 2.377
14 | Im+_P_NC_PO_16#10? | Bufaduan | thdfundy | hiwdeu 1.6 10 586.001 0.000 0.000 0.000 0.295 10.199 3.593
15 | Im+_P_NC_PO_16#157 | Buvaduan | wshuthdy | hiwdeu 1.6 15 569.972 0.741 0.000 0.000 0.107 8.478 3.175
16 | Im+_P_NC_PO 32#5! | BwWaduin | drduthdy | Liwdeu 3.2 5 480,263 7.216 11.227 0.000 2.029 14.672 12.844
17 | Im+_P_NC_PO_32#10' | Suaduin | wdhundy | Liwdey 39 10 499.807 50.280 61.748 5.829 19.325 32.738 43.650
18 | Im+_P_NC_PO_32#15' | Buwaduan | vhdhndy | liwdey 3.2 15 497.312 117.685 144.580 11.101 44.302 62.734 93.220
19 | Im+_P_C PO _16#5° fuinduan | duundy | wae 1.6 5 491.287 7.890 9.329 1.886 4.160 19.914 12.076
20 | Im+_P_C PO 164107 | Buwaduan | ddundy | waeu 16 10 565.962 27.508 28.247 3.651 14.934 39.926 32473
21 | Im+_P_C_PO_16415% | Buiaduon | shifwdu | wieu 1.6 15 590.076 49.165 50.571 5.334 24.986 58.864 51.565
22 | Im+_P_C_PO 32#53 Butaduan | dhiuldn | wien 3.2 5 543.012 10.886 7.480 0.858 6.499 17.858 18.012
23 | Im+_P_C_PO_32#10° | Bwaduan | dhifuhdu | waeu 3.2 10 550.873 31.866 18.830 3.692 16.387 32.212 38.513
24 | Im+_P_C_PO 32#15° | Buaduin | dhsiuundn | wiou 3 15 591.929 66.144 50.371 7.805 31.430 56.700 78.841
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. . wilinuas Wiy | sseguny | 1O A iuua (ppm)
a1mu e w AUIULNAT AU
ussAulvih nseAy | (mm) N o, CiHa Cotly CoHe CHa co Hy
25 | Im-_P_NC_PO_16#5° uiaday | diuidy | liwdeu 1.6 5 567.283 0.000 0.000 0.000 0.000 11.866 2,579
26 | Im-_P_NC_ PO 16#10? | BuwWadau | thhundy | Liwdsu 1.6 10 578.973 0.786 0.000 0.000 0.089 10.557 5.043
27 | Im-_P_NC_PO_16#15% | Busadau | thifuthdy | Liwdeu 1.6 15 581.380 4.327 5.484 0.000 1.997 14.013 9.890
28 | Im-_P_NC_PO 32#5! Suiadau | hduhdn | liwdeu 3.2 5 495.103 0.804 1.738 0.000 0.000 9.038 3.610
29 | Im-_P_NC_PO_32#10' | Bufiadau | vhifuthdn | laindeu 39 10 501.060 5.244 5.238 1721 1.819 10.658 6.573
30 | Im-_P_NC_PO 32#15' | Buwadau | dhifutdy | livdeu 34 15 561.817 38.064 32.583 4.547 13.064 17.944 17.403
31 | Im-_P_C PO 16#5° Suvadou | e | wieu 1.6 5 506.480 7.713 6.906 1.797 3.472 19.608 9.794
32 | Im-_P_C_PO_16#10? dutaday | dhifihdn | wiou 1.6 10 599.191 27.176 20.522 3.567 14.158 34.883 25.132
33 | Im-_P_C_PO_16#15 Suadou | duidn | Wiy 16 15 500.059 35.290 27.050 4.227 17.264 38.699 28.138
3¢ | Im-_P_C PO 32#5° duaday | dhsudidu | waeu 3.2 5 582.244 16.311 14.315 1.404 10.013 27.709 30.225
35 | Im-_P_C_PO_32#10° Suadau | dhiuhdn | wisu 3.2 10 572.208 40.122 33.603 4.273 19.747 41.604 54.719
36 | Im-_P_C PO 32#15° fwiadau | dhsuhdy | wieu 3.2 15 739.208 93.503 71.277 10.514 44.943 87.336 89.258
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4.1.6.2 n15aas1zinawianazatslutinduuidy annn1sagaUwWsaUasATiandy
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1. ASNAFBUNSHUITNANMIUMELSIAU NN NS LA UVRINS AU ATION BN T NLUR
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Tunsuudu nsdliusnanaiggadn (AC_P_NC_PO)

=
o

"é 120

% "
B 100 M unU 3.2 mm 5 Asy
©
3 80 u
= B unU 3.2 mm 10 ase
3@ 60
;§ &
S w wnid 3.2 mm 15 A3
=

E 20

CoHq CoH2 CaHs CHgq

o
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2. MINAFBUNITLUSAANINAZBLSIAUINAINSLUAAS UV N TAUDSATION DLW NLUA

U

Tuiuuay asdusnanligigada (AC_P_C_PO)

w
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=1

B unY 1.6 mm 5 A5Y

EN
i
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wnU 1.6 mm 10 A54

(ppm)

w
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S

wnU 1.6 mm 15 A59
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2

B uny 3.2 mm 5 A4

AUt ULAE

B unU 3.2 mm 10 A9

R
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C2H2 Csz CH4

wny 3.2 mm 15 A9

5UN 4.26 nsmuansnuduRus eI NUSUaUAR (CoHe, CoHz, CoHg, CHe, CO Wag Hy)
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3. MIMAFEBUMSLUINANNMIL LTRUBUNad s TIUINveNTAURIRTIgNBLLINSN

walwifuldu nsdliusnananig1gaiiu (Im+ P_NC_PO)

160
W und 1.6 mm 5 Ase

= 140 N
£ N
»

& 12 N = ¥
& N B wnd 1.6 mm 10 A3
& 100 % .
= N wnl 1.6 mm 15 A%
5 \ g
= N W uny 3.2 mm 5 A
% N
= a0 N g
4 N B uny 3.2 mm 10 ASa
& N

N
Y

wny 3.2 mm 15 ASs

J §.i
CHgq @s,

CoHa  CoHy  CoHg

Ha

sUR 4.27 nsmugnemuduiussevinelunamnsa (CoHa, CaHa, CoHs, CH4, CO way Hs,)
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4. MIMAABUNMILUTNANAIE USITIUBNREVHITIUINVRINSAURIATIgNBULNSA
wealuhduuidu nsdiusnenndladggadn (Im+ P_C_PO)
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B nY 1.6 mm 5 ASY

(ppm)

B und 1.6 mm 10 ﬂ%\‘l
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wny 1.6 mm 15 A%
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BunU 3.2 mm 5 ady
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20 B und 3.2 mm 10 Ade

un 3.2 mm 15 s

CoHa CaH2

3Uﬁ 4.28 NI UARIANNFNRUSTEMIUSHLAR (CoHa, CoHo, CHe, CHa, CO UaE Hy)
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waluhduurdu nsdliusnamigngaiy (m- P NC_PO)
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) B und 1.6 mm 5 A9

(ppm)

30 B und 1.6 mm 10 ﬂ’?ﬂ

= wny 1.6 mm 15 Aa

o
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W und 3.2 mm 5 Ay
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B uny 3.2 mm 10 A9

wnd 3.2 mm 15 A39

;a;u il 4.29 NI INULARIANUFUNUSTEIINIUSUI LA (CoHa, CoHa, CoHe, CHa, CO UAE Hy)
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WU AU NTURAALeNEY whdezwiay wiadmu ufaasveuneousnlyd
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3.2 mm luvaeinnudutunfawaidinisunieissozund 1.6 mm
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waluddudu nsdiusnanligryeadu (Im-_P_C_PO)

W unU 1.6 mm 5 ﬂ%’d

(ppm)

B unv 1.6 mm 10 A%y

wnd 1.6 mm 15 A3
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4.2 msUsziivauRnunfannyUsuranianazaneluungy

WNBLAR: Tril
Tri3

A8 Duval Triangle 1
Ao Duval Triangle 3

Pen1 @® Duval Pentagon 1

Pen2 @@ Duval Pentagon 2

Pen3 Aa Duval Pentagon 3

ND
PD
D1
D2
T1
T2
T3
DT
3
o
TésH

Ao ldanunsossyanuiaun@le
Ag N1sRaYIFIVNEI

fio MsRavsandaue

AD MIAEYISAING 191G

'
o

0 mmﬁ@ﬂﬂﬁLﬁaqmﬂm’uﬁauﬁqmmﬁmmh 300°C

U

a |

fin AuRnUNALasINANTEUNRUMgTsTTWIN 300°C §ia 700°C

U

o '

fl AnuRaUnAliosaInaLSouigumaliands 700°C

= 1 a = d' 2 = =

AD NEALTENINANMNAAUNGLLDIIINAINSBULELATIUEAUNRN I LW
A® Stray Gassing luuniuianmgil 120°C way 200°C

AMTRUAY (@nungilnndn 250°C)
ANURARUNAEDIRINA LSBT AUz Tu T

msiinufienasveuluadulunseaiy
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A15199 4.7 nsUszfiuanuRaundainUsunauianazanslutsiuvesnisneas utnsiuus

et T Key Gas Doernenburg Rogers IEC Ratio Tril Pent Pen2

1 | MO#base! ND “L:Jﬁmmﬁmﬁna ND ND ND ND -
2 | MO#base? ND LifieuiiaUnd ND ND ND ND -
3 | MO#base® ND Lifinminund ND ND ND ND .
4 | AC_MO_1.0#5° ND Lifinauiaund ND ND D1 D1 -
5 | AC MO _1.0#10° ND Laifimnuiaund ND ND D1 D1 -
6 | AC_MO_1.0#15 ND Liifinanufiaund ND ND D1 D1

7 | AC_MO_1.545! ND lugiruAnund ND ND D1 D1 -
8 | AC MO 1.5#10" ND lufimufinund ND ND D1 D1 .
9 | AC MO 1.5#15 ND laifimufinunf ND ND D1 D1 -
10 | AC_MO_2.0#5' ND liflenuiinund ND ND D1 D1 -
11 | AC_ MO 2.0#10} ND laifimwEindni ND ND D1 D1 f
12 | AC_MO_2.0#15! ND Lifieufiauni ND ND D1 D1 -
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deiu SWa Key Gas Doernenburg Rogers IEC Ratio Tril Penl Penz

13 Im+_MO_10#5? ND Lidimufiaunf ND D1 D1 D1 -
14 Im+_MO_10#10? ND lifierwinung ND D1 D1 D1 -
15 Im+_MO_10#157 ND n15815A ND D1 D1 D1 -
16 Im+_MO_15#5? ND laifienuiauni ND D1 D1 D1 =
17 Im+_MO_15#10? ND msansn ND D1 D1 D1

18 Im+ MO_15#15° ND n1sa13A ND D1 D1 D1 -
19 Im+_MO_20#5 ND Lifiarafiaund ND D1 D1 D1 .
20 Im+_MO_20#10° ND n13813A ND D1 D1 D1

21 Im+ MO _20#15° ND n139713A ND D1 D1 D1 -
22 Im-_MO_10#5° ND liflaufinung ND D1 D1 D1 -
23 Im-_MO_10#10° ND Lifiaufinund ND D1 D1 D1 -
24 Im-_MO_10#15° ND lifimuRaUnd ND D1 D1 D1 -
25 Im-_MO_15#53 ND Tigfiaiaund ND D1 D1 D1 -
26 Im-_MO_15#10? ND lifiewEaunf ND D1 D1 D1 .
27 Im-_MO_15#15° ND n15a15e ND D1 D1 D1 -
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A10U S Key Gas Doernenburg Rogers IEC Ratio Tril Penl Pen2
28 | Im-_MO_2045° ND Discharge arcing ND D1 D1 D1 -
29 | Im-_MO_20#10? ND lufirnufiaund ND D1 D1 D1 -
30 Im-_ MO _20#15° ND Discharge arcing ND ND D1 D1 -
31 | PD-_MO_10#5% PD liflerwfinund ND ND ND PD -
32 | PD- MO_10#10° PD lLiflanudaun ND ND nD PD -
33 | PD-_MO_10#15° PD Lifianufiaund ND ND D PD -
34 | PD- MO_15#5° PD Lifiamnafiaung ND ND ND PD
35 | PD-_MO_15#10° PD lsifipnusiaund ND ND ND PD
36 | PD- MO 15#15° PD laifimfinund ND ND ND PD -
37 | PD-_MO_20#5° PD lifiruieund ND ND ND PD -
38 | PD-_MO_20#10° PD lisiaaufinunf ND ND ND PD -
39 | PD-_MO_20#15° PD laifieuReund ND ND ND PD -
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4.2.2 msUszliuanuiaunfanUsunauianazaneludisiuvesnisnagautingiy FR3

A13199 4.8 N1sUsziiuAuRnUNAIInUSuaLSaiazarslutduresnsvsdeuLsy FR3

dau Sia Key Gas Doernenburg Rogers IEC Ratio Tri3 FR3 Pen3 FR3
1 | FR3#base! ND liifiuReunf ND ND ND S
2 | FR3#base’ ND lifimnuAnund ND ND D1 S
3 | AC_FR3_10#5 ND laisieaReunf ND ND D1 S
4 | AC_FR3_10#10' ND hiflenadiound ND PD D1 S
5 | AC_FR3_10#15' ND lifiaudauni ND PD D1 S
6 | AC_FR3_15#5° ND LaifinnuAnund ND PD D1 S
7 | AC_FR3_15#107 ND Lifinaiaun ND PD D1 S
8 | AC FR3_15#15 ND Lifianufiaund ND PD D1 D1
9 | AC_FR3_20#57 ND Lifinonlaund ND PD D1 S
10 | AC_FR3 20#10° ND LifiaaRaund ND PD D1 D1
11 | AC_FR3 20#157 ND lufinnuRnun ND ND D1 D1
12 | IM+_FR3_10#5! ND liflenuAnund ND ND D1 D1
13 | IM+_FR3_10#10' ND lifinnufiaund ND ND D1 D1
14 | IM+_FR3_10#15' ND liflewEnund ND ND D1 D1
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A15199 4.8 nsUszlluanuiaundannUSunanianazanelutsiurasnisneaauiisy FR3 (M)

R S Key Gas Doernenburg Rogers IEC Ratio Tri3 FR3 Pen3 FR3
15 | IM+_FR3_15#5' ND Laifimnuinung ND ND D1 D1
16 | IM+_FR3_15#10" ND Liflaufiaung ND ND D1 D1
17 | IM+_FR3_15#15' ND lufimuRaung ND ND D1 D1
18 | IM+ _FR3 20#5' ND Lifianufinuni ND ND D1 D1
19 | IM+_FR3 20#10! ND lifipufinuni ND ND D1 D1
20 | IM+_FR3 20#15' ND hifiarufiaund ND ND D1 D1
21 | IM-_FR3 10#5 ND lifimufinund ND ND D1 D1
22 | IM-_FR3 10#10' ND lifiaruiauni ND ND D1 D1
23 | IM-_FR3_10#15! ND Liflanufiound ND ND D1 D1
24 | IM-_FR3_15#5! ND Liflayufinund ND D1 D1 D1
25 | IM-_FR3_15#10’ ND Liifirufaund ND D1 D1 D1
26 | IM-_FR3_15#15' ND Lifinufiaun ND D1 D1 D1
27 | IM-_FR3_20#5! ND Liflaufinunf ND D1 D1 D1
28 | IM-_FR3 20#10° ND n15975A ND D1 D1 D1
29 | IM-_FR3_20#15' ND 1159713A ND D1 D1 D1
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SRl T Key Gas Doermnenburg Rogers IEC Ratio Tri3 FR3 Pen3 FR3
30 | PD-_FR3_10#5' ND hifirnuReuni ND ND ND S
31 | PD-_FR3_10#10 ND Lifiamufiaung ND ND ND S
32 | PD-_FR3 10#15' ND Laifimuiaund ND ND ND S
33 | PD-_FR3_15#5' ND Liifiraufiaund ND ND ND S
34 | PD-_FR3_15#10' ND Lifinufiaund ND ND ND S
35 | PD-_FR3_15#15' ND LisianuAaunf ND ND ND S
36 | PD-_FR3_20#5' ND lisimuinunf ND ND ND S
37 | PD-_FR3_20#10' ND lifieu@aung ND ND ND S
38 | PD-_FR3_20i#15! ND liflenudaund ND ND ND S
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4.2.3 msuseiliuanuiaunfiannusunauiaiazatelutnsiuveesnismedaungulisy
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amu 9 Key Gas Doernenburg Rogers | IEC Ratio Tril 4 Tri?; A 1 :I'ri3 Penl | Pen2 Haris Fa e P-enS

FR3 Midel | BioTemp | silicone FR3 | Rapseed | sunflower | Midel
1 PO#base’ ND lsifimiaUnd | ND ND T3 T2 T2 T2 T3 T3 T3-H T2 T2 T3 T3
2 | PO#base’ anusauluwaglaa | lifiaefeund | ND ND T3 T3 T3 T3 T3 B | EH B i3 T3 5
3 | PO#base’® PD hifirwieund | - ND ND T2 T1 T1 9l T2 S S S S S S
4 | AC_PO_10#5? ND laifimufieUnd | ND ND T2 T1 T Tl T2 D2 . D2 D2 D2 D2
5 | AC_PO_10#10° ND lifiewiaund | ND ND T2 Tt T1 N T2 D2 - D2 D2 D2 D2
6 | AC_PO 10#15° ND LiflewEaun ND ND =5 Tl T2 Tk T2 D1 D1 D1 D1 D1
7 | AC_PO_15#5' ND Lifieuiedn® | ND ND D2 D1 D1 D2 D2 D2 - D2 D2 D2 D2
8 | AC_PO_15#10 ND Lifianafiaung@ | ND ND D1 D1 D1 D1 D2 D1 - D1 D1 D1 D1
9 | AC_PO_15#15 ND lifirnafiound | ND ND D1 D1 D1 D1 D2 D1 - D1 D1 D1 D1
10 | AC_PO_20#5! ND Lifinaufaun@ [ ND ND D1 D1 D1 D2 D2 D1 - D1 D1 D1 D1
11 | AC_PO_20#10 ND laifipauinund ND ND D1 D1 D1 D1 D2 D1 - D1 D1 D1 D1
12| AC_PO_20#15' ND lifiarwfiound | ND ND D1 D1 D1 D1 D2 D1 - D1 D1 D1 D1




A15199 4.9 nsUszdiuauiaunRanuSinauianasansluinsiusesmsmegeutinguuidy (ve)

128

o e ” ) ) Tri3 Tri3 Tri3 Tri3 Pen3 Pen3 Pen3 Pen3
amuy TV Key Gas Doernenburg Rogers IEC Ratio Tril ) ) i Penl Pen2 )
FR3 Midel | BioTemp | silicone FR3 | Rapseed | sunflower | Midel
13 | Im+_PO_10#57 ND Bifienuinund ND ND T3 T3 T3 T3 e D1 - D1 D1 D1 D1
14 | Im+_PO_10#10° ND Lifiaudauni ND ND T3 T3 T3 T2 T3 D1 - D1 D1 D1 D1
15 | Im+_PO 10#15° ND lifirufinuni ND ND T3 T3 T3 T2 T3 D1 - D1 D1 D1 D1
16 | Im+ PO 15#5° ND laifipnuAaund ND ND T3 T3 Tig) T2 T3 D1 - D1 D1 D1 D1
17 | Im+_ PO _15#10° ND Lifiauiaund ND ND. TG T3 T3 DT T3 D1 - D1 D1 D1 D1
18 | Im+ PO_15#15? ND ldfiaufinung ND ND T3 I3 T3 DT T3 D1 - D1 D1 D1 D1
19 | Im+_PO 20#5° ND laifimuinund ND D1 I3 T3 T3 oT T3 D1 - D1 D1 D1 D1
20 | Im+_PO_20#10° ND lifieufaun ND ND T3 T3 T3 DT T3 D1 - D1 D1 D1 D1
21 | Im+_PO_20#15° ND liifiauinUnd ND D1 T3 T3 T3 DT T3 D1 - D1 D1 D1 D1
22 | Im-_PO_10#5 ND hifirutinun ND ND T3 T3 T3 T2 T3 D1 - D1 D1 D1 D1
23 | Im-_PO_10#10? ND Laifiauiinun® ND ND T3 T3 T3 DT T3 D1 - D1 D1 D1 D1
24 | Im-_PO_10#15 ND Lifirufiauni ND ND T3 T3 T3 DT T3 D1 - D1 D1 D1 D1
25 | Im-_PO_15#52 ND Lifirnafaund ND D1 =R R I ot T3 D1 : D1 D1 D1 D1
26 | Im-_PO_15#10? ND Liiflaudieund ND D1 T3 T3 T3 B T3 D1 D1 D1 D1 D1
27 | Im-_PO_15#15° ND luifianufinun ND D1 T3 T3 T3 or T3 D1 > D1 D1 D1 D1
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A6ty SWa Key Gas Doernenburg Rogers | IEC Ratio | Tril v S N b Penl | Pen2 e — Pen3 39

FR3 Midel | BioTemp | silicone FR3 | Rapseed | sunflower | Midel
28 | Im-_PO 20452 ND lifiarufiauni ND D1 T3 73 T3 oT T3 D1 - D1 D1 D1 D1
29 | Im- PO 20#10? ND Lsiflmmiinund ND D1 T3 T3 T3 oT T8 D1 5 D1 D1 D1 D1
30 | Im-_PO_20#15? ND laifimuiinund ND D1 T3 T3 T3 DT T3 D1 - D1 D1 D1 D1
31 | PD-_PO_1045° PD laifiuieund ND ND T2 T1 T1 T T2 5 S S S 5 S
32 | PD-_PO 10#10° PD lifieuiaUnf ND ND Tl T1 T1 T1 T1 S S S S S S
33 | PD-_PO 10#15° PD laifieuAnUng ND ND Tl T1 T1 11 T1 S S S $ S 5
34 | PD-_PO_15#5 ND hifinafiaund ND ND Tl T1 T1 T1 T2 T2 C T2 T2 Tl T2
35 | PD-_PO_15#10° ND liflauiaUni ND ND PD PD PD PD PD T1 o] H T2 T S
36 | PD-_PO_15#157 anusoulueaglaa | Lifimnufiauni ND ND PD PD PD PD PD T2 C T2 T2 T T2
37 | PD-_PO_20#5° anuiouluwaglaa | lufianueund ND ND T3 T3 T3 T2 F T3 | T3H | T3 T3 T3 T3
38 | PD-_PO_20#10° Ausoulueaglaa | luflauiaund ND ND T3 T3 T3 T2 g D2 - D2 D2 D2 D2
39 | PD-_PO_20#15 anuieuluwaglaa | lifiaafiaund ND ND T2 T1 T1 T T2 T3 C T2 T2 T2 T
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A1314% 4.10 nmsUsziivaRaunAvInUSInauianasasluhiuvesnsmedeunsavesnfigndumsnunlutduus

A1AU I Key Gas Doernenburg Rogers IEC Ratio Trit Peni Pen2
1 | P_MO#base! PD lifiaudiaUnd ND ND ND PD -
2 | P_MO#base’ ausoulueaglaa | Lifiaufieund ND ND ND ND .
3 | P_MO#tbase? amfouluwaglas | Liflaa@eund ND ND ND ND .
4 | AC_P_NC_MO 32#5! ND lifimuaund ND ND T3 D1 -
5 | AC_P_NC_MO 32#10' ND laifipuiaund ND D1 DT D1 -
6 | AC_P_NC_MO 32#15' ND Lifimnuiiaung ND D1 T3 D1
7 | AC_P_C_MO_16#5 ND ladfimufiaund ND D1 D1 D1
8 | AC_P_C MO_16#107 ND Liifiraufiaund ND D1 D1 D1 -
9 | AC P.C_ MO 16#15° ND lifiarufinun ND D1 D1 D1 -
10 | AC_P C MO 3245 ND nsensn ND D1 T3 D1 -
11 | AC_P_C_MO_32#10 ND N13813A ND D1 15 D1 -
12 | AC_P C_MO_32#15" ND n15873A ND D1 T3 D1 -
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a9 T Key Gas Doernenburg Rogers IEC Ratio Tril Penl Pen2

13 | Im+_P_NC_MO_16#57 ND laifinufinunf ND ND D2 D1 -
14 | Im+_P_NC_MO_16#10 ND hiflarwinund ND ND D2 D2 -
15 | Im+_P_NC_MO_16#15 ND Lifiaufiaund nMsensA D2 D2 D2 -
16 | Im+_P_NC MO 3245' ND Lidfianuiiaun n1se13A D2 DT D2 -
17 | Im+_P_NC_MOQ 32110’ ND Lifimsaund nsa1sn D2 DT D2 -
18 | Im+_P_NC MO 32#15' ND LaifimuAaung n13875A D2 DT D2 -
19 | Im+_P_C MO_16#5> ND lailimuiaund n13873A D2 D2 D2 .
20 | Im+_P_C_MO_16#10° ND TfiamiiaUn n135873A ND D2 D2

21 | Im+_P_C MO 16#15° ND lifimuAnund n1Te15A D2 D2 D2 -
22 | Im+_P_C_MO_3245° ND liflenufiaund n15813A D2 D2 D2 -
23 | Im+_P_C MO 32#107 ND laifieufaun@ ND ND D2 D2 -
24 | Im+_P_C_MO_32#15? ND lifimwfnund ND ND D2 D2 -
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AU 59 Key Gas Doernenburg Rogers IEC Ratio Tril Penl Pen2
25 | Im-_P_NC_MO_16#52 anufeulueaglaa | Lifimnuiadng ND ND ND ND -
26 | Im-_P_NC_MO_16#10° Anuiauluwaglaa | liflaufaund ND ND ND ND -
27 | Im-_P_NC_MO_16#15° ND Lifiarufiauni ND ND D2 D2 -
28 | Im-_P_NC_MO 32#5' ND Lifirudaund M13075A D2 DT D2
29 | Im-_P_NC_MO_32#10' ND Lifieafiouni n15875n D2 T3 D2 -
30 | Im-_P_NC_MO_32#15' ND lifirnuRaund M5973A D2 oT D2 -
31 | Im-_P_C MO_16#5 ND lsifiauiaund n13815A D2 D2 D2 -
32 | Im-_P_C_MO_16#10° ND laifiaufinund nsaI5A D1 D2 D2 -
33 | Im-_P_C_MO_16#15° ND lufirudiaund ND ND D2 D2 -
34 | Im-_P_C_MO_32#57 ND lifleuAnun nsensna D2 D2 - -
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DIAGNOSIS OF OIL IMMERSED TRANSFORMER
INSULATION BY USING DISSOLVED GAS ANALYSIS [s[g1s

MEIDEN
Kanchanaporn Luk-in', Chantapapa Samerpak?, Nattakrit Chumninuan®, Nadpakul Piyapatamin®,
and Norasage Pattanadech®
Abstract y Results
This paper represents the study of dissolved gas analysis in dielectric | / N LT : "
liquid impregnated pressboard under  breakdown  conditions. . 1. t|1 |1 L

The pressboards were prepared with dimension of 100 x 100 x 3.2 mm
(W x L x H). First of all, each liquid msulation, mineral oil, palm oil, and
natural ester (FR3), was heated at 60°C with 200 mbar for 12 hours.
Second, pressboards were heated at 80°C with 200 mbar for 12 hours.
The heated pressboards were impregnated at 60°C with 200 mbar for 12
hours. Impregnated pressboard was tested with different types of voltage
such as AC, positive impulse, and negative impulse. From the test results,
the type and quantity of gases depended on the type and the number of
breakdowns.

Intrpductiaﬂ

Recently, solid insulation deterioration is analyzed by using degree of
polymerization (DP). But this method sometimes can not do because it has
to cut paper in transformer and send to laboratory, so using indirect
method is may convenient by analyzing the gas generated by the
deterioration of the paper such as CO and CO,. Considering liquid
insulation, palm oil have not been much researched but some primary
electrical properties it has similar to mineral oil such as AC breakdown
voltage and dielectric dissipation factor.

Hence, this paper represents the studies of gas generated in palm oil
and natural ester (FR3) compared with mineral oil under alternative
voltage (AC), positive and negative standard lightning impulse voltage by
using dissolved gas analysis (DGA) [1].

Methodology
- .

Figures below present the test setup and test equipment.

Flg.lACbrukdawn\'ullu;uesl:ncm:lZ] Fig. 2 Standard lightning impulse breakd

voltage test circuit [3].
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Fig. 9 DGA resull caused by negative
impulse breakdown of impregnated
pressboards in dielectric liquid.

1-“13 B DGA result caused by AC
breakdown of impregnated
pressboards in dielectric liquid.
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impulse breakdown of impregnated
pressboards in dielectric liquid.
C sion
From the fest results, it was found that

+ The types of generated gas were differed depending on the types of breakdown
voltage.

* The generated gases were increased with an increase in the number of
breakdowns.

* Incase of mineral oil and natural ester, positive impulse breakdown voltage
generated the gases lower than the negative standard lightning impulse
breakdown voltage.

* In case of palm oil, the positive standard lighting impulse breakdown voltage
generated the gases larger than the negative standard lightning impulse
breakdown voltage.

————cE

[1] Dhorali Gnanasekaran and Venkata Prasad Chavidi, Vegetable Oil based
Biolubricants and Transformer Fluids Applications in Power Plants,
Springer, 2018

[2] IEC 60243-3, Edition 3.0 — 2013, Electric strength of insulating materials —
Test methods —Part 1: Tests at power frequencies.

[3] IEC 60243-3, Edition 3.0 — 2013, Electric strength of insulating materials —
Test methods — Part 3: Additional requirements for 1,2/50 ps impulse tests.
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Dissolved Gas Analysis of Liquid Insulation
under AC and Impulse Breakdown Voltage Tests
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Faculty of Engineering, King Mongkut Institute of Technology Ladkrabang
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Abstract—This paper represents the study of
dissolved gas analysis in mineral oil compared with
natural ester (FR3) under AC and impulse breakdown
voltage tests. Liquid insulation was heated at 60°C with
200 mbar for 12 hours. Liquid test samples were divided
into three groups. The first group was tested with AC
voltage using the spherical electrodes with the gap
distance of 1.0, 1.5, and 2.0 mm. The AC test procedure
was in accordant with IEC 60156. The second and the
third group of liquid samples was tested with standard
positive lightning impulse and standard negative
lightning impulse voltage using the needle — sphere
electrode with the distance of 10, 15, and 20 mm. The
impulse test procedure was according to IEC 60897.
Testing experiment were performed 5, 10, and 15 times
consecutively for each test sample. Then dissolved gas
analysis of each test sample was performed. From the test
results, the type of breakdown voltage and the number of
breakdowns effected on the quantity of the dissolved gas
in the liquid insulation.

Keyword— mineral oil, natural ester, DGA, AC
breakdown voltage, impulse breakdown voltage.

I. INTRODUCTION

The most commonly used liquid insulation in
transformers is mineral oil because of two main
advantages. First, high breakdown strength and
excellent cooling properties. However, it has
disadvantages such as low flash and fire point, and
susceptible to water content, as well as not being
environmentally friendly.

Therefore, alternative liquid insulation becomes
more interesting (especially natural ester) due to high
water tolerance, high flash and high fire point, and
excellent biodegradation. However, there are some
disadvantages of using natural ester as liquid dielectric.
It has higher viscosity and higher pour-point than
mineral oil. By the way, both of liquid insulation can
be analyzed fault by dissolved gases in oil but the
behavior of gas generation should be different.

Thus, this paper represents the concentrations of
dissolved gases in different liquid insulations i.e.,
mineral oil and natural ester which were tested under
different types of test voltages i.e., AC breakdown

voltage, standard positive lightning impulse
breakdown voltage, and standard negative lightning
impulse breakdown voltage. Then, dissolved gas
analysis method (DGA) was performed. DGA
technique is an acceptable tool used for analyzing the
fault condition in liquid insulation.

II. THEORY

Liquid insulation in transformers is mixtures of
many different hydrocarbon molecules [1]. The main
roles of liquid insulation are electrical insulation, heat
exchanger [2]. Moreover, it is a significant indicator to
reveal the condition of the transformers. Gases are
produced from the decomposition of oil when fault
occurs in the transformers. The type and quantity of
gases depend on the types of faults.

III. TEST SETUP

A. AC Breakdown Voltage Testing

Test vessel and electrodes including dielectric
breakdown test device used in the experiment are
shown in Fig. 1.

Fig. 1. AC breakdown voltage testing of liquid insulation [3].
(a) Test vessel. (b) Dielectric breakdown testing device.

B. Lightning Impulse Breakdown Voltage Test

To investigate the amount of the dissolved gases
caused by positive and negative standard impulse
breakdown voltage test of mineral oil and natural ester,
the electrode system was designed and constructed
according to IEC 60897 [4] as shown in Fig. 2. Test
circuit for impulse breakdown experiment is shown in
Fig. 3.



Liquid insulation Needle

Steel ball

Fig. 2. Test vessel for impulse breakdown testing of liquid
insulation [4].

R

Fig.3. Test circuit diagram for the impulse breakdown experiment
of the liquid insulation.

Where U, : Charging Voltage
R; : Charging Resistor
Cs :Impulse Capacitor
Sg : Spark Gap
R. : Tail Resistor
Rq : Front Resistor
Vd : Voltage Divider
Z. :Coaxial Cable
Mi : Measurement Instrument
Cic : Test Vessel

C. Gas Analyzer

Dissolved gas in the oil sample was measured
following method C (Headspace), ASTM D3612-02 [5].
Gas quantity was determined by gas chromatography
technique with specified gas inert. This experiment
was performed by using Agilent gas analyzers as
shown in Fig. 4.

Fig. 4. Agilent Gas Analyzers.

D. Moisture Content Analyzer

The moisture content of the oil sample was
measured by using Karl Ficher moisture meter CA-21
as shown in Fig,. 5.

Fig. 5. Karl Ficher moisture meter CA-21.
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IV. TEST PROCEDURE

To investigate the gases dissolved in different type
of liquid insulation i.e., mineral oil and natural ester,
caused by various types of breakdown voltages, the
test procedure was divided into 3 cases according
to the applied voltage ie., AC voltage, positive
lightning impulse voltage and negative lightning
impulse voltage.

A. Case I: AC Breakdown Voltage Test Procedure

AC breakdown voltage test procedures are as
follow:

L. Preparing the test circuit as shown in Fig. 1,

2. Adjusting the gap between the electrode for 1.0
mm and filling mineral oil into the test vessel,

3. Applying AC voltage to mineral oil until
breakdown occurred and then recording the breakdown
voltage,

4. Repeating step 3 and sampling oil by using dark
bottle after 5, 10, and 15 times of testing,

5. Following step 2-4, with changing the gap
distance between the electrode to 1.5 mm and 2.0 mm
respectively,

6. Following step 2-5 for natural ester as liquid
insulation tested.

B. Case Il: Positive Lighting Impulse Breakdown
Voltage Test Procedure

Positive lightning impulse breakdown voltage test
procedures are as follow:

I. Preparing the test circuit as shown in Fig. 3.
Then, diode was set to apply positive lighting impulse,

2. Adjusting the gap between the electrode for 10
mm and filling mineral oil into the test vessel,

3. Applying the positive lightning breakdown
voltage to liquid sample. The positive lightning
breakdown voltage was obtained from up and down
test method

4. Repeating step 3 and sampling oil by using a
dark bottle after 5, 10, and 15 times of testing,

5. Following step 2-4 and changing the gap
distance between the electrode to 1.5 mm and 2.0 mm
respectively,

6. Following step 2-5 for natural ester as liquid
insulation tested.

C. Case Il Negative Lighting Impulse Breakdown
Voltage Test Procedure.

Negative lightning impulse breakdown voltage test
procedures are as follow:

1. Preparing the test equipment as shown in Fig. 3,

2. Setting diode to apply negative lighting impulse,

3.Following the same procedure as used for
positive lighting impulse breakdown voltage test.



V. TEST RESULT
A. Case I: DGA Result Caused by AC Breakdown of
Ligquid Insulation

AC breakdown voltage of mineral oil and natural
ester when the gap spacing of electrode was fixed 1.0,
1.5, and 2.0 mm are summarized in table 1.

TABLE 1. AC BREAKDOWN VOLTAGE OF MINERAL OIL AND
NATURAL ESTER

Gap Spacing AC Breakdown Voltage (kV)
(mm) Mineral oil Natural ester
1.0 43.6 42.7
1.5 44.8 54.9
2.0 50.1 60.3

The moisture contents of new sample and oil
samples after experienced by AC breakdown voltages
for mineral oil were 22.28 and 23.45 ppm respectively.
Besides, the moisture contents of new sample and
natural ester samples after experienced by AC
breakdown voltages for natural ester were 162.40 and
195.54 ppm respectively.

The concentrations of gases dissolved in each of
liquid insulations i.e., mineral oil and natural ester at
gap spacing of 1.0, 1.5, and 2.0 mm are shown in Fig.
6 and Fig. 7 respectively.
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Gases Concentration
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CaHe CHa co

M Gap 1.0 mm 5 Times
B Gap 1.0 mm 10 Times
EdGap 1.0 mm 15 Times

W Gap 1.5 mm 5 Times
Gap 1.5 mm 10 Times
E Gap 1.5 mm 15 Times

B Gap 2.0 mm 5 Times
Gap 2.0 mm 10 Times
S Gap 2.0 mm 15 Times

Fig. 6. DGA result caused by AC breakdown of mineral oil.
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Fig. 7. DGA result caused by AC breakdown of natural ester.

B. Case II: DGA Result Caused by Positive Standard
Lightning Impulse Breakdown of Liquid Insulation

Positive standard lightning impulse breakdown

voltage of mineral oil and natural ester when the gap
spacing of the electrodes was fixed 10, 15, and 20 mm
are summarized in table II,
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TABLE II. POSSITIVE STANDADARD LIGHTNING IMPULSE
BREAKDOWN VOLTAGE OF MINERAL OIL AND NATURAL ESTER

. Positive Lightning Impulse
Gap Spacing Breakdown Voltage (kV)
(s Mineral oil Natural ester
10 81.5 47.5
15 104.6 59.4
20 112.9 752

The moisture contents of new sample and oil
samples after experienced by the positive standard
lightning impulse breakdown voltages for mineral oil
were 22.28 and 26.71 ppm respectively. Moreover, the
moisture contents of new sample and natural ester
samples after experienced by the positive standard
lightning impulse breakdown voltages for natural ester
were 139.30 and 148.87 ppm respectively.

The concentrations of gases dissolved in each of
liquid insulations which are mineral oil and natural
ester at gap spacing of 10, 15, and 20 mm are
demonstrated in Fig. 8 and Fig. 9 respectively.
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Fig. 8. DGA result caused by positive standard lightning impulse
breakdown of mineral oil.
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Fig. 9. DGA result caused by positive standard lightning impulse
breakdown of natural ester.

C. Case II:DGA Result Caused by Negative
Standard Lightning Impulse Breakdown of Liquid
Insulation

Negative standard lightning impulse breakdown
voltage of mineral oil and natural ester when the gap
spacing of electrode was fixed at 10, 15, and 20 mm
are summarized in table II1.



TABLE III. NEGATIVE STANDADARD LIGHTNING IMPULSE
BREAKDOWN VOLTAGE OF MINERAL OIL AND NATURAL ESTER

Gap Negative Lightning Impulse
Spacing Breakdown Voltage (kV)
(mm) Mineral oil Natural ester
10 229.7 71.3
15 2455 95.0
20 261.4 126.7

The moisture contents of new sample and oil
samples after experienced by the negative standard
lightning impulse breakdown voltages for mineral oil
were 16.66 and 37.15 ppm respectively. Furthermore,
the moisture contents of new sample and natural ester
samples after experienced by the negative standard
lightning impulse breakdown voltages for natural ester
were 156.7 and 183.55 ppm respectively.

The concentrations of gases dissolved in each of
liquid insulations which are mineral oil and natural
ester at gap spacing of 10, 15, and 20 mm are depicted
in Fig. 10 and Fig. 11 respectively.
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Fig. 10. DGA result caused by negative standard lightning impulse
breakdown of mineral oil.
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Fig. 1. DGA result caused by negative standard lightning impulse
breakdown of natural ester.

VI. DISCUSSION

According to the concentrations of gases dissolved
in mineral oil and natural ester caused by breakdown
voltages of AC, positive and negative standard
lightning voltages for 5, 10, and 15 consecutively as
shown in Fig. 6 to Fig. 11, C2H> showed the highest
incremental concentration compared with other
hydrocarbon gases for all breakdown voltage tests.
The concentration of C,H, increased significantly with
the increase in the number of breakdowns voltage test
and also with the increasing of gap length between the
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electrodes. CH» should occurred when liquid
insulation heated at temperature of 700°C to 1800°C
since the intensity of the electrical discharge reaches
arcing or continues discharging [1]. For H», CHq, and
C:Ha, their concentrations also increased due to the
number of breakdowns increased as well.

From the test results, positive impulse breakdown
voltage produced larger concentrations of Ha, CH.,
C:Ha, and C;H: than negative impulse breakdown
voltage in the mineral oil, although the negative
impulse breakdown voltage value was higher than the
positive impulse breakdown voltage value for all
investigated cases. However, the negative impulse
breakdown voltage produces larger concentrations of
these gases than the positive impulse breakdown
voltage test in the natural ester.

VII. CONCLUSION

From the test results, it was found that

- The types of generated gas were differed
depending on the types of applied breakdown
voltages.

- The generated gases were increased with an
increase in the number of breakdowns and an increase
in the length of the gap between the electrodes.

- In case of mineral oil, positive impulse
breakdown voltage generated the gases larger than
negative impulse breakdown voltage.

- In case of natural ester, positive impulse
breakdown voltage generated the gases lower than
negative impulse breakdown voltage.

- For all liquid insulations tested, the mainly
produced gas was acetylene.
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Abstract—The aim of this paper is to analyze the
dissolved gases in dielectric liquid caused by electrical
breakdown of liquid-impregnated pressboards. The
pressboards were prepared with dimension of 100 x 100
x 3.2 mm (W x L x H). First of all, each liquid insulation,
mineral oil and natural ester (FR3), was heated at 60°C
with 200 mbar for 12 hours. Second, pressboards were
heated at 80°C with 200 mbar for 12 hours. Then the
heated pressboards were impregnated with the dielectric
liquid at 60°C with 200 mbar for 12 hours. The
impregnated pressboards were divided into three
groups. The first group was tested with AC voltage. The
second and third group was tested with positive and
negative lightning impulse voltages respectively. From
the test results, the type and quantity of generated gases
caused by breakdown phenomena is dependent on the
type and the number of breakdowns.

Keywords—mineral oil, natural ester, impregnated
presshoard, gas generate, dissolved gas analysis

I. INTRODUCTION

Transformer is an important equipment utilized in
the power system. The major components of a
transformer are coil, core, and insulation. There are
two types of insulations used in the transformer, i.e.,
solid and liquid insulation. The purposes of solid
insulation are electrical insulation and supporting
mechanical force. In part of liquid insulation, it is used
as electrical insulation and cooling for a transformer
system [1]. Nowadays, mineral oil is most commonly
used in the transformer. However, there are some
limitations of mineral oil. For example, it is not good
at biodegradability and it has low flash and fire point.
These reasons lead to the development of liquid
insulation which may replace mineral oil such as
natural ester (FR3) and palm oil.

Recently, solid insulation deterioration is analyzed
by consideration of degree of polymerization (DP).
However, this method sometimes is not applicable
because it has to cut a paper in the transformer and
analyzes in a certified laboratory, so applying an
indirect method is may convenient by analyzing the
gas generated by the deterioration of the paper, i.e.,
CO and CO:. This paper represents the comparative

studies of gas generated in mineral oil and natural
ester (FR3) caused by electrical breakdown of mineral
oil impregnated pressboards and natural ester
impregnated pressboards under alternating voltage
(AC), and positive and negative lighting impulse
voltage testing. Dissolved gas analysis (DGA) was
applied for this study.

II. THEORY

A. Insulation in Transformers

Electrical insulation in the transformer can be
divided into two groups. The first group is solid
insulation and the second group is liquid insulation.

® Solid insulation — the main solid insulation in the
transformer is cellulose. There are many types of
cellulose in transformers, i.e.. pressboards, craft paper,
and crepe paper. Each type has different function like
pressboard used for supporting mechanical force.
Crepe paper is used for wrapping around conductor
(2.

e Liquid insulation — the main functions of liquid
insulation are electrical insulation, cooling transformer
system [2], and arc quenching in the transformer.

B. Decomposition and Formation of Gases in the
Insulation

Decomposition of liquid and solid insulation
generates various types of gases for example solid
insulation can generate CO and CO,, if its temperature
is above 300°C. For liquid insulation, Ha, CH4, C>Hs,
C>Hy4, and C>H» with a different concentration may be
generated due to fault occurring [3].

[II. TEST SETUP
A. Test Vessel

To investigate the amount of the dissolved gases
caused by AC breakdown voltage test and negative
and positive impulse breakdown voltage test of
impregnated pressboards immersed in the mineral
oil and natural ester, the electrode system
was designed and constructed according to IEC
60243-1 [4] as shown in Fig. I.



Qil impregnated
pressboard

Liguid insulation

Fig.1. Test vessel for testing impregnated presshoard breakdown
[4].
B. AC Breakdown Voltage Test Circuit

To perform the AC breakdown voltage testing of
the liquid impregnated pressboards, the experiment set
up is depicted in Fig. 2.

VR TT R«
D_IFK
1]
|

© i
-

Fig.2. Circuit diagram of AC breakdown voltage test.

Where VR : Variable Voltage Regulator
TT : Testing Transformer
Rw : Current Limiting Resistor
VD : AC Voltage Divider
Z¢ 1 Coaxial Cable
MI : Measurement Instrument
Crc @ Test Vessel

C. Lighting Impulse Breakdown Voltage Test Circuit

To perform the lighting impulse breakdown
voltage testing both positive and negative polarity of
the liquid impregnated pressboards, the experiment set
up is depicted in Fig. 3.

Fig.3. Circuit diagram of lighting impulse breakdown voltage test.

Where U, : Charging Voltage
Ry : Charging Resistor
Cs :Impulse Capacitor
SG : Spark Gap
Re : Tail Resistor
Ry : Front Resistor
VD : Voltage Divider
Z¢ @ Coaxial Cable
MI : Measurement Instrument
Crc : Test Vessel

LIz

D. Gas Analyzer

The oil samples were taken from the test cell after
the pressboard samples were experienced by
breakdown voltage test for 5, 10, and 15 times
respectively. Dissolved gases in the oil sample were
detected by applying the method C ( Headspace)
according to ASTM D3612- 02 [5]. Agilent Gas
analyzer used in the experiment is shown in Fig. 4.

Fig. 4. Agilent gas analyzer.

E. Water Content Analyzer

The water content of the oil sample was measured
by using Karl Ficher moisture meter CA-21 as shown
in Fig. 5.

Fig. 5. Karl Ficher moisture meter CA-21.

IV. TEST PROCEDURE

Various types of gases may be generated in liquid
insulation caused by faults in dielectric liquids and/or
fault in liquid impregnated pressboards i.e., hydrogen
(Hz), carbon monoxide (CO). carbon dioxide (CO»),
and hydrocarbon gas. In case of the hydrocarbon gas,
it consists of methane (CH4), acetylene (C:H,),
ethylene (C:Hy)., and ethane (C:Hg). To perform the
test experiment, the test procedure was divided into 3
cases in accordant with the applied voltage i.e., AC
voltage, positive lightning impulse voltage and
negative lightning impulse voltage.

A. Case I: AC Breakdown Voltage Test Procedure

AC breakdown voltage test procedures are as
follow:

1. Preparing the test circuit as shown in Fig. 2,

2. Inserting the impregnated pressboard between
the electrodes and filling mineral oil into the test
vessel,

3.Applying the test voltage to impregnated
pressboard until breakdown,

4.Repeating step 3 and sampling oil by using a
dark bottle after 5, 10, and 15 times of testing,

5. Taking oil samples to perform DGA,

6. Following step 2-5 for natural ester as liquid
insulation tested.



B. Case [I: Positive Lighting Impulse Breakdown
Voltage Test Procedure

Positive lightning impulse breakdown voltage test
procedures are as follow:

1. Preparing the test circuit as shown in Fig. 3.
Then, diode was set to apply positive lightning
impulse,

2.Inserting the impregnated presshoard between
the electrodes and filling mineral oil into the test
vessel,

3.Applying the positive lightning breakdown
voltage to impregnated pressboard. The positive
lightning breakdown voltage was obtained from up
and down test method

4. Repeating step 3 and sampling oil by using a
dark bottle after 5, 10, and 15 times of testing

5.Taking oil samples to perform DGA,

6.Following step 2-5 for natural ester as liquid
insulation tested.

C. Case III: Negative Lighting Impulse Breakdown
Voltage Test Procedure

Negative lightning impulse breakdown voltage test
procedures are as follow:

1. Preparing the test equipment as shown in Fig, 3,

2. Setting diode to apply negative lightning
impulse,

3. Following the same procedure as used for
positive lighting impulse breakdown voltage test.

V. TEST RESULT

A. Case I: DGA Result Caused by AC Breakdown of
Impregnated Pressboard in Dielectric Liquid.

The average AC breakdown voltage of mineral oil
impregnated pressboard and natural ester impregnated
press board was 33.7 kV and 33.0 kV respectively.

The water contents of new sample and oil samples
after experienced by AC breakdown voltages for
mineral oil impregnated presshoards were 45.87 and
49.89 ppm respectively. Besides, the water contents of
new sample and natural ester samples after
experienced by AC breakdown voltages for natural
ester impregnated pressboards were 369.9 and 384.7
ppm respectively.

The concentrations of gases dissolved in mineral
oil and natural ester are shown in Fig. 6 and Fig, 7
respectively.
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Fig. 6. DGA result caused by AC breakdown of mineral oil
impregnated pressboards in mineral oil.
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Fig. 7. DGA result caused by AC breakdown of natural ester
impregnated pressboards in natural ester.

B. Case lI: DGA Result Caused by Positive Lightning
Impulse Breakdown of Impregnated Presshoard in
Dielectric Liquid.

The positive lightning impulse breakdown voltage
of mineral oil impregnated pressboard and natural
ester impregnated pressboard was 184.0 kV and 217.1
kV respectively.

The water contents of new sample and oil samples
after experienced by the positive standard lightning
impulse  breakdown voltages for mineral oil
impregnated pressboards were 45.87 and 49.17 ppm
respectively. Moreover, the water contents of new
sample and natural ester samples after experienced by
the positive standard lightning impulse breakdown
voltages for natural ester impregnated pressboards
were 369.9 and 384.1 ppm respectively.

The concentrations of gases dissolved in mineral
oil and natural ester are shown in Fig. 8 and Fig.9
respectively.
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Fig. 8. DGA result caused by positive lightning impulse breakdown
of mineral oil impregnated pressboards in mineral oil.
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Fig. 9. DGA result caused by positive lightning impulse breakdown of natural ester
impregnated pressboards in natural ester.

C. Case IIl: DGA Result Caused by Negative
Lightning Impulse Breakdown of Impregnated
Pressboard in Dielectric Liquid

The negative lightning impulse breakdown voltage
of mineral oil impregnated pressboard and natural
ester impregnated pressboard was 185.8 kV and 213.9
kV respectively.

The water contents of new sample and oil samples
after experienced by the negative standard lightning
impulse breakdown voltages for mineral oil
impregnated pressboards were 45.87 and 49.43 ppm
respectively. Furthermore, the water contents of new
sample and natural ester samples after experienced by
the negative standard lightning impulse breakdown
voltages for natural ester impregnated pressboards
were 369.9 and 405.7 ppm respectively.

The concentrations of gases dissolved in mineral
oil and natural ester as shown in Fig. 10 and Fig. 11
respectively.
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Fig. 10.  DGA result caused by negative lightning impulse
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Fig. 11.  DGA result caused by negative lightning impulse
breakdown of natural ester impregnated pressboards in natural ester.
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VI. DISCUSSION

From the investigation, the new liquid sample
may generate some kinds of dissolved gases. C2H: was
generated with the highest dissolved concentration
compared with other hydrocarbon gases in all cases of
breakdown voltage test. The concentration of C>H,
increased significantly with an increase of number of
breakdown tests. C;H: should occur when liquid
insulation heated at temperature of 700°C to 1800°C
since the intensity of the electrical discharge reaches
arcing or continues discharging [3]. For Ha, CH,, and
C;Hy, their concentrations also increase as the number
of breakdowns increased. For CO, the concentration
increases due to the number of breakdowns as well
because the decomposition of oil-impregnated
cellulose insulation produces carbon oxides. This rate
is exponentially proportional to the temperature and
directly proportional to the volume of material at
that temperature [3]. From the test results, negative
impulse  breakdown voltage produces larger
concentrations of Ha, CO,, CH4, CoHa, CoHa, and C>Hg
than positive impulse breakdown voltage in the
mineral oil and the natural ester.

VII. CONCLUSION

From the test results, it was found that

- The types of generated gas were differed
depending on the types of applied breakdown
voltages.

- The generated gases were increased with an
increase in the number of breakdowns.

- In case of mineral oil and natural ester, the
positive impulse breakdown voltage generated the
gases lower than negative impulse breakdown voltage.
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