nmsadeyanadauauamuladiannindeluiiussiugevasauiuluii

Design of High Voltage insulation dielectric strength testing
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This research is presented by the designing and constructing test package
that are divided into three types; ‘the liquid insulator, solid insulator and gas
insulator. These materials are provided by in country in order to construct the test
package for the results of expected to have at least error. This leads to reliability and
validity in this study.

The design of the liquid insulator of test package was conducted by the
standard IEC 156 in which the material tested used oil transformer. Additionally, its
solid insulation was the range of catching objects and adjusting using the sheet of
bakelite. Furthermore, its gas insultation used acrylic was consisted of gas inside
oxygen of pressure at 2 Bar. Three types of test could be supplied AC high voltage to
test package causing of breakdown via-insutators.

After that taking note, the value of breakdown was the liquid insulator of
test material at 29.86kV, its solid insutator at 36.32kV and its gas insulator (oxygen) at
48.40 kV

Keywords: insulator, breakdown,bakelite
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2.2.1 YUUNISHUSNANULEB9RNLIBENS (IntrinsicBreakdown)
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2.2.4 YUUNI5USNANULTED991NA1U50U (ThermalBreakdown)
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2.2.6 WUIUMNsIUINAIUasanInsenneluauIuuls (Cavitation Breakdown)

awrulnihndlunisndnawiuwds Wy gnietuazdedlibiinlnsseinianigly

Wasanonianieluiianlaldnnsndinin nMswsnantdafnduladievuziAnusnaitag
Mlrauiuwdsusnuseulnsianiedsaninnisiduauiurinliiane e afiudy wazuin

Punchingiuﬁaj@

Wy
[T G-
(n) ()
JUN 2.3 ) wandnssernianigluauiunds
%) 2ITNYUALINAIFU N.
vd,
TN WA\ (kV) (2.5)
£
d +|—>1d,

81

Tnefid, wasd, Wuszegrivesmnamuinssuiiliandiladanin

i 41 < 4o uaglwsignifasagfirgasleaunis

2

A vgr[-;l—lj (kV) (2.6)
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Vv BREAKDOWN OF CAVITY

-— - -qr_l.-_
——'—I-!-1 .

-

CURRENT WAVE FORM
JUN 2.4ugnsdngluill kagnszuaiiatunisluauiunds
IPRIEN

Specimen@aiuvaautafia Dielectric Constantsasy

o A
L
- I\
p=tomm| | b N T 6, Ve80KViems)
el B Y NN SRR .
Y o\l Y

;Jﬂﬁ 2.5UEnIaUInva N TI91NIA LELUUINVDY Specimen

U 2.5 fns91n AU Tmm. usl Specimeniininuyvun 1em. dusildusediy
587374 Specimen ilvu1n 80kV(rms) tazayuililnsioiniaiienniaegaiely Tne
fmualiannianiglulnssdiaBreakdown Strength30kVpeak/crnlyiuaaumusfudivinly
nshamsaintunely

3591

ol 14 __ V4 (kV) (2.7)

d, + {ﬂdz)

&
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d =1 (mm.)
d,=9 (mm.)
g, =8.89x10™" Flm

§=¢¢,=40s,  F/m

V] 4v
‘/1 = = (2.8)
1+9/4) 13
ALSITUTAINTI0N AU Lmm. s ausaen 21 3(kV/mm)X Imm=3kV
y=I 133239 g 754y (peak) (2.9)
4 AL IR

f Internal Dischargeagdsangiuiilalausaiu Sinusoidal80 sin wr kv auilen
014 9.75kV

Y 1 wa & a = 1 a 14 1
AregranuantivesauIuklaiitlunudainisuliiiusas degvareydalaunnseany
Iweslum wiwnilen 819 watafin a1sduasien aaautmne AdAgylawn Andesiing
39 winwesindsgetdeladianynsn armiiumudunng warmuamusowssauliih

M1319912. 1AuaNURveianauIL

Disteciric { Lost factor tan dx 104 | SPEIfic 1y 0
Insulating material \constant £, rcs:saapcc strength
at50Hz | ar50Hz | at) MHz ar'lz_o C | kvimm
Lm.
Glass 3.5-9 5-100 5-100 >0 10-40
Ceramic insulators X
Glazed 6 170-250.{10-120 > 101 35
Steatite 6 10-30 3-20 1012-101 30-45
Sinterkorund L1 15 10 101 25-45
Mica-foil (madé from'mica; ‘
paper and shellac orasphalt) 4 200-400 1013 17
Mineral oil (transformer oil){-2-2.5 1-5 1-5 103-10% |  10-25
Paper (insulating paper)
dry 225 25-40 | 200-400 10¥ 10-20
soaked in oil 34 10-30 1015 40-50
Polyethylene PE 23 2-4 2-4 10% ~40
Epoxy casting resin EP 3.2-39 35-50 100-200 | 10'-10' 20-45
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A1519912. 1anuanTRvesianauiu (se)

Diclectric | Loss factor tan &x 10 Specific | o eatdown
Insulating material constant € 'i:‘;‘;fée strength
at50 Hz | at50Hz | at | MHz kV/mm
0l.cm

Phenolic resin moulding 5-15 100-300 |  50-700 107-1014 10-40
Polyamide PA 3.5-4 |300-1000| 230-270 | l03-101 50
Polvethvlene PE 2.3 2-4 2-4 10 =40
Polyethylene terephthalate PETP 32 20 190 > 101 160
Polycarbonate PC 3 7 110 z 1018 = 100
Polyester casting resin UP 37 30-300 | 60-400 | 109-10% 25-45
Polyacetal POM 4 10-15 55 1013 70
Polymethylmethacrylate PMMA | 3.5-45 | 500-600 | 150-300 10, =35
Polypropylene PP 2325 5-6 10 75
Polystyrenc PS 25 15-25 | 1525 107 =55
Polytetrafluorethylene TPFE 2.0 <2 <2 i =25
Polyvinyl chloride hard PVC 1843 | 120-1500] 60-1000 | 1015108 40
Silicone rubber Si ~ [F2sss 5500 | 5500 | 10100 | 20430

2.3 AMENUAYRIRAUIUIAY

auduwmaIzdsreyinassninsluiananes fuvuinvesluanadadleiouiiiousu
svogvinszinluianaresiiaidavduninnndiiussesnsdaseiitdnaseuazanunsn
wAouiléFedusnndinuiBidnasoulisvanamaliifsideslunsfivsAauandaudy
Tesoulasnsvuiadosldauilwindiadeuduanny

auvaIghaAnsanaL L Tsliana videernenvasauvarlalligndamilealy
mefuegisuuunimlouduliana #3e0naNeRUIULI AN VIRUIUMAIIINITH
\ndeuiliinldedadaszneannsiailieunaliiitaunsnipdouildiemuluie aun
wanuIanstumenn Wudenfuiisuiansaiulngidaluemiusdadsudoued i
ffor 1 duazeet vepn dule Beednaseisstuuinantvesauiuaniduniiouuag
Fou3sedirnudruiunaresduiotudvodiaunn

MNWUSEUIE UTDRAYBNRUIUAILAENAN N1 ShaIR AL NTlAauUANANI AU
w3 uarauuinedaunsoasuivienvesauumanlansil

Lavuwaiiauaudinaninawiuiiefe alunuLiuginitauIuinvdeusil
AnuAIusiBLsaiulnihgendfing

2 awuvaiiauauUAnanawuwlsie auwumatazwnsndudilulugeinald
$8ATNRUIUMAIRIEAIADUT AL DT UAUAUILTBILDY tazauIuA

3. QUIUMANANNTOONENTEUI8ANSaULAG

4. auuwaindufuganimnisiluawinedivdmininnshagsanuiuluuds



14

winawumaazinuaudRnfudiwslaenannisaanuduasudanisaudiauiumarag il
AINUTAVEAIUNUAIALAVILSBULSIAUN1TINTNY D

2.3. 18nwazAnaNUANRBINTVRsRLIUIMAIR AN IUAREANANTANSWENET

1.AU NI UNIZUDIVDIUNA?
2.3nntnggeunneidlonaiiamisiviligeuiionniadey

3 auniinsndennumiasdsssunsrnuseulsn
4.m’mL*‘ﬁJummzLLamﬁqU%mmé’mﬁLﬂuﬂmmauagﬂmmmm

5.unmesndsugaasduiitlinsuiniandsugalaanndesiiiedda
§11131500197n1AT9E319 waresAUsEnaveIauUwIumanln2UTzanlafie auiumad
U5 LagauIUmaINaNITAN

ANUVIUTANS ReaurumaifesrUsznounanivesluianadien Useain
dadeuu vielustesninAfidanun

AUIULNAUNTINTAIAD AuALmA T esAUsEnoUmMuAiifliuTanddlaseatis
vidodunanvedluianasinetazeraivesenianasegiiesananauuliniduveaman
wu druunfesdiuasUszneures Hydrocarbonuasduansiinliian Polarized Yowsnn
Fuiliienladnninas uagamauiivessfuniansdldduanudunisusnamidull
Fufvarsfiiuldindudidninsanndruddiamanifudmdeu mnuiu vieans
Oxidized Elementiidrazyiilialnianysnuesauautug anat fogna wuinsulating Oil
defithuwdeu wialeunludiuna 0.01% vesuSinuimunginliladnvinanasaine
loudnviangagais 20% wegtn

nalnflgiusnanitdusssavainusladuaatuy A
1. MFUTNANIULU URBARYIUNISIUSANIIUYBN%

2.M9LUsNANIRga 1 AEnann13u89d151u3gns (Impurities) 13aUu wsedl
Wosoneeluluvemnad

2.3.2 NQEHNITUINAMULUULREINUNTIUINANUAY

Jziinnistensluwtures Atomaigldauulihdmguiildesuiedsingnisel
mAnlun1aufUslauslidunsvane nguidnlugazldesuienisiusnaitvess) mad
U3gns N15iusnaUveIveunaIuIansiaiuisassuielanell nsalnauiulniives
B

dnlnsawgegluvesnaiusgnsiamuduauiulniiigaunndd 100kv/cmnszuailva
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AuRuINmMaIrliglueg T wAssAnusnatllaiudngluiindegaquialuia
FONGIFUN 2.6

'/ FIELD AIDED
| SATURATION |
IONICT _— 5
| ! Tz
0| by '

0 02 04 06 08
ELECTRICFIELD(MV/CM)

U126 wansp AU sTwinense A wagElectric fieldluauiuman

mngﬂﬁZﬁ ﬂ1sLUiﬂmau‘iuamummﬁqwé%ﬁﬂizLLalwaLLﬂﬂﬁLﬂu 3 SyezAe
Je8Y IoniciuizavﬁﬂizLLaﬁﬁwaqSﬁu%QGﬁuaﬂﬁ’U Dissociation 489 lonszezdus Saturation
ﬂuﬂiuLLaauummwLuaqmﬂmﬂmiamaﬂuivm'msumuﬂﬁlaaalul,%ﬁuuﬂuRecombmatlon
VBUTEITe uﬂ(’Wl’]EJﬂiuLL?F\]”Nﬂ’)ﬁx‘ﬁl‘uaEJ’N@J’]ﬂﬂﬂEJRMﬂiu‘VNLUiﬂ@’]’JuLua\‘i?ﬂﬂﬂUSu‘-ﬂﬁ’luLﬂu

gﬂLiﬂ,‘wLﬂaauwiuaumlvxlﬁmum@laaalustﬁuulﬂiumjm
2.3.3 nqunmsiusnanilasaidenann1suasasliuigns (Impurities)

fanaifeu viafvlesernimIsluresmanihliAnniswsnanidmgu] il
annsaeduiemsiusnaaiilesatnvesmanlivaiauiasiseenslsAmuusnaadluansls
U%qwéﬁ woasUlafe 1inan Electron ,mﬁw,mﬂmmmmm?ﬁumﬂi\/\oleculemaqﬂ IEA
HAIINANT L, gung T, AudY, n 5wl nidAsudndlufinnasiusnaiaiiidesann
ElectronSchottkyldinsmaasslasuassdndlniindnsznindidninsaiuegluveanan
uduAnnszualvaiilesainyuiunisudes Electron senannavesausliin uazamfuDs
outuaunslded

4.4VME

J=Jeg| ——— (Alcm?) (2.10)
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J = AT D (Al cm®) (2.11)
J = AMURUILUUYDINTEILE (A/cm®)
M =fpsfidmsuRadidnivsauuusingg fu
E = aunulwihiiteou (N/C)
J, = Arsuiuvesnsyaioninanudy
AAaTi

A=
T =

-0

NI (K®)

Y

¢ = Work Function
KT =y&yupnusou (K)

giiudInsvuatzluedivaamaiituaunisudnisiusnanindsdalatuegiv

QAUUQH MITUNTTUINAUTAAAINYUIUNIT ThermonicEmission Ag WaLin Electrontu

Y
[

Inglasundenuamnauuluidnide Electrondngseiugane uwazluyuiu Molecule 984
youvaazinlossluadunaziin Avalanchelaginiusnaiuduluiign

2.3.4 nswsnandiilasainnesing

Unfudnaniivarasiimedadutueg feudlildogluguresesiausideing
Wasuudasgungdinlfdasesinetuldlususiieg de Baduiiosainnissuiuves
Electronfiu Moleculetinanlalsundaysavintimann1 3588 109001 1aAinaIn Space
Charge NI eTE T s e e s i ve BEnTnsa

2.3.5 NSUSNANLLTLSANVBILHAIBU )

« = = 19 ¥ = o v ]
Weauiwalgnueavetvaduiauu lazegldaunlnihvilviguiswemen
=i = = & @
vouangnidevuldeuluainunsinamtusunsinatenmuuiuivesanulniaunsens
\Winnsiusnantl gy
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sUN 2.7 uansvuiunsivsnantvesmeaintiuagluauiuy
2.3.6 NM3UINAIULTLBIIINDUNIAYBIVD I

awuvailiuIgvsealiouniauswewdndny nizneegdeldauuluiuuy
adauainluagyiliAnLssnseyideaunIasial

F=yK, L (EgradE) (2.12)
K+2K,

e y =SAlveamsinau
K = Permittivityu83u8d1ia’
K, =Permittivityuasounaiilosgluauiuma?

i K > K azfaussguiinenisludausinaniauinlnig uwes K < K, ziin
Aanasetuiuiu K > K,

Electrode Electrode

AN /A

O NY ____1___
f::)(

HV

2UMA

JUN 2.8 uanenisisessaveseyniavesudslutidunsuleu High Voltage
uaznasUou High Voltage
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Weotsudndlniludrdreyniaiiiesiindinganinvesinduinliinanudy

Y da = =* 4 £ v a Ao D a [ 1 a v '
Yoalanfiiiveseun1nefveun1nduy wWilddwsnaiinangainduanleSusiusening
Aves BdninsmdloauulniifaniiveseynialiAiuinnineun1AveLtd winnIsusn
ALY

o 1

' A A i Y o ] =% Ay
98819 INNIINAFADULNDNALKAIAN Bl’eakdOWﬂStreﬂgth'sUaQuqllu‘ViﬂJaLLTJaQ‘(NlIGUBlIaGnQg]

Y

Tansil

a579fl 2.3n15MndeuLiiofiazmen Breakdown Strengthvasingunsionuas
wAU(mm) a4 6 10 |12
LUSNAN2UKY) 90 | 140 | 210 | 255

TAIUMAIAT LazSlopeTpiaNnNITERALUINANIUNUTZZLNUANENNT V = Kd"

e Vidulsesuusnang

K =@
n =Slope
d =%998NA (mm)
359
INFUNT
V =Kd" (kV) (2.13)
logV =log K +nlog d (2.14)
logV —log K = nlog d (2.15)
n :M (2.16)

logd
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N
(=)
S
[
[T T

3UN 2.9 uanspuduiusvassresuntiulssnuusnatdvesindumdenUa

ngulaen
K=245 (2.17)
LR IR\ (2.18)
avafiszazunUTUAmm.IE
V=2454)>" =91kV (2.19)

2.3.7 JadeninananisaiusnanailuauIumman

nsinusnadluanuvaITueliura s Jadudatenidwmansenudenisia
wnanuluauIuraI@IwI saLUIiaIsaneonnIegle 2anwzAs Uadeidinanssny
Tnunse wazladeidwansznulnenisdondisaestadefodutlidaduiiugiu

Uadeidanansznulaagsimeauiumasfife auruaiilddmuiunaiudazyin
efinauantfianiedianmany wu anvmelastadiduanalnnadaievuinaued {Wudu
dasinee) waldnduguanifnnzindmansznulagnsssianisiiausnaniluauiumes

drutladendnansenulaudausanisiinusnaindluauiumalife aniig
WINdaY WU gaunnll AN seezunUsURduLsuldaaauTanfildviBianiven JUss

v oy
[3 v A A J

Bianivsn fuiveadianinin Jeaunsoutawendadetuniugiufidmansznusanisiiinusn
&

AUl uIUMaI lAeatl

[

J2389NNANILLINABUNAINANTENUADNITLARUSNAIUL AL
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- NARINAWIDUUUDILT
- NaINdnwarlaswassluang

- NARININSY warloInng
2.4 auaNUATRRUIUAY

faduauiuiliduauiundn awiuunsndy wagssursanudeusiniafildduauiy
Yosaeasdglniliusagafiag SE I duauiuluszuu Gas Insulated Substationluiwesin
wsnined anmmsifuatnurssteiaiasadelddusuiiefifaunsafaty faviolufne
Wunslvavesnssualnfinsnune Imamﬁamsmﬁauﬁmmaumﬂﬂizﬁ;ﬁa anNATOU LAy
lovouiliAniiuminuanszuiunisloosutedu

ANWULTITUVIAVOINY ﬂ’]"U‘VIﬁ@JUiEUUiuﬂE]UWJEJIZJLGﬂﬁuﬂﬂiLﬂﬁ@quﬂJ@JiﬂLLU‘U ﬂ']‘?]
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iu‘Vi’JNVl“UU

2.4.1 ngmluvasfing

ToauufgiuvetAvogadrofitgluaniugifedfuidiuiuluiananeniianiiy
USuasiiniu

2.4.1.1 vguaiUasiuvesing

nsiinusnantlufingesulslamenguinalnvemnitwuanalaiusn
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AUKUUStreammer nalniidaesedenguitatduiiugiuieliussesdass n1saienen
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Wi N1sinUszgdasslaenislesslulwdunisiiuninuveseuninuseaniludnisiin
AagsalusnassuEdasEdeaunsaAnlaan

1

= m (m) (2.20)
1 2

lagdl N Ao Fnuuluianavesinsenilavilgusuing

¥
=

r warr, AesmivataeIauNIAMNEIYRNTEUE AR Tuediuaugll T wazAudiu

P AUAU LY A

P
N =— 2.21
T (2.21)
asﬁ?u
kT
LS e— (2.22)
g 4\/57[1’12[7

sunadszalufieluineinaztsenousnyeynaiiiusey (lesauuan
levauau wagdidnmsow) luussenaiiuaulassuiiiogaziasulumuaniuiiaziining
JEAUFI wazaziiosasiisviuimaaiioddunn niafnuensuiulessussdiunntu uaz
sgfunnigaideiinringduiinzguesiidiuudidnnseuaziives Nv10  de cm g1y

a & o Y

ddnaseulnazingiunlianaldde
2.4.1.2 fnealzfaviialufing

AsiiaRawsadugnBusuveInsiUasuulasan I nawILluganIn
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minewe  |edwoweidmios| himiuowega
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ANNEIUTNATIY ot /
tuysal U, / \
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A17U U, viD U, =E, xd Ub=bedxr|' L Exdxq
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JUN 2.11-dnwagAazasausnadluwny
2.4.1.4 mswusnatdluie (Breakdown in Gas)

ASUINAIUVDILNYARITAUAUAY Az wAULUANS WAL UTNA1IUvD Y

AV v aa P ) & ¢

Townsend ##31NN15MARBL UagnIsnguiiATtnalAeiuan Graphguidunisiusnaniy
Y9INYTWANTU 3 28Y Ao
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Self Sustainina
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Nan-Self Sustaininag

U 2.12 Graph Uanen1siusnANItYesinyseesisusiy, szesUunan wagssaggnring
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- Aiszuziiudiu (7)) siunnsslaindued19die sizinfanssie
$lna
- PszezUiunan (T)nsehanlranoud19anm sz InanuuIunis

loeluwduiuuuiun1ssiudives Electron(T, ) aunaniu

fszuzgarnenszuasrlnasg19iaiiunune wazlufiganaziinng
wsnadegreanysal (Completely  Breakdown)iiielitdnlavuiunisiusnanitves
t d .. . a v

Townsendszyy TLhay T2(1S wag 2') Coefficienttownsend MechanismisnazaSulelaeld

M &l a 1
auns wizmau ¥(e” —1)=1 viagsulnidu
15 =lman e >>> 1 (2.23)

PNNAMUENTUSTRS @, ¥ LazE/Panunsadiewduaunisiandy

E
alp =m (2.24)
P
E
% Cs(E) (2.25)
P
way Gradient E 3@
E=vld (2.26)

naunsidlunsainauy dAnduw vasiaseidndlii v dssesy
YOI d YINITUNUAT E MNANMT o /p WY ¥

g{l}e(ﬂwp-dlpd) =1

pd (2.27)

aun1sazle

Lt (2.28)
Vi=f(r)

ITNAUNISTHANID
FnglnAnusna1dly Functionidmusy P wasseesaedind d aun1sisnsenin

(Porcelain’s law)
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law N1syFng A usnaIUdI NS U9l

awlwidunvvainauelufieninaguueinnuiu wazszesving (P,) dwmsueinie (Ai)

wazCabondioxide(CO,) kay Hydrogen(H,) wanalisagy

2000
Wwoo
N
et
? W00
=
o 1400
o
- 1200
3
= 1000
=
s " -
E i
| 2] AW
s
E" preym %
-‘: | 1 i | 1 1 J
L e A | 10 3¢ 11 12

pd (torr-cm)

JUN 2.13uansnuduiussendasdndliiiusnanilvsiunanmuuesriaeiy

UaSzaz (Py) ¥8In13CO, , AirkazH,

903U 2 14azsuindndlnihiusnanuszdidianaadiomiy P, aunsei

lodndlninusnaniign V.. saednglniinduinaudndioinisiu P, ianduludn

M19197 2.4 Andldiusnanadingauasiguing1

Gas Va(min)volt | Pd at ¥V (min) (Toir-cm)
Air 327 0.567
Argon 137 0.9
H, 273 1.15
Helium 156 4.0
co, 420 0.51
N, 251 0.67
N,0 418 0.5
0, 450 0.7
50, 457 0.33
H,S 414 0.6
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nnueswesuauildldifdmiugunadasauis 1100 cCudffiugumnd
avtunnnitiuds mawsnanviagidulunungueswesviauiesannsusnanidasin
leooluiwduainmnuieuifigumafiuinnin 2000% #398121AAa1ANATE Thermonic
EmissionWe $uLau 1é’mmaaqsﬁaa’jwﬁ7‘iﬂ§wﬂfjw 0.0lcmﬁ?ll Normal Temperature
Pressure(NTP) A1 P, lunnsuinilovesaasnanvesmasuian wazdndluiinusnanitaz

dWndududndiuiu P, Jadouduaunislanad

v =2420| 23D | ¢ g [223(Pd) (V) (2.29)
760T
1
wie E=V/d=2422 293[5} +6.08 [293}[1)}2 ! (2.30)
760} T 760 | T | Jd
e P =A0AUv030 e (nmHg)
T =gunqdl °K)
d =3z8zuny (mm.)

INAUNT QAU 1 UTTEINA IR 760 mmHg gaungil 293°K

6.08

naNn1s awnUiiaaan aunuluirezdanvinu 24.22kv/cmédmsueinienig luissey
wnUlem Ausl 760mmHgigamasl 20°Casaldngluliiusna121d30kv/cmasmangnnud
oy

293[ P
——=d =1 2.32
760{T} (232

g1 91ngUR 2.15:0unsmuaaseisduiusssmn Logl 1 fussegiuuny (mm) 210

nsAnwIUsINgNIsalvesTownsendliAuInne,
Townsend’s Primary Coefficient

Townsend’s Secondary Coefficient
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e wuadngluiih E, = 20kV /cmE, = 10kV / cm wag I, \unszuamanilan 5x 1074 A

E
LOG IO E
B
A
| | IGas clistance
| | | |
1 2 3 4

JUN 2.14 wanspnudumiussenine Logl I, fussesuny
359
AP o | TE,= 20 kV /cm = slope ae<E,

29

a=————=11.6cm
2.5%10

A a, N . ﬁEzz 10 kV /em = slope 983 E,

1.3

= N =6.5cm

o,

(2.33)

(2.34)

vueiindnsldin Spark (Sparking Potential) Szes Criticalunuilaninlausainnisdansg

Werlagylinsmawes ¥ dumsusgezund 5mm.i 20 kv/cm
NANATT

I e™ - I e*”
I:L Miﬁli:L (A)
1-(e™ -1) I, 1-(e”-1)

LYUAT

1
a, =11 .6 /cm ,d = 0.5cm uas I—=5><107cm

(2.35)

(2.36)
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5.8
e

5x10" = ————— (2.37)
1—y(e** -1)
. 33029 0.59
> (33029 1) '
y=3.0367x10"amii E, = 20kv/cm (2.39)
TREpUAdaInMsdunmle
E,=10kVcm (2.40)
a, =605cm (2.41)
IL=2><105 (2.42)
i 63‘25
2XI07 s~ 2.43
L) 1—7/(63‘25 _1) ( )
279
251 —= (2.44)
1-(25.79-1)
7/:4,08)(10‘20}11 7 E, =10kV /cm (2.45)

A8 YIADALIBITON JNRRNLUUIAUINAILARTUTATAIZAYEY LIIRUNDIYAY 91NFUN
2.18 TiAuumszezuny wazusssuiininsaunagldvasnisatseulalunasnussqgeie
HydrogenAir

A9 NNFUN 2.18ANAMUBY Pyrngaves

(P)Air=4.5torr [ cm (2.46)
(P)H, ="15torr/cm (2.47)

A o v o o « ] a a6 v = o
LLWLU'EN@U']ﬂLLﬂ‘lJVl&LSUa']VTU‘Via@ﬂLi@\ﬁ@\‘iu‘lﬂjﬂm%gmﬂqm"lﬂigﬂqm 3mm EADIADNLIIAU

Y99t unanneal

N

5
3

(P)v04 Air = =15torr (2.48)

o
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7.5
(P) wag H2 = 55 = 23t0rr (2.49)

f29819 TAIUIUMIAT Breakdown Strength ¥8991n1A (Air) d1915Utp9319uAUTUIA T Mmm.
wag 20mm.aelaauuliihasiaue wagegly Standard atmosphere

A59anauns

293 P

E=V/d=2422 —— |+6.08 {
760 T

1
ek PT ] (kv/cm) (2.50)

760T | Jd
i Standard Atmosphere Aofimudiy Tussene 760mmHg gaungil 293°k

ala E:24.22+@kV/cm (2.51)

7a

arnsuwnyd 1 mm.

E=2422+ 6'081 = 4345kV / cm (2.52)
(0.1)>
wazny 20 mm.
E 39420 ¢ 6'081 =25.58kV . /'em (2.53)

(20)2
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faeg19 lunismaasaieafuiwetgimidsiifissosinesening Plane Budnnsaamm Tunsdl
909 Steady State¥anszudld 5.5x10 %4 718 kv &l Fieldirasfiuaviinisan
srerunUasindeno. lemagsinlvinszuaanasidu 5.5x107°4 TAAIUIUNIAIVDS
Townsend’s Primary lonizationCoefficientduau Electronﬁgﬂﬂéaaaaﬂﬁ]’m Cathode
solunfidensyua 7, AU 3.8x10 %A

35911

AS¥WaN Anode I11l@a1n

I=1&" A (2.54)
e
I = pssuaisudu(A) (2.55)
X= srezitnaveswny (mm) (2.56)
I
|
I
e
- i - 1
N 1 0.1 em 0.4 em i
/ : 18
gﬂﬁ 2.1508n45282NUSZUINLNaY
landnmuunln
X, =0.4cm, X,emI;=55%10"° Aul, =55x10°2A 1, = 7% Alp = £ (2.57)
0.32a =In10 aa =7.676 (cm) (2.58)
210
ox
[=1,"1 (2.59)

I=1/e"1=38x10"/¢""* =1.76x107 (A (2.60)



an 1, =n eduau Electron Maswanain Cathodesaiundisiavingu
n=11/e

n,=1.76x107°/1.6x10"=1.1x10" (A)

'~

' e oy —
I TATAAA
FA AT aATa e A
—_————

) PUCLATIININTA e
AR AATAANAR

o e —
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(2.61)

(2.62)
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— |T14.00
6.00

Drawing units (mm.)
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—75.00 /
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10,50| 23,00 10.006.00 " 12.00 2300
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FUN 3.3 yaunuaaninsaliussele
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500.00
850.00
Topview
—700.00— —500.0
A 200.00
1000.00
850.00 850.00
850.00
Front view Side view

Drawing units (mm.)

sUN 3.4 n1seantuuniyuylduisiy

Tunseonuuunvulaidusulsvinasosnuuuliiniug 500ml fauanslugd
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3.1.4 w3ndilodnszuziamesiidianinga lavinisesnuuulifinuazainly
nsldaulagansathunldinszeyinsvesidianinsald 25zezu1asgIunIsadeu Ao

2mm Lag3mm.

3.1.5 gadawmasniudiiu 24vde nelugauemeasusenaunisuemes 24vdc 1
Uanaunulswesiifnauivanansdiglunisiagyiliuauyauiamninuuuniy wagyieniu
Y o A s Y Q) ¥ & s v [y v & !
iuvguewnasnyu yaduuainesldiinqiamasnusuusaiulanaus 0-24vde Tuns
o = s A A o 9 I3 3% =
Tuirfiouteawas Wiefiagyhnisuiuanuiisevveemasiameuandlilugui 3.6

3UN 3.6 gnuainasnIuingiy 24vdc

3.2 ﬂ'li'é]ﬂﬂLLUU‘I!ﬂVIﬂﬁ@UQ‘IJ"JULL%Q

2 el 1% 1% 1%

3.2.1 YanaasuatauLienltlunisneaauauauauiule nseenuuuldeenuuuly

fiszezlunisduingnaaeunuulsusseslatanmiinuldidu aunuaadnvazrsnaunuulil
soendnasuanslusuin 3.7



37

120.00

120.00

v
o

winonaauaundadFus=as 15 daFunsasuluin

Drawing units (mm.)
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C LR
% Resistor 10 MQ
C _
: —
J g > T
3 ( : Volt meter or
E Material Test oscilloscope
i § C
Testing Transformer Voltage divider
Input : 220 Vac Ratio 1000:1 Vac
Qutput : 100 kVac (C1:C2)

=] <
E‘U‘VI 3.9 ’m]iawﬂaﬁqwmaauau’mamuum

3.3 ﬂ'lia’ﬂﬂLLUU‘lgﬂﬂﬂﬁBUQU')uﬁ”l‘U

3.3.1 lun1sesnwuuindauInitsfiaganadouaniIufedliiisessiveseInia wazin1g

Fadnaidonnieslunadarauisaneaaulalrgd iz vesruiufwasdunsanssuan

v a & & I~4 LY} v [ [y} 1 [y} Ly
3.3.2 AUBLANINTAVDIRUIUANY IS TUNTINAN UL kagldaunsaususeau
Toadaaiunissilnavesfing

3.3.3 eyaTuaidgnvuInTeIRuIuiNeAsUN 3.10

Withstand Voltage Test 50 kV

Electrode @ 25 mm.

a I I [D \‘ ;\ f i| C] )
" \J e

UM 3.10 519a2198AlAYTINYANARBURANIUNY
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R

Resistor 10 MQ

Electrode @ 25 mm

125 mm.

Testing Transformer W
Input : 220 Vac Voltage divider
Output : 100 kvac Ratio 1000:1 Vac

(C1:62) Volt meter or
oscilloscope

5UN 3.11 295@IAYANAFBURNIUNNY

3.4 TR¥IYANATIULALINRIATUAY

3.4.1 Wgnwaneaaulainiseenwuulvilianuasainlunisnyaveaay indeudie
AzAININT1EIRNADEARADYATUA N VU IAGRGIULAAIFIFUN 3.12
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5UN 3.12 Mizansyanaaey
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wiasdngvdeudasisenuaioinaudeneuiyauiussauusetulningeuseduliiu
niloudasle

+12V +12V 12V
Coil relay

e D1

_qm_?.. 1N4001

>

3‘“ 12V c.; a:
r—VW—t
1 > R4 o . 2N2222

R3 10M <
A 100k

sU#t 3.13309508aiuuvadne

= < v A a 4 & a ! a
NFUN 3.13 szmulaniilofianisiusnanunssiaiuasiiagamaieinianung
Wi Nszuangeiuazgnaanauaduilag Current  Transformers (CT) 61U R, 14191 3 ¥4

saUuandiusn annnguedeny E = IR sxvuliinszuanignanveuasndiitesininy

Frumuilenaiy Asssufasiatesniulusae andudesiinisvensnsisualieeaUwau

Y 1 Ay Rf i 1 dy
AusnlaepV, wim%uﬂﬂﬂmmR— AIELIN136D LU

in

R,
V.= [HR—f}vm (V) (3.1)

in

wssuiveeudvziulalon D, iweulaadunsguansei R, 417191 3 909

gatuent M 2 Mdnsasaeuniafies nieriasisaniisuussiulageetuontasyi
N3 Wisuisuussdunssudnssiinantalen D, (V,) fuusseuiivn 2V, ,) dufausedud
1 3 touniusadiuiivg 2 esimmiildaziidoiusdu tow  udfuAnussfuiien 3 1nnin
wsssuiin 2 wwimitldasilaniugtBu High Sus1azthanugilu High fldew o v, -
V., Wuuindwes V, asdilng v, vilesduendlidl 2 vheusinssudlvasinu R, Whan
\wa(B) vemudanes niudamesivihaundeuduTiadvinusevilinouunamesund

Un wavunflUnvessiadegneluisasreulnsaviausiely

3.4.3 ’NQ?V’]’JU@&JﬂWiﬁN’m
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Line
NC b
R1 L
NO I NOJ NG
S0 b \ ’
STOP R1 _K2\| R3
NC |
Timer 220V/24V
st Jd NO | Nc ! NC " E
START] K1 R2 R2 |

JUN 3.14 2933R UANMTYINNLY

2995AIVANNITINIL (Controt Cireuit) 99n19asasulnsasziiulsiniersing
aMtS1meEdKl e ilalsdesnsfiagnaaeusngsgIu ASTM D 877 uaslEC 156 Huls
WUSuaInduImsg1eneau LLé";U%’ULﬁmzﬁumﬁu%uﬁam IUNTTRUAANITIUTAAY]
30 R1 foglurnnstestuunasiieshaudmalike wazgauamesniuiduinny e
sewe T insl i Aeuua NC 1as Timer a1neangauaimesniutiiufiay
YA LUAIY YINLTIRBINITNAABUANEINSTIN ASTM D 1816 Mg usuaindly
ymarnile geuewmeimunduaghLRReARa MAZDY
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HaN15ALATIZVTaYaLAZRAUIIENE

Tuuniinadstuneuntsnaaeuauauiividlihvesauruitumes auuuds uas
auufalagldyanaaeuildoanuuuainlinuseasdondauni 3 maveaeurinlaens
Houussgenszuaadulvifutagnageuauinnisiusnniond tnevindsiomn 5 ads uagsiins
Juiinua

4.1 Nﬁﬂ']i%ﬂﬁaU’:{ﬂLLi\‘iﬁuLUiﬂﬂT'Jﬁ‘UENQU'JuLL%\‘i

A15199 4.1 MITRANISNAABUAUIULDS

UITNaUIY : QU’]‘LALL‘?N

A198192UUNTNAFBU : wauunlan

USZLANVDIBLANINGA © LNUNALLUY
a v

aauuiviad : 23 e

ANMUIUFUNNS : 51%

nMsMAEaUATa UIAULUSAANIY (KV)
1 35.41
2 37.22
3 35.84
4 36.12
5 37.01
Aol 36.32

“N8e) A1VRao g RN AUAN12EMINABURAIRT VNG 4. 1Lt
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Ge
60 - NaFADURUIUL2AY
b
=50 -
g 40
cC [ ittt Beenean W= O -
T
2
;é 20 + . . .
> ANRdLusIAU
w10 1 = 36.32 kv
-
0 L] L] L] L]
1 2 3 4 5
o & o
ANUAIUATINNINTITNAFADU
U 4.1 n3misafuuInA1vesauuLls
4.2 NANISNAFOUIALSIAULUSNANIUYDIAUIULYAA?
A5 4.2 A9THANITNAFOURUILYIA
Usstnnauuiimagey : Uiuvsioudas
WINTFIUNINAGBU : [EC 156
Uszinnuasdianinsa : Spheres
QaUNAIYIRY : 23 941 AIYUTUANS : 51%
Fe8y wnU(mm) NFNAFBUATIT WSIAULUINATU(KV)
1 28.4
2 28.7
3 30.8
2
aq 31.5
5 29.9
Aade 29.86
“mnoivn aivaaedltldlanzivannzwndoudimsmaassil 4.2
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= 40 -
G
€ 30 g P—— _S—— _S— n
= 20
g
e 10 - ARAnusIeU
or =29.86 kv

0 | L | L]

1 2 3 4 5

ATUIUASINVINNITVNAFDLU

JUN 4.2 n5IlsSAuUTNA YRR

4.3 NANISNAFOUIALSIAULUSAAIUVDIRUIUANY

A151991 4.3 AT NRANITNAADURUIUNG

Ussianauauiinaseu ; A1g oendiay

Useinnuasdianingm : Spheres

QaUUATIBY © 23 Baen ATUAELITIS + 510

svez unU (mm) | wsei - (bar) | psnadeuasedl | wseduiusnananiky)
1 48.96
2 47.75
3 49.12

2.5 2
4 47.43
5 48.72
ALade 48.396

Pngie) AVAaedlelmanizAUan1IEwInaeNfInITMAaaeW 4.3t



45

70

NneadauRUIUAU

\'; 60
rb
g 50 & _________ B R —— [ T S—— M
I~
5 40
% 30 -
=

20 -
3 ANRAIUTIAY
= 10 - = 48.39 kv

0 T T T ]

1 2 3 4 5

ANUAINVINNITUNaHDU
3‘1J1'7i 4.3 nsusauiusnndveauIuing
4.4 afUsena

NNINAFOUAANUAIUABAUILI 3 FTALARANITNAFBULTIRULUINAIUYDIRUIY
P I A 4 ol - v oa o
wlagalduruunilainied 3mm. 087 36.32kV auaUmMadNsyeyinaiaBlaninn2mm. agi
29.86kV wazawiuA1efsyeyinamsianings. 20mm.aga8.396kvasnsaaeuiania 3
a &o o a wa = a ~ L ou e 1%
yilpflviluesuJURn1sngangives 23c Lavllraniuuduiinsvesios : 51%

*yonludIuYe IN13NnaavauIRitsivelana 1 AnT sz ussgeandiawdn iy

< o ~ RIS s v Ay’ A
nsvueniiuanyiulpedavessdhdutheited)vsuudilvlunssven wazailadund
naguIINNsTUONIAUIYNAnTaRaNa1ALl



uni 5

ajunauasdaLauanuy

5.1 d@3unan1innas

mAfeiidunmstaaiagemnasunrmaamumslifiivesauiuuds auumer wagauy
aaki %wauLsumﬁuaﬂmqmﬁ%’aﬁLi‘;Juﬂﬁmaaui’a@au’;uﬁy’ﬂ 3 1l weueunalas thifumie
wlas uarfweendiauiiedinaiildinemgiifinnuuians viefiduievusgvieli Tny
nsnadevtuazduiianastineuuildlidaanuamuusssuinnvilalaeduluang
Formunnasgruanavaensdelunsiiag ety dduniouasiikounsldmui
wifaudasliihiidvuntosndn viewiadu 69 kv ihumegeumALIIduLUTAAIIANL
1ASFIU IEC 156 Nszozunt 2 mm. Ausssiuinaaeylilinsiinit 30 kv

ANAITNAADUFI08719 AL TURLIUNT 3 d07Uz Lawn VDILTe VoIral hazhne
2ONTLAUYMIALI1E1U150N UL AR 188NN U NAFBU T UL AIUAINUA DLSIFULUTNAIU
1NNUBULNEIL

a v

TunNsNAaeUHANLAIINATNAFBUILVUBLAU AILHNLAET 9NN uaAIAIINTY

Y
% v 6 a I

NNV FIVSTNARNDANLSIPUITNANIUVDIRUIUNAADUNI 3 FUALALUNITNAADUAT

[
= Ya o o

Umeidevilalaiadinlliianatiiosnnlidnaunidn

5.2 gmnietulunisaniulasenisdde

v

Jamnietuanansakuseanilumadosneg laased

5.2.1 Jgymimedrunisesnkuy wazdleignaUnsainaasunivuialngiiuning
mansadlivinladidaymvnadiiunsunds sazdrunuezesdaviulfzansgavaaougunsalll
AuUAUUI A RL DU

5.2.2 JnIn19nu aulunldnagoun19n1udlanlnsnnas i 1uYeIauIuA1gty i
AMuAaIALAR AU TUTE nU RS U IdIHaRAIALAADURBAILUTAATI



47

5.2.3 Jgninsaruaniuildnaaeudaiinainnisnuniinerdeliiiesnaasu
Triflussgavilidesdnmaniuinaaeuauulniiiiui

5.3 Yoauaku lUNISWAIUI9IUIRY

IUﬂﬂiaaﬂLLUU‘QWVI@?{E]‘UF’]"]ﬂ?’]uﬂ\ﬁ/luawmﬁgﬂ 3 AnTuzaiuIAEnI NS RNt TS
waduddhinssmufinnsgruiimue Fefulunisiaunlassnuasasidnsnisiiuves
wssfuildnnss W msdaiauiutsuinadidninseidodinnuwiug uastiuiglu
nsdanadininsntis 2 Felitianunssiuiiesvozmafausnaniifudug By



48

UIFIUIUNIY
1. dve dedazern. (2549). Frnsulvdusege. Auiasan 3. nyuvmuniues:
PNANTAUNTINGSE.

2. Indned Junsyapde. (2557). arU@Tinlaawmanluaesiiauseau 50 Alalaad 50
IR, ALIFINISUAIANSUNINENAeWALUlaE s YLNAAAI LY. WWeelnl.

3. 5UINT VI8, (2550). YANATDULIIAULUIATIUVIIAUIUUAD. ANIAINTTUAIENS
UINGRNALULATIIVUIAANTEUAT. NTINN.

4. |IEC Standard Publ.No 156 (1995-07)






NORME CEl
INTERNATIONALE | IEC

iINTERNATIONAL 156
STAN DAR‘D Deuxidme ddition

Sacond edition
1996-07

[solants liquides — .,

Détermination de la tersion de claquage
a fréquence industrielle =

Méthode d’essai

Insulating liquids — :
Determination of the breakdows: voltage
at power frequency ~

Test method -

© € CEl11855 ~Drois s reproduction réservis — Conyimht - &ll nghis regerved

13237 of i SULAZSION DXy b 16 dtused of Wided
Avcune pirs Go Calid PRG0N e B die reprotite ; .
wtinde Boui Cwsicud forme gue om 304 & Pa’ Sutua ro n,wowu,rm.mm-m,
i, daciongus o mécancus. ¥ eomoid i photoooges et nckysng o ¢ and ol e, wakoun

fos orcrotinrss. .8 | 8000/ 4ot da 2 trur wowidng {ior Uy pubiaber

Bureau Central de 1a Commozion E nigue b 2, oz da Varembd  Gandve, Suisse

PR MEES ¢ ommisson Eleciro1. zhnigue Inlernationale CODE PRIX
: D B Jniernanonal Elscirotechnical Commission PRICE CODE

HwwcZean Howazoen

O F'OW i, tnt CATBMAINS S e tidesst
FUJ K@ rrr CatIgh O e

50



Validité de la présente publiéation

Lc conteou technique des poblications de 1a CEI est coni.
tamment revu par Is CEI afin qu'il reffte 1'&at scrvel de
la techaique.

Des renseignements relatifs § 1a date de reconfirmation de
la publication sont disponibles auprds du Buresu Central
.4 la CEL : .
Les renseignements relatifs & ces révisions. 2 I'&uablis.
sement des Editions révisées el aux amendements pesvent

&ue obtenus auprds des Comités nationaux de 13 CEl et
dant les documents ci-dessous: .

® Bulletin de la CEl

® Apnualredela CEL°
Pubiié anavellement

® Catalogue des publications de s CEI .
Publi€ annuctlement &t mis A jour régulidrement :

Terminologie :

En ce qui conceme [a terminvlogie générale. fe lecteur se
reportera A la CEl S0: Vocabulaire Elettrotechnique Inter-
nctiona] (VEI). qui se priente sous forme de chapitres
séparés” traitant chacun d'un sujet défini. Des dénils
compless sor le VEI peuvent dwre obtenus sur demande.
Veoir &galement le dictionnaire maltilingue de ta CEIL.

Les termes 1 définitions figurant dans 1a présente pabljs.

cxion ont & soit tirés du VEL soit spécifiquement
apzroavds aux fins de cetie publication.’

Symboles graphiques et littéraux

Pour les symbdoles graphiqoes. les :yﬁxbolet fittéraux et les
sigres 'U3¥ge pénéral approuvés par la CEl-le lecteur
consuliera: -

~ 12 CE127: Symboles linérawx & muiliser en éleciro-
techmicue: ! p\-

0
3

~ la CE! £17: Symboles grapiigues whilisables sur le

matériel. Index, relevé. et compilation des feuille

icdividuslles: =

- 1aCEl 617: Symboles grephiques poxr schémas:
€t pout les appareils €lectromédicaux. '

- 13 CEl 878: Svmboles grophigues pouc équipenients
dieciriques en pratigue médicale.

Les symboles et signes conleuus dans la présente publi-
catios ont &€ soit tirds de 1a CEI 27, de la CEl 417. de
la CEI 617 etiou de la CEI 878. soit spcifiquement
approuvés aux fins de cetie publication.

Publications de 1a CEI établies par le méme
comité d’études

Lastention du lecieur est atiirée sur Jes listes tigurant ila
fin de¢ certe publication, qui Enumerent les publications dc
1a CEl préparées pac le comité d’études qui 2 établi 1a
Présente publication.
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Validity of this publication

The technical content of TEC publications is kept under
constant review by the IEC, thus ensuring that the content
reflects current technology. ‘

Information relating 16 the date of the reconfirmation of
the publication is svailable froni the IEC Ceatral Office.

[nformation on the revision work, the issue of revised

. editions and amendments may be oblsined from IEC

National Commitiees and from (he followiag IEC sources:

® 1EC Bultetin

® IEC Yearbook
Published yeatly

¢ ‘Catalogue of [EC publications
Publizhed yesrly with regular updates

Terminology

For general terminology..readers ate referred to IEC 50:
International Elecirotechnical Yocabulary (IEV), which
I8, issved in the form of separate chapters each dealing
with . specific ficld. Fall detailz. of the (IEV will be
supplied on request See also the IEC Muliilingual
The tesms and definitions, containedin the present publi-
cation have either been taken from the IEV or have been
specilically approved for the purpose of this publication.

Graphical and letter symbols
For graphical symbols. and letter symbols and signs

approved by the 1EC for general use! readers are referred

10 publications: : '
~ IEC27: Letter symbols ta be ased;in electricel
technology: dla e .
~ 1EC 417: Graphical symbols for use on =quip-

menl. Index, survey and compilation of the single
sheers:

<" [EC 617: Graphical symbols for diagroms:
} X
and for medical electrical equipment,
[} H

- IEC 818: Graphical symbols for electromedical
equipment in medical praciice.

The symbols and signs contained in the present publi-
cation have either been taken from IEC 27, IEC 41-.
IEC 617 andfor IEC 878, or have been specifically appro-
ved for the purpose of this publication. '

IEC publications prepared by the same
technical commit{ee

The aucntion of readers is drawn to the cnd pages of this
publication which list the IEC publications issucd by

the wechnical committee which has prepared the t
publicauon. peet preses
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATING LIQUIDS - DETERMINATION OF -
THE BREAKDOWN VOLTAGE AT POWER FREQUENCY -
i TEST-METHOD ‘

-
-

FOREWORD : s

1) The {EC (International mwmu-mmmmmmmm =
all national electrotechnical committees {IEC National Committees). The objcot of the IEC Is to promote.
lnternational cooperation on umsnmmnmmmuumhmuum.wmw.u
ihis end and in addilion to other aclivities, the IEC pubfishes Intemational 'Standards. Their preparation s
entrusted to technica! committees; any |EC National Commitiee interasted in the subject dealt with may
participate in this preparatory work. (ntemational, govemmental and noh-povemmental organizations Huising
with the IEC ale= participate in this prepacation. The IEC collaboralcs closely with the Intemational Organization
for Standardization {(ISO) in sccordance with cenditions determined by agreement between the two
organizations. L S

2) The formal declisior:s or agreements of the 1EC s technical matiers, prepared by technical oomnmm on which
ail the National Committees having & special intarast thereln are represenied, express, as nearly as possidle, an,
hhnuﬁonﬂmmdop&iononﬂumﬁmdu@uim. . :

3) They have the form of recommandssions {or intemational use published In the form of standsrds. technical
S mmgmmmq.nm'bymmmmhm«mu Lt

4) In order to promote inlemational unification, 1EC National Commitiess underiake to apply IEC intemational
sw:m:mmummmmmmhmmmmmsm.m‘
ﬁntgombemnnul&mmmmgm«mww_mmm.
indicated In the latier. 3 :

International Standard IEC 156 has been prepared by IEC technical committee 10: Fluids for
electrotechnical applications. -

This second editicz: cancels and replaces the first edilion published in 1963 and conslitutes a
technical revision. i\ - L

The text of this standard is-based on the following docume}\ls: " - P

oIS Repoci on voting L
10/38/018 10/346/RVD

' oy Sl
Full information on the voting for the approval of this standard can be found in the renort .o
voting indicated in the above table. the report:on

0
A

{
S
AT -
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INSULATING LIQUIDS - DETERMINATION OF
THE BREAKDOWN VOLTAGE AT POWER FREQUENCY ~

TEST METHOD

n Scope &7

This Interpational Standard npoclilos the nmhod for determining the dielectric breakdown
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‘voltage of insulating liquids al power frequency. The ‘ast portion, contained in & specitied

spparatus, Is subjected Lo an increasing a.c. electrical Ihld by means’ of a conttlnt rate of
vomge nu until brnk\.own occurs, :

TR a
'

Tho mathod lppllu lo ull types of Insulullug liquids ol‘ nominal viscesily ug t3 850 mmis-1 at
40 *C. It is appropriate bolh for acceplance tesling on unused liquids at the time of their

delivery snd for. nmbllshing the condmon of samples taken in monlloring and maintenance of
.aqulpmlnl g ;

'~1 ':.-.\ . 4 .‘ l.‘
- ‘ H

2 Normltlw refcrences .

The {clicvring normative documants contain brovtsionu which, lh:ough refarence in this text,
constilute provisions of this: Intarnational Standard. At the time of publication, the edilions
indiceted were valid. All normative documents are subject to revision, and pariies to

agreements based on this infemational Standard are éncouraged to inve .:tigale the possibllity

of applying the mosi recent editions of the normative documents Indicated below. Members of
IEC and iSO mainiain ragisters of currently valld International Standards. s o

IEC 52. 19€1, Recommendalions for voltage muaureman( by means of sphcro-gops (one
sphere esarthed)

IEC 60, High-voitage tas( techalques _
'IEC 475: 1874, Msthod of sampling liquid dislectrics

[y

3 Electrical apparatus . 5
' i
The electrical apparatus consists of the following unilsy

a) Voltage regulator

b) Step-up transformer e b

©) Switching system !
d) Emrpy limiting devices:

Two o1 more of these units may be lnloorllod in any equipment system.

3.1 Vonage regulator

Uniform increase of voltage with time by manual means s difficult and, for this reason,
sutomatic control is essential.



1““&1”5 ’ -1 -

Vpitigwomwl may be achieved by one of the following methods:
 a) Variable ratio auto-transformer ‘
b) Electronic regulator
. ©) Generator-field reguiation
d) lmlucﬁon regulator _
¢) Resistive type voltage divider

32 Step-up transformer

The test voltage is oblgined by using a step-up transformer supplied {rom an a.c. (48 Hz to 62
Hz) voltage source whobe value is gradually increased. The controls of the vasiable low-voltage
source shall be capable of varying the test voltage smoothly, uniformly-and without overshools
of tiansients. Incremenital increases (produced, for exampie, by 2 varieble auto-transformer)
shall not exceed'2 % of the expected breakdown voltage.

The voltage applied to the electrodes of the liquid-filled cell chelt have an approximately
sinusoidal waveform, such that the peak factor is within the following firmits: 1,41+ 0,07..

The centre-point of the secondary winding of the transformer should be connected to earth.

3.3 Current-limiting resistors

To protect the equipment and to avoid excessive decomposition of the liquid at the instant of
breakdown, a fesisiance limiting the breakdown currant may be inserted if serles with the test
cell. Z / 2 {{ & : :

The short-circuit current of the transioryner ard associzled circuils shall be within the range of
10 mA to 25 mA for all voltages higher than 15 kV. This may be achieved by a combination of
resistors in either or both the primary and secondary circuits of the high- voltage transformer.

3.4 Switching sysiem
3.4.1 Basic fequireméits

o P (G Z 7 it o
The circuit shall be opened automatically if an established arc occurs. The primary circuit of the
step-up transformer shall be fitied with a circuit-breaker operated by the current resulting from
the breakdown of the sample, and shall break tha voltage within 10 ms. The circuit may be

openef manually if a transient spark (audible or visible) occurs between the electrodes.

NOTE — The sensilivity of the current-serising element depands on the energy-iimiting device employed and
gciymmgdgummuﬁmlw.mﬂmdcwoﬂbyucumm(m.\mmm
§ ms is scceptable, while fast mw-ﬂmllﬁﬂ (see 3.4.2) triggering by a transient currant of. 1 A maintained
4«1mmwmmmu. i o .

3.4.2 Special requirements for silicone liguids

S}Iicone quuids_ ¢an give rise 1o solid decomposition products through the action of electric
discharges, which may cause gross errars in the observed resulls. In such cases, all feasible

steps shall be taken 1o minimize the energy available for dissipation in the breakdown
discharge.
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Whilst current limiting as above, combined with Isolation of the step-up transformer primary
within ?Ong.kummtdrhy&mmumsuﬂmqmommsmm
is obtained by short circuiting of the primary circuit of the transformer by a low-impedance or by
use.of a low-voltage device for detection of breakdown acting within a few microseconds. This
device may be of elther analogue (for example, modulating amplifier) or switching (for example,
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thyristor) type. By the use of this device, the output voltage of the step-up transformer shall be - -
reduced 1o zero within 1 ms of detection.of breakdown, and shall not thereafter increase again

Wﬁnnoxtslepolﬂntesltpqueismm

7
<

35 Measuring device - | .

For the purpose of this standard, the magnitude of the test voltage is defined nilspuknh‘o
dividedbyﬁ. i r

This voltage may be measured bynieim of a peak-voltmeter or by means of another type of
voltmeter connected to the input or output side of the testing transformer, or to a special

winding proviced thereon; the instrument then used shall be calibrated against a standard up 10

the fuli voltage which it is desired lo measure. :

A méthod of calibration which has been found salisfactory is the use of a transfer standard,

This is an auxiliary measusing device which is connected in place of the test cell between the
nigh-voltage terminals to which it presents the same impedance as the filled test cefl. The
auxiliary device is separately cafibrated against a primary standard, for example, a sphere gap
in accordance with [EC 52 (see also IEC60). . :

a ‘ \ ~ s * = -
4 Testassembly ) ; INA7BS - 4 . ek
: 7 \ - B VAN - . a ¥ o
: e A )

4.1 Testcel soads = R TS .;'U)'E'

Tnovolmofu\ibenshulbabemenssommeoonm

The cell shall be made of matefie’ that Is elecifically insulating, transparent and chemically

inent, resistaci 1o the ineutating liquid and the cleaning agents which may be used. o

m-luu,h.ubepgovidodwhhlc_wprmd mﬂbgdqﬁtl'odlopemmmrqﬁnial'ofthi

slectrodes for cleaning and mainisnance, g .
Examples of suitable cell designs are given in-figures 1 and 2.

4.2:Elodrodos '

The'electrodes shpll be made either of brass. bronze or austenitic stainless slesl. They shall be
polished and, in §hape, éither spherical (12,5 mim 10 13,0 mm dizmeter) 2s ghown in figure 1 or
_partially spherical of the shape and dimersions giver in Tigure 2. The exis of the ‘electrode

system shall be horizontal, and at lzast 40 mm below the surface of the test liquid in the cell.

No part of the electrode shall be closer than 12 mm to the cell wall o stirter. The gap between

the electrodes shall be 2,50 mm « 0,05 mm.



The electrodes shall be examined frequently for pitting or othar damage, m m be
Mmaintained or replaced as soon as such damage is observed,

43 Stiriog (optional)

The test may be conducted with or withoul stircing. Differences between tests with oqwllhoul
stiring have not been found statisticatly significant. A stirrer, however, may be convenient
especially with oppmtus oopdblo of autematic operallon g _

Stitring may be achlovod by means of a lwo-bladed lmpollof of elloclive dumoler 20 mm {o 25
mm, axial depth § mm to 10 mm, rotating at a speed of 250 r.p.m to 300 r.p.m. The impefler
shall not entrain air bubbles and preferably fotate in such a direction that the resutting liquid
flow is dlnclod dowmurd It shall be conslmcled so that it is easily cleaned.

Sh«ino bv means of a magnetic bar (20-mm fo 25 mm in length and 5 mm 0 10 mm’in
diameter) is an acceptable lltomahvo when there is no risk oi rernovmg magnellc parllclu

The di-nonslons of lhe stirring devlce shall oonlorm {o the c‘earanoo requlremonls ind 2

S Preparation of electrodes

‘New electrodes, pitted electrodes, electrodes  which have nct been proporly stored for a
oonsidonblo time shall be cloanod by lhe following procedure ;
=~ cleen all surtaces mlh a sutlable volatife solvent and allow the solvent to ovaporalo

- polish with fine abrasive pawder (tor example lewellef‘s tauge} o abrasive pape’r or cldth
(for example, crocus cloth);

- after polishing, clean with petroleum splm (reagent quallty' boil‘ng range 60 'C 80C)
followed by acetone (roagenl quamv).

- lssomblo the electrodes in the cell, fill with 2 clean, unused lmu.almg liquid of the lype |

to be tested next, and raise the electrode vollage lo breakdown 24 times.

6 Test onembly,prepmllon e
It is recommended that a separate test cell assambly be reserved for each mslllat(ng ﬁqu;ld

58

Test assemblies shall be stofed inadry place. covered and filled wrlh dry lnsulamg liquid of

lhelypeinroguluuumlhooelL

On change of the type of liquid under leol remove all resxluoo of the ptovlouo llquld with an
appropriate solvent, rinse the assembly with clean. dry liquid of the same. lype as that to be
tested, drain and refill :



7 Smplingr
7.1 Sample containers
Appropriate sample containers shall comply with IEC_475. An amber glass bottie. is .the

pref
until ready 1o be tested. Plastic containers which sre not ettacked by the fiquid to be tested

59

erred corftainer. Clear glass bottles may be used but they shall be shielded from direct light- -

may be used, but these shall not be used more than once. For sealing, Screw caps with

peiyolefine or polytetrafiuoroethylene Insert are preferred.
Coriainers and caps shall be clearied by washing with a suitable soivent to remove residues of
<A caffier sample. Containers shall next be tinsed with acetone, ‘traces of which shall be
removed by blowing with warm air. g _ ;

After cleaning, containers shall be immedialely capbed and kept sealed unlil used.
7.2 SIM'IQ lechniqug ) ' 1

- Sampling of new and used insulating iquids shall be: carried out in full compliance with
procedures detailed in IEC 478. [ .

When sampling, containers should be almost filed with sample, leaving about 3 % of the
conteiner volume, as free air space. WA

Breskdown vottage i extremely senskive 1o the slightest contaminatiop of the sample by water
and pzrticulate maters. Special reference is made 1o precautions necesscry 107 avoid
mmamwwmmmwmmmmm

Unless otherwise required, the sampie is lsken where the fiquid is likely to be most
contaminated, usually & the fowest point of the container holding it.

-

8 Condition of the'sample | =

Tmuﬂkémudou.uimmw.;bnh&umhnmmamm |

degassing. .

Al the time of test, the tempsratures of the test fluid and ambient air shall not differ by more
Ihlns‘c_md!orrdnuummwwMbo!O‘C:S‘C_.

_ i » :
9 Testprocedure -" .:

9.1 Sample preparation

lmdumybe!mmmtwun.uuummmhmugwwmwu
scuulum:hsuaumyutomuuumuponbluhomogonmdmmnlonoltlu
mm.m.whmmmmmlmmawmm.

Ummwmmwmauﬁmdrdhmsmum.



9.2 Filling of the cell

immediately before commencing the test, drain the test cell and dnse the walls, electrodes and

other component parts, wilh the test sam .
the formation of alr bubbles. \ple. Drain and slowly fill with the test sample avoiding

Measure and record the temperature of the liquid.

Position the cel! in the test equipment and start the stirrer i used
A\

9.3 Application of voitage s

The first application of voltags is started approxiclnatety 5 min afier completion of filing and
checking that no llr._bubbles are visihle ia the electrode gap.

Apply voltag'e to the electrodes and uniformly incraase voltage from zero at the rate of
2,0kVs™! £'0,2 kV s until breakdowr: occurs. The breakdown voltage is the maximum
voliage reached ot the time ine circuit is opened elther sutomatically (established arc) or
manually (visible or audible discharge datected). '

Record the valve. - / L - oS

= =2 = § / :
Cery out six breakdowns on the same cell filling ellowing @ pause of at least 2 min after each
brezkdown before re-application of voltage. Check that no gas bubbles are present within the
electrode gap. If a stirrer is used, it shall run continuously throughout the test.

- [ : ] L ;
Calculate the, mean vaiue of the six breakdowns in kilovolts. :

! . =

10 R.eport
Report the mean val‘ue. in kilovolts, of the six breakdowns as the test result.

The report shall aiso include: the sampla idenlification; the value of each individual breakdown,
_the'type of electrodes used, the frequency of the test valiage, the temperature of the liquid, the
“useol 2 s}irre:r (it any). ) ‘ : f :

N\ A\ ' i i

1 ] - Sy

11 Test data dispersio : : .

The scatter of individual breakdown voliages has been found to be very dependent on the
value of the result. The graphical representation of figure 3 indicates the values of standard
deviation/inean ratio which have been found in a large body of test data in several laboratories

using transformer oil. i

The full line in the yraph shows the E!is!ribution'ql the median value of SD/mean 2s a function
of the value of thag m';an. The dotted lines indicate the expecied 85 % range of values of
SD/mean as a function of the value of the mean. ,
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7 snpling
1.1 Sample containers
Appropriate sample containers shall comply with IEC_475. An mw glass bottle. is .the

pref
until ready 10 be tested. Plastic containers which sre not ettacked by the fiquid to be tested
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erred corftainer. Clear glass botties may be used but they shall be shielded from direct light- -

may be used, but these shall not be used more than once. For sealing, screw caps with '

pelyolefine ot polyletrafiuoroethylene insert are preferred.

?mtgimnandcapsd:dbeéiumdlby'wnﬁngw&hasdm soivent to remove residves of
A catfier sample. Containers shall next be rinsed with acetone, ‘traces of which shall be
removed by blowing with warm air, * % - :

Atter cleaning, containers shall be immedialely capbed and kept sealed unlil used.
7.2 SIﬂp_‘;'lg lechn}qug . . . ) 1
- Sampling of new and used nsulating fiquids shall be-carried out in ull compliance with
procedures delaf!ed in [EC 475, .

o

When sampling, containers should be almast filed with sample, leaving sbout 3 % of the
container volume as free air space. W

mmnhmemmMmdmwwmr
and pzticulate maners. Special reference is Made 1o precautions necessary -10° avoid
mwmdmwmmmuwmmmmm

Unless otherwise required, the sample is laken where the fiquid is likely to be most
contaminated, usually & the fowest point of the container holding it.

-

8 Condltion of the sample 2, %

The test is carried out, prless othsrwise speclid, on the sample as recelved without drying o

degassing. .

Al the time of test, the temperatures of the test fiquid and ambient air shall not differ by more
:hnnS'Gmd!orrd«uumhlqddumunMhm‘C:S'c_.

o 4 .
9 Test procedure ' ~" :

9.1 Sample preparation

lmmodtmlybeiomm\gmwduﬂ.&numplceonulmbooulyngwwwmodovor
uvaultlmnhsudumyutomuuuhrupoubluhomopmmambuﬂonouho
mm:m:mmwmmmmlmmuwmbw.

Unnccemrvupomtonnmﬁ«udrdﬂnwmhsmum.



9.2 Filling of the cell

immediately before commencing the test, drain the test cell and dnse the walls, electrodes and

other component parts, wilh the test sam .
the formation of alr bubbles. \ple. Drain and slowly fill with the test sample avoiding

Measure and record the temperature of the liquid.

Position the cel! in the test equipment and start the stirrer i used
A\

9.3 Application of voitage s

The first application of voltags is started approxiclnatety 5 min afier completion of filing and
checking that no llr._bubbles are visihle ia the electrode gap.

Apply voltag'e to the electrodes and uniformly incraase voltage from zero at the rate of
2,0kVs™! £'0,2 kV s until breakdowr: occurs. The breakdown voltage is the maximum
voliage reached ot the time ine circuit is opened elther sutomatically (established arc) or
manually (visible or audible discharge datected). '

Record the valve. - / L - oS

= =2 = § / :
Cery out six breakdowns on the same cell filling ellowing @ pause of at least 2 min after each
brezkdown before re-application of voltage. Check that no gas bubbles are present within the
electrode gap. If a stirrer is used, it shall run continuously throughout the test.

- [ : ] L ;
Calculate the, mean vaiue of the six breakdowns in kilovolts. :

! . =

10 R.eport
Report the mean val‘ue. in kilovolts, of the six breakdowns as the test result.

The report shall aiso include: the sampla idenlification; the value of each individual breakdown,
_the'type of electrodes used, the frequency of the test valiage, the temperature of the liquid, the
“useol 2 s}irre:r (it any). ) ‘ : f :

N\ A\ ' i i

1 ] - Sy

11 Test data dispersio : : .

The scatter of individual breakdown voliages has been found to be very dependent on the
value of the result. The graphical representation of figure 3 indicates the values of standard
deviation/inean ratio which have been found in a large body of test data in several laboratories

using transformer oil. i

The full line in the yraph shows the E!is!ribution'ql the median value of SD/mean 2s a function
of the value of thag m';an. The dotted lines indicate the expecied 85 % range of values of
SD/mean as a function of the value of the mean. ,
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7 Smplingr
7.1 Sample containers
Appropriate sample containers shall comply with IEC_475. An amber glass bottie. is .the

pref
until ready 1o be tested. Plastic containers which sre not ettacked by the fiquid to be tested

63

erred corftainer. Clear glass bottles may be used but they shall be shielded from direct light- -

may be used, but these shall not be used more than once. For sealing, Screw caps with

peiyolefine or polytetrafiuoroethylene Insert are preferred.
Coriainers and caps shall be clearied by washing with a suitable soivent to remove residues of
<A caffier sample. Containers shall next be tinsed with acetone, ‘traces of which shall be
removed by blowing with warm air. g _ ;

After cleaning, containers shall be immedialely capbed and kept sealed unlil used.
7.2 SIM'IQ lechniqug ) ' 1

- Sampling of new and used insulating iquids shall be: carried out in full compliance with
procedures detailed in IEC 478. [ .

When sampling, containers should be almost filed with sample, leaving about 3 % of the
conteiner volume, as free air space. WA

Breskdown vottage i extremely senskive 1o the slightest contaminatiop of the sample by water
and pzrticulate maters. Special reference is made 1o precautions necesscry 107 avoid
mmamwwmmmwmmmmm

Unless otherwise required, the sampie is lsken where the fiquid is likely to be most
contaminated, usually & the fowest point of the container holding it.

-

8 Condition of the'sample | =

Tmuﬂkémudou.uimmw.;bnh&umhnmmamm |

degassing. .

Al the time of test, the tempsratures of the test fluid and ambient air shall not differ by more
Ihlns‘c_md!orrdnuummwwMbo!O‘C:S‘C_.

_ i » :
9 Testprocedure -" .:

9.1 Sample preparation

lmdumybe!mmmtwun.uuummmhmugwwmwu
scuulum:hsuaumyutomuuumuponbluhomogonmdmmnlonoltlu
mm.m.whmmmmmlmmawmm.

Ummwmmwmauﬁmdrdhmsmum.



9.2 Filling of the cell

immediately before commencing the test, drain the test cell and dnse the walls, electrodes and

other component parts, wilh the test sam .
the formation of alr bubbles. \ple. Drain and slowly fill with the test sample avoiding

Measure and record the temperature of the liquid.

Position the cel! in the test equipment and start the stirrer i used
A\

9.3 Application of voitage s

The first application of voltags is started approxiclnatety 5 min afier completion of filing and
checking that no llr._bubbles are visihle ia the electrode gap.

Apply voltag'e to the electrodes and uniformly incraase voltage from zero at the rate of
2,0kVs™! £'0,2 kV s until breakdowr: occurs. The breakdown voltage is the maximum
voliage reached ot the time ine circuit is opened elther sutomatically (established arc) or
manually (visible or audible discharge datected). '

Record the valve. - / L - oS

= =2 = § / :
Cery out six breakdowns on the same cell filling ellowing @ pause of at least 2 min after each
brezkdown before re-application of voltage. Check that no gas bubbles are present within the
electrode gap. If a stirrer is used, it shall run continuously throughout the test.

- [ : ] L ;
Calculate the, mean vaiue of the six breakdowns in kilovolts. :

! . =

10 R.eport
Report the mean val‘ue. in kilovolts, of the six breakdowns as the test result.

The report shall aiso include: the sampla idenlification; the value of each individual breakdown,
_the'type of electrodes used, the frequency of the test valiage, the temperature of the liquid, the
“useol 2 s}irre:r (it any). ) ‘ : f :

N\ A\ ' i i

1 ] - Sy

11 Test data dispersio : : .

The scatter of individual breakdown voliages has been found to be very dependent on the
value of the result. The graphical representation of figure 3 indicates the values of standard
deviation/inean ratio which have been found in a large body of test data in several laboratories

using transformer oil. i

The full line in the yraph shows the E!is!ribution'ql the median value of SD/mean 2s a function
of the value of thag m';an. The dotted lines indicate the expecied 85 % range of values of
SD/mean as a function of the value of the mean. ,

64



S45L

T2

Figure 1 - Exemple d'une cellule et d'électrodes sphérlquos appmprlécs
E:nmple of suitable cell and sphenal cloctrodcs :

e
\ VA" 74
= N tAéthacrylate de méthyle
g ] ] - A Methyl methacrylate
< 25 4
8| ez /r‘r t“__:—:* i
Pt o ) w8 § -
a - &N | {1 4
& 13 2h
E
{10 — 100 m‘
iy
2 i
2 4
1
o

Figure 2 - Exemple d'une cellule et d'électrodes hémisphériques appropriées
Examplo of suitable cell and partially sphericil-electrodes
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qm}) Designation: D 877 - 87 (Reappraved 1895)

Standard Test Method for

Muthex! 75 S Tt
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Dielectric Breakdown Voitage of Insulating Liquids Using

Disk Electrodes’

original ados; e uader the fixrd designation D §77; the oxmber immedianty follgwing the deagmation indicws he yow of

supencrigy
TXix stanciord

or, 2 the ceve of revision, the year of fat revision. A Tember in pareace mdicees the reur otk mxgpevel. &
€ulon () indicates an ecitorial change since the bt srvision or sagproal.

Sondants o 1 Berm Goproved jix e by apenct o e Diparcment o e Coesal the Do bndex of Syecificmions ond
Jor the peciic yeur o ixtme hich hts bt eoge by e Depwromane of Do

1. Scope

sicone fuids (see Tes Methods D 1oy s 108
W“mmwmmm
sm_ub|h§yc_ofurhtrr.h¢:efe,‘conhemmiml:u_u‘:lm“'[,_‘:fr
%Sll‘?sm Raving visosites exceeding 900 ¢St (mm/s)
(5000 SUS)at 40°C (104°F) b oy ey S (s
1.2 This west method is recomm ted for

on unprocessed insulating L

liquids received from vendors T
Tt may also be wsed for the

1.4 Both the ST and inch-pound units are squatly accept
able. \

1.5 This standard may involve ha=ardous mazerials. oper.
ations, mleqw. This siandard does nor pwrpont 1o
address all of the sajety concerns associared with ils use. [t is
the responsibility of the user of this standard w esighlish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior lo use.

1. Referenced Documents

2.1 ASTM Standards: '
D4gd ﬂ:}edﬁuﬁou for Hydrocarbon Crycleaning
Solven . .
D923 Test Method for Sampling Electrical Insulsting

Liquids’

L Is under the junsdiction of ASTM Commine D-7 oa
Wmumwmmﬁudihdum«
7,05 on Elecncal Test.
wwmdmm wﬂ Feb. 27. (987, Published lu.m 1987, Oogaally
publisad as D 877 - 46 T. Last previous edinos D77 -
1 Dnsoonunued: e /904 dmeal Book of ASTV Standerds. Vel 05.01.
) Anmanl Book of ASTV Stonsards, Vol 10.0).

D 1816 Test Method for Dielectric Breakdown Voltags of
[nsulating Ois of Petrolesm Onigm Usimg VDE
Electrodes’

D 2225 Test Methods of Testing Siicooe Fluids Used for
Electrical [nsutation’
12 Institute of Electrical and Elecoronics Exginerrs Ston-
dard:

No. 4 Measurement of Voltage in Dislecmic Tess*

3. Siguificance aad Use

3.1 The dielacrric breakdown voitage of an sulatiog
Hiquid 3 of importance as 2 measare of the higud’s ity ©
withstand electric stress without £iure. it serves w mdicane
the preseace of contaminatiog agents. sech a5 wazer, &L
moist cellulosic fibers. or conducting paracies m the bousd
one or more of which may be presenst in sgraicant conces-
trations when low dielectric breakdown values are fownd by
test. However,  high diclectric breakdown voitage Soes oot
mdicate the absence of ail contamizanTs, & may merdly
dicate that the concentrations of coatamioancs that a2
present in the Bquid between the electrodes e aot largs
enough to deleteriousty 2ffect the avesage breakdown voltage
of the liquid when tested by this method. See Appendix X1

4. Apparates

4.1 Trangformer—The desired st voitags mav be most
readily obtined by a siep-up transiormer energized from 2
The transiormer and controiling element shall be of such sze
and design that with the et specimen i the aromd, the
erest factor (rano of maumuom t mean effective) of the
60-Hz st volaage shall not differ by moce than =5 S from
that of 2 sinusoidal wave over the upper baif of the range of
test voltage. The crest factor may be checked by mezns of an
oscilloscope, 3 sphere-gap. or a peak-reading voltmeter i
conjuncton with 3 root-mean-square voltmeter. Where the
vave form cannot be determined coavemsently, 2 tams-
former having a rating of not less tham !4 kVA at the usual
breakdown voluage shall be used. Transiormers of larger
kilovolt-ampere capacity may be used, but in 80 case shouid
the short<circurt current in the specimen circuit be outsde
the range of | to 10 mA/KY of applied voitage. This
limitation of current may be accomphished by the use of 2

+ Avaslable from The lastitsts of Blectrical and Elecomes Engmenns. lac.. 345
E. 7 S0 New Yorik, NY 10017 '
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suitable external series resisior or by the designed reactance
of the transformer, .

_4.1 Cirguir-(mmwing Equipmeni—The test transformer
primary circuit shall be protected by an automatic circuits
breaking device capable of opening in 3 cycles or less on the
current produced by breakdown of the test speciren. A
S-cycle breaker may be used if the short-circuit current as
described in 4.1 does not exceed 0.2 A, The current-sensing
dcmcnl_lhll irips the circuit breaker should operate when
the specimen-circuit current is in the range of 2 to 20 mA. A
protonged flow of current at the time of breakdown causes
carbonization of the liquid and pitting and heating of the
electrodes, and thereby increases the electrode and test cup
maintenance and time of testing.

4.3 Voltage-Conirol Equipment—The rate of voltage rise
shall be 3 kV/s = 20 %. Voltage control may be secured by a
motor-driven  variable-ratio-autotransformer.  Preference
should be given to equipment having an approximately
straight-line voltage-time curve over the desired operating
range. Motor drive is preferred to manual drive because of
the difficulty of maintaining a reasonably uniform rate-
of-voltage rise with the latter. The rate-of-voltage rise may be
calculated from measurements of the time required to raise
the voltage between two prescribed values. When motor-
driven equipment is used, the speed control cheostat should
be calibrated in terms of rawe-of-voltage rise for the test
transformer used.

44 Voltmeter—The voltage shall be measured by 2
method that fulfills the requirements of IEEE Standard No.
4, giving rms values, preferably by means of;

44,1 A voluneter connected to the secondary of a sepa-
rate potential transformer, or

442 A voltmeter connected 10 a well-designed. tertiary
coil in the test transformer, ot

44.3 A voltmeter connected to the low-voltage side of the
testing transformer if the measurement efror can be main-
tained within the limit specified in 4.5

4.5 Acruracy—The combined accuracy of the voltmeter
and voltage divider circuit should be such that measurement
error does not exceed 5 % at the rate-of-voltage rise specified
indJ3.

S, Electrodes

5.1 The electrodes shall be polished brass disks 25 mm or
| in. in diameter, and at least 3 mm or ¥s in, thick, with
Square edges.

6. Test Cup

6.1 A test cup having rigidly mounted: electrodes with
paralle] faces and axes in a coincident horizontal line shall be
used. The cup shall be constructed so that no part of it is less
than 13 mm or ' in. from any part of the test clectrode disk.
The total leakage and charging current of the cup, when
filled with 2 good grade of oil. shall be less than 200 pA at 20
kY, 60 Hz. It shall be made of a material of high di¢lectric
Strength, and shall not be attacked by any of the cleaning or
st liquids. It shall not absorb moisture or the cleaning and
852 liquids. The top of the cup should be at least 25 mm or |
1n. above the 1op of the electrodes. The cup shall be designed
10 permit easy removal of the clectrodes for cleaning and
Polishing, and to permit easy adjustment of the gap spacing.

T AW-ICmﬂsmﬂTanm
7.1 Electrode Spacing—The spaciog of tg';is i
during tests shall be 2.5 mm or 0.100 in. e
determined wimnundudroundnﬂofz.s_a‘:o. L
0,100 + 0.0008 in.. or flat steel “g0 and “‘50'39 5::_
having thicknesses of 2.49 and 251 mm or 0.
0.1005 in., respectively. The spaciog shall hece:
following any polishing, wipiog. of cleaning OpeTatior.=
which the cup is disuss_cmil«:llo'r un'euctrodel distur=:.
d at the beginning of eac y's testing.
m7.2 Cleaning—The electrodes and the cup shall m
clean with dry, lint-free tissus paper of 4 clean dry s
It is important to avoid touchm_; the dectmdﬂ‘ ohbeél;
cleaned gage with Lhcﬁngmorwhpoﬂn:mm‘m
paper or chamois that have been'm contact o
After adjustment of the gap $paciog, the cup g
with a dry hydrocarbon solvent. such as kerosin¢ i =
solvent.’ A low-boiling solvent should not be az

i i ing mOis™
evaporation may cool the cup. causi
mn?linsadom If this occurs, the cup sbquld.bec;r:u:-
slightly to evaporate Lhe moisture before “3:‘3 i. s
be 1aken to avoid 1ouching the electrodes or the oS!

z =

after cleaning. After thorouchlclnnmg. the cup shai=
:qu‘s’hedwith new, dry, ﬁlwmdliqmd‘of:l'ntypebe;ngfz
(preferably degassed oil if the cup is being used for 5
oils).AvoltmbmkdOv)nmshullbempeonam e

go0d condition, the test cup shall be considered as proc="
prepared for ‘testiog other samples. If a lower vai:
obtained, the cup shall again be thoroughly cleaned anc=
test repeated with a clean dry liquid. -

7.3 Daily Use—At the beginning of cach day’s tesing.=
electrodes shall be examined for pitting and contaminam—
They should be repolished if pitting is severe. Carbon or =
should be wiped 0ff, and the gap serting checked. The =
shall be flushed, and tested with a clean dry liquic -
described in 7.2.

7.4 Polishing of Electrodes—When examination of ==
trodes shows minor ‘scratching or pitting, the electre=
should be removed from the test cup and polished by bu=™—
with jeweler's rouge using a soft cloth or soft buffing wo=
(Resurfacing may be necessary in order to remove desc=
marks oredge damage.) Care must be taken in resurfacic:-
in polishing to ensure that the electrode faces rem=
perpendicular to the axis and that the edges do not bec=
rounded. All residue from the buffing must be remee
before the electrodes are reinstalied in the test cup. This =
be accomplished by repeated wiping with lint-free ns
paper saturated with a suitable solvent (such as petroi=—
cther), followed by solvent rinsing or ultrasonic clear=
After the electrodes have been reinstalled in the test =
clean and adjust spacing in accordance with 7.1 and 7.2

1.5 Storage of Test Cup—When not in use, the cu:
used for referee tests, shall be stored filled with a new. =

IS ASTM Specifiation D484, for Hydrocarbon Drycleaiog Some.
dAnmial Book o' ASTM Standards, Vel 001, :
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fier~d Rauid of thgy 1, being tested, and tightly coversd

5. Sempling

8.1 A ample of the fiquid 10 be tested ;
dwﬂg-mdiunmu-mw&'",;m
s specificd in accordance with Methods D 923. The sample
shall be tsken in g dry, clean bottle that shall be tightly sealed
ermmml until ready 10 be tested (Note )
presencx of moisture, sludge, metallic particles, or other
foreign malter, If the sample shows evidence of free wager
the diclectric breakdown lest may be waived, and the sample
shall be reported as unsatisfactory,
Nore. |~ is mggested that 2 L of sample be made svailable whes

referoe teada urc 10 be made, and | L of sampie
f0utiBe 1enis 81% 10 be made. . be made svailable wheo

8.2 The dielectric breakdown voltage of liqui
sty impaived by th migraion o imputic (g
tbe iquid. In order that a representative test- specimen
: impurities may be obtained, the
conanc sall be gl inverte a0d swired severl tings
mﬁlhm%um.wll-l B T
w":mmwm“ﬁfmbeinmmimm
Buid. Immodiately afle agtation, a small portion of the
befilled oy with the fiquid o be tested i 3 mar e
avoud entrapment of air. It shiould be filled to 2 level gt
s than 20 mm or 0.§in. above the 10p of the clectrades. It
onder 10 permmit the escape of air, the iquid shall be allowed
o 5ta0d in the cup for not less than 2 oin and nios more thao
peort It impracical 10 e g bevin visoste canging
bavecn 10 and 22 5t () (60 20d 100 SUS) i 100C 217y m
in 8.2. When testing high-viscosity liquids i tis
7aoge, the sample should be allower 10 stand antil it rraches wom
Salute, which ghould not be fem thin 20°C (68°F). The saple
e ould ot be. guiried a8 proscribed im 8.2, b should be
& leasq 30 min before the test, 204 thea peizvened and
opened ot prioe wy filling the test up.

9. Test Tempermture

,'h’" The temperatare of the specimen when tesied shall be

o Same a3 that of the roor, but the room temperature shall

00 Casc be legs thap 20°C (68°F). Testing liquids a1

ifes lower than that of the room will give vaniable
results.

10. Rate of Rige of Voitage
10 V"“*dnnbeappﬁedmdincmdﬁommn
e of 3 /s « 20% until breakdown ocrurs 2

ILM
]l.l%?‘mﬂl‘-ﬂbﬂﬂkmwmh
ml"ﬂm voltage of a pew liquid for referee
mmmmumﬂmmo{ﬁw
thus .ﬁmnudmemm.mhuquh}nl
Obtainesd shgf be subjected to the criterion for satisical

mthn.xumﬁnmmﬁ
. their sverage shall be reponed as the diclectric
breakdown vohage of the sample. If they do not meet this
criterion, one breakdown on each of five sdditiocal cup
fillings shall be made, and the average of the ten breakdowas
shall be reported 2 the dielecrric breskdown voltage of the
sample. No breakdown shall be discarded.

112 Routine Testing—When it is desired 10 detes-
mine the dielecrric breakdown votiage of 4 liquid on 3
foutine basis, five breakdowns may be made on one cup
filling with 1-min intervals between breakdowns. The av-

11.3 Criterion for Statistical Consistency—
11.3.1 Calculate the mean and standard deviation of the
five breakdowns as follows:

!-v;,’v, sands= \fﬁ ;,x,'-if)
famt,

where: il

X = mean of the five individual values,

X; = th breakdown voitage, and

§ = standard deviation.

1f the ratio s/% exceeds 0.1, it is probable that the standard

deviation of the five breakdowns is excessive, and therefore

that the probabie error of their average is also excessive.
1132 Altemative Criterion—Caiculawe the range of the

five breakdowns (maximum breakdown voitage minos min-

imum breakdown voltage), and multiply this range by three.

[fthe value s0 obtained s greater than the next 1o the lowest

breakdown voltage. it is probable that the standard deviation

of the five breakdowns ® excessive, and therefore the

probable error of their average is also excessive.

12. Report
121 The repont shall inciude the following:
12.1.1 ASTM designation of the jest method wsed

877,

12.1.2 Procedure used, that is. referee test Of routine test.

12.1.3 Approximate viscosity of the liquid tested,

12.1.4 Temperature of the hiquid and the room at time of
test, and

12.1.5 Individual breakdown values and the average
breakdown value in any of the following ways that may

apply-

12.1.5.1 Five breakdowns, one on each of five cup fillings
that meet the critericn of statistical consistency,

12.1.52 Ten breakdowns, one on ¢ach of ten cup fillings
when the first five breakdowns do aot meet the criterion for

12.1.5.5 In routine testing. five breakdowns oo one cup
mﬁngdmmthenimiondnﬁaﬂlmy,m
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(11,54 When the routine et iy emploved, e tyent.
gaws on ench of two cup filliogs hen the hmkﬂmmn
e fst P filing do not mee! the cclerign of fatistieal

consusteacy.

12.1.6 It sample was observed 0 contin frae wayer o
other conraminants, the teport should 0 {ndieqre with o
gatement that the st was not made,

13, Prociion and Bigy

3.1 The precision of this vest method has not been
etermined, No statement can be made about the bias of this
!ﬂv:ll:luhndbenuulmmmwﬂilm
available,

APPENDIX
(Notmandatory Iformato)

X1. OTHER FACTORS THAT AFFECT

THE DIELECTRIC BREARDOWN YOLTAGE OF INSULATING

LIQUIDS AT COMMERCIAL POWER FREQUENCIES

X1.! The dielectric breakdown voltage of ¥ liquid a1
mmddwmfmuenﬁuisﬂndfmﬁbythedm
u‘udh’niwdthldmicﬁeld.lhclmoflhedmmdmf
olume of the liquid under mauximurn sipes, (e length of
ime for which the i is under sres, the temperature of
e liqud (especiall ingofar a it affeets vhe reltive satun
ton level of moisture in Solution), gassing teadencies of the
Bevod under the influznce of elctric dtres, concentration of
dissolved gases (especialy if sturation levels ary careeded
aresult of suddem cooling o decrease in pressure, which may
cause the formation of gas bubbies), incompatbitty with
materials of construction, and velociry of low. A decrease in

diekectric srengh-of the liquid can have an aceentuated
elfect on the electric creepage strength of solid insulating
muaterials immersed fn fhe liquid.

X1.2 Because of the separate, cumulative, and in some
e, intercting effct of the influeaces listed above, the
average breakdown oltage of  iquid s determined by this
tes method cannot b used for design purposes. Allernalive
163t procedures that may yield more meaningful indications
of the functions! dielectne strength of a liquid are under
consideration ([or example, a Step-by-step method of ap-
plying voltage, and using the lowest rather than the averags
vilue- of breakdown voltage obtained in the prescribed
number of tests)

mmuthmnmn-nwmumdnmmmhm
i iy dom oo it sancrd, o o g ncur 1o pvassy scwiad e desemmston of 1 vl of ary ik
Y 1giee. el the ik of QMY of g, e @Ry e o Feaponablly,

mwimumunmnnmwmmmhmﬂmhmu
1 ovinc, At oot of i, Your Crmmert] iy Fwied e for v o i arancie A acketons! standardy
I ahouy by acireeaed 1o ASTV Hesoguernirs. Your cormenty el ot Carod conasderstion af & Mt of e respongible
10Vl Commed. /s rou My M. 1 YOu el Al oo COPTRGNGS v M0l receed 3 I Nairg you Bhouki male
w10 e ASTM Commines 00 Sowadiry, 100 A Haror Orvt West Conmonn, 4 18,
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1. Scope

sicone fuids (see Tes Methods D 1oy s 108
W“mmwmmm
sm_ub|h§yc_ofurhtrr.h¢:efe,‘conhemmiml:u_u‘:lm“'[,_‘:fr
%Sll‘?sm Raving visosites exceeding 900 ¢St (mm/s)
(5000 SUS)at 40°C (104°F) b oy ey S (s
1.2 This west method is recomm ted for

on unprocessed insulating L

liquids received from vendors T
Tt may also be wsed for the

1.4 Both the ST and inch-pound units are squatly accept
able. \

1.5 This standard may involve ha=ardous mazerials. oper.
ations, mleqw. This siandard does nor pwrpont 1o
address all of the sajety concerns associared with ils use. [t is
the responsibility of the user of this standard w esighlish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior lo use.

1. Referenced Documents

2.1 ASTM Standards: '
D4gd ﬂ:}edﬁuﬁou for Hydrocarbon Crycleaning
Solven . .
D923 Test Method for Sampling Electrical Insulsting

Liquids’

L Is under the junsdiction of ASTM Commine D-7 oa
Wmumwmmﬁudihdum«
7,05 on Elecncal Test.
wwmdmm wﬂ Feb. 27. (987, Published lu.m 1987, Oogaally
publisad as D 877 - 46 T. Last previous edinos D77 -
1 Dnsoonunued: e /904 dmeal Book of ASTV Standerds. Vel 05.01.
) Anmanl Book of ASTV Stonsards, Vol 10.0).

D 1816 Test Method for Dielectric Breakdown Voltags of
[nsulating Ois of Petrolesm Onigm Usimg VDE
Electrodes’

D 2225 Test Methods of Testing Siicooe Fluids Used for
Electrical [nsutation’
12 Institute of Electrical and Elecoronics Exginerrs Ston-
dard:

No. 4 Measurement of Voltage in Dislecmic Tess*

3. Siguificance aad Use

3.1 The dielacrric breakdown voitage of an sulatiog
Hiquid 3 of importance as 2 measare of the higud’s ity ©
withstand electric stress without £iure. it serves w mdicane
the preseace of contaminatiog agents. sech a5 wazer, &L
moist cellulosic fibers. or conducting paracies m the bousd
one or more of which may be presenst in sgraicant conces-
trations when low dielectric breakdown values are fownd by
test. However,  high diclectric breakdown voitage Soes oot
mdicate the absence of ail contamizanTs, & may merdly
dicate that the concentrations of coatamioancs that a2
present in the Bquid between the electrodes e aot largs
enough to deleteriousty 2ffect the avesage breakdown voltage
of the liquid when tested by this method. See Appendix X1

4. Apparates

4.1 Trangformer—The desired st voitags mav be most
readily obtined by a siep-up transiormer energized from 2
The transiormer and controiling element shall be of such sze
and design that with the et specimen i the aromd, the
erest factor (rano of maumuom t mean effective) of the
60-Hz st volaage shall not differ by moce than =5 S from
that of 2 sinusoidal wave over the upper baif of the range of
test voltage. The crest factor may be checked by mezns of an
oscilloscope, 3 sphere-gap. or a peak-reading voltmeter i
conjuncton with 3 root-mean-square voltmeter. Where the
vave form cannot be determined coavemsently, 2 tams-
former having a rating of not less tham !4 kVA at the usual
breakdown voluage shall be used. Transiormers of larger
kilovolt-ampere capacity may be used, but in 80 case shouid
the short<circurt current in the specimen circuit be outsde
the range of | to 10 mA/KY of applied voitage. This
limitation of current may be accomphished by the use of 2

+ Avaslable from The lastitsts of Blectrical and Elecomes Engmenns. lac.. 345
E. 7 S0 New Yorik, NY 10017 '
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prolonged Now of current ut the 1ime
carbonizavon of the liquid and plitin
elecirodes, and thereby increases the
maintenance, and time of testing,

4.3 Voltage-Conraf Equipment=The rate of
shall be V3 k\' v = 20 &

of breakdown causes
8 and heatng of the
electrode und test cell

voltage rise
, The rate-of-rise moy be culculated
{rom measurements of' the 1ime required to raise the vollage

between two prescribed values, Voliage control may be
secured by a motor-driven variable-ratio-autotransformer,
Preterence should be given 1o tquipment having an approx.
imate straight-line voltage-time curve over the desired oper-
atiog range. Motor dnve s preferred to manual drive because
of the ¢axe of maintaining a reasonably uniform rate-
otvoltage rise with this test method. When motor driven
squipment is used. the speed conirol rheostat should be
calibrated in terms of rate-of-voltage rise for the test trans-
tormer used.

4.4 Voltmeter—The voltage shall be measured by a
method that tulfills the requirements of [EEE Standard No.
4, giving rms values. preferably by means oft

4.1 A voltmeter connected to the secondarv of' a sepa-
rate potential transiormer., or

4.4.2 A voltmeter connceted 10 2 well-designed teniary
voil in the test transiormer, or

4.4.3 A voltmeter connected to the lowsvoltage side of the
testing transformer it the measurement érror can be main-
tained within the limit specified in 4.5,

4.3 dectracy—The combined accuracy’ of the voltmeter
and voltage divider circuit should be such that measurement

error does aot exceed § % at the rate-0l-voltage rise specitied
in4.3.

&, Electrodey

3.1 The electrodes shall be- potished brass spherically-
capped electrodes of the VDE (Verband  Deutscher
Elektrotechniker. Specification 0370) ty pe having the dimen-
sions shown in Fig. . They shall be mounted: with axes
honzontal and coincident.

3.2 The test cell shall be designed 10 permit €asy remozval
of the electrodes for cleaning and polishing.

6. Test Cell

6.1 The test cell shall be upprogimately cubical, A cell
having a capacity ot approximately 0,95 L. has been found 1o
be satistactory or an ¢lectrode spacing.or 2 mm or 0,080 in.
A cell having a capacity. of approximately 0.5 L_h::s bern
found to be saustactory for an electrode spacing of I mm or
0.040 in. Electrodes shall be mounted rgidls from opposite
sides with the gap approximately ceatered, Ckamnm from
all other sides and any part of the suming device shall bc at
least 13 mm (v in.,. The test cell shatf-bx proridtdl witha
motor-driven wo-bladed impelier measuring appro.un!m:l,v
33 mm (1% in.) berween the blade extremities. having a
ditch of approximately 40 mm or 1.37 in. 1blade angle of
approvimatelv 20°). operating at a speed petwezn 200 .;md
300 rpm. The impeller. located below the lower 2dge of the
electrodes. shall rotate in such a direction that the resulting
fiquid tlow is dirécted downward :gains‘t the bouo'm of the
test c2il. The test el shall be made of 2 materai of hng,h
dielectric sirength. shall be insoluble in ard unanacksd o
any of che 2leaning or iest iiquids used. and shail be

4 MM RAD

g

|
13 MM =

FIG. 1 VDE Electrode

nonabsorbent 1o moisture and the cleaning and test liquids.
So that the breakdown may be observed. transparent m:uf-
nials arz desirable. but not essentiai. In order to‘pnxlu.‘.:
stirring aic with the sample. the cell should be provided with
a vover or baifle that will effectivelv prevent arr from
contacting the circulating liquid.

7.-Adjustment and Care of Electrodes and Test Cell

.1\ Spacing—With the electrodes tirmly locked in posi-
tion. the electrodes shall be checked with a standard round
gage (or Z-mm or 0.080-in. spacing. when a voltage source o
asuitable cange is available. or for 1-mm or 0.040~ia. spacing
when the 1est transformer voltage limit is restricied 10
approximately: 5O KV, Flat ~go™ and ~no-go™ gages may be
substituted having thicknesses of the specified value =0.03
mm for electrode spacings of | or 2 mm. or thickaesses of
the specified salue =0.001 in. tor spacings of 0.040 or 0.030
in. IT'it'is necessany to, readjust the electrodes. they shall be
relocked. and the spacing again checked.

“.2 Cleaninz—The electrodes and the cell shall be wiped
cleun with dryv. lint-free tissue paper. or a clean dry chamois.
!t-is important” 1o avoid touching the electeodes or the
cleaned gage with the tingers or with portions of the nssue
paper oF chamois that have been in contact with the hands.
After adjustment of the wap spacing. the cell shall be rinsec
withadn hydrocarbon solvent. such as Kerosine or solvents
ol Specification D 233, A low-boiling solvent should not ke
used. as its rapid evaporation may cool the cell. Causing
molsture condensation. I this oceurs, before using. the cel!
should be slightly warmed to evaporate the moisture, Care
shpll be taken to avoid touching the electrodes or e inside
of the ccll after cleaning. Alier thorough uleaning. the celi
shall be lushed with new. dry. filtered oil of the type 1o he
tested tpreferably degassed oil), A voltage breakdown tes
shall be made on a sample of this il in the manner speciiiec
i this test method. If the breakdown vakage is 1n the prope:
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range fot this conditioned oil, the cell shall be consigered as

operly prepared for testing other samples. A lower than
anticipated value shall be considered as evidence of cell
contamination, and it shall again be thoroughly cleaned, and
the breakdown test repeated with a clean dry oil.

7.3 Daily Use—At the beginning of each day's testing, the
electrodes shall be examined for pitting and carbon accumo-
lation, and the spacing checked. If the test of any sample is
below the breakdown value being used by the operatar as a
minimum satisfactory value, the cell shall be drained and
flushed with a good quality oil of the type being tested before
testing the next sample. When not in use, the cell shall be
kept filled with good quality oil of the type normally tested.

7.4 Polishing of Electrodes—When efectrodes show slight
etching, scratching, pitting, or carbon accumulation, they
should be removed from the test cup and polished bv buffing
with jeweler's rouge using a soft cloth or soft buffing wheel.
The residue from the buifing should be removed by repeated
wiping with lint-free tissue paper saturated with a suitable
solvent (such as petroleurn ether). followed by solvent rinsing
or ultrasonic cleaning. After careful inspection. any elec-
trodes from which pitting cannot be remaved by light buffing
should be discarded or refinished to the original contour and
finish, as more severe refinishing would destroy the electrode
contour and dimensions shown in Fig. 1. Reinstll the
clectrodes in the test cup and adjust spacing and clean in
accordance with 7.1 and 7.2.

8. Sampling ; g

8.1 A sample of the oil 10 be tested shall be obtained with
appropriate ASTM sampling apparatus. Oil sampling proce-
dures are detailed in Methods D 923, Particular: reference
should be made to the general precaution statement of this
test method. The sample shall be taken in a dry, clean bottle
which shall be tightly sealed and shielded from light untl
ready 10 be tested.

8.2 The dielectnc breakdown voltage of liquids may be
seriously impaired by the migration of impurities through
the liquid. In order that a representative.test specimen
conwining the impurities may be obtained. the sampi¢
container shall be gently inverted and swirled several timeés
before filling the tast cell. Rapid agitation is- undesirable,
since an excessive amount of air may be introduced into the
liquid. Immediately afler agitation, a small portion of the
sample shall be used to rinse the test cell. The cell shall then
be filled slowly with the remaining portion of the sample.
There shall be an interval of at least 3 min between-filling
and application of voltage for the first breakdown, and at
least |-min intervals before applicauons of voltage for
successive breakdowns. During these intervals and at the
time voltage is being applied, the propelier shall be circu-
lating the oil.

9. Test Temperature

9.1 The temperature of the sample when tested shall be
the same as that of the room, but the room temperature shall
in no case be less than 20°C (68°F). Testing liquids at
temperatures lower than that of the room may give vaniable
and unsatisfactory results,

10. Procedure
10.1 Rate-of-Rise of Voliage—~Apply the voliage and in-

crease from 2210 at the rate of approximately ; kV/s sadf
breakdown occurs, as indicated by operation of the aronie:
interrupting equipment: record the valse. Occasional Mo
mentary discharges may occws which do ot reseit i
operation of the imerrupting equipment: these shalf Be

10.2 When it is desired 10 determine the valne of the
dielectric breakdown voitage of an oil. make five breakdowns
on one filling of the cup. Examine the five breakdowss of
mmﬁmmm.mﬁmwumd.&
scribed i 10.3, use therr average 10 deermine the dietecwric
bmkdm'nvdugco(zlwmphlftheytbnamh
cﬁm.makeﬁvcaddimmmmm*
andnsem:angeofmuabrmkmﬂﬁem
breakdown voltage of the sampie. —
10.3 Criterion for Statistical Consistency: é
10.3.1 Caiculats the mean and standard deviation of the’
five breakdowns as follows: =

s g
Teus £ X and s= SHIX ~ 5K
-t :

where: = . ot
X, = mean of the five individual values, S
X, = th breakdown voitage. 2od i
§ = standard deviation.
If the ratio 5/.¥ exceeds 0.1. it is probable that the standard
dcﬁnionofnhcﬁvcbmkdowmbmvcmm
that the probable error of their average is also excessve.
10.3.2 Alternative Criterion—Calculate therzn;g:aft_hc
ﬁvcbmkdowm(mximumbmkdownmymmum
imun breakdown voltage), and multiply this range by three: -
If the value so obtaizied is greater than the next to the lowest
breakdown. it indicates that the standard deviation of the
five breakdowns, and, therefore, the probable error of ther
average value, is excessive, -
10.4 When it is desired merely to determine if the
dielectric strength is above or below 2 specified level. only
five breakdowns are required, provided the five values areall
above or all below this level. Otherwise, follow the procedure
described in 1022 [ .

11. Repart

11,1 The report shall inctude the following:

HCLY The test method used,

I1.1.2:[F the number of tests are as specified in 10.2, the
vom(nnsvaluc)aluchbmkdoﬁn.md:henmofd
bmkdonnsrvponedloxbemmlkv,

VLI 1f the test is made in accordance with 104, the
regﬁnlslhxlllbemadcinoucoﬁhcfoﬂowin;way:

-1.3.1 “Passed” if all of the five break:
aprcvit;usly established value. el
11.1.3.2 “Failed™ if all of the five breakdowns below
amo;nﬂ)&mbmhedmuc. e

..._"'otlessmantbcminimumofthe
dowm'ufﬂlweabowapmwuﬁyﬂubhshed' &v:let::b

i1.1.3.4 "h{ox greater than the maximum of the five
breakdowns xfauwerebetowamviouslymblum' value

11.1.3 The approximate : :
of the test, and emperature of the oil at the time

11.1.5 The electrode spacing,
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4. GTHER EACTORS THAT AFECT TH DJLECTRIC BREAKDOWN YOLTAGE OF
INSULATING LIQUIDS AT COMMERCIAL POWER FREQLENCIES

F T
L ﬂx dielectric breakdony voltage o 2 lguid a
m power requencies i als affed by ll?chcm:
ofoaformy of'the electic i, the ares ofheelotrodson
e oft!z liqid under maximum stess, 1he length of
ﬁfor’vfmch e liud i uder s, e ety of
:I’nmd (mu:dllv a5 affeets he eftie sauraion el
mOSe 1 olton), gaing endencies o the g
e the mﬂuenccl of ‘eermic s mnccmmio: of
P:Ivedgncs(wwifsatumﬁon lesels ar excseded ag
il ofsuddm'molimordeumcinpmmwtich il
m.thc formaton of g bubbie), ncompatiily il
materal of construction, and veloaiy of flow, A decreage in

ditlect srengh of the liuid can have m_acpentuaped
ellct on the letric creepage ength of ol nsulating
materials immersed in th liquid.

X12 Beoause of the separae, comulative, and in some
cae, inteacing ¢t of the influence lsed above, tbe |
average resdown volage ofa liguid as determined by th
st method ctnaot b s fo sign purposes. Alematve
14t procedure tat may yield more meaningl ndicatons
of the functional dielestic strength of @ liquid are under
consideration ([or example, 3 Sepeby-step method of ap-
pving volge, and using the lowes rther than the aveape
value of breakdown voltage obtained in the preseribed
aumber of ests)

Mo Amurcan Sy by Tetng ot ey 0 vt : f
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mnmmmw.umﬂgumnwmmmmmmdwm
mmnmmummmnmmmmm
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110t wrsad. ot racorond 7 witern, vammnmmummmwmmmm

0 0 D0 acressnd 10 ASTM readtes Yo commany
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