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Abstract

This project presents design and' construct-of an AC withstand voltage test
system under wet condition. This system consists of a deionized water filter, an
artificial rain spray-and an AC voltage source. The design and construction of the AC
withstand voltage-test system under wet condition are based on |EEE Std 4 (2013),
IEC 60060-1 (2010), ANSI€29.1-1988 and TIS.354-1980 standard. The deionized water
filter can produce deionization water with low conductivity . of 0'to' 4 puS/cm. To
obtain the -water conductivity (85 - 115 pS/cm) according to 'the . standard, the
deionized water has to be mixed with sodium collide solution. The artificial rain
spray can produce the artificial rain to the test object with-the standard flow rate
(horizontally and vertically of 1 to'2 mm). The AC voltage source consist of a testing
transformer (5kVA 100kV), a voltage controller and a fault protection system are used
to disconnect the circuit_to protect the over current which do the damage on the
transformer windings when breakdown occurred. To confirm-the testing ability of the
developed system, the testing system was used insthe AC voltage withstand test on
the certificated ANSI class*52-1 and ANSI class 52-& insulators (tested at 30kV for ANSI
class 52-1 and 50kV for ANSI class..52-4)-under-the wet condition. From the
experimental results, the developed system can utilize well for the AC voltage
withstand test under the wet condition. Moreover the AC flashover voltage test was
carried out on the insulators (35 kV for ANSI class 52-1 and 54kV for ANSI class 52-4)
and the protection system can work well in disconnection of the AC voltage source
without damage on the testing transformer. It can be concluded that developed
stem can employ well in AC voltage withstand and flashover voltage tests according
to the standard requirement.
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ffu 1 ﬁmoﬁv’amﬂlummw’iﬂuﬁuﬁﬁﬂmu%'wfmxﬁﬂﬂi@nﬁwamuaﬁﬁqmﬂzﬁ Rana
MeupnBIATIMIaNaN T Wandeauiunasyian Wasnflaruiasmudoanineinia

Wusiu

2.1.1 vilnvosgniisauaulni

uanmnmmﬁwizmwmaaqnﬁwamulwﬁﬂmmi’aqﬁﬁmwﬁm'ﬁuuﬁ'a gaaunsn
wlsrinvesgnineaunliihdnmnisldmildndae Whangndauiulnihudazeiing
msldau nsiiasy sefunssidlnildnuusnenafu Jadinnsudssdsgnitgaunlvinau
msgIunAnSusigaamnssulve (Uen) 4] #4319A1111A3§IU American  National

1
Vo o

Standard Institute (ANSI) (3] lginsil

1. gnéaefiunss (Pinnsulator) lidaanelyifiiinieg fuilasnisnanaanylyii
asfisesmelniiagaduuunasgntg ﬁa@nﬁwﬁdwﬂszﬂamﬂuﬁﬂwma‘dxu%auﬁ'u Tuduves
soaaaelniariinisiadevarsisiniliiiotesiuaduingiiensludeniussuudoas
auluszuuy

2. gnenemunssuuiien (Fox type pin insulator) Qn‘limn'luﬁuﬁﬁﬁuannsuaz
mawsexiouiniugs owingndsuuuiidnvuslasiuguniloufugniefunsmn
Usznis wnuaiinsiissyoefaussyszevtoatiliuiniy

3. gnéBwia (Line post insulator) Anvaizadnegndiefiuase seiiuinuneeyil
ANUAULATE1INTY dausesSuaesuuuyiInnesTau dugiuatiiuviulavealui
p3e ylAaNsenraiosanusadulihldenn



4. gniuviafiunse (Pin post insulator) fiasanUflunisdesiunisianznggni
I ledningniaefwesawuuiien msldaumiauiufelfluvinuniivannruaznis
L'Usamﬁauqé

5. aniendn (Post  insulator) drusenvularguaninisldmaseulany iheld
Wuyndadiesdugruniedadedugniiedudaly laesaluudalddimivin
Jauriviseaindinnau

6. gniBUIY (Suspension insulator) 1Yugniousegs anunsauvrudetumany
gnifumaiteiumuaisalunsunsediugsld gnitevindiaseulansiiigieldlu
msviesifeafugniesusioly

7. gninuurIugABsi (Solid core suspension insulator) Idnwagmnilioun1sugn
frowusssunuseiulasduiidefmiuiiorrmesaauduuviseedu gaiiueannisiin
NMsENEqUInMIgNMe

8. gninuAeiie (Long rod insulator) Wugnifousigededdnunzifuusiunay
Uniidnvamiloulnuasgninefusse gndresiatannsonuussiuldgann avduaiu
gnYDIPNINYUiariaueIslinT gty 100 wudiies Tutsunalvadiliteuldandioviia
fiflesnniisinngs

lulpssauiazvananiisludruuosgniasuuiu (Suspension  insulator) WWuwan
wawlugnienldlunismesey



iR

-

gniguvIuTiauia andreiumssuuuiten
(Glass Insulator) (Fox Type Pin Insulator)

ANIIBUYIY

(Line-post Insulator)

anaIBUYIUARDAY gnanevan
ANNLATUANTY (Solid core suspension Insutator)-  (Post:Insulator)

(Pin-insulator)

¥

gNInBLIINMUAT

anmguIuTianeSulau

(Suspension disc Insulator)

andeApiugM (Pin-post Insulator)

(Long rod Insulator)

< u -
JUN 2.1 gnenBauIutunn1en



at v

as van‘
2.1.2 anwmsauumwﬁmmmmqnmuamu (5]

v o - v ] <
antheauaudnduiivzdomumureaninernialiynjuuuy gniteauiuilazios

nunIusie Wsnana gmgll UATe il wasussiuliih Ansevidedigndisauiuld
Fednwrandaiiddydegniremaiiiunauan Janihuindnuaznisesnuuugniae
AUl ﬁaﬁaaﬁnﬁaﬁmaﬁﬂﬁ’wﬁﬁLﬁmi]mﬁugﬂwwnaaqnﬁwamuﬁd'xﬁ’mﬁ’qﬁ

1. su8ed7 (leakage distance) fio sppgiildannsianausqaiidnansdannlugsqad
gagniae Tmamsi’mlﬂmuﬁwaagnﬁ’msw’maaaﬁmﬁu'u

2. szpedatlasiu (Protective leakage distance) Aosvesfiliilandudalasunfiudy
Wuszsraslumevesgndae

3. svuvenin (Arcing  distance) fla seuziiduiignlasinaindidninsanieds
didnlmsandeihumnanmiaemia svegarsndutadu

3.1 S¥8¥)3NUW (Dry arcing distange) ‘szUzﬁ'guﬁqmﬁi’mmuﬁana’mﬁﬁamau
anneauIuTEnIBEnlasAlun IIMeasUA TV IR INE U
3.2 sugvorinilun (Wet  arcing distance) izasﬁﬁu’uﬁqmﬁi’mmuﬁanmqﬁ
deusougniaNINIEFMINAGNInsAlumMadunasa Ul den

ananEnliihvesgnitsauay idwiiesuiEentigndisaundiivinvan ddd

1 usadiunulneufiauiiens i (Low frequency dry flashover voltage) e
ARALTe LTI TELARGURINNE 50 18398 MhViAnnsamulasRRgnfeluan1iuis

2 usauaruen@ndennanudan (Low frequency wet flashover voltage)
vinefie AneBsugusIunTEuARS UMD 50 B3nd. IiliiRan1sawienuRagndaelu
annuden

3 useiulihnuatuEaBuiadingd (Critical impulse flashover voltage) nunuiia
AU lnmuRaGugnde 50% e touussiuBuadunsgiu 1.2/50 llasivnit uwdadu
Fruanuaziaay

4 ANNPANUABLIINUBINAA (Impulse withstand voltage) a1avihlalaenisteu
usadugiinmun, 15 Assluuriazts wassetiiiantsuia it 2 ads viomld
31A12 U IHAUET50% ADVIAIAIINAIYIURDLIIRUBUNAdlas e 1A uali
pauansluauns 2.1

Unsoss = Usose(1-36) = 0.96Us @.1)
< <4 i ol - (7 o [ -
wo O Aa ﬂWLUUQLUUNWWfﬁqu dANU 0.03 wanisnseaaduuni

.t ) r d d - 1 4’
5 usaiulviianzsiu (Puncture  voltage) wsssiuminliliunisinsnzaniuiile
ol & € )
auIuYeIgNiaY laslanizgnireniiildeauiu (wesgauniouna) daunuisening
danlmsmipunitsverersn wu gndeuviu gniefunse Wudu



6 uswiulnihsuniuaduing (Radio influence voltage - RIV) Ao Ausesuiiviili
Wnlalsunvugnineawiu lalsuasiiiadygyimsuniuseuning syUUARas WioTvuy
ey uld Tnsdunnudresisiulusinugareasliviewisais o nduuinn
ffirnueieaaunniiings lunsdieriinsnedevarsiainininuismnaeliviogade
aeliiteannnunisnauuliiafiifietu mandevaisihidasilddusiulals
Gafia (U,) fidngety wiluwamirfussidliussiuusnaiad (U,) Senanas sasgiudad
msmwum’lwanmanmuﬁ'l‘ﬁ'luummﬁmumma.m”mﬂaaumsmmmmaamﬂmmﬁmmm
sumunlalsiiedy

wanandnuaentlnidldnanuiuds Sadldnvauenielaiadug Snuinuieds
annsogléanuasgiuesgndaesiiadug

2.2 wmsgwildlumsneday

wielinsnadetiazaannisvindeudinugnivuareonivlftddunsgluns
fnundouludtaq iierdoriunisiaaou lasdinsgrudlilusmuaiuasiideiy 4
1AsFIUEAURe IEC 60060-1 [2), IEEE Std.4 (1], ANSI €29.1 (3] uag slan, [4] Tnurkdai
wmsgumAE e ldu

- g A
2.2.1 Goulwvennilylunisnaaeu [1,2)
= = ° 1 - | ' -
diesulusssuadbiannsadiaasla n1sneaeuluannnlenidianmuioiiie

9
o
°

v o o o @ « | ° o &
Invihwnsgwiigfvanssourvasgunsalniela ol uwissoaneninfidiantu lay
- o w AT AN S e
Reulvdmiumavemeuluan iz Denissiudugnizyllunisni 2.1

= - o
A1579% 2.1 Qaulvreavenun

< ¥ y S A |
DATINITNYAVBIVEAUY (mm/min) ANANUAYDIUVIATEAY
¥ ssEzI
3Bn1s dovnn P dhims
asAlsEnou | DedUssnay .| gumgll T
2 YIN13IN " NI
WUIRY WU e €%) (ohm-m)
UARTATY (s)
(uS/cm)
am 15 91N
RGRE R +0.5 320 "
1.0-20 1.0-20 PR, gungil | 85-115 60
UINIFIU ANARY s
WInaay

2.2.2 mawsguingragsy [1,2)
o 13 ‘o‘ ] L P £ 1
TngrageumITiANNaramlaen saRssuarastssaaniignoidunae wu

Iaslodisuvoamn  (NasPOs) Wuiu lneiduudrdeeendieinazennuarlionaldiloduda
o val ar W 4 el P o & ol &, v
Tngneasulasnnasainnisans winuiinageuluannzlondunuindeniduiniig
&J =Y - v LY -y ] < A‘
WuRvewRwIueRgninsaninazeauarusaenluliu wislifinsiieuuluitieauiu
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2.2.3 mafiushegnhilldveasy [1,2]
amnwﬂﬁaummnwumamwuﬂ'm'nuu'ﬂvlﬂwuJthmmu'msmumwuﬂ ANNTTNU
'[usﬂuuwamauaa'lwﬂmwmwum Imsmmwmuuwawamm’luamﬂsvnauummquav
LLU'J'S')UR]“LV]']ﬂUIﬂEJUSs!J']m AamnuuTememihaansoaldanmsusn surarasi
sanilu 2 sUuuu fie Dunwuzidadtlunsuduiiuil 100 maaeuinms wazanmuy
Farluwnnaduiuil 750 maeuiuns (asluvugaliiusundadmiinnism)

SIERY

n)  NIYULALANU LIRS %)) ATYUEATELN UL
= o '
JUH 2.2 Meunnrurdsaun

Auugaramiiminslnanuinguageuusnedliavasifingaviensuauaining
P 1 - 2 o A e : o w
naaoy lusyvindasaiasaninsindounivuzdn wilekuifiwemedonisidanaves
' o g ar = ’o’ ¥ s o = =y
AuliaasetemenNiEaiidaz iy lunsanipgviageulinuguiu 1 wes n1s
avaudAFINAMUMIGIEA Na karaignveingvinaey
.’Jﬂlu o 3 = Y ) vod g w y 8w
gunsaifilgwuia spardmnliviuaudu kagssarmslaieliaunsanuile
@ :’ ‘ﬂl d e =i o o i o
mugnsIN1renve meAdifsyylumsi 2.1 I sUtuuuazmsiunsuidalag avild
< - - v v a
msnaasadulumuinasan 2.4 ssylivuanunsaldlavadu
< 1 o Y @ . [ 3 IO' A ' d g
gamgiiuavarainilnihesihssgninandrethshignifiviouiunsznsemy
o Gfl ar 11' J 4 < 1 ar 4 2 4 Ll 1 ]
Yagnaaou Fe19¥afundniag i (ww sanvidt Wudu) Taeddssuuladinaglusingg
- i af a 4 % 1 @
wasuwasnuautanuniiulydeignnulunssnuingreaey
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2.2.4 nszvunmaiivingnegeulentaunmvadeu (1,2]
W v o - ' - o T =i - ot H '
Taqraaeudasgnvinliilentoufissymsnaaeuatiaios 15 wi Feersldriitll
- = v
assndoulalumsian 2.1 Ald
a A I .ﬂ’ 5 ' A au : J d o 1
- psdudsusgvinahabiidulumuReulvdiuiiduluaudeulvasdesvilaglid
T -JI ' - A g
nmsngalva laenisvaasuazsusuiianilduluaueulvwualuaingunsainui

18 mirm =

J—*— <—1 mm
<=4 mm

= s ' o o
E‘Uﬂ 23 i‘l'JE]EJ‘N’UENH'JQW?"sﬂﬁJ'M?ﬁ']U

mamwawwmmnmmsgﬁu (1] nnuamlu'a‘ﬂw o ‘i"H“ﬂ'l'iWUE)']i)QﬂLWlﬂﬂﬂ’]ﬂﬂ'ﬁ

o

U?UEJJJI‘VWMVIW-&‘UBGVI’JQFN'?NU?JU 15 ENFI’] 25 9971 IINUUAITLAY mmnmmmu‘uaaumﬂ

dildnninseiiviiuunl divsviifivivesnsianszanuneurivusuazifuangli
dnwurvemeMminInsEuInguade ey
L v o 1 L ! Io‘ 4 1 ¥ 1 ar
ToyAMUANTINULYBIAIBE W ANIYTUN 2.3 Fro¥ueianuiiiuoanvLIusyny
v [} Y as g - a a A = a 1
sruriduiIuguIna veIgianuaraAMIRILY NIzduaAuInINYaNTUnfAegn
5 = 5 <t - ' & Vs -
3x10° Uama fis 4x10° Yagaa (3 ussenniaing 4 ussenie) atsduegiunuiseures

a o o ' e 8/ ® o P ] | ' P -
siidauazuuivieurdeith lasssazueiaigiinganuatedadlnegnely jUn 22 1
ANUSEHN 9 LWAS D9 10 LIRS

2.2.5 Tednnalumivaasunummussusaiuluansden [1,2]

ALMSEIU [EEE Std.4 [1] 3Emsthssugnuuzihlilalunmsneasulasldussdunn
sUUuU wazmsvaasuiugunsaiynviafieenuuuaniiolinunanudiayisnmstsdiunag
grlddmiumsmaasuioussiunszuaaduivgunsaifignldluszuunssduiia 400 kv

ARsEIU IEC 60060-1 [2] Tutlagiudiliannsanitnismaaeuiinzauty
gunsaldwiulnihnssuaaduiisivunlvg wu Issduuseduiingandn 800 kv 1Hudu
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a o - Moy o
2.2.6 mshasegninpuuukTIuienagauaummusglaseussiuluanzlen (3]

sy o v v a - M= & -
winhififervuaaingnegeugnias @uideaviedeidung) szgnuaulunuinilneiane
spasiu Auluszavluuudinnganvesingraasuluautslaniainiefunsasies
lisndnszee 3 Wa (914 fadiuns)

v v - i o o -l & ' a  a - I i -

Plihsuuuniesiuanuazinhasisnvausluwisiiisuvdeansaviailuvien
dukugugnanaeuenliinndt % 17 (19 Tadwes) widedldfiu  1-1/2 12 (38

-

- v - 1w W a w & 8 o -
UAALURT) ‘TNWQQL‘Uaumanu‘ﬂaﬂa'ﬂaﬁ']mf}ﬂﬂaau mu‘u‘s:EJWI’]QIWUENLﬂaaﬂawm‘lﬂmmfum

as A 1 1 IIJ =t ] 1 ] L3 GJ 1 O. 4 s o
TJ'JIN‘N'M@E‘JJQQH’JTQSEJE‘.}VI 0.5 83 0./ mwaasxumaumﬂuuaﬂmwammuwagqum MU

b B

o s ° - 9] w v o v - v b
Iedinamluku sruuwasinyunmnzanduwnueeyingnadey nedniveslszeznll
o o AG‘.‘I
n1sulnmuEaunra v
a = = = s J'L 1 1 & oas <4 n.j I
Tngduq Muenmiladngilelunisneastlunasidalnd ingueaaouniataluviinds
1 o o a 3 v I - -
srey 1-1/2  wihwessstzMingadouasiinnnsoninuns lassguzamanfiougnfe 3 We
(914 fiadiuns)

>914 mm. CHZUNNAINRITALTNN
#IANAINT 914 mm.

19 Mm.< @ <38 mm.

JUN 2.4 MIARAIGNIELUULYIY

2.2.7 MSAIVANLSITUNAADY [3]

nmanadeuluannzlen aansanaseuanaudivesingnaaeuld 2 suuuu ldun
MIvAgaUALAMURBLSUAMLEMTuan e PN war nMsvageuNUinamiaaLish
Tuanmzdlen Tnova 2 Msveaeuariiadouwsswuiafudannsaswunldneg

2204 mswmaaummmwwiaamﬁummﬁw‘fw'luamdm‘ﬂﬂn (6]

usWuTUIRTaLar 75 ‘uaa'uu'mLquﬁuﬁﬁaqmwmaawzﬁmgnﬁmmﬁ’umﬂu
Fumouidsrduvunauseuilinge Gesay 75  fe¥osar 100 veevUIALTIRUAFDINTS
nageu) szsognUeuniglugl 5 - 30 Fuil s‘?j'arfhLLsaﬁuﬁ'waﬂaauwisq'lumswﬁ 22
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] | e W § o < 8 v
A15197 2.2 YpulvalarAfiinALAmUssLTsuluanulonANDAIYBINIIBLYIY
wazgnievan (Cap and Pin Type)

VUIGLATNN AUSITUAIND
walAvey | 9 | AN ﬂ?,m,ﬂ ' ﬂ?,m,a b ﬂ’f,m,ﬂ | dlumsvaaey
wasanielu | andw ‘UENLL;’J Lm:;mu LE‘H:!N’IU memu ATTUAINUAD
maveaoy | luuos | gndne quenens | uenant | QUENEY | sesuanme
Vo vpgante | vee Cap | vesluad i
uer | an L Ly ('E‘:I'J) () () i
4 (KV)
- 1 1 7172 7 5 3 30
- 4 1 10 8 2 < 45
- 7 1 12 10-1/2 6 3 60
10 1 15 13 6 3 80
13 | /% 18- 14 7:5/8 3 100
16 147 2 29 14 8 3 145
- | ol =« 8 9 6-1/2 5 30
- a4 1 10 10 6-3/4 8 45
- a6 1 12 12 8 5 60
- 49 1 A5 14 8-1/4 5 80
56 140 2 29 17 9-3/4 5 160
19 140 3 43-1/2 17 9-3/4 B 230
25 140 4 58 17 9-3/4 5 315
123 141 4q 58 18 10-7/8 ) 5
126 140 5 72-1/2 17 9-3/4 5 385
Vil 141 5 72-1/2 18 10-7/8 5 385
128 140 6 7 87 o 9-3/4 5 455
28 141 6 87 18 10-7/8 5 455
129 142 6 87 18 10-7/8 ¢ 455
N4 5 142 7 101-1/2 18 10-7/8 i 525
155 142 0 101-1/2 18 10-7/8 it} H25
135 142 8 116 18 10-7/8 ¥ 590
- 147 1 14-1/2 14 8 3 70
- 140 1 14-1/2 17 9-3/4 5 15
- 141 1 14-1/2 18 10-7/8 5 ]
- 142 1 14-1/2 18 10-7/8 7 75
- 191 1 14-1/2 18 10-7/8 F i 15
196 191 6 87 18 10-7/8 1 455
197 191 7 101-1/2 18 10-7/8 7 525
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1 - e i s 4 ﬂ‘
a1519fl 2.2 vBuLarAmRtnAuAmuisussiuludannzlenaudfivegnideLuIy
uargnauuan (Cap and Pin Type) (f0)

UUIYLAUNI AUSITUANYR
5 ¥ A | Aanwem | eanuenn | Auem |,
WATATDINIG | 97U7U W o e ANluUNISNAEDY
% b awey | dudu VAUt LAURIU :
anoaelunis | anoqe | ° : ; * AUAINURD
’ ¢ woan | audnane | Audnans | Augnans £
NAFDU s | R = : .| wseauluaniie
fhe | v0aniie | ves Cap | vesluad i
Wy | e (@) (&) s
Wwe7 an = U7 U2 Vp!
- (KV)
198 191 8 116 18 10-7/8 T 590
- 139 1 14-1/2 17 9-3/4 5 7]
174 139 4 58 ! | 9:=3/4 5 3185
175 139 5 72-1/2 1% 9-3/4 5 385
176 139 6 87 17 9-3/4 L, 455
- 164 1 14-1/2 14 7-5/8 3 i
166 164 2 29 14 7-5/8 p: 160
167 | 164 37143172 14 7-5/8 3 230
168 1647 q 58 14 7-5/8 3 315
- 165 i 7 18 14 7-5/8 3 100
169 165 < 36 14 7-5/8 3 200
170 165 3 54 14 1-5/8 5] 275

2.2.7.2 MsveasuulinsRannudluanmsdan (7]

mMedsnuiuiinsihafigainglinu 1 uifienstuuseiufiliunsmaseul
W5auay 75 tperusaduRdsved s WuaaauivhliAan sl fianalfog1
S'Jm%’m’lEJ‘VIéfW’mU%Uéﬂﬂﬂiﬂﬁﬁ’]ﬂ%ﬂ@ﬂﬁﬁﬂvmkﬁu 1 uaft Snsandstiadidveusduiazyi
TiAnUlimuRInTendwnus wuleseaunsevay 75 - TaeA st LIAET0IALSIAY
nageuihliansuldmuiamsidaa 5+ 30 Suai

TnevhludmiuusunsswdnsmasnssuaaduilalunismaaeuanummuAaus iy
luanmudengnuuniiidedionsidanulwniuia (Flashover) uilafausinnismaasy
wanensaimassslifinnuliniuiia

Aussuulinuialuanasdenaglfunnnisiedssinnisneasulaisingd
5 adarailoaiu nsmeseuwAarATIAISIUTN 15 Sundl - 5 ult Seruseduiildnaasuas
'szq'lum'mﬁ 2.3 uagANTIT 2.4
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= -~ w a = 6 v
A157991 2.3 vauwALazAaLTIwIINa NI luanslenANBRIUBIgNnBMYIU
yuaupauazgenn® (Ball and socket) Tusvuuaneds (ANSI Class 52-3, 52-5, 52-8,
way 52-11)

YDULUA Class 52-3 Class 52-5 | Class 52-8 | Class 52-11
szord 7 (mm) 11-1/2 (292) | 11(279) | 11(279) | 15(381)
sEuEving “A” (T7) 5-3/4 5-3/4 5-3/4 6-1/8
Wuruaudnaradn “B” (i) 10-3/4 10-3/4 11-3/4 12-1/4
wsauulnmuiAuiaqly
= 50 50 50 50
anneden (kV)

Tnosror "A” uay’B” svddanugun 2.4 gadisuziuvila ball-and-socket lu
sEUUANeds (ANSI Class 52-3, 52-5, 52-8, way 52-11)

|
|
| A
|
|

g
B

U 2.5 gaibueiuviin ball-and:socket lussuuanuds
(ANSIClass 52-3,.52-5,-52-8, La¥ 52-11)
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1 & e al - - .-J é v
a5 2.4 %aummuazmwnmmmu’mulﬂmumluamustﬂaﬂﬂ'zmﬂmwadqnmw'ﬂ'Ju
ataAsIa (Clevis) lusyuvanuas (ANSI Class 52-4, 52-6, 52-10, uaz 52-12)

YDULUA Class 52-4 | Class 52-6 | Class 52-10 | Class 52-12
sveeda,in (mm) 11-1/2292) | 11(279) | 11(279) | 15(381)
syugve “A” () 5.3/4 5.3/4 6-1/2 7

Gurugudnmadn “8” @) | 10-3/4 10-3/4 | 11-3/4 12-1/4
szozuad “C” (@) 11/16 11/16 11/16 3/4
svezual “D” (§) 11/16 11/16 7/8 1
svezuay “E” (i) 11/16 11/16 13/16 15/16

svoreneludn “F” (@) s 1/2 3/4 7/8
svorvensludn “G” (f) 17/32 17/32 1/2 9/16
svreneludn “H* (i9) 11/16 11/16 13/16 15/16
voznomnosludn “)” (i) 5/8 5/8 3/4 7/8
wsaunenafaardisily
anmudun(kV) 2 ¢ 2 2

o 1] 143 2 {3 b 13 » [{3 » [t ”» [ ” ({3 » o _— A
U 0TI ol — o of 0> LAY A P B Y %zmaaamugﬂ‘n 25

i

FCX ;

' | #4q

—

Jd

i

.

| D MIN—/*
| A
7 b il

/ |

|
e 2 S

U1
]

- B =

-

;njﬁ 2.6 gninsuvuriaesia (Clevis) lusyuuasds
(ANSI Class 52-4, 52-6, 52-10, way 52-12)

C MIN
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2.2.8 MsvsunAaLdesnravTeInILRuDINIA, qquﬁuazmm‘gu [1,2,3]

Welvinsvageuuazarannmsnaaeutdulunuuinsgiuienasiinisyfuudainis
USuuialngasdaeunuavasnInuAueINIA, qmuqﬁuazmm‘ﬁu Tawnsuiuunaazgnszy
lusnmsgiusia 3 anasgru Iéun IEEE Std.4 (1], IEC 60060-1 [2] WazANSI C29.1 [3] Fuvia 3
wmsguiarszyisuiuuilulufiemadeiu feswsiudsiliviuuieendu 2 adhefio
fususinavesmuiueIMALaLi U uLAkaTasnTRY Fail

Geulvwesan1iginsgiuves IEEE Std.4 (1), IEC 60060-1 2] zszylv

gl (to) = -20%
mm%uﬁmgizﬁ (ho) - 1Nlgm
AMNAUUTIENNIA (by) = 101.3 kPa (1013 mbar)

TnefinuiuussennIe- 101 3kPareivitiy- 760-mm.Hg Failmuduiusiil
b (B13335H (2.2)

Tae b As APWAUUsSENIAlUUNIY kPa
H A9 A7 NAYUISEINAIUMUE. mm.Heg

&1 ar A =i L
nsunAwsauluangdemaapUiNaoum s IMATEINIRY

AR AR (2:5)
We V fAe wseauluanmaedesnaasu
Vo AD USRS
K Ao Auningaiunsonilaan
j— kdkh (24)

150 kg AD ANIUBIINNATDIAIMAUUSTEINA
- | o &
ki, 7B AUALLBIIINKATDIANUYY
win1syeasuluannulunaliditatsaainanuauyinly

K = kq (2.5)

i o A A Y oa i
A1 K MiedelaveziiAreglutie 0.8<K<1.05
A1 kg @u1samlaann

ky = O (2.6)
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- L & w ¢ =
e O AeArAuTUSUMSTIRINA (%) Famlaaan

8 = b 273+t0

(2.7)
by 273+t

1 W al
LaLmIAT m WNnNesIen 2.5

A o Lo « 1 U 1 1 v
M197199 2.5 ANUANWUGIENINAT ¢ LAEAT M Tunmsmaun

g m
<0.2 0
02-1.0 g(g-0.2)/0.8

1.0 - 1.2 1.0

1.2 =20 1.0

>2.0 1.0

Tawan ¢ walaan

- (2.8)
? a0 :

ﬂ‘ 1 @ 1 q‘ o - ﬂ‘ : 1 a o H
e V, fa Arsesay 50 waiusn (luwiae KV peak) MvinAARIRLT U8 9UTIv9INTEuan
] a 4=4 i a o o

e umnatenuauIg oy nasioewsnanitd msuleuia) uslunis
yaaauaNtaanuaausitulwaglnldauviany 1.1
L fe ssegasiiananasaman (m)
- 1 d‘l’ o L3 (3
0 @9 AAINTUAURVISTDIDIMA (%)
wag k wlaein

k=1+00ﬁ%40 (2.9)

— . ; h
dgmsuannis (2.7) mmiag'l,ww 1 g/m3<-<15 g/m3

e

- - & w ¢ 3 VYo <
\ie h Aefauauduysal (¢/m) lngaunsomiAlanngui 2.6
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&
g/m? o
i 40 100%
34
E
\‘;D 30 32 ~
2 80%
g 30
' 30
e
=
e pe L
% 25 > é"@ 26 60%
- N,
= & 24
s £
=20 22 NS
® < p
< 15 16 i \
—
14
1
8 20%
< o
0 N & & & \ >
0 5 10 15 20 25 30 30 °C
Ambient temperature - dry-bulb temperature
gamnilagiou - gamaiinszihizina
U 2.7 neluansanudiiusse ity sol (¢/m’)
gruvniinandan (°C) Lasazmduduing (%)
uideulvvesanizannsgIuved ANSI €291 (3] azseyli
aungil = 28°C
AUUANY O] = 11g/m’
AUAUUIIEINIA = 100.86 kPa (29.92 inch.Hg)
war Kanlaan
ky = 0,39 2ms) (2.10)

273
- - ) e
e P A9 AINUAUUTIEINA (mmHg)

T Ao gamagil (°C)
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2.3 dseenleseu [8]

ihusenleseufethidunisnseslessusently Taumssndulessuvinuar
loseuavesniledriufnsonstu thilldesnnishifilesoundony warieiduiriiai
Viavuazavernlneuriads diethlifloseumaeetyiiliguantilumsiumulrihgdu
iesvnibiflilummeseueunmuegldreussiunsruaaduluanns@ondused i
Arau i umuiiiasgutmuald faiwnanlessuiimmiusiuniuasauiouly
vounmsyIu Sefpsiinseenuuunarinadrsyainirunannlessuiiieldlunismaasy Tay
fiunousil

Unlseh
nivmeneu Jindoodlus o, | #leesluedusdu
Sediment Filter RQ Membrane Deionization Resin

A o o Q‘:’
E‘UVI 2.8 81AVTUABDUNIINTDY

231 nszvruAsnantisiasnlesay
nszuumInsannUseUliuhunasnlessuiuasisoutals 3 dsuduneudsil

gum 1 ﬂ'iwaun'rsﬂ"{wwmmfﬁL{"fmﬁu (Water treatment system)

St 2 AsTLINNINIBILETedaeealyda (Reverse Osmosis water system)

o

8191091 3 AsyuaunisnsaaUsievintasau (Deionization water system)

a1AUN 1-NTEUINNITYTUAMAINIIUB SN (Water - treatment. | system %30
Pre-treatment)
x ey X2 ¥ v .
nszvRunTIUiuAm minUs iy Wunasnsaniusyurlazeneuiniu Tasaznses
) I ' 4 ' — 1 2 o ar 1
1N LAy TaR warwewdwineqeenainivsyll AeunaviuddnsEulIunsadudaly
Avsasanealudalasniinges Pre-treatment Usznaugnualsnios 3 diinse
1. msnsammmuammmuﬁmswLﬂaaumuummuaaaﬂhm (MnO,) fifniands
annsovinaiind sinwinwsnia avda Ay Lardingd oonain
ar ‘ul 4
2. asnsesnrusudmiunsenoinasIukazaIsBuNIgfivyUunniuiseUuie
Uoaiumsidauaninuesivurinslawuusuinmsdulanasiy
< v ar GJ L
3. ansnseusduluarsnseslagldndnnisiudeudsey (lon Exchange) lagldansnses
- W - s - 0 Ve = = H
wuluimuanidsulsyylihluun visldduansavane unadou wunuidealui
. o Cume® gy ¥ 2 gy a
suduamguasrnunsyang vibidiiuduatsnsaustulivanmuinluingeu

gt 2 nszuaunsnsenideinesanoaluda (Reverse Osmosis water system)
nsruIunMsnsenidhsneiasealudaiidunsnsenenaisazats arsiail WWelse eenan
1 nsrurunsnsesiiodevdnnisesaludaundaslunisnses Ssmnndnnisesaludaudaih
U udeideniuvisumiusulugiuiitinnududuresmsararemnnit usse
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- a [ -l -l v v v ' o - 1 v
nsifisnsetuntesuifiarsazatsanududugsliuinnitussivesaluda urludu
v W I [ = | i
arsavarsaududugesyivaduuniusueanludedndiunis nszuiunsdeiing1iun
=1 1 = € =9 A yq =5 s
Bunia Sedasealuda wuiusunldlunisnsasliiminuazidenlunisnseadasesu 5
=1 L] -l 3 : 4 v
Tulasiums wazfaunlwiaussunm 10 lulasTiuud lngu119enu191ANISNTDIATY
Fneiasealudailegiiniu 3 dufe
% - R £a o - - H
1. U@l (Permeate) An Uruignsminluldlunisnsestudelude n1snsesun
Usiaenlesau
.n/ =i - - .e' cJ o 1 ar a s v 1 o g
2. dslefia (Recycle) Ao ungninluldlni Tasmssnwseiuusedulvviniui
ﬂaummumusu LwaLﬁumsinmmmusuiu‘imﬂmmiamu
3. 1hiia (Brine) Ae arsaraneAududugs m'savmeunﬂsvmamasmaaﬂLam

JUN 2.9 winmsvasiigiavedluia

feuit 3 nsvvaunsnsenisieanlesy (Deionization water system) [6]

Deionization (“47DI” w3e “Demineralization”) mihady nsvialessusen leoou
o ozmenvIsluananivsylafiwiiuszeauiazyssquandanulalush luvaneg
v ST N A sevieidudiunanssdpaRa s andalsmalosouiidevunay
fifesudnoon

loopuiifiussguarasgniendt “uavilopou (Cation)”. daundiuszgauasgnisenda
“woulesau (Anions)” Ls?juﬁ"l‘ﬂumsuamﬂﬁ;ﬂu'laaaumzgni‘zﬂumsﬁqLLﬂw1aaauLLa3LLau
lopouiilifsUsvasdoandeloseuldlnsouuarlosaulensanlenniuayldnandndud
viqrisiilsiflonaumiony meeiuansyylossudnanniidmulutusz

- — ¥
A15190 2.6 leoauyiinsegiinaueylui

Cations (v3mpana8Cation Resins) Anions (vdneanaaAnion Resins)
wAaLden (Ca”) pavlsa (CL)
uunii@ey (Mg Fauna (SO, )
wan (Fe") Tunse (NO, )
wasnida (Mn”) AsuBLLA (CO,)
Todou (Na”) gan (Sio,)
lelasiou (H) lensenly (OH)
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2.3.2 nszvaumsuaniUenlesey

Li‘a‘mLLﬁﬂLU%ﬂﬂi}ﬂﬁUQn'L*z'ﬂum‘mﬁméﬁﬁﬂsmmnlaaau (Deionized ~ Water,
Demineralized Water %38 DI Water) Li%unﬂuﬁnwmzLﬁmwmaﬁnﬁﬂisnaumam
a5UsENouUBuUM3E (Organic Polymer) sowuszuuuld nsudeanilu 2 ngufsuuuiiusey
UInlazuuiiuseqauy

is3uuavlonau (Cation Resin) xiiUszqauiiafgausEquIn Feannsautseanls
2 WUy fe sduuavlosaunuunInsau (Weak Acid Cation : WAC) waz 153uuavloasuuuy
nsaun (Strong Acid Cation : SAC) TasisFuuanlossunuunsagausrldlunisuanuniuay
msldanusunigdug duistunanlossunuunsaudaldlunisudmiusaanlossu

isBuuauleasu (Anion Resin) axiiuszuanitefugauszqau dsaunsaudseents
2uuude 1sfunaulespuluuANBau(Weak Base Anion . WBC) wazisduuaulaoauwuy
aun (Strong Base Anion SBC) Tneisduusulonounvunitsauszliawisavindaniuay
aduaulaaanly (€O, 1¢ uenainddiansnasiiiunsasouliiBunaisld druisduueu
lospuuvusaisramisnsdrlosouaunum1sed 24 Iiiamunsanaifueulasenle
flavna 2 Ussldlunasedmitusmeanlosoy

lunseinswamirUsaaannlose wiuuantenguszgmTildlnila (Regenerating)
dhonsalelasaanin (HCL) lepouveilalnsiou sxgnasdnduiidiasduuanlonsy dau 153y
wauleepuszgnilvldlmilameludeulsnsenly (NaOH) sznauvatlensanluazgniadn
Juninistuueulesen

lovauiinnsiuasgniiluvidiaisdussnsaigaiseiu Megrudu lossuueaidon
wrgnisgadisuseiuanaileseuluiien lessulslasuiidia lstuuavloseutarlossvls
asenly vudaduteulasauisiinsiegailiusaitesorliiiansunuilunsuaniey
lovau Tngleosuuanieglubiazdiluuwidilossulslnsiauiuinistuuanleasuyili
loooulslasiaungnoanin iduidyanulsesuaviioglinhasiinluunuiiloesulensenlei
WinisFuusuleesuililossulansenluvansenin Wgiianleseulslnstauuarloneulans
enlefivameenisandiubuinians (H;0)

dlaundsloouiilduaniduuuidnistuuanlsssuuardistsiuusvlossugnldau
vuauazliansauaniudsulooeuldsn viTlisitudseinasgnilildlwmildiieliansa
diilasBunavanlglmile

2.3.3 MULANANTENIN Separate bed Way mixed bed

nstdaussinnuardedduiastuililunisuanudeulossusdisios 2 win
Wendnhiusaninleoou Taseilisiasdu 1 sisldrdaussquanuasdn 1 vialdvdnusey
AUBENIINI

Tuszuuitldans 2 vilauenifu (Separate bed) avlviiruisiuuanlossunouiase
Ffudofmhussundssuussgniiadinfwesisiunavlossunouauerililesuvinlu
iheggniviieidaisduuanlossuudadiluunuiilessuvadlelasiou vililessuwes
lelasinungreanuiulessudasy dulessuavazannsoiiudaisduianlosauls lay
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1aaauawaqﬁ°’1ﬁalaaawamaal'iﬁ%mz”mi'mﬁ’aﬁ’u‘laaau‘uaa'laT.m‘smu‘fmqmaanmtﬁmﬂu
armounsalelnsnassn (HCL) Mewmiveadnnisduavlosounuunsauiiaien pH Ainn
wazilanmiilwihgeninhussiignifudngs

vaudsiieanannisdunanlossusvdsenaudsaisiiianmidunsaunuaznsnseu
ﬁwﬁﬁaﬂwm'fJunsﬂmsgmaus.ﬁﬂﬁmﬁﬂL's%uuau"Laaausia Winstuueulesauashislonssuay
i lesouraslss Wudu waruandsuldlesaulensenled Tnsnasiuveslossulalnsiou
uazloosulansenlvaviadusrneuveni

Tuprudusieszuuildans 2 viasslildndninigniudasilossuladon (Na")
$Urupeningae (Sodium Leakage) tiflossuleifunyzsUusinudaisduuanlonsunaiun
suiulessulensenlefidussuaulessuinduluiolonsenly (NaOH) Aan AL
Iiihas dauanunvesnisiialossuleiionisr Aeloseuluiivuuarlossulalnsiaud
mwannsolumsiuivintsauuenlesautndifssfuasilivaseailessuvesledeulsl
wWhdutudinsduuenlossuieuanieulildlossylalnsiaueanin

luszuufidans 2 sfieuauiu (Mixed | bed) 153ulepeuaufiifanmiiunsags
(Strong Acid Cation). e Lﬁ%ulaaaumnﬁﬁamwnfludwqa (Strong Base Anion) 2¥Qnias
sy Fevevhauadefiszuuldans 2 viauontude. 1000 mieludufier mswanwasu
lovouanuazavazgvingmmessuneludy Jywwensmainloseulsidaiiszmualy
iloenndunuedwenswandsiloseu Saildnsldsvuuildans 2 vianauduaiise
wamiiusmanleoauRiamA I

2.3.4 myinUsurnlesou

Teapuanismiliiinlélaanszualvinasinaruilavesdelosetaiouniai
Fhewepatnmsiailiihvenhannsovenisiiileseulssnouluiiniils Seillessu
Tuhifoswilsbuildnseualiilvanldentu dshuhitanmaliiasesiianan
“enuumAanleasy’ mnnivitianamiluiings

2.3.5 syfuATMLIaVERINNAsE U AT

lunsudssedunmuSavsannsgiusngg szuvssanunduandlasudaznguasil
Awsfweiineiu lnslassuauivesmmmsgiuiinanuiawzamnsiineinilii
yosusnznauAILLIaNS

M1519% 2.7 American Society for Testing and Materials (ASTM) D1193-91 [9]

ANENUR nguiil | nduii2 | nquii3 | nduila
Aranumelhasan
R 0.056 1.0 0.25 5.0
(MS/cm @ 25°C)
Areugumulniiiran
; 18.0 1.0 4.0 0.2
(MQ-cm @ 25°C)
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A151971 2.8 ASTM Electronics and Semiconductor Grade Water (D5127-99) [10]

AMANUR NAUE-1 | NGUE-1.1 | NGUE-1.2 | NGUE-2 | NGUE-3 | NFUE-4
ArAUAUYIULNT

e 18.2 18.2 18.2 175 12 0.5
(MQ-cm 71 25°C)

@15747 2.9 National Committee for Clinical Laboratory Standards (NCCLS) - 1988 [11]

e " A | ' :l
i o o g1 ngui2 ngui3
ArANAUNULNTAER 1NN9110.0 | 11110 | wINAIN0.1

(MQ-cm 7 25°C)

U CINY)

| el J ' o P a - -
nut 1 lunsveasiiagsnsanuwiniuaniisinssgegaiagiaansdssuniutioeiign

| w a v «
nau? 2 lilunsweassluiomeaamildiasnisaraaud

el L g - @ £ W i (=) - o
naui 3 leanawindusuds visldlunisudninguaug

A15797 2,10 College 6f American Pathologists (CAP).~ 1988 [12]

AENUR néuﬁl nejuﬁz nzjuﬁ3
: o) 3 A 10.0
ArA e uliasage (MOQ-cm 7 25°C) : 2.0 0.1
(In Line)

MNELAA)

o ::l ¥ 4 = L4 by - | = =
nauit 1 Tlunisunzidoatiode nsiasasialtra-micro NIBUIUNITIATIIMNATINGR
naui 2 Ilupisveassluviomeasaly nismeagamn@ane,



o
unv 3
AM5RBNLUULAYN1TUSZNOUASNY

3.1 uuaARNugIY
TunseenuuuyanagoumuAmuRoussiuluanzlenazUszneume 2 dunan
fio yoadah uazgauth
Tnegaasranhadldainhifanuilihuazeuuignslusedusine Weglugaei
anasgrufivue [1,2) edlUlflunsveaeumiurmusisussiuluannulenvesgniag
WUUUYIY Imama%’mﬁwﬁlﬂﬂﬂiqawuﬁgnaaﬂqumuauﬁﬁsm‘]ﬁﬁ'lLﬂuﬁiamia%ﬁaﬁﬂmﬂ
tndnvuadliuisnenmusidunsusrasvaineuiiieanuuudagaadrahdinmhoy
3 Suneundnleiun
1. finsegeignou (Pretreatment) seiuinssuiuinseuginznauasn
2. fBtetasedlada (RO) ardurhanndinsesnenavdsiyeduthifuuseiudidn
grldnsauiteduninasiaiivandalsoon kovusniiiie wididugaiia
3. /dansealszq (O) | swdninindsinesaeedludauiusduuavlossy
(Cation Resin)  wazisFusoulesy ~(Anion | Resin) . Mogsiufiuwuunas
(Mixed bed)  (rastunmilossy wovsduteulosu aglusufsfuiioannis
Hlnawswssaladen) woRwssgvesarsesn
Tapi3garAUNEHARAD TIHIUNIINTeIAZN oY (Pretreatment) thHUNIND93
osaeadlda (RO) uaziniiiunsnsesssaeen (1) SelnamUAfiainiiliihuagai
Uiavsisuamnntositing ey mnfuinihildnludviuesitesnuuuliluihde 3.7
Tnensairamirgouanilus Uil 3.1

Useh
| « Ny - « O o
nsesvznau 03 Aivou Ineisaalula fAloosluldiusiu
Pretreatment "\ Activatéd Ca RO Mémbrane - " Deionization Resin
i : ¥
unnie = gauiuth
A

= a3
JUR 3.1 nsvurunsuaminlumsveaeu
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3.2 N159NWUUNINULN
P L 7Y ‘n’ [ dl -4 W ot l nl::
wolianvauzvsweadnulunusnesgruiinertesiunisvegou [1,2] dsduns
sanuuUInu e BnuaniRiveninunsgiu Inefiuwafeluniseanwuudsil
- fesanunsausuiemiaveaniswuld 10 © - 15° NUuILNY
@ -J 1 ‘o’ nl s [} g v
- annsaviuilasuruinresgnuiivateianuiile
- fasdimnununiusenisidnuiuttaransazanule
s 1 v v o o 1 dd c'a v v
- wnveniiudesEsaUsEneuniuavie PVC Alvemlunuviosmaials
a4 w R - 8w w =l 1%
- dessmsiiiruivgadnidesansngauaeiiiala
mn%’aﬁmumﬁanﬁnmiaanuwﬁaﬁuﬁuﬂulﬂmugﬂﬁ 3.2 WaLgun 3.3

3 <+ dhaodeluasauliaviamu

“ UpADFINTUAILTAVDED
-
Supertene Taper

«—— T9ne Superlene Taper
<—— UL

H‘? Yaannae) ludmsuaudntesnaUaatyinu
2 )
v8me Superlene Socket

<— 9Joafe Superlene Socket

Pasaluadiuldvens Superlene socket
YU Yo" INAEIUDA

<+— YRPARYUINYL" INAYILU-Y4  INABIUDN

d ar =i = kg ]
JUN 3.2 MIRANBUNEBIAULUY (Lendaiu)
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17.2 mm

47.6 mm

12 mm

-

5.14-mm
6.9 mm

oy
b e B )

23.1 mm

JUT 3.3 haaveundasi iy (sEytunm)

TunsesnuuuiBanldfandimivasaiidninluneandosdosmnann sonuste
Ay mnufeu anmetndtuaniveneg wavats IHiduegaen

ﬁﬂwmz‘uaaﬁ’muﬁwm@um‘ssmz*i'mﬂwnauﬁnq foonuuutusnuszneuiudeil
Buanduguriiudadudiuiuing densenuuulilidereanuuin % i indeauen -
1 wndeslu dvdiredudiugiudedereniitidmivlddess Superlene Socket Tnwil
wun % induiuen Tasfidese Superlene Socket anifudnvazidhiifuivdruvestass
wuuueaiiagiifnunuth efere Superlene Socket uazdosouuvvusaszgnuasnindealy
amsalisundunftusenitivasndudedeniiindmivlddess Superlene Socket
druvesiunuinfivaredunilendudedouvuueadnduasnduddmivlddese
Superlene Taper ﬁﬁgwumﬁumﬂuénamﬁﬁﬁ’u 0.9 fiadwns Feseuvasnaviindeauen
eadhfudesedmiuaiudadens Superlene Taper fifivarsUaenaiudnariiinden
uandwmiuaniudhaseulaariuh TmEjmmmggﬂﬂ‘ssﬂaulﬁmﬂgﬂﬁ 3.2 LLﬁSE‘U'ﬁI 33
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3.3 NMIDRNUUUKRLITINLAY
o g va % & ¥ o=
Walvidnwauznsnseaesemeadilulumunnnsg [1,2] Seesdinisesnwuuiul
W lansanudldnsyareasounguLasIivingnaey
Il o v oar 1 lﬂ/ i\ al 1 @ ﬂ’: @ A o
nseaniuuIinualiianuusagiaviieiu 20 cm vievue 15 Waiesesiunis
w & [ & <
NAFRURNNLUWVIUTUNIY (Ma8gn) TIUAINEIUUINULY 1 WU 3 m AIUgun 3.6
=i “ 5 a v o v ot Y ar i :’ ar
waziinsAndananlnuiu (Pressure gauge) iWmuanedunilaneiaauauluwInuicg
= a o Ak g & ' - 1 =
U7 3.5 lumsmaaeuszindauuinu 2 wuiluuans Taseninuuiiidodegioy uaz
[ T e ¢ ' ° ' I ) ¢ o v do 1 0
desousands Fefedeveandiudassiumisinifisineiu lagands A imhindeseuutn
o/ ' g v L3 3 v oo e ] S @ I g 3 o v o
wwMNL LI 2187 B Vi deso id b waiiniiiunyn arnad C vivind
SYUIBUIINUAAZLIITY MUFUR 3.4
Tnsuugamiuirdzgniadvermwdnaang Tidyuuimuiiuadameyluad
a & o o = - YV oW oW
wn % 17 IhunasaLuavRgszey 0.6 m 30nYalere 2 919 AgUR 3.7 wazdainnuteiu
¢ A o <
mugluas vua 1-1/297 mugun 3.8 wazguin 3.9

99]
M

C A

o PN '
3UN 3.4 10ADTTNITUD

A o ¥ 1 L 1
JUn 3.5 fuvdsuanaviedmiuld Pressure Gauge



20 m:.

U

=
7

3.6 wuiRdMIUYANUUILALTEERY
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U

<
il

3.7 AUVEN2INTULSIEMTU 1 WUI MINUEILEL IS 8IS U8 Eﬁuaﬁ YUIA 3/4”
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gluad vun 1-1/2 i

- Vel @ W W
wele8aiutadu

JUA 3.8 ATUMANRININUUUITULTY
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U

U

=
i

1 1 4

3.9 d@un

MUY WYBIAIUMANRINBAZUISULTY
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3.4 szazUaanny
v 5 & o Y Y o

lumsmegsussnwuulansuriwusenu g 0° AukITEAY Wasnadeuiugn
o ala & 4 -l w O W
fefflvundukugudnas 9.5 U Auswiunaaey 50 - 60 kV Aadsgnieveaoulagns

& ° )
wvaulueInie g9y 2.00 - 2.10 was numsge (3] Avuelvissevyaendy
(Clearance) fifin 1.5 WinB3szErDIsNUM lnuszuzaonduagnfe 914 fadwns v3e
& Voo @MY a ) o e v
Useanad 1 WAs vsatdwiusserUaaasivlainu 1 wes Tildssesiawanlatdulunis
o 5 - & ﬂ‘l’ [ & ar =4
fnds iesinidunisveaeuluanslen lunsneaeuvtisgivualiszezUasndodu 4
s A

WS AegUN 3.10

3.5 n1shaRsuuIR IV

iosmnmsnaaeuawamusgisreussiunszuaaduluannydeniidumsdrass
navasHuiiintuluss s iafiine Taguaaay Fxdasinswiiaddldinguaaeuainiiguite
$ravtanmvesduilidesinsdruansngisivenhignwusananiaviudiuarns
indeuivoniiigniusenunuuulynealadiieliannsafadeTnguaasulusmumisilau
8 1uATOUAGINGLA

351 mamdnsndaninandarewiviu

%949983 Superlene Taper ﬁﬁ‘ummﬁumuquénma 0.9 faduns SulRuTiveste
Wity 636.172'x 107 ansasans Eldshmamslvaranfinud 19 whitu 0,011 gnuaar
whsHenTl AnumssamaidaTvesihsnUmedniiidsinatng 3.1)

Q
v = - (3.1)
A
11,363 x 10°°
Yt e
€36.172 %/ 107
v = 17862 -m/s

3.5.2 NMsAmuIMNNISIAasuRvasdIwuuluslanlnd
ANHNSOANUIIVILIA T REMAL L UBINARINENNIS (3.2)

£ = = (3.2)

e v, fie mandiduvenihilesnanuaeiariuluwisu i 17.862 m/s
v, fio g fleenanuaneaviuluwiais fidwintu 0 m/s
X f sgosidluuunsusswihaiunhiuTagaaey st 3.5
t fio narhhastluainie
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4

17.862

= 0.224 sec

anansavnseorlunuinslaainaunis (3.3)
Ut o (3.3)
= + = .
: y0 5 gt

o - g v = 5 4 o S o o w
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¢ Ao A uZeINuIluNawelan

1

y = = x 9.81x0.228°
2

y = 0.246'm

muumimmmummwuu'm"aaqamnwuluuaﬂﬂ'n 2.146'm LLWLWEJLUUﬂ’]iﬁﬂNﬂ
maammmumwamm maanu’uu’lmmmmmmwumaaaamnwu 2.5 10 ﬂ\‘]iU‘Vl 3.10
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U

160 cm

annILVUN

L)

52-1 1% 10.5 cm
5244.1% 17.5 cm

160 cm

JUR 3.11 n139RnLUUNITARG 1 IRgVIAdBU
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ANANNTT WHP =-PxgxQ x H
1000 x 9.81 x Q x H
WHP = ————

1000 x 1000

WHP = 9.81 x 10°xQ x H

QH
WHP = == (3.4)
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dle WHP Ao water horse power %38 ﬁ’wé’aﬁl‘ﬁdaﬁwmﬁwuaamamamaéﬁu
Q #esasmslvaneluvienh (litre/sec)
H  fesvoruwnissewiuewmestufemadey
P AemnumuiuduiiAuviaiy 1000 kg/mm’
¢ Aeanusadenusaliudiswedan 9.81 m/s’

LI g i [ o - o
mamsﬂn']‘slwa’uaamn'm'luwa (Q) awnsamlaainnisinaivuzauie 1 dns luiu
Y
119 ﬂwuaanmnmm 1 v lneldusanu 3 4 vrslunsnuti Fa9nnisvaaedldinan 1.28
U "'qm'l.%amswnﬁlwawaamma 1 vyt Wity

Qus =% = 0.682litre/min
1+6—0
068182

Qi (= s O 0.011 litre/sec

Iﬂﬂfqﬂwmaaulﬂnnaanuuulwuumwumumaamﬁu 2 Wi luugiazuwadsenousaeg

mwum 15 ¥y f4vy 1 ﬁﬂwﬂaaumumwummmu 30 Wi vialvlaonsinisivaves
¥ 1 YANAFAY LAY

Ql'l,!.ﬂ = 301‘(0011
Qg 7 0341 litre/sec

a e = A - w &
srurLANITNNaLRe I UuleyanAaaU (H) My nfigase 5.5@Ins AUUINAUNTT
(3.7) ¥il¥ila WHPWwirfy

WHB 1= & (3.8)

0.341 x 5.5
WHP = ———
102

WHP = 0.018 kw

1 ]
°

IiszansnmnamanveweimesUuwiiv 30%

0.018

T = T
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Ppump = 0.061 kw
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MULTI-STAGE PUMP
Model: ECM4-40 2900r/min 2P  50HZ

Power: 1HP  Volt: 220V 1PH
F class Insulation Amp s: 5.2A IP55
Rated Head: 30 M Rated Flow: 4 MYhr
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Abstract

This project presents design and construct of an AC
withstand voltage test system under wet condition, This system consists
of a deionized water filter, an artificial rain spray and an AC voltage
source. The design and construction are based on TIS.354-2523, IEC
60060-1, IEEE Std. 4 and ANSI €29.2 standard. To confirm the testing
ability of the developed system, the testing system was used in the AC
voltage withstand test on the certificated ANSI class 52-1 and ANSI
class 52-4 insulators under the wet condition. From the experimental
results, the developed system can utilize well for the AC voltage
withstand test under the wet condition. It can be concluded that
developed stem can employ well in AC voltage withstand and flashover

voltage tests according to the standard requirement.

Keyword AC withstand voltage test under wet condition, Deionization

water, insulators
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10.1.4 Arrangement of the test object

The arrangement of the test object, particularly with respect to the earthed structures, shall be specified by
the relevant apparatus standard.

10.1.5 Atmospheric correction factors

In a combined voltage test, the atmospheric correction factors relative to the component of highest value
shall be applied to the test voltage value.

10.2 Composite voltage tests

A composite voltage is the voltage resulting from two different voltage sources suitably connected, applied
at one terminal of the test object against earth.

The definition of its parameters is left to the relevant apparatus standard.

NOTE—Composite tests may also be performed by applying voltage and impulse-current sources to the test object.
11. Tests in different ambient conditions

11.1 Dry tests

The test object shall be dry and clean. If not otherwise specified by the relevant apparatus standard, the test
should be made at ambient temperature, and the procedure for voltage application should be as specified in
Clause 6, Clause 7, Clause 8, and Clause 9.

11.2 Wet tests

Since natural rain cannot be duplicated, the wet test is intended to provide a laboratory benchmark relating
performance of equipment under specified precipitation conditions. The specifications for various wet test
procedures are given in Table 5.

Three precipitation rates and two resistivities are found in Table 5. They appear under the headings
“Standard test procedure,” “Previous European practice,” and “Previous practice in USA.” The conditions
for “European practice” and “Practice in USA” are earlier test methods. They were recommended for tests
with all types of test voltages and on all types of apparatus designed for outdoor use, and they have been in
use for tests with alternating voltage on apparatus up to about 400 kV system voltage. Many test data
obtained by these methods exist. Their use is recommended only when direct comparison is required. The
use of these procedures shall be limited to specific requirements or agreements between the manufacturer
and the purchaser. Wetting procedures to be followed are covered in 11.2.3.
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Table 5—Precipitation conditions (standard and conventional procedures)

Wet withstand
Procedure Precipitation rate (mm/min) Collected water parameters P (”l
Vertical Horizontal | Limits for any | Temperature Resistivity
component | component |individual 0 ohm-m [uS/cm|
measurement

Standard test | 1.0 to 2.0 1.0to 2.0 + 0.5 from Ambient £ 15 100 + 15 60
procedure average
Previous 303 - 3075 Ambient £ 15 100+ 10 60
European
practice
Previous 5+£0.5 = #x1.25 Ambient £ 15 178 + 27 10
practice in
USA

11.2.1 Preparation of test object

The test object should be carefully cleaned by washing with water to which a neutral detergent, such as
trisodium phosphate (Na,PO;), has been added and then rinsed with clean water. It shall not be touched
subsequently by hand. Usually, the insulating surfaces can be considered sufficiently clean and free of
grease or other contaminating material if large continuous wet areas are observed during wetting,

11.2.2 Standard wet test

The precipitation conditions in Table 5 under “Standard test procedure™ are recommended for tests with all
types of test voltages, and on all types of apparatus designed for outdoor use.

11.2.3 Wet test wetting procedure

The test object should be sprayed with water, of prescribed resistivity, falling on it as droplets and directed
so that the vertical and horizontal components of the spray intensity are approximately equal. These
intensities are measured with a divided collecting vessel having openings of 100 cm? to 750 cm?, one
horizontal and one vertical, the vertical opening facing the spray.

The collecting vessel should be placed close to the test object, but in'a pesition so as to avoid collecting
droplets or splashes from it. During the measuring period, the collecting vessel should be moved slowly
over a sufficient area to average out the effect of non-uniformities of the spray from individual nozzles. The
relevant apparatus standard shall specify the position of the test object relative to the vertical and horizontal
rain components.

In the case of test objects with a height exceeding 1 m, such measurements should be made near the top,
center, and bottom of the object. A similar procedure should be used for test objects with large horizontal
dimensions.

The spray apparatus shall be adjusted to produce, within the specified tolerances, precipitation conditions at
the test object given in Table 5. Pressure and distance can be varied to achieve the required conditions. Any
type and arrangement of nozzles meeting the requirements given in Table 5 may be used. An example of a
nozzle that has been found satisfactory in practice is shown in Figure 23, and typical performance data are
given in Note 2 after Figure 23. Greater spray distances may be obtained if the nozzles are directed upward
at an angle of 15° to 25° from horizontal. Note that if the water pressure is increased above the
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recommended limits, the water jets may break up prematurely and cause an unsatisfactory spray at the test
object.

— l—— | mm
"I e—— 4 mm

NOTE—Details of orifice only.

Figure 23 — Nozzle

The water temperature and resistivity shall be measured on a sample collected immediately before the
water reaches the test object. They may also be measured at other locations (e.g., in a storage reservoir)
provided that a check ensures that no significant change occurs by the time the water reaches the test
object.

The test object should be pre-wetted for at least 15 minutes. The pre-wetting may be done using
unconditioned water. Conditioned water shall meet the requirements of Table 5. The transfer from
unconditioned to conditioned water shall be accomplished without interruption of the water flow. This
transfer shall be followed by a time interval sufficient to flush all unconditioned water. The conditions
listed in Table 5 shall remain within the specified tolerances throughout the remainder of the test.

Unless otherwise specified by a relevant apparatus standard, the test procedure for wet tests should be the
same as that specified for the corresponding dry tests. In general, for all alternating and direct voltage wet
withstand tests, it is recommended that one flashover should be permitted provided that in a repeat test no
further flashover occurs.

NOTE—The length of water jet that can be obtained depends on the diameter of the orifice and on the water pressure.
At the optimum pressure, which usually is 3 % 10° Pa to 4 x 10° Pa (3 atm to 4 atm) but which depends on the
smoothness of the orifice and the arrangement of the supply pipes, the approximate jet lengths obtainable with the
nozzle shown in Figure 23 are 9m to 11 m.

12. Artificial contamination tests

It should be noted that all contamination tests in this standard apply only to ceramic (porcelain and glass)
insulators. Procedures for testing composite insulators should be specified by a relevant apparatus standard.
Additional information may be found in IEC 60507 [B114].

Artificial contamination tests are intended to provide information on the behavior of external insulation
under conditions representative of contamination in service, although they may not necessarily simulate any
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insulation is especially designed with increased strength. If not, the internal insulation should
be tested with the rated value and the external insulation be tested by means of test fixtures
unless the relevant Technical Committee states otherwise, in which case it shall specify the
test procedure to be used.

4.4 Wet tests
4.4.1 Wet test procedure

This wet test procedure is intended to simulate the effect of natural rain on external insulation.
It is recommended for tests with all types of test voltages and on all types of apparatus.

The relevant Technical Committee should specify the arrangement of the test object during
the test.

The test object shall be sprayed with water of prescribed resistivity and temperature (see
Table 2) falling on it as droplets (avoiding fog and mist) and directed so that the vertical and
horizontal components of the spray intensity are approximately equal. These intensities are
measured with a divided collecting vessel having openings of 100 cm? to 750 cm2, one
horizontal and one vertical with the vertical opening facing the spray.

The position of the test object relative to the vertical and horizontal rain compenents shall be
specified by the relevant Technical Committee.

In general, the reproducibility of wet test results is less than that for other high-voltage
discharge or withstand tests. To minimize the dispersion, the following precautions shall be
taken:

— The collecting vessel shall be placed close to the test object, but avoiding the collection of
drops or splashes from it. During the measuring period, it should be moved slowly over a
sufficient area to average the effect of non-uniformities of the spray from individual
nozzles. This measuring zone shall have a width equal to that of the test object and a
maximum height of 1 m.

— For test objects between 1 m and 3 m in height, the individual measurements shall be
made at the top, centre and bottom of the test object. Each measuring zone shall cover
only one third of the height of the test object.

— For test objects exceeding 3 m in height, the number of measuring zones shall be
increased to cover the full height of the test object without overlapping.

— The above procedures shall be suitably adapted for test objects having large horizontal
dimensions.

— The spread of results may be reduced if the test object is cleaned with a surface-active
detergent, which has to be removed before the beginning of wetting.

- The spread of results may also be affected by local anomalous (high or low) precipitation
rates. It is recommended to detect these by localized measurements and to improve the
uniformity of the spray, if necessary.

The spray apparatus shall be adjusted to produce, within the specified tolerances,
precipitation conditions at the fest object given in Table 2.

Any type and arrangement of nozzles meeting the requirements given in Table 2 may be
used.
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Table 2 - Precipitation conditions for standard procedure

Precipitation condition Unit Range
Average precipitation rate of all
measurements: {mm/min] 1.0t0 2,0
— vertical component [mm/min] 1.0to 2,0

— horizontal component

Limits for any individual measurement

and for each component [mm/min] _ +0,5 from average
Temperature of water [°C] Ambient temperature 15
Conductivity of water {uSfem] 100 + 15

The water temperature and resistivity shall be measured on a sample collected immediately
before the water reaches the test object. They may also be measured at other locations (e.g.,
in a storage reservoir) provided that a check ensures that no significant change occurs by the
time the water reaches the test object.

The test object shall be pre-wetted initially for at least 15 min under the above-specified
conditions and these conditions shall remain within the specified tolerances throughout the
test, which should be performed without interrupting the wetting. The pre-wetting time shall
not include the time needed for adjusting the spray. It is also possible to perform an initial
pre-wetting by unconditioned mains water for 15 min, followed without interruption of the
spray by a second pre-wetting for at least 2 min before the test begins, using water with all
the correct precipitation conditions, which should be measured immediately before starting the
test.

Unless otherwise specified by the relevant Technical Committee, the test procedure for wet
tests shall be the same as that specified for the corresponding dry tests. The test duration for
an a.c. test shall be 60 s, if not otherwise specified. In general, for alternating and direct
voltage wet withstand tests, it is recommended that one flashover should be permitted
provided that in a repeat test no further flashover occurs.

NOTE For a.c. apparatus of large dimensions, such as those having a maximum rated voltage, U,,, higher than
800 kV, no appropriate wel lest procedure is available at present.

4.4.2 Atmospheric corrections for wet tests

A density correction factor shall be applied as specified in 4.3, but no humidity correction
factor shall be applied for wet tests.

4.5 Artificial pollution tests

Artificial pollution tests are intended to provide information on the behaviour of external
insulation under conditions representative of pollution in service, although they do not
necessarily simulate any particular service conditions. They are described in IEC 60507.

5 Tests with direct voltage

5.1 Definitions for direct voltage tests

5.1.1
value of the test voltage
arithmetic mean value

5:1.2
ripple
periodic deviation from the arithmetic mean value of the test voltage
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d (This Foreword is not part of American National Standard C29.1-1988)

This standard comprises a mmuai of procedures to be followed in making tests to deter-
mine the characteristics of insulators used on electric power systems. This standard is
not an insulator specification, but rather a test method to be used in conjunction with

. insulator specifications.

American National Standard €29.1-1988 is a revision of American National Standard
Test Methods for Electrical Power Insulators, ANSI ©29.1-1972. The present revision
was prepared by Accredited Standards Committee on Insulators for Electric Power Lines,

C29, which is in charge of this work.

Suggestions for improvement of this standard will be welcome. They should be sent to
The Manager of Engineering, National Electrical Manufacturers Association, 2101 L St,
NW, Washington, DC 20037, Attn: Secretary, ASC C-29.

This standard was processed and approved for submittal to ANSI by Accredited Stan-
dards Committee C29. Committee approval does not necessarily imply that all commit-
tee members voted for its approval. At the time it approved this standard, the C29 Com-

mittee had the following members:

1. L. Nicholls, Chairman
C. White, Secretary

Organization Represented

Assoclation of American Railroads. . . ... .
Bonneville Power Administration. . . . .- ..
Electric Light and Power Group. . < . .- - - «

Institute of Electrical and Electronics Enginecrs

National Electrical Manufacturers Association

SalisburyCo. . ..o . -0 v “

. Stone & Webster Engineering Corporation. . .
U.S. Department of the Army (Liaison, with Vote) .

Name of Representative
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®. L. Brown

G. A. Cook

A. §. Jagtiani

J. F. Karcher

E, F. Marchibank

D. Soffrin (Alt)

J. Weber

K. Labbe

T. A. Pinkham

N. E. Spaulding (Alt)

A. C. Baker

R. Harap

D. Sakich (Alt)
W. Carter

E. Kingsbury (Alt)
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American Natibnal Standard

for Electrical Power Insulators —

Test Methods

1. Scope

This standard comprises a manual of test methods to
be followed in making tests to determine the character-
istics of electrical power insulators, as defined hercin.
Individual tests shall be made only when specified.

2. Definitions

NOTE: Definitions as given herein apply specificaily to the
subject treated in this standard. For additional definitions see
American National Standard Dicti y of Elegtrical and Elec-
tronics Terms, ANSI/IEEE 100-1988. r

2.1 Insulatocs and Parts

2.1.1 Insulator. An-iasulator is a device intended
to give flexible or rigid support to electric conductars
or equipment and to insulate these conductors or
equipment from ground or from other conductors or
equipment.

An insulator comprises one or more insulating parts
to which connecting devices (metal fittings) are often
permanently attached. ~

2.1.2 Shell. A shell is a single insulating member,
having a skirt or skirts without cement or other con-
necting devices, intended to form a part of an insulator
or an insulator assembly, ;

2.1.3 Pin Insulator. A pin insulator is an insulator
having meaas for rigid mounting on a separable pin.

2.1.4 Post Insulator. A post insulator is aq insulator
of generally columnar shape, having means for direct
and rigld mounting. x

2.1.5 Cap and Pin Insulator. A cap and pin lasulator
is an assembly of one or more shells with metallic cap
and pin, having meanis for direct and rigid mounting.

2.1.6 Line Insulator (Pin, Post). A line insulator is
an assembly of one or more shells, having means for
semirigidly supporting line conductors.

2.1.7 Apparatus Insulator (Cap and Pin, Post). An
apparatus insulator is an assembly of one or more appa-
ratus-insulator units, having medns for rigidly support-
ing electric equipment.

2.1.7.1 Unit. Anapparatus-insulatoc unit is an
assembly of one or more shells with attached metal
parts, the function of which is to support rigidly a
conductor, bus, or other conducting elements on 2
structure or base member.

2.1.7.2 Stack. An apparatus-insulator stackis a
rigid assembly of two or more apparatus-insulator units.

2.1.8 Suspension Insulator. A suspension insulator
is an insulator with sttached metal parts having means
for nonrigidly supporting electric conductors.

-2.1.8.1 Unit. Asuspension-insulator unitisan -
assembly of a shell and hardware, having means for non-
rigid coupling to other units or terminal hardware.

2.1.8.2 String. A suspension-insulator string is an
assembly of two oc¢ more suspension insulators in tan-
dem.

2.1.9 Strain Insulator. A sfrain insulatoc is an insu-
lator generally of elongated shape, with two transverse
holes ot slots.

2.1.10 Spaol Insulator. A tpool insulator isan insu-

lator of genzrally cylindrical form having an axial mount-

ing hole and a circumferential groove or grooves for the
attachment of a conductor. ;

2.1.11 Wire Holder. A wire holder is an insulatar of
generally cylindrical or pear shape, having a hole for
securing the conductor and a screw ot bolt for mount-
ing.
2.2 Low-Frequency Voltages

2.2.1 Low Frequency. Low frequency, as used in
this standard, means any frequency between 15 and
100 hertz. 1

222 Low-Frequency Flashever Voltage. Alow-
frequency flashover voltage of an insulator is the root-
mean-square value of the low-frequency voltage that,

_ under specified conditions, causes a sustained disruptive

discharge through the surrounding medium.
2.2.2.1 Dry flashover voltage tests are testsas
described in 4.2.
2.2.2.2 Wet flashover voltage tests are (estsas
described in 4.3.
223 Low-Frequency Withstand Voltage. A low-
frequency withstand voltage of an insulator is the root-

5
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mean-square value of the low-frequency voltage that,
under specified conditions, ‘can be applied without
“causing flashover or puncture.
2.2.3.1 Dry withstand voltage tests are tests as
described in 4.4.
2.2.3.2 Wet withstand voltage tests are tests as
described in 4.5. :
2.2.3.3 Dew withstand voltage tests are tests
as described in 4.6. .

2.2.4 Low-Frequency Puncture Voltage. A low-
frequency puncture voltage of an insulator is the coot-
mean-square value of the low-frequency voltage that,
under specified conditions, causes disruptive discharge
through any part of the insulator.

Puncture tests are tests as described in4.11.

2.3 Impulse Voltages

2.3.1 Impulse Wave. An Impulse wave is a unidirec-
tional surge generated by the release of electrical enerzy
into an impedance network.

2.3.2 Impulse Flashover Voltage. An impulse flash-
over voltage of an insulator is the crest value of the
impulse wave that, uader specified conditions, causes
flashover through the surrounding medium.

2.3.3 Critical Impulse Flashaver Voltage. The eriti-
cal impulse flashaver voltage of an insulator is the crest
value of the impulse wave that, under specified condi-
tions, causes flashover through the sucrounding medivm

-on 50% of the applications.

Impulse flashover voltage tests are tests as described
in4.7.

2.3.4 Impuise Withstand Voltage, The impulse with-
stand voltage of an insulator is the crest value of an ap-
plied impulse voltage that, under specified conditions,
does not cause a flashover, puncture, or disruptive dis-
charge on the test specimen.

Impulse withstand voltage tests are tests.as described
in 4.8. ’

- 2.4 Mechanical Strength :

2.4.1 Ultimate Mechanical Strength. The ultimate
inechanical strength of an insulator is the load at which
any part of the insulator fails to perform its function
of providing 2 mechanical support without regard to
electrical failure.

Ultimate mechanical-strength tests are testsas de:
scribed in 5:1. - :

2.4.2 Combined Mechanical and Electrical Strength
(Suspension Insulator). The combined mechanical and
electrical strength of a suspension insulator is the me-
chanical load at which the insulator fails to pecform its
function either electrically or mechanically, when volt-
age and mechanical stress are applied simultaneously-

A combined mechanical- and electrical-strength test
is a test as described in 5.2.

6
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2.4.3 Time-Load Withstand Strength. The time-load
withstand strength of an insulator is the mechanical
load that, under specified conditions, can be continu-
ously applied without mechanical oc electrical failuce.

A time-load withstand test is a test as described in
- 5 : -
2.4.4 Mechanical-Tmpact Strength. The mechanical-
impact strength of an insulator is the impact which,
under specified conditions, the insulator can withstand
without damage.

A mechanical-impact strength test is a test as de-
scribed in 5.1.2.2.

2.5 Miscellaneous

2.5.1 TestSpecimen, A test specimen is an insulator
which is representative of the product being tested; it
is a'specimen that is undamaged in any way which
would influence the result of the test.

2.5.2 Leakage Distance, The leakage distance of an
insulator is the sum of the shortest distapces measured
along the insulating surfaces between the conductive
pats, as arranged for dry flashover test. (Surfaces
coated with semiconducting glaze shall be considered *
¢ effective leakage surfaces, and leakage distance over
such surfaces shall be included in the leakage distance.)

' 2.5.3 Dry-Arcing Distance. The dry-arcing distance
of an insulator is the shoctest distance through the sur-
rounding medium between terminal electrodes, or the
sum of the distances between intermediate electrodes,
whichever is the shorter, with the insulator mounted
for dry flashover test. by |

2.5.4 Radio-Influence Yoltage. The radio-influence
voltage of an insulatac is the radio-frequency voltage
measured under specified conditions.

Radio-influence voltage tests are tests as described
in4.9.

3. Test-Specimen Mounting for Electrical Tests

3.1 Suspension Insulators

3.1.1 Mounting Arrangement, Unless otherwise speci-
fied, the test “pecimen (unit or string) shall be suspended
vertically at the end of a grounded conductor so that
the vertical distance from the uppermost point of the
insulator hardware to the supporting structure shall be
not less than 3 feet (9 14 mm).

3.1.2 Energized Electrode. The energized or bottom
electrode or conductor shall be a straight, smooth rod
ot tube having an outside diameter not less than 3 {4
inch (19 mm) nor more than 1-1/2 inches (38 mm). It
shall be coupled to the lower integral fitting of the test
specimen so that the distance from the lowest edgé of
the insulator shell to the upper surface of the electrode



shall be between 0.5 and 0.7 of the diameter of the
lowest insulator. The conductor shall be horizontal and
at right angles to the axis of the test specimen. The con-
ductor shall be of such length that flashover will not be
initiated at the electrode ends.

3.1.3 Proximity of Other Objects. No objects, other
than parts of the test assembly, shall be neacer the test
specimen or energized electrodes than 1-1/2 times the
test-specimen dry-arcing distance, with a minimum al-
lowable distance of 3 feet (914 mm).

3.2 Line Insulators (Fin, Post)

3.2.1 Mounting Arrangement (Crossarm). Unless
otherwise specified, the supporting crossarm shall be a
horizontal, straight, smocth, grounded, metallic tube
or structural member having a horizontal width not less
than 3 inches (76 mm) nor moce than 6 inches (152
mni). It shall be of such length that flashover will not
be initiated at its ends.

3.2.2 Mounfing Pin (If Required). Whena scparable
pin is required, the test specimen shall be mounted ver-
tically on a 1-inch (25-mm) diameter metal pin of such
length that the shortest dry-arcing distance from the
upper electrode and connected metallic parts o the
supporting crossarm shall be 25% greater than the simi-
far distance to the pin. The pin shall be coaxial with the
test specimen. Insulators having integraily assembled
means for mounting on a crossarm shall be mounted
vertically and directly on the test crossarm. -

3.2.3 Energized Electrode. The energized or top
eléctrode or conductor shall be a harizontal round rod
or tube placed at right angles to the supporting cross-
arm, and of.a diameter not less than 1/2 inch (13 mm).
It shall be of such length that flashover will not be
initiated at its ends. The conductor shall be placed in
the top conductor groove of the test specimen. When
there is no top conductor groove, the conductor shall
be placed in the ather means provided for the con-
ductor support. If a tie wire Is to be used, the conduc-
tor shall be secured by means of at least two tuens of

wire not smaller than No. 8 AWG (American Wire Gage),

the ends being closely wrapped around the conductor
on each side of the insulator.

3.2.4 Proxiwaity of Other Objects. No objects, other
than parts of the test assembly, shall be nearer the test
specimen or energized electrodes than 1-1/2 times the
test-specimen dry-arcing distance, with a minimum al-
lowable distance of 3 feet (914 mm).

3.3 Apparatus Insulators (Cap and Pin, Post)

3.3.1 Mounting Arrangement. Unless otherwise
specified, the test specimen shall be mounted vertically
upright on 2 horizontal, grounded 10-inich (254-mm)
channel, with the channel flanges projecting down. A
subbase shall'be used if the insulatar charactecistics are
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predicated on its use. The supporting channel shall be
of such length that flashover will not be initlated at its
ends, and its fop surface shall be not less than 3 feet
(914 mm) above the ground.

3.3.2 Energized Electrode. The energized or top
electrode or conductor shall be a horizontal round rod
or tube at right angles to the supporting channel, and
of a diameter approximately 5% of the test-specimen
dry-arcing distance within the limits of 4-1/2 inches
(114 mm) maximum and 1/2 inch (13 mm) minimum.
The length of the conductor shall be such that flashover
will not be initiated at its ends. It shall be mounted di-
rectly in contact with the top integral fitting of the test
specimen, and with its horizontal axis in the same verti-
cal plane as the vertical axis of the test specimen.

3,33 Proximity of Other Objects, No objects, other
than parts of the test-assembly, shall be nearer the test
specimen of energized electrodes than 1-1/2 times the
test-specimen dry-arcing distance, with a minimum
allowable distance of 3 feet (914 mm).

3.4 Strain Insulatocs

3.4.1 Mounting Arcangement. Unless otherwise spec-
ified. the test specimen shall be mounted ina positidn
with its major axis at 45 degrees from the vertical (for
wet flashover test, the major axis shall be at right angles
to the spray direction, and the axis of the upper con-
ductor hole ot slot shall be horizontal), using flexible
metal conductors of approximately 50% of the hole
diameter. The conductors shall be clamped with guy
clamps, spaced from the test specimen at a distance ot
less than the test-specimen length. Mechanical tension
sufficient to avoid appreciable sag in the setup shall be
applied to the test specimen. The lower conductor shall
be grounded.

3:4.2 Proximity of Other Objects. No objects, other
than parts of the test assembly, shall be nearer the test
specimen or energized electrodes than 1-1/2 times the
dry-arcing distance of the test specimen, with a min}-
mum allowable distance of 1 foot (305 mm).

3.5 Spool Insulators

3.5.1 Mounting Arrangement. The fest specimen
shall be mounted horizontally or vertically {as specified
in Fig. | through 5 of American National Standard for
Wet-Process Porcelain [nsulators (Spool Type), ANSI
C29.3-1986] , and in contact with two smooth metallic
straps 1-1/2 inches (38 mm) wide and of any suitable
thickness. A rod of suitable diameter shall pass through
the axial hole of the test specimen and one end of each
of the straps. The straps shall extend horizontally in
one dicection from the rod ard remain parallel to each
other for a distance from the test specimen of not less
than the height of the test specimen. The other ends of

@
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-the straps shall be sunlably connec!ed toa groundEd
support. g L 3

3.5.2 Energized Electrode. The energized electrode
shall consist of one turn of No. 8 AWG conductar placed
around the wire groove and served back on itself. This
conductor shall be carried away from the test specimen
parallel to and in a direction oppasite to the supporting
straps.

3.5.3 Proximity of Othcr Objects. No objccts other
than parts of the test assembly, shall be nearer to the
test specimen or energized electrodes than | foot
{305 mm).

4. Electrical Tests

4.1 General. Test specimens used for the tests In thiis
section shall have clean insulating surfaces. :

4.2 Low-Frequency Dry Flashover Voltage Tests

4.2.1 Mounting Arrangement. The test-specimen
mounting for dry flashover voltage tests shall be in ac-
cordance with Section 3. ;

. 4.2.2 Voltage Application. The initial applied volt-
age may be quickly raised to approximately 75% of the
expected average dry flashover voltage value. The con-
tinued rate of voltage increase shall be such that the
time to flashover will be not less than 5 seconds nor
more than 30 seconds after 75% of the flashover value
is reached.

4.2.3 Dry Flashover Voltage Value.! The dry flash-
over voltage value of a test specimen shall be the arith-
metical mean of not less than flve individual ﬂashowrs
taken consecutively: The peciod between consecutive
flashovers shall be not less than 15 seconds nor more
than 5 minutes.

4.2.4 Carrections

4.2.4.1 Standard Conditions. Dry flashover volt-
age values shall be corrected in accordance with Ameri-
can National Standard Techaniques for High-Voltage
Testing, ANSI/IEEE 4-1978, except the following stan-
dard conditions shall apply:

29.92 inches of mercury
(10.086 X 10° pascals)

77°F(25°C)

0.6085 inch of mercury
(2.051 X 10* pascals)

Barometric pressure:

Temperatui-e:
Vapor pressure:

! Probable variation: Due to inaccuracies of correction methods,
difficulties of precise calibeations, and othec uncontrallable
conditions, a variation of ¢ 5% from the probable true average
dry flashover voitage value may occur in tests conducted in one
laboratory. Values obtained by tests conducted in diffecent
labocatories may vacy by + §%.

ANSI ¢29.1 88 W 0724150 0029828 1 mm

Humidity and relative air density corrections shall be
calculated in accordance with 4.2.4.2 and 4.2.4 3.

4.2.4.2°' Humidity. The dry flashover voltage value
shall be corrected to standard humidity conditions in
accordance with the curves in Fig. L. {(Humidity correc-
tion curves are not available for spool and strain insu-
lators.)

The vapor pressure shall be determined by the follow-

ing procedure:

Humidity shall be measured with wet- and dry -bulb
thermometers, the air being circulated past the ther-
mometers at a velocity of 3 meters (9.84 feet), or more,
per sécond, oc with the sling psychrometer. The mea-
surements shall be reduced lo vapor pressure with the
assistance of the Smithsonian Meteorological Tables or

by the following formulas:
=32
571
where

Py, =vapor pressure, in inches of mercury
P, = pressuce, in inches of mercusy, of saturated
' aqueous vapor at temperature ¢’
b = barometric pressure, in inches of mercury
t = temperature of air, in degrees Fahrenheit
t' = wet-bulb temperature of air, in degrees
Fahrenlieit

For U.S, customary units:

Py =P, = 0.0003675(t - :')(1 +

For S units:
P, = P, ~ 0.0876b(¢ - £')(1 +0.00115¢")

where
P,, = yapor pressure, in pascals |
= pressure, in pascals, of saturated aqueous

vapor at temperature 7’

b = barometric pressuce, in pascals

t = temperature of air, in degrees Celsius

' = wet-bulb temperature of air, in degrees
Celsius

4.2.43 Air Density. The dry flashover voltage
value shall be corrected to standard atmospheric tem-
perature and pressure conditions. To do so, divide the
measured voltage value by the relative air density cor-
rection factor, Ky, calculated in one of the following
ways:

ForUS. customary units:

P

Kq=1795 (469—""1")-

where
P = barometric pressure in inches of mercury
T = air temperature in degcees Fahrenheit
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For SI units:

Kg = 0002955 —rme—
(373+7)

where

P = barometric pressure in pascals
T = air tempera ture in degrees Celsius

or

K;=0392 s
e (273 +7)

where

P = barometric préessure in millimeters of mercury
T = air temperature in degrees Colsius

4.3 Low-Frequency Wet Flashover Voltage Tests
4.3.1 Mounting Arrangemént, The test specimen
mounting for wet flashover voltage tests shall be in ac-

cordance with Section 3.

4.3.2 Precipitation. The precipitation shall be ap-
plied in accordance with subsection 1.3.3.2 and Table
1.2 (Practice in USA) of ANSI/IEEE 4-1978.
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4.3.3 Preparation of Test Specimen. The prepara-
tion of the test specimen shall be in accordance with™
subsection 1.3.3.2 of ANSI/IEEE 4-1978.

43.4 Voltage Application. At not less than | min-
ute after the final adjustment of the spray, the applied
voltage may be raised quickly to approximately 75%
of the expected average wet flashover voltage value.
The continued rate of voltage increase shall be such
that the time to flashover will be not less than 5 sec-
onds nor more than 30 seconds after 75% of the wet
{lashover voltage value is reached.

4.3.5 Wet Flashover Voltage Value.? The wet flash-
over voltage value of a test:specimen shall be the arith-
metical mean of not less than five individual flashavers
taken consecutively. The period between consecutive
{lashavers shall be not less than 15 seconds nor more

than 5 minutes.
4.3.6 Corrections. Corrections shall be made in ac-

cordance with 4.2.4, except that no correction fot
humidity shall be made-

4.4 Low-Frequeacy Dry Withstand Voltage Tests

4.4.1 Mounting Arrangement. The test-specimen
mounting for dry withstand voltage tests shall be in
accordance with Section 3.

4.4.2 Voltage Application. 75% of the rated dry
withstand voltage may be applied in one step and gradu-
ally raised to the required value in not less than S nor
mare than 30 seconds.

4.4.3 Test Voltage and Time. The test voltage,
which is the rated dry withstand voltage with appro-
priate atmospheric corrections applied, shall be held
on the test specimen for 1 minute.

4.4.4 Corrections. Comections shall be made in ac-
cordance with 4.2.4. The test voltage applicable to
existing atmosphersic conditions is obtained from the
rated withstand voltage, as given for standard atmo-
spheric conditions, by use of the following equation:

=¥, X%
where
V¥ = test voltage, in kilovolts, applied to test
specimen :
¥, = rated withstand voltage, in kilavolts
§ = relative air density >
H = humidity correction factor applicable for the
particular test specimen

Tprabable variation: Dus to variations in water spray, inaccu-
racies of correction metfiods, difficulties of precise callbrations,
and other uncontroilable conditions, a variation of ¢ 8% from
the probable true average wet flashover voltage value may be
expected in tests conducted in one laboratory. Values obtained
by tests conducted in different laboratories may vary by  12%.
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© 4.5 Low-Frequency Wet Withstand Voltage Tests

4.5.1 Mounting Arrangement. The test-specimen
mounting for wet withstand voltage tests shall be in
accocdance with Section 3.

4.5.2 Precipitation. The precipitation shall be ap-
plied in accordance with subsection 1.3.3.2 and Table

1.2 (Practice in USA) of ANSI/IEEE 4-1978.

4.5.3 Preparation of Test Specimen. The prepara-
tion of the test specimen shall be in accordance with
subsection 1.3.3.2 of ANSI/IEEE 4-1978.

4.5.4 Yoltage Application. 75% of the rated wet
withstand voltage may be applied in one step and grad-
ually raised to the required value in not less than 5 nor
morce than 30 seconds.

4.3.5 Test Yoltage and Time. The test voltage.
which is the rated wet withstand voltage, with appro-
priate atmospheric corrections applied, shall be held
on the test specimen for 10 secoads.

4.5.6 Corrections. Corrections shall be in accor-
dance with 4.2.4, except that no correction shall be
made for humidity. The test voltage applicable to
existing atmospheric conditions is obtained from the

rated withstand voltage, as given for standard atmo-
spheric conditions, by use of the t:oliowing equation:

V=¥ X5

where
V = test valtage, in kilovolts, applied to test speci-
men - -
¥, = rated withstand voltage, in kilovolts
& = relative air density

4.6 Low-Frequency Dew Withstand Voltage Tests

4.6.1 Preparation of Test Specimen. The test speci-
men shall be placed in a chamber having 2 temperature
of from -10°C to =15°C(14°F to 5°F) until the speci-
men is thoroughly caoled. (Caoling may take 10 to 12
hours.)

4.6.2 Mounting Arrangenient. The test specimen
shall be mouated in accordance with Section 3 in a test
chamber having a temperature of approximately 77°F
(25°C). The relative humidity in the test chamber shall
be approximately 100%. This may be obtained by pass-
ing live steam at atmospheric pressure into the chamber.

4.6.3 Voltage Application. The voltage shall be
raised rapidly to dew withstand test voltage, while the
test specimen is completely covered with dew. The time
to raise the voltage shall be not more than 20 seconds.

4.6.4 Test Voltage and Time. The test voltage, which
is the rated dew withstand voltage with appropriate at-
mospheric corrections applied, shall be held on the test
specimen for 10 seconds.

4.6.5 Corrections. Corrections shall be made in ac-
cordance with 4.5.6.

10
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4.7 Impulse Flashover Voltage Tests

4.7.1 Geoeral. Impulse flashover voltage tests are
made ‘'under dry conditions only.

4.7.2 Mounting Arrangement. The test-specimen
mounting for impulse flashover voltage tests shall be in
accordance with Section 3.

4.7.3 Impulse Voltage Wave. All tests shall be made
wilh a 1.2 X 50-microsecond wave, in accordance with
ANSI/IEEE 4-1978,

4.7.4 Critical Impulse Flashaver Voltage Value.®
The critical impulse flashover voltage shall be deter-
mined in accordance with ANSI/IEEE 4-1978.

4,7.5 Volt-Time Flashover Curves.® The volt-time
flashover curves shall’be determined in accordance with
ANSI/IEEE 4-1978.

47,6 Corrections .

4.7.6.1 Critical Impulse Flashover Voltage The
critical impulse flashover voltage value shall be corrected
to standard conditions [n accordance with 4.2.4, except
that the curves in Fig. 2 shall be used.

4,762 Volt-Time Curves. The full air-density
corrections shall be applicable. The humidity correction
shall be made as follows=:

(1) When the critical flashover voltage value occurs
at more than 10 microseconds, full corrections shall be
applied to all values with time lags of 10 microseconds
or more. When flashover above critical voltage occurs
at less than 10 microseconds, the correction shall be re-
duced in the direct ratio that the time to flashover bears
to 10 microseconds. R

{2) When the critical flashover voltage value occurs
at less than 10 microseconds, the correction shall be re-
duced in the direct ratio that the time to flashover bears
to the time at the critical flashover,

4.8 Impulse Withstand Voeltage Tests

4.8.1 General. [mpulse withstand voltage tests are
made to determine that the test specimen is capable of
withstanding a specified impulse voltage.

4.8.2 Mounting Arrangement. The test-specimen
mounting for impulse withstand voltage tests shall be
in accordance with Section 3.

4.8.3 Corrections. Corrections shall be made in ac-
cordance with 4.4.4, except that the curves in Flg 2
shall be used

3 Probable variation: Due to inaccuracies of correction methods,
difficulties of precise calibrations, and other uncontroliable
conditions, a variation of £ 5% from the probable true average
impulse critical fMlashover voltage value may be expected In tests
conducted in one laboratory. Values obtained by tests conducted
in different laboratories may vacy by £ 8%. In volt-time curves,
similar vaclations are to be expected at poiats near the impulse
critical Mashaver voltage value, with considerably larger vatiations
involved as the time to breakdown decreases.

86




ANSI C29.1 A4 E& 0724150 0029831 1 mm

4.8.4 Voltage Application. Impulse withstand volt-
age tests shall be made with an impulse of that polar-
ity which produces the lower flashover voltage on
the test specimen. Three consecutive impulses shall
be applied to the test specimen. The crest voltage of
each shall be not less than the specified impulse with-
stand voltage, with appropriate atmospheric correc-
tions.

4.2 Radio-Influence Voltage Tests

4.9.1 Mounting Arrangement. The test-specimen
mounting shall be in accordance with Section 3, except
that the clearance to abjects, other than parts of the
test assembly, shall in no case be less than 3 feet (914
mm) per 100 kilovolts of test voltage.

All hardware associated with the test circuit shail

be relatively free of radio influence at a voltage 10%
higher than the voltage at which the tests are to be per-
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4.9.2 Equipment. The equipment used in making
the radio-influence voltage tests shall be in accordance
with NEMA 107-1964 (R1987), Methods of Measuring
Radio Noise.*

4.9.2.1 Wave Shape. The wave shape of the ap-
plied voltage shall be a sine wave of acceptable commer-
cial standards in accordance with ANSI/IEEE 4-1978.

4.9.2.2 Supply-Voltage Prequency. The fre-
quency of the supply voltage shall be 60 hertz + 5%.

4.93 Atwmaspheric Conditions. Tests shall be con-
ducted under atmospheric conditions prevailing at the
time and place of test, but it is reccommended that
tests be avoided when the vapor pressure exceeds 0.6

. inch of mercury (202 X 10° pascals).-Since the effects

of humidity and air density upon the radio-influence
voltage are not definitely known, no correction factors
are recommended for either at the present time. How-
aver, it is recommended that barometric pressure and
dry- and wet-bulb thermometer readings be recocded
so that if suitable correction factors should be deter-
mined, they could be applied to previous measure-
ments. : .
4.9.4 Precautions in Making Radic-Influence Volt-
age Tests. The following precautions should be observed
wheu making a racio-influence voltage test on a test
specimen:

(1) The test specimen should be at approximately
the same temperature as the room in which the test Is
made

(2) The test specimen should be clean.

(3) Insome cases it may be found that the radio-

influence voltage falls off rapidly after the 60-hertz volt-
age has been applied for a short time. In such cases it is
permissible to stabilize conditions by preexciting the
test specimen at normal operating voltage for a period
not to exceed 5 minutes before proceeding with the
tests.

4.9.5 Methads of Making Tests

4.9.5.1 Radio-Influence Voltage. The specified
voltage shall be applicd to the test specimen, and the
radio-influence voltage shall be measured in microvolts
at the specified radio frequency. It is considered imprac-
tical to read radio-influence test voltages that are less
than 10 microvolts.

4.9.5.2 Radio-Influence Clmmctensucs The -
radic-influence characteristics are determined by plot-
ting the test voltage against the corresponding radio-
influence voltage.

4.10 Visual Corona Test
4.10.1 General. To assist in locating a source of

4 Available from National Eleclncal Manufacturers Assaciation,
2101 L Slmel. N.W., Washington, D.C. 20037.

11
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radio-influence voltage, a corona test may be per-
formed. The test shall be made in a thoroughly dark-
ened room.

4.10.2 Mounting Arrangement. The test-specimen
mounting shall be in accordance with 4.9.1.

4.10.3 Procedure. A voltage well above the corona
point shall be applied and slowly lowered until all dis-
charges disappear from the test specimen. The point
of disappearance shall be the corona voltage. The ob-
server’s eyes shall be thoroughly accustomed to the
darkened room before making visual observations.

4.11 Puncture Tests :

4.11.1 Mounting Arrangement. Puncture tests shall
be performed on fully assembled.insuiators only. The
test specimen shall be inverted and immersed in insu-
lating oil having a sufTicient dielectric strength to pre-
vent external flashover of the specimen. The oil shall
be at least 6 inches (152 mm). deep over all parts of the
test specimen. .

Voltage shall be applied between the integrally as-
sembled electrode (cap and pin) on all units having these
parts. In the case of pin insulators having no cenducting
electrodes at one or both términals, electrodes shall be
provided as follows:

An electrode in the pinhole shall be provided by
setting a metallic thimble, with suitable conducting
material, such as cement or alloy. The thimible shall
be provided with a clase-fitting pin for attaching the
conductor. The top of the test specimen shall be coated
with conducting materal to a diaméter of approxi-
mately | inch (25 mm)larger than the test-specimen
head. E

4.11.2 Yoltage Application. Voltage shall be applied
between the electrodes, as described in 4.11.1. The ini-

. tial applied voltage may be raised quickly to the rated

dry flashover voltage of the test specimen. The voltage
shall then be raised at the rate of appeoximately 10 000
volts every 15 seconds to the value at which puncture
QcCurs.

4.11.3 Percent Average Variation of Puncture Volt-
age.® The percent average variation of the puncture
voltagz is determined as follows:

Let
Vi Vi Vi, ..., V, = individual puncture voltage
“values, In kilovalts
V' = average puncture voltage, in

kilovolts

*If test-equipment limitations are such that the test specimen
cannat be punctured, the puncture value shall be considered
to be the maximum available applied test voltage, provided
this value exceeds 150% of the puncture rating.

12

then

V‘=‘(V"+ Vi £ ¥y ¥ oo ki W0y

n
Let
a, =V-V¥,
g, =V-V;
dy =y~ Vl
A, =V-V,

NOTE: Consider all these values of a as positive; that is, neglect
the signs.

Let :
a = average variation, in kilovolts
A = percent average variation

then
a=(ﬂl +d’g "‘d, +...f‘d'n)
n
5100
v

5. Mechanical Tests

5.1 Ultimate Mechanical-Strength Tests

5.1.1 General. Mechanical load shall be applied to
the test specimen in the manner prescribed in 5.1.1
through 5.3.2. The load shall be started at zero and
smoathly brought up in a practically stepless variation
to the failure point. The load may be increased rapidly
to approximately 75% of rated strength of the insulator.
The rate of increase of load from 75% of rating to fail-
ure is given in Table 1.

5.1.2 Suspension Insulators

5.1.2.1 Tensile Strength. Mechanical-tensile load

shall be apptied between terminal fittings in line with
the axis of the test specimen.

Table 1

Rate of Increase of Load
Increase in Load
pec Minute in
Percentage of
: Rated Stre
Class of Type of .
Insulator Test Min Max
Suspension Tensile - . 15 30
Llne Cantilever 30 60
Apparatus Cantilever 30 60
Apparalus Torslon 30 . 60
Apparatus Tensile 15 30
Apparatus Compression 15 30
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5.1.2.2 Mechanical-Impact Strength. The test
specimen shail be mounted in the specified test machine
in the specified manner under a tensile load of approxi-
mately 2000 pounds-force (8896 N). The bearing point
.af the pendulum shall be so adjusted that, when re-
leased, the copper nose will strike the outer rim of the
shell squarely in a direction parallel to the axis of the
unit and towards the cap. The test specimen shall re-
ceive an impact of the specified severity by releasing
the pendulum when its shaft is opposite the correspond-
ing mark on the indicating scale. The pendutum shall be
released with no imparted acceleration. After receiving
the specified impact, the test specimen shall be tested
for soundness by momentary flashover. z
5.1.3 Line Insulators (Pin, Post) (Cantilever Strength).
Mechanical load shall be applied in line with the side
groove of the test specimen and normal to the axis of.
the pinhole. The load at the tie-wire groove may be ap-
plied by means of a loop of flexible stranded cable or
the equivalent. The mounting pin, connecting hardware,
and linkages between the test specimen and the testing
machine shall be such that no appreciable deflection
takes place at values up to the failure point of the test
specimen. Insulators whose design incorporates self-
contained metal caps, mounting bases, pins, or conduc-
tor clamps, shall be tested with this hardware, using 2
suitable rigid support.
5.1.4 Apparatus Insulators (Cap and Pin, Post)
5.1.4.1 Caatilever Strength. Cantilever-strength
tests shall be made with the test specimen adequately
secured Lo the testing machine. The load shall be applied
normal to the axis of the test specimen at the specified
point of application. [n demonstrating stack ratings,
one insulator uait may be used. The equivalent lever
arm may be obtained by bolting a baror pip¢ of proper
length and stiffness to the test specimen.
5.1.4.2 Torsional Strength. Torsional-strength
tests shall be made with the test specimen adequately .
secured to the testing machine. The torsionaljoad shall
be applied to the test specimen through a torgue mem-
ber so constructed that the test specimen is not sub-
jected to any caatilever siress.
5.1.4.3 Tensile Strength. Tensile-steength tests
shall be made with the test specimen adequately secured
to the testing machine. The load shall be applied in line
with the axis of the test specimen.
5.1.4.4 Compression Strength. Compression-
strength tests shall be made by applying load in com-
pressian in line with the axis of the test specimen. -
5.1.5 Strain Insulatoes (Tensile Strength). Mechani-
cal load shall be applied in line with the main axis of
the test specimen, using flexible, stranded, steel cable.
Each cable loop shall be secured with clamps so posi-
tioned that the distance between the edge of the nearest
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clamp and the end of the test specimen is the same as
the length of the test specimen. The diameter of the
cable used should not exceed 50% of the diameter of
the hole in the test specimen.

5.1.6 Spoal Insulators (Transyerse Strength). The
test specimen shall be mounted between close-itting
parallel straps, using a through bolt of the same diam-
eter as that for which the test specimen is designed.
The straps and connecting linkage shall be such that
no appreciable deflection will take place. Mechanical
Joad shall be applied in the plane of the external wire
groove. The load shall be applied by means of a loop
of flexible, stranded, steel cable. The diameter of the
cable shall not éxceed the radius of the wire grooves.

5.1.7 Wire Holders

5.1.7.1 Tensile Strength. The mounting screw or
bolt shall be installéd in such 2 manner that the mouat-
ing surface of the test specimen does not touch the sup-
port. Load shall be applied in line with the axis of the
mounting screw or bolt, using a loop of flexible,
stranded, steel cable, the diameter of which shall not
axceed the radius of the wire hole in the insulator. The
loop shall be clamped, with the inside edge of the near-
est clamp placed 9 inches {229 mm) from the end of
the insulator. G

5.1.7.2 Caniilever Strength. The mounting screw

_ or bolt shall be held sigidly in such a manner that the

mounting base of the test specimen seats squarely
agaiast the face of the plate. Load shall be applied in 2
pIané parallel to the mounting surface, passing through
the center of the wire groove, using the flexible loop

arrangement described in 5. 121,

5.7 Combined Mechanical- and Electrical-Strength Test
(Suspension-Insulators). Load shall be applied as de-
scribed in 5.1.1 and 5.1.2.1. Simultaneously, a low-
f:equeﬁcy voltage of not less than 75% of the rated dry
flashover voltage shall be applied to the test specimen.

5.3 Time-Load-Withstand-Strength Test

5.3.1 Mounting Arrangement. The test-specimen
mounting shall be in accordance with the pertineat pro-
visions in 5.1. {

5.3.2 Loading The specified foad shall be applied
smoathly, without undue vibration or shock, and main-
tained for the speeified period. After the load has been
removed, the test specimen shall be checked for elec-
trical soundness by being subjected to momentacy flash-
over. Test specimens having more than oae shell shall have
cach shell checked Individually for electrical soundness.

5.4 Porosity Test . i
5.4.1 Preparation of Test Specimens. Freshly broken
fragments of the insulator, having clean surfaces ex-
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posed, shall be used for this test. At least 75% of the
surface area shall be free from glaze or other treatment.
Fragments approximately 1/4 inch (6 mm) in the
smallest dimension up to 3/4 inch (19 mm) in the largest
dimension are recommended.

5.4.2 Testing Solution. For this test, a solution con-
sisting of 1 gram of basic fuchsine dye dissolved in 1 liter
of 50% alcohol shall be used. If a denatured alcohol is
used, one should be selected which does not react with
the dye to cause fading of the color.

5.4.3 Procedure. The test specimens shall be com-
pletely immersed in the testing solution within a pres-
sure chamber. A minimum pressure of 4000 pounds-
force per square inch (27 600 kN/m?) shall be applied
for not less than 5 hours, or an optional test at minimum
10 000 pounds-force per squars inch (68 900 kN/m*)
for not less than 2 hours may be used. At the conclusion
of the pressure application, the test specimens shall be
thoroughly dried and broken for examination.

5.4.4 Interpretation of Results. Penetration inta
small fissures formed in preparing the test specimens
shall be disregarded. Porosity is indicated by penetra-
tion of the dye intc the test specimen to an extent visi-
ble to the unaided eye.

5.5 Thermal Test

5.5.1 General. The thermal test shall consist of alter-
nate immersions of the test specimen in hot and cold
water.

5.5.2 Testing Arrangement. The lest specimens shall
be arranged so that they are not in cantact with each
other and so that air shall not be entrapped during im-
mersion. Free circulation of water shall be provided.
Test specimens shall be at least 2 inches (51 mm) from
the walls of the tank. \

5.5.3 Equipment. Bach bath shall have a weight of
water at least 10 times the weight of the test specimen
immersed. Either natural or forced circulation may be
used to maintain the temperature of all parts of the
bath within +4°F (2°C) of the specified value, The te-
corded temperature shall be measuced at least 4 inches
(102 mm) from the heating or cooling elements.

5.5.4 Method of Making Test. The test specimen
shall first be Immersed in a hot water bath for 10 min-
utes. [t shall then be withdrawn and immessed in a
cold water bath for 10 minutes. Not more than 5 sec-
onds shall elapse in transferring the test specimen from
one bath to another. Aftec the specified number of hot
and cold cycles, the test specimen shall be tested for
electrical soundness by momentary flashover.

5.6 Pinhole-Gaging Test :

5.6.1 General. When the threaded pinhales of pin
insulators are gaged, the specificd pinhole gage shall be
used. H -

14

5.6.2 Test Procedure. The gage shall be screwed into
the test specimen until the gage is tight: The distance
from the bottomn of the pinhole to the point where the
gage stops, as indicated by the plunger and scale on the
gage, shall be read.

The gage shall be removed from the test specimen,
and the number of revolutions of the gage required to
release it from the pinhole shall be counted.

6. Galvanizing Test

Test for thickness of coating shall be in accordance
with Standard Measurement of Coating Thickness by
the Magnetic Method: Nonmagnetic Coatings of Mag-
netic Base Metals, ASTM B 499-75 (1987).

7. Routine Tests

7.1 Electrical Tests. Flashover tests on shells or insu-
Jators may be made in accordance with either the pro-
cedure in 7.kl orin 7.1.2.
7.1.1 High-Frequency Test
7.1.1.1 Method 1. The saells or insulators shall
be subjected to a damped high-frequency voltage suffi-
cient to cause flashover for from 3 to 5 seconds. The
frequency shall be approximately 200 kilohertz in _
damped trains. -
7.1.1.2 Method 2. The shells or insulators shall
be subjected to a high-frequency discharge froma

“transformer adjusted to a no-load voltage of not less

than 115% of the low-frequency dcy flashover of the
shells or insulators, this test to be continued for 2
period of from 3 to S secands. The frequency supedm-
posed upon the low-frequency voltage shall be higher
than 100 kilohertz.

7.1.2 Low-Frequency Test. The shells or insulators
shall be subjected to vigorous dry flashover for from 3
to 5 minutes. The voltage control shall be such that a
continual flashover occucs and divides uniformly over
the shiells or insulators under test.

7.2 Mechanicsl Tests :
7.2.1 Suspension Insulators. Prior to or simulta-
acous with the final electrical test, the assembled sus-

"~ pension insulators shall be givena tensile-strength test

3 seconds in duration, at the specified value, applied
in line with the axis of the insulatar.

7.2.2 Apparatus Insulators. Prior to or simultaneous.
with the final electrical test, the assembled apparatus
insulators shall be given a tensile-steength test 3 seconds
in duration, at the specified value, applied in line with
the axis of the insulator. 3
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8. Revision of American National Standards

AMERICAN NATIONAL STANDARD C29:1-1988

ANSI C29.3-1986, Wet-Process Porcelain Insulators

Referred to in This Document e (OO Ry e

When the following American National Standards re-
ferred to in this document are superseded by a revision
approved by the American National Standards Institute,
Inc, the revision shall apply:

ANSUIEEE 4-1978, Techniques for High-Voltage Test-
ing

ANSIfIEEE 100-1988, Dictionary of Electrical and
Electronics Terms

15
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American National Standards

The standard in this booklet is one of B00O standards approved to date by
the American National Standards [nstitute.

The Standards Institute provides the machinery for creating voluntary stan-
dards. It serves to eliminate duplication of standards activities and to weld
conflicting standards into single, nationally accepted standards under the
designation “American National Standards.””

Each standard represents general agreement amang maker, seller, and user
groups as to the best current practice with regard to some specific problem.
Thus the completed standards cut across the whole fabric of production,
distribution, and consumption of goods and services. American National
Standards, by reason of Institute procedures, reflect a national consensus .
of manufacturers, consumers, and scientific, technical, and professional orga-
nizations, and governmental agencies. The completed standards are used
widely by industry and commerce and often by municipal, state, and federal
gavernments.

The Standards Institute, under whose auspices this work is being done, is the
United States clearinghouse and coordinating body for voluntary standards
activity on the national level. 1t is a federation of trade associations, techni-
cal societies, professional groups, and consumer organizations. Some 1000
companies are affijiated with the Institute as company members.

The American National Standards Institute is the United States member of
the International Organization for Standardization (ISO) and the Interna-
tional Electrotechnical Commission (1EC): Through these channels U.S. stan-
dards interests make their positions felt on the international level. American
National Standards are on file in the lubranes of the national standards badies

of more than 60 countries.

American National Standards Institute, Ing
1430 Broadway
New York, N.Y. 10018
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Table 2 — Dimensions and characteristics of distribution
insulators ANSI classes 52-1, 52-2, 52-9-A, 52-9-B

Dimensional data See ANSI ANSI CLASS ANSI| CLASS ANSI CLASS ANSI| CLASS
C29.1-1988 521 52-2 52-9-A 52-9-B
Section (See Figure 1) (See Figure 1) (See Figure 1) (See Figure 1)
Connecting hardware - Clevis Clevis Clevis Clevis
coupling
Leakage distance, 252 7(178) 8-1/4(210) 6-3/4(171) 6-3/14(171)
inches (mm)
Unit spacing - 5-1/2 5-3/4 6-1/4 6-1/4
dimension “A,” inches
Shell diameter - 6-1/2 8 4-1/2 5-1/4
dimension “B," inches
Clevis cap dimension . - 11/16 1116 11116 1116
*C," inches
Clevis cap dimension - 11/16 11/16 1116 11116
“D,” inches
Clevis cap dimension - 1116 1116 11/16 11/16
“E," inches
Eyebolt dimension - 112 12 112 12
“F,” inches
Eyebolt dimension - 12 17132 1/2 12
“G,” inches
Eyebolt dimension - 7/8 11116 718 718
“H," inches
Cotter bolt dimension - 518 S/8 5/8 5/8
“J," inches
Mechanical Data
Combined 52 10000 (44) 15000 (67) 10000 (44) 10000 (44)
mechanical &
electrical strength,
pounds (kN) g
Mechanical impact .1.2.2 45 (5.0) 45 (5.0) 45 (5.0) 45 (5.0)
strength, inch-
pounds, (N-m)
Tension proof, 721 5000 (22) 7500 (33.5) 5000 (22) 5000 (22)
pounds (kN)
Electrical Data
Low-frequency dry 42 60 65 60 60
flashover, kilovolts
Low-frequency wet 4.3 30 35 30 30
flashover, kilovolts
Critical impulse 47 100 115 100 100
flashover, positive,
kilovolts
Critical impulse 4.7 100 115 90 90
flashover, negative,
kilovolts
Low-frequency 4.1 80 20 80 80
puncture, kilovolts
Radlo-Influence
Voltage Data
Low-frequency test 4.7 7.5 7.5 7.5 7.5

voltage, rms to

ground, kilovolts
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Table 3 — Dimensions and characteristics of ball-and-socket
transmission insulators (ANSI classes 52-3, 52-5, 52-8, and 52-11)

Dimensional data See ANSI ANSI CLASS ANSICLASS ANSICLASS  ANSICLASS
C29.1-1988 52.3 525 528 52-11
Section (See Figure 2) (See Figure 2) (See Figure 2) (See Figure 2)

Connecting hardware - B&STypeB B&STypeld B&STypeK B &S Type K
coupling

Applicable hardware - Figures 4 & 5 Figures 5 & 6 Figures 7 & 8 Figures 7 & 8
gauges further

described by:

Leakage Distance, 252 11-1/2 (292). 11 (279) 11 (279) 15 (381)

inches (mm)
Unit spacing - 5-3/4 5-3/4 5-3/4 6-1/8

dimension “A,” inches
Shell diameter - 10-3/4 10-3/4 11-3/4 12-1/4

dimension “B," inches
Mechanical Data

Combined 52 15000 (67) 25000 (111) 36000 (160) 5000 (222)
mechanical &

electrical strength,

pounds (kN)

Mechanical impact SN 22 55 (6.0) 60 (7.0) 90 (10) 90 (10)
strength, inch-

pounds, (N-m)

Tension proof, o 7500 (33.5) 12500 (55.5) 18000 (80) 25000 (111)
pounds (kN)

Electrical Data

Low-frequency dry 42 80 80 80 80
flashover, kilovolts

Low-frequency wet 4.3 50 ) 50 50 - 50
flashover, kilovolts

Critical impulse 4.7 125 125 125 140
flashover, positive,

kilovolts

Critical impulse 4.7 130 130 130 140
flashover, negative,

kilovolts

Low-frequency 4.1 110 110 110 125
puncture, kilovolts

Radio-Influence

Voltage Data

Low-frequency test 4.9 10 10 10 10
voltage, rms to

ground, kilovolts

Maximum RIV at 49 50 50 50 50
1000 kHz, microvolts -

10
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Table 4 — Dimensions and characteristics of clevis transmission insulators
(ANSI classes 52-4, 52-6, 52-10, 52-12)

Dimensional data See ANSI ANSI CLASS ANSI CLASS ANSI CLASS ANSI CLASS
C29.1-1988 524 526 52-10 562-12

Section (See Figure 3) (See Figure3) (See Figure3) (See Figure 3)

Connecting hardware - Clevis Clevis Clevis Clevis
coupling

Leakage distance, 2.5.2 11-1/2 (292) 11 (279) 11 (279) 15 (381)
inches (mm)

Unit spacing - 5-3/4 5-3/4 6-1/2 7
dimension “A.” inches :

Shell diameter - 10-3/4 10-3/4 11-3/4 12-1/4
dimension “B,” inches

Clevis cap dimension - 1116 11/16 11/16 3/4
*C.” inches

Clevis cap dimension - 11116 11116 7/8 1
“D." inches

Clevis cap dimension - 11416 11116 13116 15116
“E,” inches

Eyebolt dimension -~ 12 12 3/4 718
*F,” inches

Eyebolt dimension - 17132 17132 12 9116
*G," inches

Eyebolt dimension - 11/16 11/16 13/16 15/16
“H,” inches

Cotter bolt dimension - 5/8 518 3/4 718
“J.," inches

Mechanical Data

Combined 5.2 15000 (67) 25000 (111) 36000 (160) 50000 (222)
mechanical &

electrical strength,

pounds (kN) -

Mechanical impact 5.1.22 55 (6.0) 60 (7.0) 80 (10) 90 (10)
strength, inch-

pounds, (N-m)

Tension proof, 721 7500 (33.5) 12500 (55.5) 18000 (80) 25000 (111)
pounds (kN)

Electrical Data

Low-frequency dry 42 80 80 80 80
flashover, kilovoits

Low-frequency wet 43 50 50 50 50
flashover, kilovolts

Critical impulse 4.7 125 125 125 140
flashover, positive,

kilovolts

Critical impulse 4.7 130 130 130 140
flashover, negative,

kilovolts .

Low-frequency 411 110 110 110 125
puncture, kilovolts

Radlo-Influence

Voltage Data

Low-frequency test 47 10 10 10 10
voltage, rms to
ground, kilovolts

11
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H By : { ’4
A o
B / ALTERMATE EYEROLT FOR 1_-]{j

CMIN

B MAX DIA

Mot 1
e B MAX DIA ey L
(Mo 1) CLASS 521, 52.2

CLASE 12.3-A CLASS 52-0-A. 5298 CLASS 6298

ALLOWABLE VARIATIONS: The lowercass appea s above stand for the
W&;Lnunzw:- £1/64 in, Mmm

tolerances. A -ﬁv-hﬂ«hdimcupunumhus

used, the first is a pius 10lerance, and the second a minus; for example, &x = 1/84 in., ~0.
a=1/84in c=1116in.
b= 142 in. d=18in.

(=0
NOTES
1 For specific diamater and 1olerance, ses manulaclurer's drswings.
2 Al dimansions are in inches: for melric aquivalents, see lable 1.
3 Tok apply atter galvanizing, where applicabl

Figure 1 — Classes 52-1, 52-2, 52-9-A, and 52-9-B
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B MAX DiA
(Nole 1)

NOTES
1 For specific diameter and tolerancs, see manutacturar's drawings.

2 The connecting length of a string of six insulators ssiected at random shail be equal to six times the nomi-
nal spacing of the insulators £3/4 in (£19.1 mm).

3 Dimensions and tolerances shall be determined, aftar galvaaizing (where applicable), by the ball and
socket Qauges infigares 4,5, 6.7, and 8.

4 Connecting hardware parts are designated by Type acconding 1o applicable gauges as follows:
Type B defined by gauges in figures 4 and 5.
Type J defined by gauges in figuras 5 and 6.
Typa K definad by gauges in figures 7 and 8.

Figure 2 — Ball-and-socket suspension insulator classes 52-3, 52-5, 52-8, and 52-11

13
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—H,

B MAX DIA
(Note 1)
ALLOWABLE VARIATIONS: The lowarcase lefiers nppoarm?oon the figure above stand for the following tol-
erances. A single Istter indicates a plus or minus tolerancs; for example, a = +1/64 in. Whan two letters are
used, the first 18 a plus tolarance, and the second a minus; !nuumplo ax - 184 in., -0.

aw 1184 in. c=1/16in.

b= 1/321in. d=1/8la.

x=0
NOTES
1 For spacific diameter and tolerance, see manufacturer's drawings.
2 All dimensions are in inches; for metric equivalents, see table 1.

3 The connecting of & string of six insulators selected at random shall be equal ta six times the nomi-
nal spacing of tha i wmu +3/4 in (£19.1 mm).

4 Tolerances apply after galvanizing, where applicable.

Figure 3 — Clevis suspension insulator classes 52-4, 52-6, 52-10, and 52-12
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i
3
ol l.:u G0
r.o—! an
D 4 —yZ

NO GO T i - e
METHOD OF CAGING - ‘m a*

F ns
1240
SECTION a-a

ALLOWABLE VARIATIONS: The letters appearing an the figure above stand for the following talerances; for
example, m « £0.002 in. Whan two latters are used, the first is a plus tolarance, and the second a minus: for
example, mx = +0.0002 in., —0.0000.

e

m = 0.0002 in. s = 0.004 in.
n=0.001 in. t = 0.005 in.
p = 0.002 in, x = 0.000 in.

NOTES

1 Alldimensions are In inches unless otherwise indicated. For delermination of equivalent matric dimen-
sions, see ANSVIEEE 268.

2 “No-go“ test shall be for all directions. “Go" test may be in any one direction.

3 For position (3), the pin shall not pass through the “no-go” gauge at any inclination.

Figure 4 — Ball gauge for class 52-3 insulator

15
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ALLOWABLE VARIATIONS: The lettars appearing on tha figure sbove stand for the following tolerances: for
exampla, m = +0.002 in. When iwo |etiars are used, the first is & plus tolerance, and the second a minus; far
example, mx = +0.0002 in., —0.0000.

m = 0.0002 in. $ = 0.004 in,

n=0.001in. 1= 0.005 in.

p =0.002in. x = 0,000 in.

* NOTES

1 All dimensions are in inches unless otherwise indicated. For detarmination of equivalent metric dimen-
slons, see ANSIIEEE 268.

2 Check for *no-go” dimensions along axis A-A and B-8.

Figure 5 — Socket gauge for class 52-3 and 52-5 insulator

16
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ALLOWABLE VARIATIONS: Tha letters appearing on the figur-o abova stand for the following tolerances; for
axample, m = £0.002 i When twa letters are used, the first is a pius tolerance, and the second a minus; for
exampls, mx = +0.0002 in., —0.0000.

m = 0.0002 in. s = 0.004in.

n «0.001 in. 1 = 0.005 in.

p = 0.002 in. x = 0.000in.

NOTES

1 Al dimensions are in inches unless otherwise indicated. For determination of squivalen! melric dimen-
tions, see ANSVIEEE 268.

2 “No-go” test shall be for all directions. “Ge” test may be in any ona direction.
3 For position (3), tha pin shall nol pass through the “na-go® gauge ai any inclination.

Figure 6 — Ball gauge for class 52-5 insulator

17
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ALLOWABLE VAﬁIATIDNs: The letters appearing on the ligure above stand for the following lolerances; for
example, m = £0.002 in. When two letters are used, the first is a plus tolerance, and the second a minus; for
example, mx = +0.0002 in., -0.0000.

m = 0.0002 in. s = 0.004 in.

n = 0.001 in. | = 0.005in.

p=0.002in, X = 0.000 in,

NOTES

1 All dimensions are in Inches unless otherwise indicated. For detetmination of equivalent metric dimen-
slons, see ANSVIEEE 268.

2 “No-go” test shall ba for all directions. “Go”test may be la any one direction.
3 For position (3), the pin shall not pass through the “no-go” gauge at any inclination.

Figure 7 — Ball gauge for class 52-8 and 52-11 insulators

18



106

ANANUIN R
11135§71U ANSI C29.8-1985
for Insulators - Wet-Process Porcelain
apparatus, cap and pin Type



ANSIET
C29.8-1985

Revision of
ANSI C29.8-1980

American National Standard
for Wet-Process Porcelain Insulators —

Apparatus, Cap and Pin Type

Secretariat

National Electrical Manufacturers Association

Approved December 17, 1984

American National Standards Institute, Inc



¥

.‘_'-.".".'""';," . 108

T L LT AR BT L

6.2 Shell diameters given for the insulators listed in
Table 1 shall not be exceeded by more than 3 per-
cent to ensure physical clearances in assembled ap-
paratus.

6.3 Minimum dimensions are limited by other speci-
fied characteristics.

6.4 The length tolerance for any individual unit shall
be £1/32 inch.

7. Marking

Each insulator unit shall bear symbols identifying the
manufacturer and giving the year of manufacture. The
marking shall be legible and durable.

8. Sampling, Inspection, and Tests

8.1 General. Tests described in 8.2 shall be required
only on insulators of new designs. Tests described in
8.3 shall be required on each lot of insulators. Tests
described in 8.4 shall be made on each insulator. Elec-
trical tests described in 8.2 shall be conducted on com-
pletely assembled insulators,

8.2 Design Tests

8.2.1 Low-Frequency Wet Withstand. Three insula-
tors shall be selected at random and tested in accor-
dance with 4.5 of ANSI C29.1-1982. Failure of any in-
sulator to meet the rated wet-withstand value given in
Table 1 shall constitute failure to meet the require-
ments of this standard.

8.2.2 Critical-Impulse Flashover, Positive. Three
insulators shall be selected at random for the critical-
impulse flashover test, positive, and tested in accor-
dance with 4.7 of ANSI C29.1-1982. Failure of the
average critical-impulse flashover value of the three
insulators to equal or exceed 92 percent of the rated
critical-impulse flashover value given in Table 1 shall
constitute failure to meet the requirements of this
standard.

8.2.3 Impulse Withstand. Three insulators shall be
selected at random and tested in accordance with 4.8
of ANSI C29.1-1982. Failure of any insulator to meet
the rated impulse-withstand value given in Table | shall
constitute failure to meet the requirements of this
standard.

8.2.4 Radio-Influence Voltage. Five insulators shall
be selected at random and tested in accordance with
4.9 of ANSI C29.1-1982. If one or more insulators fail
to meet the requirements given in Table 1, five addi-
tional insulators shall be selected at random and tested.
Failure of one or more of these additional insulators
shall constitute failure to meet the requirements of this
standard.

8.2.5 Compression Strength. Three insulators shall
be selected at random and tested in accordance with
5.1.4.4 of ANSI C29.1-1982. Failure of the average
strength of the three insulators to meet the strength
requirement given in Table 1 or failure of any one in-
sulator to equal 85 percent of that strength require-
ment shall constitute failure to meet the requirements
of this standard.

8.2.6 Thermal Shock. Three insulators shall be
selected at random and tested for ten complete cycles
in accordance with 5.5 of ANSIC29.1-1982. The tem-
perature of the hot-water bath shall be approximately
150°F (66°C), and the temperature of the cold-water
bath shall be approximately 39°F (4°C). If one insula-
tor fails, three additional insulators shall be selected at
random and tested. Failure of more than one insulator
from the first sample or from the first and second sam-
ples combined shall constitute failure to meet the re-
quirements of this standard.

8.3 Quality Conformance Tests?

8.3.1 Visual and Dimensional Tests. Conformity
with 5.2 may be determined by visual inspection. All
insulators not conforming to 5.2 fail to meet the re-
quirements of this standard.

Three insulators shall be selected at random from
the lot and their dimensions checked against the dimen-
sions on the manufacturer’s drawing. Failure of more
than one of these insulators to conform, within manu-
facturing tolerances, to the dimensions on this drawing
shall constitute failure of the lot to meet the require-
ments of this standard.

8.3.2 Porosity Test. Specimens shall be selected
from poreelain insulators destroyed in other tests and
tested in accordance with 5.4 of ANSI C29.1-1982.
Penetration of the dye into the body of the dielectric
shall constitute failure of the lot to meet the require-
ments of this standard.

8.3.3 Galvanizing Test. Five pieces representative of
each type of galvanized hardware used with the insula-
tors shall be selected at random and tested in accor-
dance with Section 6 of ANSI C29.1-1982. Five to ten
measurements shall be uniformly and randomly distrib-

? Substantial test experience indicates that a total of 1/2% of
the number of insulators in the lot is sufficient to establish
characteristics demonstrable by destructive tests.
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