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ABSTRACT

This “project presents adesign and construction. of a voltage divider,
which is used in measurement of DC and AC voltages at the rated value of 200 kV.
The high-voltage part is designed and ‘constructed by using a set of lump resistors
connected parallel with lump capacitors and they are connected in series for having
required voltage rating. From dimension of the high voltage part, the calculated stray
capacitance is. 37.7 pF. The capacitance in high voltage part is designed to be higher
than stray capacitances. All of high-voltage components are installed in the PVC tube
filled with SF6 insulated gas at pressure of 2 bars. The low voltage part of the divider
was constructed .from capacitor parallel. with resistors enclosed-in an aluminum
housing. The designed voltage divider has been tested according to the standard of
IEC 60060-2 (2010)- composing- of a_ measurement of capacitance and resistance,
a withstand voltage test, a scale factor test, a linearity test and a short-term stability
test. From the experimental results, the measurement of capacitance and resistance
in high voltage part are 166.6-pF _and 242 MQ respectively. The low voltage
capacitances and resistances are 166.6 nF and 242 kQ respectively. The scale factor
of voltage divider is approximately 1000:1. In addition, the voltage divider has a good
performance for all type of voltage measurement and characteristics met the entire
of the standard requirement. Furthermore, This accomplishment will be advantage
for increasing capability of high voltage engineering laboratory of KMITL.
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Tagdiulsy wummmi@maﬂmsnmﬁl"uﬂmamummLaumﬂ'nmmwiwviu
AAsiladidnainuiunais lazAaeiladidnasngs mmmuﬂ‘iquumﬂqm‘lﬂatanmﬂaa
a..,uﬂmaammmennumsmaammaqmmmwaamLansvmuawmmiuﬂaﬂuuﬂawaq
QRIVRRGRINEALT
2.3.2 vilavesfagumiu LasAaaudR [6-7]
fsumuiugunseifuguiduiudmiviasiidamseting fyusreuand e
AudnwaEnsldy wasinumuasawiseeniiu 2 woulvajq Ae
1. fafumuLUUR LAY
2. fafuvnunuURdIR LAz U
fFunmuuuannlgluannsoutiesnidy 4 yilalvajq fMedu Inefiuday

o o= a1 =4 o
'UUﬂMﬂﬂJﬂ!JUFﬂ.l!LMJJE]UﬂU
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2.3.2.1 ASUBLITAWaS (Carbon-Composition Resistors)

Lﬂuﬁjﬁ'wmuﬁﬁmmﬂ%%aﬁaga fisnmien Marufuedaniiewinduleas
Bldnnsellad A1 1 Q - 22MQ ANuEawa1R 3% - 20% RAAAIEY 0.125 — 2W Fulseans
mimﬁ;auuﬂaammmﬁmmusiaqquﬁ (To) fifuszunas 0.19/°C figaumgiio- 160 °C
Tdaulddlug 0- 60 °C Taed Tcavasld dyarmsuniuiiadrstuaindaduniusiag
ﬁﬁwquﬁmﬁauﬁuﬁ’aﬁwumwﬁmﬁ‘uq

Carbon film Helical cut to reach the
desired resistance value

End caps with leads Ceramic Carrier

Golor code bands
2M0

Resistance matenial
(carbon compaosition)

Insulation coating

2 = fiest digit —=*
O:seconddign——r ]

5 = power of 10 ——— Tistehod
20 x 100000 2 band 10%

Matal leads

U 2.18 mfuouTdaunes

2.3.2.2 A15uauiaITawmes (Carbon-Film Resistor)
1 v o at a0 @ - 4 d' U
fldnanuduniugaunn fida 10-100MQ dardussansmsiuasuuyairininu

]
=l a 1

Aumusegamgiiiuay Arnnumandeu 0.5% ulU dRdaiiosnia 100kefinsadng
dyarasuniutdosundsinige r-muﬁwuwmﬁﬁﬂﬁlﬂumuﬁﬁmmmmuqnﬁmqamm%
wesdinisAnnanisvaggamgiisng Smstlimunsanusiousiiunsyrntutasdug uas
fnsmuidilwinfaud 0.1 - 10 W

= ¢ - ala ¢
JUN 2.19 mrsueuduidaines
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2.3.2.3 dinpeaiauideawmes (Metal-Film Resistor)

T dunauduniulusnuiidesnisdyainsuniudi #fa 01 @ - 1.5M0
nswasuwasanuiuniudeguugiin (0.00019%/0) dyanasuniuiiaiieduiia
Yowun AfaM&s 0.1 - 1 W mnupanaaiou 0.1 — 2% waiisrauna

s

d = al 5
JUT 2.20 WivmeaiausTames

2.3.2.4 1hdamesdamas (Wireeound Resistors)

191i%aned LLﬂaLﬂuUianw'lmgf] 17 3 Uszian s wuufidadege LUUATM
gnsasganazuuuldauinlv Unfindrdadumunuulifang mummmmummm
LLmamdinmuawmmumuquhnnmwummmmummm AB uu*uluvlm
(Bifilar woundResistors) w3ai3gngnatewilesn fadiunulfaduuulEanumiloni
(non-inductivewirewound resistor)

1) woviligage a1 Q- 100 ke fiiad1as 5 - 200 W waziiArp1ufinnain
5 — 10% HonhlFudsaaiaiondos desmiunsudmnes

2) LLUU&JﬂﬂuﬂﬂﬁlENad amh.,ﬁwﬁﬂ7iLUaﬂuLLUaamuamunuumm Aadesniw
491N Iﬂam‘l.ﬂaeu'lumamumwnnmaq 19 nasiUAsunUatAiraufiuniude
azu‘wnum 0.0005%/°C A 1uf1uNIueglutIe 1 @ 100 ke T¥sruussianiidl
mmmmmqqq ANAAIAT 0.25 - 1 W'Inaﬁﬁﬁ'm 3,5, 10; 25'W aannsamdale

3) wuuiialy 999 % 0 - 10 ko And1Rs 051 uaz 3W 1 umudiuniy

=l o/ 2 : cl‘ L - Ef = l:
wuudigaiumms U IUUASUBY ANUasuuasdidsyavovnagaumgiis

o ¢ el ¢
JUN 2.21 liimdsdawmes
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2.3.2.5 fafmumuLUUAUAsYIU (DIP) wasadawuuiie (SIP)

maununuuidulany Adauszanu 10 Q - 30MQ Adadidaluigeda 10w
ArRNLARIAWAEBY 0.1 —2 % Wnzdmiunudadeinsiadesam uazm"lmﬁaqmaqm’h
wuuArsuey amsaldifuiluaeesnsauaadule fe auiidumuisiiluaudemiuigady

wnnudsadle uazasiidduussavingamaiis

Resistor Network SIP — Common Buss

LN A\ O X\ LN [\

4 o) =l
JUn 2.23 FmuIULUURLRZ U (DIP)

2.3.2.6 Famuuriiaiuasuails (Variable Resistors)

dhsumuaiindanunsawBeuals TasnsTiummu (o) visdeuuny
(wuvalad) fiffa 5 @ ~1MQ AaAEs 0.2 - 1w THuduileasn (Rheostat) LitamauALNTg
Inavaanszualviluiees visldluuuulmmuiiledines (Potentiometer) dwmiuaiunu
Tiadinre99es vialddmivusudyaiasiieg Tuawsdidnnseiing Wu 20agu (Volume),
\wa(Bass) wazvisida (Treble) vi3aUuuiunruainswesinsiimd (Brightness) uazduy

d oV ] = 1 v
JUN 2.24 shdumuriiaeudle
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2.3.2.7 auantRvewnsuIIenuARLasdnIud
giiulddlunigaund uinvesriauiumuiimasiinaendiuniud Tuvihues
a ) a o fdat 11w oo <
Wenduduiuaudntidwiiugudlunng auddagun 2.25

k J

A sy W v =
3'1]1!1 225 F]mauumaqmmumu'luqﬂmm

2.3.3 n13auiu [5-8]

nsauIu e Mslitagduaniunduseringifiliuseiuaiei viasewing
o o i v e a a o L Av I b =i
FUNINTIAURUAY wasdimENTULIININNG YIBTEUIBAIMS DY NITAUAUTUNUIN

' =l

dfgratafesnIw tazsaliNdIldeieuesTEUy

2.3.3.1 AnuaudRuenui

Yanatuiaasseiasunanaiifde Uil

1) AauaRtEanIndiadia

- fimwAmuseussduliings welivuindnas T antien Uszwiin

- fiamsuvnuasiinnssiulsdy

- fifgnyddladidinainan ietlesiulivigampiivesauruiiitiuiudadiin

- fimunaudenisiiniessestirlwiafian (tracking) tietesfunisinnsou
viomsidouanwauiu

2) AauauUAn19NaveauIL sResiina uAmLsausaugs Llasanlunaujua
Fanauruuenanazdesimdiiiuaurunialaiiugs ffessasiurimin usena
w3l nTBUTIA

3) Aruandineauiaurenuiy Qﬂﬂim"lwﬁwLﬂﬂlﬁ'ﬂﬂuaxﬁqmwﬂ“ﬁqﬁu Feauiu
fifazdomunuiou wavtiusrursaudouldd lidnld fduussandnisvensda
vneAuFaus

4) flanupanuseufAsenadled Livinufazenaiifuaisau Widufvudiazialn
wiaiiawdalnal

5) nusisanmwandon o Adnsaldaru nudediiiu ligaduaiiuiu uazvude

ASuESEluUINStlYeInIglgu
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2.3.3.2 vilavesianauiu
msamw?'i'lﬁ'lumﬁmn'iiu1wﬁ'1Lﬁ\zqmﬂqmmamuﬂﬁlﬂu 3 qila il
1. auuuds
2. AUIUMNAT
3. AUIUNY

2.33.2.1 auuulia
Tuszuulwihwegunsallai aededdauiuudssneusuivauiuman viefine
Werimihiign uazsesfuusimena awuwduiiedasna wisinnenzg susdeanm
Tnpauysal msszuennudeuldtesninauumar iimesiwegludeauiuanudumg
viliiAnAaw Sauedau uashlugnsimusnamiluiign auuudsildvialuliud nsvany
nszAedn B19 ludn win wsilinweslauwaain wnnglavimaisdu lues louds 33
W8 (PE) Avoads (XLPE)
AranURifeIN1TvRaUILLTe
1. anuasusiaws iUl (Dielectric strength)
2. WoTniin
3. winimeimdsnugandediladidnnsn
4. AUAINUABUTINNNG
5. AuAuRaUiseall Anuseu

lwnmtfuiawa

anTuatiuTAAl
wAZUSNAN NN

AuTau

taniaLall
uasAgvaTauNEIY
Suw AC,i A j
Bunind i £ | -———n15ldanu
- i e T
6
10° 10 1 10° 10 100 S

] ' )
UM 2.26 nalnnswusnanalvasauiuuds Tasanumnmusieusssuluiia g,
wUslumudamiitauusaiu
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2.3.3.2.2 auuval
auauwarsiiimin warAuMUALLLLNAATILAY TinuAmudowseR NGk 6N
Awfaianusuussenadsatusaausulild deuldduauiundn auluuwnsndy
wazieszurenudeuldd Waianisiusnadiwesilddsanmenuduauiudans
Weariulufasanduganmnisauiuld udauniwerasas finulidedadevy
fogauumaIildtufiae tiuniauas
AuAIRTADINTYBIRUILMA?
1. ANENT NN
2. yodaliihgs Aeillanadiazifnmadludiios
3, AN wued ssutseuiouldn
4. winweswdnugawaniiai

2.3.3.2.3 auuig

auaufne Huansildimiiidusurundn auuunindy uazszuisainuiou
Auauliieluidvesawiuiife aunsonduuganinanuifuauauldedasaaimdann
Aiswusnanatd visiduanmmsawnudang MediafnenlFiuunlunsduauulniiusegs
laun o1na Iiluamunmeuenvaseunsel fglulaseulugunseilvih uazing SF1dlu
wasfnusnines uagssuy GIS

2.3.3.2.4 Wiruisupudnuasyasauiuwds wazauumariuing

Fowiouisunndnuurrssauiuids auauman wazauaufeluaunvifasuiv
TiAMuLAnaiu-fAa

1) pnumunsisanulvivesauiunds ua:amumm‘ﬁvuaa\l"ﬁ’uamwnﬁ avifuns

4 Y

sxmamm%’au’ia'qawtha'LﬁmmmﬂuFiaLL'iqcﬁ’ulﬂﬁﬂgﬁm‘lﬁ drunsalvasigiueiavinle

L3

Tngmsiiiur iUy Afe nrsiiuaiusuie

2) auuudt uasatnumalesiidnuasautAdetuesieadiasiudn Usznisuda
fio 9191514913 (Ageing) Fammrdsinileldeluuaug Atarummudeussulnd
wansiag

3) muAsuseusfulniesauauuds wazauIuval eldfunssfunszuanse
wfidrganinflofuusedunssuaady uiasfniisuiidsaniniu sieiidontain
Amanugdsladidanin

4) Arpuasnusawssiuliinssuaasy %‘qﬁuafjﬁummﬁﬂawmuu%a
waravumaAndumosiduea wilunsdvesieasiausnamiifideoniaus

5) Ianuausonisidifuauiuveauiunds wazauiuvar Mwuamendany
gadeladidnedn dsusgiummnd uasgamail sngmislinurssauundduediuianda
unEu (Partial Discharge) dafusaviliwdsnugands uavgamgiagetiu uasunayil
AmmAmussLsaduliidhas evgnislinufesduas uastlugnadawsnanmild



2.3.3.2.5 nMsideaninnisaulu [8]
v o W o ] ' ae o Vv oo
AsEnUINvanYe9Ini1saulIunae Wuaulunialwiy wavrensdafvintiasy
WSIN19NE LATNURBAIIUSBUAE ANSLEBANTNTBINTSAUIY NLnede aulutulasu
= ' ° 1 @ v | ¢
naidsuainaniwnisiiuauauluganimitivi lianunsosuuseiuldsely fanisidsann
= 1] = 1 £ 23 = d
o13LAnvInn1suReAuAssaauNlwi Ll vSadsaniwilesannusiniena seanu

2/ o L 5 a -g L 4 1
38U ﬂiZU'Juﬂ'l5Wﬂ']1ﬁLaElﬂﬂ'1Wﬂ'1‘§ﬂU’luuutﬂﬂ‘ﬂ‘Lﬂﬂ’ﬁaﬁﬂUi%LﬂW LY

<
1. Mm3dganimnisawiuiissainmanialwii

o
2. Mmadsanmnisauiuiieinusina

3. MadeanimnmsauIuilednnaruiou
4. Mmadsannisauiuiiasnnuiitemnaad uazanmiaindeu

< ) a
715799 2.1 anvazMsATEsAUsHIAIluLAY
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lalsunSuiia U,

. durulnna aunalnnqla durulnia
anwarluwny : s = il
SRRIGHD) duauaLaniiay laeainuauags
ar a o | d) ’ll‘
AnwSAdYISIN D En
P = WLUNEER RS Y 5 (P
No Discharge No Discharge PD
ANWAIZLUSH | AR
(4 4
Aadauysel Uy
4 C_ G i-_“\ ‘s sy gnams Wl A o A N
N R Ak Aner, . wsnainuulalsun
ALTIAU )
¢ - . Ub = Eb x d x Tl
WwInn1Iud Upiiia Up = Ep x d Up=Ep, xdxT|
Ub)Ui

2.3.3.3 SF¢ : (Sulphur Hexafluoride) [9]

SFe WuauuUssLnauIuiie Uagtufing Sk lasuaruauls waziiunumdidy
sawmaluladuiaimsauiulugunsallniusigansiy SFs fnaaudinisaurumalwihdidy
LA musiaLmﬁulwﬁ’ngﬁﬁmmﬁuﬁawﬁws‘?'n,ﬁaLﬁauﬁ"umiamué’wﬁwé’wﬁﬂﬁu‘}
fiefiasnmasieruiou uasUfideaiinsidentifreluanulugunsailvihussgstueg
fuwrnimeiaequateysenisiididy Aedesiininunmudieussdulningeiiniuiy
ligeidn naumiduveuvariiguvgiid desdeuiizonail liiuis Lifalwuazdiowm

puTaulaRdnvmzanantBnang s s Sk fnuaniinsudiy
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2.3.3.3.1 puaulanaid@nduaziniivasing Sk,

A% SFe LﬂumsUszﬂau'uaqmﬂ’[u‘[aﬁazmauﬁﬂ‘[uLaqawaaﬁmzﬁu wazvgeaiu
Faguit 2.28 Hufreitlaid Lifindu Liluie Liaeld warlidieldala Jufreiliday
eufisenatifuaisau wazazmannnwiiasgnvilisouda 500 °C nmeludiitadinda
Us1maneendiou wavAmiy adudivaluesing Sk, ayUldnsnai 2.1

3U# 2.27 Buananes SF

A sy 'I) &
A3 2.2 Aauauiivialuvesfing S

dmiinluiaga 146.054
Aruduvaniiuledl 70 oF, 1 atm 320 psig
U1 s twnedi 70 °F, 1 atm 25 ft?/lb

9auMue39n Sublimation 1 1 atm

B2.8CF'(-63.8-°C)

P =
yoLdenuden 2.21 atm

-69.4°F (-50.8 °Q)

AUENIwIzluanusiei 200C, 1 atm

6.11

ANuvuwulugaus e 0°C, 1 atm

6.52 g/l

AILULluE YR IVaT -50.8 °C

1.88 o/l

guuniiangm
9 u

114°F (45.55°()

AUMANGH 38.35 kg/cm? abs
AUVUILULINGR 0.734 g/ml
AuFouusvegaSublimation 7 -63.8°C, 1 atm 38.62 cal/g
A3BUUEhTaIYAMABIWAIT -50.8°C, 2.21 atm 8.2 cal/g
AMNTaUT W uanUEvBIWaIT -50.60C 0.18 cal/g °C
Avufoudumizluaniugfinigd 25°C, 1 atm 0.16 cal/g °C

a
AURIRIN -50°C

11.63 dynes/cm

Areialadidnminluaniusfingd 250C, 1 atm

1.00207

Lonization Potential

19.3 eV

e o
ANANITaaza1sluLf 25°C, 1 atm

0.001 ml/ml water

AUAINUABLSITULNTN

87.8 kV/cm.bar
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A9 SFe dimrumvuiudy nifnussuaa 5 winvessanad dedudndus e
thuiinanniigaluussafneiifindulutiogiu Suilife SF Sauamudeusaiulniings
nirfneeidadug Aldiluauiudu wu annie wislulasiauaisueulasonlad Wudu
A SFe arilanumanusousssulwinianuduusseiniaussun 2.5 v vetenis
warazdanuamussussulnildiving fudafundieulanile Sk Samdusaussunm
3 bar (1 bar = 750 mmHg)

(kvp)blk
100 T T
Transformer oil // o
80 /
SF
60 P
40 S
”’,’ AlR 12.5 mmea
i} 3 s 12;%(
i N -
Smm |
1 2 3 a

= a ¢ o A e ) Y v
EU“ 2.28 L39aULUTNATIUYDINIG SFLalnaunuaINA waguunioLUas



=
Unn 3
b4 q al 4
A1seanuuuLazyUsznavallannaflned

3.1 audnwarvasliavimanlaunes

aaaudafidmuavesliavimadlunesiesnuuuadraduliavinailones
Annantifiem fio Wunvunausznineiufiulsey wazfdumuansaldinusadiugs
NITUAAIU wasusadugansruansalaludiieadu Iﬂauﬂmauummummmu
IEC 60060-2 [2] fivum Aussduiifvuaveslavimanlames fvuadiesusetunagay
nsauIuvesgUnsallni

= a ) a o v o
A15199 3.1 AiauseiugsgavedlavinenlmesndsInsoenl UL

o v v w a o v )
YUAUDILTIAUNABINIT IR RANFIEANIBINITORNUUUAITI
WSAUFINTELAAAY 200" kVims
WSINUFINTEUANSY 200 kVic

Tnolaviinaflainesfias i udnvarlasiasswtveenidy 2 daundn Ao
D4AUTENDUNIAUTINUGY UazBaAUsEnauAIALTIRLGN TneusedulnififoenisTariiu
mﬂuiaﬁuaq Feludwilsedinisanssiuusaulniilidmanas diedeiuuseduilaluds
AIALTIUM 'Lud'm-ummmmﬂummavum'iaﬂsmwmﬂuwaqmuu'mnmml.smumlwu
-umﬂwmu.sqmuﬁ'l'iﬂ,ﬂnum'iawEnmmmu‘lﬂﬁqmvuﬂﬂma'l'umuﬂunuhawmﬂ"hmaﬂu
NTIAAILSIRUIUsanuaaliavinIRliees 1iu seadaladalay wie Laviiimes (Wudu

3.2 mseanuuvliadiinanlmesuuumay
3 al & s @ ' & 2 o w =] 1 3 ar v
Davivmadlasesdnvasdnd i Wunsiwaiudseydagmassynsuiulild
AdAuUsEIndasnsiaeiishiumusevumluunastu tasdafie SFs finudu 2 bar
EJ I a . o
weliiliinlalaursznindidninge

3.2.1 MTOONUUVATNAIAUTIAE
3.2.1.1 arulvmuiauu
mmevieR3d (PvO) FlHiiulasiadvedaavinanlanes fvuadiessesnuln
muiaudstuegfuin wasnuauiRuewieiid (PVC) Tunsalusesulniinssuaady
arltfszarnulauindiaedalay
0.5m /100 kv

¢ al e w ' v ) ) 1Y)
Tavimadlaumesfaddausssunsssulniinsenss wazusesulwinnssuaady
WA 200 kV Aetiussezulnauia mstiategeteavindu 1 m dslunsaitesnuuy
| P i 1 & v aa o o
vie¥iAue1s 1.5 m diesnnluiiliszezmuenivie (1) sstuegiuianeluiminniseenuuy
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3.2.1.2 ANUYAATEALAU [5]

m'ma;am'saammﬂuaﬂvmuauumwluawwamamlﬂ A ANAIIUYALNTEAIAY
waﬂnuumiﬂiaas'wwaﬂqammwhma‘a mmummUUi..,aaLL‘saﬂuaqmumm‘uﬂi ¥y
Luaussaaaiuwaww (PVC) au1sadelaindusifivyse mﬂmsﬂmam uan
m‘sﬂw 3.1 LLa.,mmsnmmmquamsﬁmmnaumsw 3.1

2
Ce _ mel 1)
o] (2)( [
d 4h+31
A
L
X
Vi h
¥t RREL7 ¥ /P

= o <
un 3l mLﬁuﬂizqmmuwmmswaﬂ

1 = v 1 L :l 1 <l 4

vieW3gaenlifiniue () vorteAlfiduaurutuneniviniy 1.50 m munna
mudrieiu Svumduriugudnas (d) wiiu 21.6 cm Sleuge¥aanfiudu (h) iy
20 cm Ywnunuluaunis (3.1) agld
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2nx(8.854x1071%)x1.5
2x1.5 @<02)F15
L [(0.216) ( (4x0.2)+(3x1.5))]

83.447x1071

2.2137
37.6959 pF

AaduagldfmaMuamstasAuvindy 37.6959 pF ~ 37.7 pF

3.2.1.3 fufudssgniausiugesdmiuinussiunszuaadu (6]

fufivuszgiidentdilueiinlndlnsfiduiiau (Polypropylene Film) flvuinarug
0.068 pF #fA 1600 Vo /650 Vac Tagl AC i 200 kVims 9800l UUsERedY
17U 308 M

) o e W v o o o
Luﬂ\ﬁ]'lﬂ"ﬂ']LUUW@QVIWEBUFI'NHF‘NV]UFJQiﬂﬂﬂl.ﬁﬂﬂﬂﬂ%ﬁ?ﬂ

y ¥ y 1.1x200k

7 1.1 %1 %39 110 % wduswunagsu 19 C 313U =339 61
| 3 ; 650
AnLaAINNUasnny

| ' & 0\ € 1.3x200k

N 1.3 1911 %39 130 % vedussiunagou 19 C §1uu —;5‘0— =400 ¢

f\maaﬂ’wml,nuﬂssammu 413 7 e liesenisusenavai LLa IMSIEIUVDY

mm’lmlwﬁ']mul.mmuqa uaumummum’lnmﬁmnv 1000:1 mﬂwaﬂ m'aauﬂ'i:unu
wiadu 25 du meuuuaﬂm 15 @2 ‘nuawaﬂu 767 Bay wmwaam?uav 17 ¢
fianuvaends 1.3 (Wanse 130 % LLa.,'[umiaaﬂLL‘uummmwmmﬂmeummsum
mﬂﬂ';'lﬂ’mmamﬁaamuﬂsumm 3190 '[u'wumm'maﬂm'iﬂa\muummﬁnu 37.7 pF
LﬁJE]U’]JJ']G‘]’JLﬂUU‘Suf\]’ﬂ']U’Ju 413 919 mmaaunsuﬂu%vlﬂmmmuﬂivasawwummnu
164.65 pF mummﬂﬂ’.n’nﬂ'lﬂmm;atm‘waaﬂumn Taonszuaiiffausaiuiidnvinfu

10.335 mA

U 3.2 dfiudszanaussiugedmsuTausunseuaady
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3.2.1.4 uswuaseuiuiuUssydesiuugn (5]
dI s s s s 1 - L
Weewinn1snssneusaduresdiiivssaniausenugadidnvaz iduidadu

]
=  w

v a

s o’ o 1 at A e Q‘: =t v o s )
'?NGI'JLF!‘Uﬂ‘iﬁ'ﬂ’m’JUUc’;‘.{!ﬂﬂﬁﬁ‘iULli\iﬂu‘éjﬂﬂ'i’lﬂ’lﬂu‘] AJUUIIRBIATUIUNRILIIAUAT DU

' @/ ' LY < '3 al o e 4 P LR V) L - | '

mnulsEtosiuugaiEnTanuLsiu WelhavimadlimesildnuiiussiuRialaviel
o R o o . =

NauNSN (3.2) wag (3.3) lneseamidsdaussiunlglunisvaaey Withstand test # 110 %

930 1.1 1

(]
n

wall

N/

= « @ @
JUT 3.3 209Tanyndvasdaiivyszgniaus g

U |Ce'sinh(ak/n ' [1-sin(ak/
==\ nh(a )+Ch[ n(ak/n)
Ce+Ch' sinh o sinh o

We U = usssusauld = 220 kv

C = Aasalfiuuszqdostsassa = 0.068 (iF
Ce = AMNMIRAATY = 37.6959 pF
n = Swudiiudsey = 413 6
& o
k =2uni
, 37.6959x10°1%
Ce =G/ = = 91,2735 fF
413
, 164.489x10°2
Ci =C/n= = 398.278 fF
413



al

PNANNTST (3.2) way (3.3) nuriusedunaday 110 % T8ausaduRfn LIady
anAseufLivUsEYfvuanilAvinfy 512.87 V uazAnfloninudasasefinseiy 130 %
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3.2.2 MIDONLUUAIAWIITUR [5]
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ammsﬁ (3.6)

RiCi = R, (3.6)
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3.2.2.2 fufiuuszaniausadush

NndnsduvashiaieaAliaesidenisanunisiiuriean 200 V agldsnsdiu
annaureslaavitaadlaumedivindu 1000:1 FadAuuszaniausadugetanuamingy
164.6489 pF Fa1dandatiuussqidunuy Polypropylene ANAUYTEINIALTIFHUAN
Annalaan

C.
= -1000 (3.7)
G

NnamsAwaildmaAvUsEINALTIRIN 164.6489 nF agldifiuuszuunn
0.033 pF fiowuuiu 5 /7 asle 165 nF
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Ry

IANITAILIULAATA LA UNIUATALSIA UG 245 kO Taald@iduniuaila
dinapaduuuin 1.2 MQ, 15 kQ, 10 ko dasynsuiy wasddavuiuiu 5 4a
2 lAAMUAIUIUNIARSITUAT 265 kO

d I a a ar o
JUN 3.5 MmIviedufiunudninusadius



34

wetlaafunisunds wasn1savouesdyanaiideinisin s1dudedddaumiu
LU Re) doaynsufuialate Tnefduniuuedeiidenlduvuiivaeaildy
Wwn 2 W 150 Q 9uau 2 ddevurudu Iddaiuduniu Ry = 75 0 Jaildaivindu
‘dsedufiuaudvonalain dufvlsey uasidiumuniausidiusiazusznauagniely
nszuenegiiiion fasuil 3.6

n) thegililuUnndeaussydufinaudnias Inum ) §IUNARIVTTIBURUAUG A
SR

o ] a s s w s
JUN 3.6 NABIUSTIIOUNUAUTNAL TR

3.3 Mwasiduaniseaniuulassdinavedaavinanlines

mmodufivdszton wasfamunmilunipusiiuge Feslimifussagontama
1w 413 1 wazfadumudesvanadiuny 26 § nsussnauiildladlfusupsadaela
yun 15 mmvinsaetaslinedfiudaiudssg 17 24 a9 seesvinssuinedumini
25 mm LLE\S'LU‘&%UE!ﬂﬁWﬂLQ’!:‘;‘LﬁW‘Bﬁﬁuﬁ'}Lﬁuﬂiﬁﬂ 7 i antudahwaduvnudessouinu
fusnfulsyqdeudas iy anvuzaeiiAuUsrysslunseuuveynsy Lazfafuniy
wrsrumiuinAuussgluisiazviou Saanslu U7 3.7 feguil 5.8

HV

AHHHHAHHHHHHHHHEHHHHFHR
M

FII—IHHHHHHHHHHHHHHHHHI—H—
M

AHHHHHHHHHAHHHHHHHHHHR
M

=
JUN 3.7 1sauyad



n) )

A o y L <l » § -
FUN 3.8 nsitaasmsasihaiieadlunesinglilusunsumenianes
o d 1 1 ol ./ 1 1 :‘J’
n) NMsdraesnsendesenindiiuuszauavarminun U ausas iy
° al a o
1) Msnaeabiavieadlilne sadduy salld

35



)

A) 3)

o ' Y ‘ I3 al
U7 3.9 mivegunsalnmausadiugeradliavimailines
n) winesaddalawzsesdmiuiugaduiuussauazimumu
v) Mmaldausediulszglundaydu

d 1 o o al ! "j
A) NMsideudeffumusuiuiuiuyseluudasdu
1) MALTITugaTiasvaysal

36



$

= 1 ) ¢ al
Uil 3.10 viowignldidulassadvashavivanlaines

)

o a a o
JU7 3.11 Sidnlnsnvashavimadlaunesiesnuuy
n) dldnnsasnuanwadiaisanlines
%) dldninsasuvuredliaimafnimes

37



38

3.4 N150ANLUUBLANINTA
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< ° < @ = v v
JUM 3.15 wan1sitaesiissesiall x = 14 cm TAwBUAULY (Ry) = 3 mm
IFawaudTua1e (R) = 2.5 cm

3.5 in3eaile wazaunsafliluntsindlénnlaiinanlunes

3.5.1 msiaenanaiala waviase

siiavesanaiadadenldamdeuusivennne IEEE Std 4 - 1995 viadeii 18.4 Tag
wuziarglanenideanin RGITA/U fA8uRuaud 75 @ Taofina1ua1imunzay
Limsidu 15 wns (50 W) lagangldiinasanveudaynyindos wazaunsanunseiligs
firudldounin Sdunsesnuuunldanesin R611 AU FailuseulH 930 600 Vi
N38UTBUIN 850 Vieok IAUTIANAINANLNTIS 3.2

AETWREERINS .

3Ui 3.16 aeiaLlands RG11 AU

daunisidenianelduila N (Neil) dudusadauvvang lnoldaduiiunud
WMNTEAY #1950 Q waT 75Q FailuTedulderu 1,000V sedudingia wazusedy
Withstanding Dielectric sydutimeialagldgiuamdl 0 - 1.5 GHz fida3oduiinaud 75 o
uazduAId 0 - 11 GHz HAa3ddufiunud 50 @ drudugamgiiogszuing -65 °C fs

165 °C
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AMENUAEIY RG11 A/U 518a21880
aufluaud (Q) 75125
AN 81U (pF/m) 67
n1sazviou (>= dB) VHF 20
£ . Tan ualABuA1UBY
A X ;
LAURUANENA (Mmm) N2
w i g 740 RE
IaBidansn N e ¢
LAURIUAUENAI (mm) 72105
ote L fandu 1 NBILA
awindas ==
Tandu 2 -
2. Tan PVC
Waenuu NP y
LU UANENTY (mm) 10.3£03
thintin ke/km 143
gl (°0) H0PC/ + 80 °C
10 MHz 1.8
. 50 MHz 4.5
8M3IN138AYOUY — .
<= dB/ 100 m = =
800 MHz 22
1000 MHz 22.5

3.5.2 1ADIUDIALSIAUAN
TudIUYINIALTIAUAIIEABIAITAAT AT Ra LT TALS IR LY 8D NV

L I3 al M v ad a o v oo AYV W 2 & aa
I’JE!WWI‘WIT.’]LWE]{LF’I LASLATONNDIALIIAUAIUAIEAUY 2 WUU AD LWUUDUIEDNLASLUUNINDA
1 o <l & LV as aa at I < s aa
withytueseslieindeuldiuuin Feuuuiinea Faazvesndietaniesiieiauuuiines
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< a o @ @ aa
f13190 3.3 mmj'lun'nwmaauwrmﬂ’a’luﬁaaﬁmwawammma%mummﬂgw
I[EC 61010-1 [10]

. Peak Lmpulse
Overvoltage Working Voltage . Test source
Transient
Installation (dc or ac - rms to .
(20 repetitions) (Q =VA)
category ground)

CAT | 600 V 2500 V 30 Ohm source
CAT | 1000 V 4000 V 30 Ohm source
CAT I 600 V 4000 V 12 Ohm source
CAT I 1000V 6000 V 12 Ohm source
CAT Il 600 V 6000 V 2 Ohm source
CAT Il 1000 V 8000 V 2 Ohm source

Dy Y

n) Wastines FLUKE 87 & 89 series IV %) FLUKE 41B Power Harmonics Analyzer

f1) Oscilloscope DL 1540/DL 1540

- A A < o L é
FUN 3.19 LAY TALTIAUAN
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o wa 4 a aa ¢
A19719 3.4 AMUANUANUTTUTBINARNLADT FLUKE 87 & 89 series IV

Function

Ranges/Description

DC Voltage

0 to 1000 V

AC Voltage, true RMS

15 mV to 1000 V - 100 kHz Bandwidth

Basic Accuracy

DC Current

DC Voltage : 0.025%
AC Voltage : 0.4%

0 to 10 A (20 A for 30 seconds)

AC Current, true RMS

25 pA to 10 A (20 A for 30 seconds)

Resistance 0 to 30 MQ

Conductance 0 to 50 nS

Capacitance 0.01 nFto 50 mF
Diode Test 34V

Temperature -200 °C to 1350 °C (-328 °F to 2462 °F)
Frequency 0.5 Hz to 1000 kHz

ATl 3.5 AANUATEY FLUKE 41B Power Harmonics Analyzer

sTaudygddnga
5 Vims (14 V REFERENCE) %38 1 A (14f A REFERENCE)

INPUT RANGE nsinnssualni INPUT RANGE
1330 0.0V 4 600V (TRUE RMS) 1.0mV (A) &4 1000
usandeulviih rms(ac+dc) (ImV/A) mVrms (A) 83 +/-
0.0 V +/-993 Vpeak 7 ISOLATED 2000 mV (A) peak
rms : +/-
Augnana sy [ms.: +/- anugnaadosiu | (0.5%+3digits) +
(5 Hz-65 Hz,dc) | (0.5%+2digits) peak | (5Hz - 65 Hz,dc) PROBE SPEC
dc:+/- (2%+3digits) peak, dc:+/-
(2%+4digits)
ANFIUNIUYLTN 1M, BALANCE ATUATUNIUYLLN IM/4T7pF
——— #1nin 300 v, crest eactor | 7 29 AR 300 mv,
1.5/600 V 2.0/1000 mV

AENURY Oscilloscope DL 1540/DL 1540L

Input Terminals : The Input Impedance

is 1 MQ + 1.5% and approximately 25 pF
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Specifictions _ )
Item . Setting1:1 Conditions
Setting
Input 10 MQ + 2% 10 MQ + 1.5% When used with
Impedance/capacitance approx. 14 pF approx. 100 pF this instrument
When used with
Attenuation ratio 10 : 1 + 2.5% 5

this instrument

Frequency band

DC to 150 MHz

DC to 6 MHz

When used with

this instrument

When used with

Rise time 2.4 ns or'less 58 ns or less
this instrument
600 V(DC + ACpeak)
or 424 Vrms,
Maximum input voltage *1 -
Frequency is
100 kHz or lower
Connector type BNC BNC “
Total length 15m 1.5m -

*1 when the probe’s attenuation ratio is “1:17”, never-input voltage exceeding

the maximum input voltage of this instrument
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4.1 unin

MageUMENYUEAITATeIgUN Al TALTIRUZINTLLANTY WasusaiugInTeLaady
Junsmageuiiielinsuihaimadlunesfesnuuvaiiefuiidnuurandfimuzay
AazldTausefuntudadimuauinsgiu IEC 60060-22010) [1] Fsn15nndey uay
nsUsrranaulsdem el

n) nMsinAAg iihewiuUsEan1ALTIR UG Wz ALTfsn

%) MIIAAAILAUMUY T UNUAALIIRUZ WagnIAusaiush

f) MInaaeuAIAIIUeYlaneusanu (withstand Test)

1) MIMAABUMDATIAIUNTAANBULIIAUYBITEULIA (Scale Factor Test)

9) mynegaumamatindaidu (Linearity Test)

2) MangaaumAaiosniw (Stability Test)

N1INAABUMIGNWALAIIY Yadlaaiaenlieeiseiinisin e e judnig
Infusesge aauwmalulagwszaunaidinammsa1an s e

4.2 maiadinaugiiiavesdaiuysegniaussiugs wazniausedud
4.2.1 myiaArrnliiiveialiuysyaniaussiugs
n1s¥adaugiiianiaussiugdliiaiosiioin RLC Meter vaquTem HEWLETT
PACKARD IMPEDANCE/GAIN-PHASE ANALYZER qu 4194A na5inA1a11ugindives
Fufiudszaniausiugs Aanisvinaes uamestesnanedi 4.1

A a 1 s o)
A5199 4.1 wan13’3mmmmaﬂﬂﬂwaamLﬁuﬂssqmmﬁwuaﬁ

ﬂ?ﬂﬂﬁlm'ﬁUﬂqﬁ C4 PINNTTATUIN G ﬁ]'?ﬂﬂ'l'i'-.l)ﬂ
yngau(Hz) (pF) (pF) EftcH (267
1000 164.65 166.6 +1.18

4.2.2 my¥aAanugiiivesivuseaniausadiugi
n3iaAraugiiinialsRud9zlE995 wazsinsallaTarladeadunisia
AN 1vedAvysegainusedugs nanasianduglniiniausediu
P
uanaliluasei 4.2
IJ at U al at ﬂ'
A13197 4.2 wamsinAnugliissiaiudssanianssiuei

mmﬁ'm{f‘lums C, INNITAIUIN C, INNTTIAN
naaau(Hz) (nF) (nF)
1000 165 164.7 -0.18

Error (%)
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TagmsmaAuRAnaIalaaInaunig (4.1)

lf-l"mﬂmiﬁ'\mﬁu- fh%'mm'i"iﬂ|

Error (%) = | | x100 (@.1)

ANINNITAMUIN

4.3 N13IAAIAMUATUNIUYDIRIATUNUATALTIAUEA
4.3.1 M5IRAIAINATUNIUYBIRIATUNIUATALTIFIUEA
nsinfAusumuesiItumuniausiugdldiesesiiein Mega Ohm Meter
Y8IUTEN sanwa U MG1000 Digital Insulation Tester HAN1TTAAIAIUAIUNIUYDY
FafuvuN AL T UGIUARIFanT1eR 4.3

A o 1 L ar ar
M1919% 4.3 Nﬁﬂ'l'i'}ﬂﬂ"tﬂ’l’mﬂ']u‘ﬂ']ulﬂﬁ']'ﬂaﬁﬂ’.lN'ILIW']'LJ.H']ﬂLL‘NC‘TLIQ&

Ry 91nA15AU (MQ) R; 91001539 (M) Error (%)

245 242 -1.2245

4.4 MITAAIAMUFUNIUYDWIFIUVIUNIAUTIAUAT
4.4.1 M3 IPAIAITLRUYNUYIF UM UATALS A UG
Tunmsiarpudunuresi s muniauswusiarldiaiosdioTn Mega Ohm

Meter 993U ¥ sanwa 3U: MG1000 Digital Insulation Tester wanisinuanalily

a9l 4.4

o w1 v w v
M990 4.4 Naﬂ'li'mﬂ"lﬂ'J’uJGl'IuVl'luIﬂW’l‘ll‘éNﬂ’m’lumumﬂLL‘Nﬂum

R, 310113 U84 (kD) Rz 3001530 (kQ) Error(%)

245 242 -1.2245

4.5 MIMARBUNIAIANANBUSYBITEUU IALIIAUFINTEUAEAY

TudumouusnuoIn1snaday gEviInIsnadauAlINAUadladfaws Iy
(Withstand Test) Aeutieliiulainnisauruneluresniaussfugaeiliarimailones
arliifanissnandluvasldnusussiliifianudonis wassunsietu suluis
meuendethiiansmnulrauiafiveauuinlduiulasadwetarivailines
smsgudstmualivhnismeasuauamudausiiy esnlavimadlunesftaieiu
svihluldauiuusefunssuaadu fusiiomaasunuAmMURBLSIRUNSELAAE U
ATUSITY 110% YaeusauRtnainnismadauiiosouseiuil 1109% veeiiaudanaly
Wuan 1 udl (1] Widenulwsuiiauiuvesie uazgunsalnieluvie Jsagulaindiaig
AIVUABTIAUATINIMTFIUAMUA [1]
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n&9INTuINITAdEUMA NN YL A UVBITEUUIAUTIFUGINTEUAATY
Tagvhmsseliavimadlanes Taussiuganssuaaduiiagymsasuiiioy washaviwadlanes
$rede uudrfuedesduiaussdugenszuaadunuguil 4.1 Tasasinstleuusedu way
vinstiufinauiaussduil 4okv 80KV 120kV 160KV waz200kV Tagguaiiiseduuseiusiieg
Wusuau 5 ada wasit 200kv 1usuau 10 A% emsnsidrunisanmeunsifues
syuuda (Scale factor Test) uazArruduidadu (Linearity Test) wisunaiinissneg
wsauliaAsadunan 30 uift washnsiasnsidrunisaaneulsITuvesTEULSATIRAR
Snads enadauauiliadosnmuesszuua (Short-term Stability Test) Inednsndau
AnTaAMEULTTUTEITTUL IR auUAnunUasliliiAu +19% masngaausasildey

)

-

SUT 4.1 2a9smsvadR UMY YT TR IR UGN SHLAREY

LiAsaanndausedunseuaadu 2 anmantinesads 3. hanwadlinesasuiieu
4.gANNANKTIAY 5.570AneT "Fluke" Type 179 True RMS
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40 80 120 160 200 200
No. Ref. UuC | Ref. | UUC Ref. uuc Ref. uuc Ref. uuc Ref. uuc
(kv) %] (kv) ()] kv) (42} (kv) (\%) (kv) )] (kv) )
1 40.1 404 | 79.8 | 804 | 1193 1204 | 1593 [ 160.5 1985 [ 200.7 198.3 | 200.6
2 40.2 40.5 80 80.5 119.5 120.5 159.2 160.7 199.2 200.8 198.9 2004
3 40.2 40.5 79.8 80.7 119.2 1205 159.1 160.8 198.7 200.7 199 200.5
B 401 40.5 79.7 80.6 119.3 120.6 159.1 160.8 198.7 200.7 198.5 200.4
5 39.8 40.4 79.8 80.7 119.4 120.4 159.4 160.6 199 200.6 198.6 200.6
6 198.7 | 2009 | 1989 | 2005
7 198.7 | 2007 | 1984 | 200.6
8 199 2008 | 1988 | 2006
9 198.9 200.7 198.7 200.6
10 199.1 200.8 199 200.5
Average | 40.08 | 40.46 |-79.82 | 8058 | 119.34 | 12048 | 159.22 | 160.68 | -198.85 | 200.74 | 198.71 | 200.53
Dev.(%) 0.04 0.04 0.05 0.01 0.04 0.01
Scale
990:6 990.6 990.5 990.9 990.6 990.9
Factor

1. Determination of the assigned scale factor = 990.6
2. Linearity test = 0.03
3. Short-term stability = 0.03
4. Uncertainty = 0.92
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TunsnaaavuA 1 TUBUAUD RDININITNAADUT TLAULSIFU 5 AINaDATI
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FEMINWTPUTBITLUU INDNBINURSIAUTNVIINIsAaauneulaanszuuinaza aeilalaiiiu
] a v a o - - v a <, a w a v
+1% YaeAadgsyuUIaivinn1snaaauasialddndenududadu1] nan1sveaaunla
o
wanalilumisan 4.6
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= a v o w )
MN157191 4.6 Naﬂ'TiVlﬂaE]Uﬂ']'mLﬁu LU U DN TS UUIALLINAUNISLLATAU

REF. (kV) | UUC (kV) | REF/UUC | Diff. (%)
40.08 40.46 0.9906 -0.003
79.82 80.58 0.9906 -0.007
119.34 120.48 0.9905 -0.011
159.22 160.68 0.9909 0.027
198.85 200.74 0.9906 -0.006
Avg. = 0.9906
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FalidulunuiigesnisisldvhnsudluieWldadnsdmnisaameunssfuvesssuuia
Wi 1000 Fsannrsdnnamudtrussiuisuldnhainaabineinaaeuiidnnni
Taavimadlanessneds 1% SepsmandufiuaudaiaussdusasonsiuAia Lyl
vasiafiuUssgnaussiudnaInidn 165 AF 8n 19% 1y 166.65 nF Tnensldfaufulseg
yum 330 pF 5 #1 devuathiugaldy Ui 4.3 wastadneugliinlddansned 4.7
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pudialunns C, JNANTAUIN Cp AR
Error (%)
nadau(Hz) (nF) (nF)
1000 166.65 166.6 -0.03

< | e -
JUM 4.3 nssesaiiudszauunifiadily

NUUTININITNAFOUNIAIAMANTRAYBITEUUIALTIAUFINTEUAATIONATY
o v v W a @
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80 120 160 200 200
No. Ref. uuc Ref. uuc Ref. uuc Ref. uuc Ref. uuC Ref. uuc
kv} v} kv) W) kv) (\%)] kv) (\% (kv) ()] (kv) )
1 40.60 | 40.40 | 80.50 | 80.40 | 120.40 | 120.40 | 16030 | 160.20 | 200.30 | 200.50 | 200.80 | 200.60
2 40.50 | 40.50 | 80.40 | 80.50 | 120.70 | 120.50 | 160.50 | 160.50 | 200.50 | 200.40 | 200.80 | 200.40
3 40.70 | 40.70 | 80.70 | 80.70 | 120.50 | 120.50 | 160.60 | 160.50 | 200.60 { 200.70 | 200.80 | 200.50
4 40.50 | 40.40 | 80.60 | 80.60 | 120.40 | 120.60 | 160.60 | 160.60 | 200.60 | 200.50 | 200.70 | 200.40
5 40.60 | 40.60 | 80.20 | 80.10 | 120.50 | 120.40 | 160.70 | 160.60 | 200.50 | 200.30 | 200.70 | 200.60
6 200.50 | 200.60 | 200.60 | 200.50
T 200.60 | 200.60 | 200.50 | 200.60
8 200.70 | 200.60 | 200.50 | 200.60
9 200.70 | 20050 | 200.40 | 200.60
10 200.60 | 200.50 | 200.40 | 200.50
Average | 40.58 | 40,52 | 80.48 | 8046 | 120.50 | 120.48 | 160.54 | 16048 | 200.56 | 200,52 | 200.62 | 200.53
Dev.(%) 0.15 0.02 0.02 0.04 0.02 0.04
Scale
1001.5 1000.2 1000.2 1000.4 1000.2 1000.4
Factor

1. Determination of the assigned scale factor = 1000.5
2. Linearity test = 0.10
3. Short-term stability = 0.02
4. Uncertainty = 0.87

TunsmadeuamduBuduil svdeuinismageuissfunsidu 5 Anasntdas
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naaauiidygafnisunnssuuiadiaiell uavAndsavuninsguressnsdy
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wanslilumisnedi 4.9
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0.50
0.40
0.30
0.20
0.10
0.00
-0.10
-0.20
-0.30
-0.40
-0.50

Diff. from mean (%)

REF. (kV) | UUC (V) | REF./UUC | Diff. (%)
40.580 40.520 1.0015 0.099
80.480 80.460 1.0002 -0.025
120.500 | 120.480 | 1.0002 -0.033
160.540 | 160.480 | 1.0004 -0.012

200.560 | 200.520 | 1.0002 -0.029

Avg. = 1.0005
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4.7 NMINAHBUNIAIAMANBUSYBNTSUUINLTNAUGINTZUANTY

lutunauusnveanisnaasy IzviInITNAdauAdIINAIMUBY LANBLIIAY
(Withstand Test) Fuvitludnuazidenfudunsagsumiuamuaglfrausadunszuaadu
uwiBsuumastneduussiunseuanss

n&anduriinismageunidinudnsmzaigg YBITTUUIALTIAUGINTEUAN T
Tngvinsdelaavinadlainesiasinisaeuiiiou waslavimanlimessnradeuudaiu
insasiudinnseiuganszuansanugui 4.5 Tasagvinstiouwsedy wagvinstuiinautn
Wsaduil 40k 80KV 120KV 160KV Waz 200kV Tngsuafissiuusiumiag Wusuau 5 ads
wazit 200kV Wusiuau 10 ads iemdasdumsasmeuussiuvesszuua (Scale factor
Test) wazArnnanduiBady (Linearity Test) wiousavinnisdrsussiulidfsaduian
15 Uit wazsinisindnsidrunisannouTiRuveszuuiafiAiasna s enndou
AUiERgTNIMTBITTUVIR (Short-term Stability Test) Ingdnsndiunisanvnaunsimiuves
sruuinredenudsuuUatlaliviu +19% nasadrauseuldu

< ' w o w
E‘U'ﬂ 4.5 1 VINTINAFBUNIATAUANBUSVYDITSUUIARTIAUERNISUARIY

- o = s < al fY  a & al v a
LiAspanlinusasunsenanss 2avwanlunesanede 3aneadlunesaauiiiey
4.9AUANUTIAY 5.57afwes "Fluke" Type 179 True RMS
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40 80 120 160 200 200
No. Ref. uuc Ref. uuc Ref. uuc Ref. uuc Ref. uuc Ref. uuc
v} ) ()] ) (kV) (\2} (kv) (\%} (kv) ) (kv) wv)
1 40.70 | 40.50 | 80.60 | 80.40 | 120.40 | 120.40 | 160.70 | 160.60 | 200.60 | 200.40 | 200.50 | 200.30
2 40.50 | 40.40 | 80.60 | 80.50 | 120.70 | 120.50 | 160.60 | 160.60 | 200.50 | 200.40 | 200.60 | 200.40
3 40.50 | 40.40 | 80.50 | 80.50 | 120.50 | 120.50 | 160.60 | 160.50 | 200.60 | 200.50 | 200.60 | 200.40
4 40.50 | 40.50 | 80.50 | 80.60 | 120.40 | 120.60 | 160.60 | 160.50 | 200.60 | 200.70 | 200.60 | 200.30
5 40.50 | 40.60 | 80.40 | 80.30 | 120.50 | 120.40 | 160.50 | 160.50 | 200.50 [ 200.60 | 200.50 | 200.30
6 200.70 | 200.60 | 200.40 | 200.60
7 200.70 | 20050 | 200.40 | 200.60
8 200.70 | 200.60 | 200.40 | 200.60
9 200.60 | 200.70 | 200.50 [ 200.60
10 200.50 | 200.60 | 200.40 | 200.20
Average | 40.54 | 40.48 | 80.52 | 80.46 | 120.50 | 120.48 | 160.60 | 16054 | 200.60 | 200.56 | 200.49 | 200.43
Dev.(%) 0.15 0.07 0.02 0.04 0.02 0.03
Scale
1001.5 1000.7 1000.2 1000.4 1000.2 1000.3
Factor

1. Determination of the assigned scale factor = 1000
2. Linearity test = 0.09
3. Short-term stability = 0.01
4. Uncertainty = 0.90

v
L o =l
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REF. (kV) | UUC (kV) | REF./UUC | Diff. (%)

40.540 40.480 1.0015 0.089

80.520 80.460 1.0007 0.015

120.500 120.480 1.0002 -0.043

160.600 160.540 1.0004 -0.022

200.600 200.560 1.0002 -0.039

Avg. = 1.0006
0.50
—~ 040
X 030
g 020
L 010 .
g 0.00 e } } £ L] & &
S [-010
=N a0
g 930
A 040 (e FIEreassssERmLY i AL T WA
-0.50
0 2040 60 80" 100 120 - 140 160 — 180 - 200
Voltage (kV)
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JUN 4.6 namuanIn IveaeUALTNELAURsSTAULS UAARUA1aY

YDITLUUTALSIHUNST LRSS

65



uni 5
#IUNANTVINADILASTBLE DS

5.1 d3UNan1vaaes
INMINAFIUAINANTOVBITLUUTAUTIUGINTEUAATU UaTUTIAUFINTEUANTY
Weufuszuuiausesiueneds lagnisvinisvaaou a sieaujuRnisiafiusegs
as = } 4 ¥ s 1 1 A - é‘
antuwmalulagnszasuindndaummisainnszds wuirlidrnnuaainndouliniy
= 1 & a v = o o s a v & s ¥ o
galalulunuideants Fsldmaiuivuilaenmsiiuduiuiszgaiansin udaving
1 1 1 d J - qﬂ ‘J o
nagaulmi wuirAmmeaimedeuindulieeunn uaragluinmeinuinsgiuimue [1]
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haviwaabiseitiownlusasaisly tagdinalinisrudseenuendniuiifinimguinuindu
Tyvannmsvadeuanupmusglanawsaiu (withstand Test) wuin Bauialalsun
& 4 ) -1 \ a. g ¢ a s
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5.2 Yaiauauue
nnisesnuuvaieliaiinedlunesiamisainldiausefuganssuaady
WaBLIIRUGINTEUARNTY NudrdianuaziBeauinlunisdiuin waznsidenldaunsel
FadmnArvesgunsalidenldiimiunainiadoussyildiszuunisia wavnrsanneu
finnswasuuvaunn ludeesiufuyszililunsaussduganssuaady dsvededld
fafiudszgsauann wasflosndufuusegisiifanuusefugeinmdolioanly
Uszwelng Usneufudmndennsussimaagldszarnarlunsdedoun Sefeddioa
Tunsmdfudszglfasumuitduan uaznisideuvivesguassintsluniaussge
FamaiFovildvieneavdesauiluiurvesgunsaiiioanlealsun

< ¢ al 6= ¢
JUT 5.1 Taaviwadlaeesiasaauy sl



(1]
(2]

[3]
(4]
(5]

[6]

(7]

(8]

[9]

[10]

[11]

68

WBNE15919949

IEC 60060-2, High Voltage test technique, Part 2: Measuring System, 2010.
IEC 60060-1 Edition 3.0 - 2010, High-Voltage test techniques, Part 1: General
definitions and test requirements, 2010.

IEEE Std 4™ - 2013, standard for High-Voltage Testing Techniques.

IEC Publication No.71, Insulation Co-ordination, 1976.

ns.d191e dedazenn, Iaanssulddusegs, nnadgrddanssulnia
AYIAINTSUAENS PUIaINSaluNINGIaY, 2547.
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andualulaBnszrauna lnnmsannsell, 2551,
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usLATEg Wiy, Adgdaanssulndla tda 1, auiuiaviagauau, nnien
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IEC 61010-1 Edition 2, Safety requirements for electrical equipment for
measurement, control and laboratory, Part 1: General requirements, 2010.
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uucC

Model
Serial no.
Client

NISVAFIUNITIAUTINUEINTUHEAU

AC/DC HIGH VOLTAGE DIVIDER
Manufacturer KMITL

RC Voltage Divider

KMITL

Calibration date Jan 21/15

A. Determination of the assigned scale factor

Ambient condition

Pressure 763+2 mm.Hg.

Temperature 30+2 °C
Humidity o8 %

71

The scale factor of the high voltage divider, when compared with HVEL's
measuring system is 1,000 at 200 kv.

B. Linearity test

Reference Unit under calibration Estimated
uncertain

(kV) Ratio Measured (V)| - Scale factor s v
40.580 40.52 1001.5 0.87
80.480 80.46 1000.2 0.83
120.500 1000 : 1 120.48 1000.2 0.84
160.540 160.48 1000.4 0.82
200.560 200.52 1000.2 0.83

The linearity of the high voltage

40 - 200 kV.

divider is less than + 0.1.% in the range of

0 20 40

60 80 100 120
Voltage (kV)

140 160 180 200
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C. Short-term stability test
The short-term stability was checked at a voltage of 200 kV for 15 minutes.
Observations were proceeded immediately after application of the voltage and after

15 minutes. The change of scale factor, before and after voltage application, is less
than 0.02 %.
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uuC AC/DC HIGH VOLTAGE DIVIDER Ambient condition
Manufacturer KMITL Pressure 763+2 mm.Hg.
Model RC Voltage Divider Temperature 30+2 ©°C
Serial no. - Humidity 75+5 %
Client KMITL

Calibration date Jan 21/15
A. Determination of the assigned scale factor
The scale factor of the high voltage divider, when compared with HVEL's measuring

system is 1,000 at 200 kV.

B. Linearity test

Reference Unit under calibration Estimated

. uncertainty
(kV) Ratio Measured (V) | Scale factor %)
40.540 40.48 1001.5 0.89
80.520 80.46 1000.7 0.84
120.500 1000 : 1 120.48 1000.2 0.84
160.600 160.54 1000.4 0.82
200.600 200.56 1000.2 0.83

The linearity of the high voltage divider is less than + 0.09 % in the range of
40 - 200 kv.

0 20 40 60 80 100 120 140 160 180 200
Voltage (kV)




5

C. Short-term stability test

The short-term stability was checked at a voltage of 200 kV for 15 minutes.
Observations were proceeded immediately after application of the voltage and after
15 minutes. The change of scale factor, before and after voltage application, is less
than 0.01 %.
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COPPER TUBE

INCH & METRIC

SIZES: 1/8" to 6" and 4mm to 54mm

DESIGN DESCRIPTION

Copper tube is made either hard or soft. Inch standard is designated type K,
L, M, ACR, Refrigeration, or Heavy, depending on wall thickness and
execution. With K,L,M tubing actual outside diameter is larger than nominal
or "name"” size.

Type K - supplied hard 20’ lengths or soft 60' colls - Is recommended for
general plumbing and Is also suitable for gas, oll, and low pressure steam.,

Type L - supplied hard 20' lengths or soft 60' colls - Is recommended for
Interior applications In plumbing and heating.

Type M - supplied hard 20' lengths - Is for non-pressurized uses with solder
fittings only.

ACR Grade - supplied hard 20' lengths - Has .D. cleaned and ends capped
for air conditioning and refrigeration use.

REFRIGERATION COIL - soft 50' colls - Is aleo "cleaned and capped".

HEAVY COPPER COIL - soft 50" colls - Is general purpose extra heavy wall
tube. Ends are open.

MEI'F!ICCOPPEHTUBE hmd5-6me‘tarlangﬂ15 soft 10 meter colls - is
specified by O.D. and wall thickness.

Bronze Solder Joint - SJ - valves and wrot copper SJ fittings are designed
for soldering onto copper tubes. (Bite type flareless compression and flare
end fittings are also sized for these tubes).

Bronze Silbraze - SB - valves and fittings are designed for brazing to coppér.

red brass or copper-nickel pipe and have ends sized to accommeodate pipe
outside diameters (also called IPS sized).

IMPORTANT NOTE: The term "sweat" Is used to describe the joining
technique for both solder joint (tube size) materials and silbraze (IPS pipe
size) materials. Actual O.D. of tube or L.D. of valves or fittings will establish
which type Is referred to when "sweat" connection Is indicated.

All avallable Chrome Plated. Order with CP after Part #.

COPPER WATER TUBING ASTM B88
NOM | Actual | TypeK | TypeL | TypeM | ACR
SIZE oD 752000 | 753000 | 754000 | 755000

Wall Wall Wall Wall
1/4 38 035 .030- 025 030
as 1/2 .049 035 025 035
5/8 3/4 049 .040 028 040
4 7/8 085 045 030 042

1 11/8 .085 .050 .035 .050
11/4 1a/8 085 .085 042 055
11/2 168 072 .080 049 080

2 21 .083 070 .058 070
21/2 26/ 085 080 .085 .080

3 31’ 100 000 072 .080
3i/2 358 120 .100 .083 100

4 41/ 134 110 086 110

5 518 .160 125 109 125

8 818 182 140 122 140

METRIC COPPER TUBING

PRESSURE TUBING

MATERIAL: Carbon Steel Welded or Seamless
_ Stainless Steel 304 Welded or Seamless
316 Welded or Seamless

For use with flareless compresslon/Bita/Lok type fittings or flare fittings (pg 101)

or tube socket weld fittings (pg 91). Mounting clamps (pg 103). Metric (pg 113).

ORDERING INFO: Mqterlal + OD + Wall Thickness + Welded or Seamless

SIZES (OD) ) 1/4 5/16 3/8 1/2 5/8 3/4
Common walls .035- 035 .035 035 035 .035

.049 049  .049  .049 049  .049
Standard length 20" .065 065  .065 0685 065  .065

W & O SUPPLY INC

NOM | Actual | 5-6 Meter Lgtha| 2 Meter Lgths | 10m Soft Coll
Size | OD Plain Finish | Chrome Plate | Plain Chrome
873000 874000  |B800000 BO0OO1
Wall Wall Wall
4 4 0.8 0.8
] (] 0.8 1.0 08
8 8 0.8 1.0 0.8
10 10 0.8 1.0 1.0
12 12 1.0 1.0 1.0
14 14 1.0 1.0
15 15 1.0 1.0 1.0
16 16 2.0 1.0
18 18 1.0 1.0
20 20 20 -
22 | 22 1.0 1.0
25 25 20
28 28 1.2
35 35 1.5
42 42 1.5
* Note: Other walls available
COPPER REFRIGERATION COILS
NOM Actual | Standard Heavy
Size oD 761000 761001
Wall Wall
1/8 /8 .030 065
316 ane .030 085
174 1/4 .030 .085
s/16 5/16 .032 088
3/8 3/8 032 .065
12 12 032 .085
5/8 5/8 036 .085
3/4 3/4 038 085
78 b 045
1178 11/8 .050
138 138 055
16/8 168 .080
7/8 1 11/8 11/4 11/2 2
.035 049 .035 065 065 .065
049 .065 .065 095 .095 .095
065 .083 .095 120 120 .188

11
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Precision Thick Film Axial Terminal
High Voltage/High Resistance

Ohmite A max. B max.
1.5" typ.

Series Power (in/mm) (in/mm) IO .o | !
» High-temperature (silicone coated) B_I_"’{::‘“ B"_S‘s’é’»'?gp,

MOX-1-12 2.5W 1.120" /28.45 0.310"/7.87

MOX-2-12 5.0W 2.120" / 53.85 0.310"/ 7.87

MOX-3-12 7.5W 3.120" / 79.24 0.310"/ 7.87

MOX-4-12 10.0W  4.120"/104.65 0.310”/7.87

MOX-5-12 12.5W 5.120" /130.05 0.310"/7.87
e Standard (epoxy coated)

MOX-1-13 2.0W 1.140" / 28.96 0.345” /1 8.76

MOX-2-13 3.0W 2.140" / 54.36 0.345” /8.76

MOX-3-13 4.0W 3.140” / 79.76 0.345" / 8.76

MOX-4-13 5.0W 4.140" / 105.16  0.345"/8.76

MOX-5-13 6.0W 5.140" / 130.56  0.345"/8.76

PERFORMANCE DATA

Characteristic Test Method p Specification
Humidity MIL-STD-202, Method 103B, Condition B +0.25%
Dielectric Withstanding Voltage MIL-STD-202, Method 301, 750V +0.25%
Insulation Resistance MIL-STD-202, Method 302, Condition A or B >10,000 M or greater dry
Thermal Shock MIL-STD-202, Method 107G, Condition B, B-1, or F  +0.20%
Load Life MIL-STD-202, Method 108A, Condition D +1.0%
Resistance to Solvents MIL-STD-202, Method 215G Acceptable for High Reliability Series only
Terminal Strength MIL-STD-202, Method 211A, Condition A or B +0.25%
Shock (Specified Pulse) MIL-STD-202, Method 213B, Condition | +0.25%
Vibration High Frequency MIL-STD-202, Method 204D, Condition D +0.20%
Power Conditioning MIL-R-49462A, Par 4.8 +0.50%
Solderability MIL-STD-202, Method 208F >95% Coverage
Temp. Coeff. of Resistance* Voltage Coeff. of Resistance**
Resistor Series 25 PPM°C 50 PPM/°C 100 PPM/°C < 2PPI It < 5PPM/Voit
MOX-1 1K-99M  100M-450M  451M-30,000M 250Q-1,000M 1,001M-100,000M
MOX-2 1K-199M  200M-1,000M  1,001M-60,000M 500Q-2,600M 2,601M-200,000M
MOX-3 1K-299M  300M-1,500M  1,501M-90,000M 750Q-4,000M 4,001M-300,000M
MOX-4 1K-399M  400M-2,000M  2,001M-120,000M 1K-5,300M 5,301M-400,000M
MOX-5 1K-499M  500M-2,500M  2,501M-150,000M 1.25K-6,700M  6,701M-500,000M

“TCR of 25ppm for temperature range of 0°C-85°C. TCR of 50ppm and 100ppm for -55°C to 125°C. Consult factory for TCR values operating higher than 125°C
**For tighter VCs please contact Ohmite.

ORDERING INFORMATION

oati
= Blnck silicone
Non-inductive a = Epoxy
opﬁana.' 6=No waﬁng RoHS complhnt

MOX- 1\ 131006FF Not all tolerances

Maxi Mox Slyle — Ohms available in

P
P

Series 1,2,3458 1=0.032" First 3 digits are D= 0.5
significant; 4th digitis F = 1% all values.
multiplier (# of zeroes G = 2%
to follow). Examples: J = 5%
1000 = 10002 K =10%
1503 = 150,000 M= 15%
5005 = 50,000,000 P =20%

1-866-9-OHMITE - Int'l 1-847-258-0300 - Fax 1-847-574-7522 - www.ohmite.com - info@ohmite.com 7
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Maxi-IViox

Precision Thick Film Axial Terminal
High Voltage/High Resistance J—

S — @

L AR
Maxi-Mox resistorsl are alslo vgrsatile. FEATURES APPLICATIONS
Suitable fog_lilndustrlal appll}gatlﬁ_n?] * Wide resistance ranges *HV power supplies
requiring still more power for hig » . . o
voltage switching, industrial control, -~~~ VoItage rating to 50KV Power distribution
and high voltage current limiting. * Power rating to 12.5 watts *Medical instrumentation
*Silicone or epoxy coating * Avionics

* Non-inductive available

SERIES SPECIFICATIONS -

Ohmite Resistance Power Voltage Available Capacitance
Series ~Range (Q) @70°C Rating Tolerances* (pf)
» High-temperature (silicone coated) _
MOX-1-12 2502 to 300,000M 2.5W 10.0KV 1% to 20% 0.75
MOX-2-12 7 500Q to 700,000M 5.0W 20.0KV 1% to 20% 0.60
MOX-3-12 7502 to 1,000,000M 7.5W 30.0KV 1% to 20% 0.50
MOX-4-12 1K to 1,000,000M 10.0W 40.0KV 1% t0 20% 0.40
MOX-5-12 1.25K to 1,000,000M 12.5W 50.0KV 1% 10 20% 0.30
= Standard (epoxy coated) @25°C
MOX-1-13 2502 to 300,000M 2.0W 10.0KV 0.1% to 20% 0.75
MOX-2-13 5002 to 700,000M 3.0w 20.0KV 0.1% to 20% 0.60
MOX-3-13 750 to 1,000,000M 4.0W 30.0KV 0.1% to 20% 0.50
MOX-4-13 1K to 1,000,000M 5.0W 40.0KV 0.1% to 20% 0.40
MOX-5-13 ~ 1.25K 1o 1,000,000M 6.0W  50.0KV .~ 0.1%to 20% 0.30

*Some tolerances are not available over the entire resistance range.

CHARACTERISTICS

Core Alumina DERATING
Resistor Thick Film 100

Terminal RoHS solder composition is 96% Sn, 3.5% Ag,
0.5% Cu

Resistance Range 250 to 1 Teraohm
Power Rating 2.0W to 12.5W
Voltage Rating 10KV to 50KV
Tolerance 0.5% to 20%,; not all tolerances available in all

values 25 S0 75 100 125 150 175 200 225

Operating Temperature -55°C to +210°C A TR

Temperature 25ppm/°C 0° to 85°C available
Coefficlent (continued)

8

8

[

Percent Rated Watts

8

=)
o

70 1-866-9-OHMITE - Int'l 1-847-258-0300 - Fax 1-847-574-7522 - www.ohmite.com - info@ohmite.com



PCM 7.5 mm to 37.5 mm

Special Features

M Pulse duty construction

W Self-healing

M Very low dissipation factor

B Negative capacitance change
versus temperature

B According to RoHS 2002/95/EC
Typical Applications

For pulse applications e.g.

B Switch mode power supplies
B TV and monitor sets

M Lighting

B Avudio/video equipment

Construction

Dieleciric: Polypropylene (PP] film
Capacitor electrodes:
Double-sided metallized plastic film
Internal construction:

Polypropylene (PP) Capacitors for Pulse Applications with
Double-Sided Metallized Elecirodes and Schoopage Contacts

MKP 10: 63 VAC, 180 VAC, 250 VAC

P F=3— Plostic film
Electrode carrier
plastic film metallized|
on bolh sides

&1 Melal contact layer
(schoopage)

41— Tarminating wire

MKP 10: 400 VAC, 600 VAC, 650 VAC, 700 VAC

Plostic film
Electrode carrier
plastic film metalli:

on both sides

= Plastic film mefallized
on one side

— Metal contact layer
(schoopage)

— Terminating wire

MKP 10: 900 VAC (PCM 15 = 3-section)

Plastic film

rode carrier
plastic film metollized
on both sides

Plastic film metollized
on one side

Metal contact layer
(schoopoge)

Terminating wire

Encapsulation:

Solvent-resistant, flame-retardent plastic
case with epoxy resin seal, UL 94 V-0
Terminations: Tinned wire.

Marking: Colour: Red.

Marking: Black. Epoxy resin seal: Red

Electrical Data

Capacitance range:

1000 pF to 15 pf IE12-values on request)
Rated voltages:

100 VDC, 250 VDC, 400 VDC, 630 VDC,
1000 VDC, 1600 VDC, 2000 VDC, 2500 VDC
Capacitance tolerances:

+20%, +10%, £5%

Operating temperature range:

-55° Cto +100° C

Climatic fest category:

55/100/56 in accordance with IEC
Insulation resistance ot +20° C:

C <033 gF: = 1 x 105 MQ

(mean value: 5 x 105 MQ)

C > 0.33 pf: = 30000 sec IMQ x pFl
(mean value: 100000 secl

Measuring voltage: 100 V/1 min.
Dissipation factors at + 20° C:tan &

Test voltage: 1.6 U, 2 sec.

Dielectric absorption:

0.05%

Voltage derating:

A voltage derating factor of 1.35 % per K
must be applied from +85° C for DC
voltages and from +75° C for AC
voltages.

Reliability:

Operational life > 300000 hours
Failure rate < 1 fit (0.5 x U, and 40° C)

at C<0.1pF 0.1 uF<C < 1.0 pF C>1.0yF
1 kHz < 3x 104 < 3x 104 < 3x 104
10 kHz < 4x104 < 6x 104 -
100 kHz < 15x 104 - -

Maximum pulse rise time:

Capacitance max. pulse rise time V/psec at T, <40° C
pF/uF 100 VDC | 250 VDC | 400 YDC | 630 VDC [1000 VDC]1600 VDCJ2000 VDCJ2500 VOC
1000 ... 2200 1000 | 1800 | 1800 | 1800 | 2800 | 5400 | 9000 | 11000
3300 ... 6800 900 | 1200 | 1200 | 1200 | 2800 | 5400 | 9000 | 11000
001 ..0.022 700 | 1100 | 1200 | 1800 | 2100 | 3000 | 3400 | 11000
0.033 ... 0.068 400 800 200 | 1800 | 2100|2100 | 2100 -
¥ ). 0322 200 500 500 Q00 | 1400 | 1400 | 1400 -
033 ..0648 100 300 400 700 900 200 Q00 -
1.0 7000 70 200 200 400 400 500 - -
33 .47 50 80 100 150 - - - -
68 .15 35 [ =50 | 70| ¢ y . "
for pulses equal to the rated voltage
Mechanical Tests Packing

Pull test on leads:

d < 0.8 ¢: 10 N in direction of leads
d > 0.8 @: 20 N in direction of leads
according to IEC 60068-2-21
Vibration:

6 hours at 10...2000 Hz and 0.75 mm
displacement amplitude or 10 g in
accordance with IEC 60068-2-6

Low air density:

1kPa = 10 mbar in accordance with
IEC 60068-2-13

Bump test:

4000 bumps at 390 m/sec?

in accordance with IEC 60068-2-29

Available taped and reeled up fo and
including case size 15 x 26 x 31.5 /
PCM 27.5 mm.

Detailed taping information and graphs
at the end of the catalogue.

For further details and graphs please
refer to Technical Information.
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lower than admissible AC voliage.

Taped version see page 104.

Rights reserved to amend design data without prior nofification.

PCi
at the lead exit points
(+ 0.4)

m ®
Continuation
General Data
Phasiipinas, 100 VDC/63 VAC* 250 VDC/180 VAC* 400 VDC/250 VAC* 630 VDC/400 VAC*
i Wl HL L W lH | ) W H/[ L |rM{W]H]L
1000 pF 4 2 10 75| 4 9 10 751 4 9 10 51 4 9 10 7.5
1500 * 4 2 10 75 | 4 9 10 75 | 4 9 10 75 | 4 Q 10 75"
2200 * 4 9 10 75| 4 9 10 75 | 4 9 10 75 | 4 9 10 1.5%
3300 * 4 9 10 75| 4 2 |10 75 | 4 2 110 75 | 4 A
4700 * 4 9 10 75| 4 9 10 5] 4 9 10 75 | 4 9 10 7.5
6800 * 4 9 10 751 4 9 10 75| 4 Q@ 10 75 | 4 Q 10 7.5
4 9 13 [1o*
001 pF 4 9 10 75.] 4 9 10 15*) 4 9 10 1.5%1 5 105 | 103 | 7.5
4 9 13 10* 4 9 13 10* 4 9 | 10 i
0015 " 4 9 10 75 | 4 9 10 28845 05 1 103 | 75 § 11 G HEHE 1 [0
4 7 13 10 4 9 13 10* 5 1 18 . |15*
0022 " 4 9 10 75 | 4 9 10 ¥5% ,5 10508, | 7.5%] 5 1 13 |1o*
4 NI/ A4 1o [INNs |5 [0 {ie [is
0033 " 4 Q 13 10 S J05. NI\ || (7B S | 125 | 103 [NI8E| 6 12 1810k
4 4718 10* 5 i 13 10* 5] 1l 18 115"
0.047 * 4 9 13 10 & 16:5. R 123 D755 V6 12 13 10* 6 25 18 11"
4 9 13 10* D 1 18 15* o] 15 265 |22.5*
0.068 * 5 1l 13 10 5 1 33 10% 6 J2a_ |08 o % 14 18 |15*
5 1 18 15t o) 15 2656, | 225* | &6 15 265 (225"
Q. 6 12 13 10 6 12 13 10* 7 14 18 Pop 9 16 18 116"
5 n 18 e 6 15 Vol 225% | 7 [65 | 265 (225"
0is ¥ 6 125 18 15 6 125 | 18 & 8 15 18 15* g5 | BS | 265 [225*
6 I3 Loouicans R4 15 oo | 25 K 8 19 315 [27.5*
022 * g 14 18 15 i 14 18 15* 9 16 18 poR 85 | 185 | 265 |22.5*
6 15 265 | 225¢ | 7 165t 265 (2251 9 19 315 |275*
033 ” 8 15 18 15 8 15 18 1% 04 | 1Ba=hroa—225¥]| 1 21 265 225"
6 15 265 | 2254} 9 12 GG, | 3467 I 21 315 {27.5"
047 * 7 1661 26.5° | 22511 \9 16 18 15 105 | 19 265 [225* |1 21 315 | 275
7 3O.9M2O 22Ty (4 49 o4 Bl 5%
068 * 85 W 18.5_p265% V2.5 8.5 e 45 | 22511 21 Qo5 YPE 195 26 ] Ha R i
Q 19 1.5 @°27.5W11 21 815 $27.5* (d3 24 41.5 |37.5*
1.9 pF 105 | 19 26.9, | 2258341 2] 265 | 22.5%1 113 24 2Y5 | 27.5Up17 29 31o (20"
il 21 S Il 5 V13 24 4125 | 3784 18 26 415 (37.5
[ M 1 21 3101275 | 13 24 3 NE._BR4S* | BL7, 29 315 | 2R | 20 325 | 815 (275"
13 24 415 | 37.5* 13 24 415 |:375* |19 32 41.5 |37.5*
.k 13 24 30O (G5 15 26 3D PE S 20 39.5 | 31.§127.581 20 3925 | 415 1375
13 |2 | s 35 17| % | 415|375
<o i 17 29 1.0 W5 THA 345 1 315 | 275*| 20 395 41.54375 | 24 455 | 415 |375
17 29 415 | 37.5%
- 37 17 29 415 | 3759 20 39.5<[ S155 2458 20 3951 415 | 375
19 32 A1.5 ]| 375"
58 * 19 32 415 | 375 | 20 bl 415 1°37.5 1 24 455 | 415 | 375
10 @k 20 295 | 415 | 375 | 24 455 | 415 [ a3
15 N 24 455 | 41.5 | 375
* AC voltage: f < 1000 Hz; 14 x U, + UDC < U,
** PCM = Printed circuit module = lead spacing
*On ordering please state the required PCM (lead spacing!! ,M, L
If not specified, smaller PCM will be booked. sy e —Ll‘— _.l
** Admissible AC voltage 280 VAC max. _L W
06 | 75-10 r
Dims. in mm. 08 |15-275 62 d_f \';
lonisation inception level in isolated cases may be 10 | 375 _T:-"-— M

Continuation page 70
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Continuation

General Data

; 1000 VDC/600 VAC* 1600 VDC/650 VAC* 2000 VDC/700 VAC* 2500 VDC/900 VAC*
apmciice | oy ' 5l L telilw B L Totlw Bl L (el wlH | L IR
1000 pF 4 9 10 5] 4 9 13 10 4 9 13 10 < 1 18 15*

4 2 413 e 6 15 - {265 | 22.5*
1500 * 4 9 10 75| 4 9 13 110 4 9 k13 10 5 1 18 15*
4 9 12 |10t 6 18, 4265 4225
2200 " 4 ? 10 75%| 4 9 |13 |10 5 I 13 9% -1 5 I 18 15
4 9 13 |10* 5 1 18 15* 6 15 265 | 22.5*
3300 * 4 9 10 75*] 4 9 13 10 5 1l 18 15 5 1 18 15*
4 9 13 |10 6 15 265 | 257
4700 " 45 195 F 103 [ 28%F 5§ L1 13 {10 5 1 18 15% | 6 125 | 18 15*
4 9 13 {10 6 gl 265 | 225*| 6 15 . [ 265 | 225"
6800 * 57 1 125 | 103 | T58*] & 12 13 10* 6 1251 18 15* Vi 14 18 15*
5] 11 13 [19* 5 11 18 15* 6 15 285 TN25* ) 7 165 | 265 | 225*
001 pF 3 N 13 |10* 5 I 18 15 7 14 18 | 85 | 185 | 265 | 225
5 1 18 J15F 6 15 265 | 2258
0015 " 6 12 134 0" 6 125 {18 15* 8 13 18 15* NIWS | 19 265 |225
5 1 1§ 4115 4 —1=158 -+ €96~ 205" | B 18 [2654-1=22.5*
0022 * 6 125 |41 |15 7 |14 CEZENRN 16 118 15¢ 111 21 | 265 | 225
6 15 4265 1225% | O ARV pog V2285 |\ A J 168 260y | 22.57
0.033 " 7 14 j - S 2y 8 15 18 168 85 1185 | 265 |-22.5*
6 15§ [ 2554725 | AL TBAFI065-| /225t ]\ @ Tl | Skt 27%F
0.047 " 8 15 4 18 |1£3 £V 1O\| 268 | 2255 05 ) 1993 655l 22.53
6 19 F| 865 |#6* ooy 1CNS18 T 2254 N AN BN
0068 * Z 0.8 | 265 (225 iy’ pesE (@258 1 21 | ERSasiw.oY
: 9 1Al 315 | SAS 11 21/ AL OZS:
0.1 uF 85 | 185 [=db5 [22.5511X 21 1285 4223043 \\I' 24 [1'3bS ¢ 275
[l 218 L5 2 SR 2 G Syficpdde
(15 N 218 205 1225 IS5 SVASIAR AN\ ot aT0007 5F
1 21 315 [27.5 13 24 415 | 37.5*
Q22 ” 1 21 | | 35 (275N 26 | STy 88.5 |85 | /o%e
13 a8 %4 \RGLS|| 37.8% (D429 T AL ([ |370N
033 * 15 | 264 §| 3975, | 275 L0 F 34.5 R3ISN 25| WLzA82 4 41.5{ 875
13 | 24\ RAT| 875" | W | 29 | BlbH] 37.58
047 ¥ 17 29 31.5(27.5% | 20 395, |\ 3R6, 172485 20 295/ ANS=Y 37.5
13 24 415 1375 | 19 32 45 [A3508
068 * 20 | 395 | Q1.8 | 285% | 20\ 305 K485 . 375 | DANGAb et AVS | 378
17 129 | 41 %57.98
10 WF 20 | 395 | 415 (375 |24 | 455 | 415 | 375
15 " 24 | 455 | 415 | 375
* AC voltage: f < 1000 Hz; 1.4 x U, + UDC < U,
** PCM = Printed circuit module = lead spacing
*On ordering please stafe the required PCM llead spacing)! _’| w |‘_" ""'_ L »
If not specified, smaller PCM will be booked. T
Dims. in mm. .
lonisation inception level in isclated cases may be il J_ ‘_L
lower than admissible rated AC voltage. gg ]755 '2 ;?5 6 -2
; : : d PCM
Tgachmralon s s 104 10 | 375 ?’"4— at the lead exit
points
(= 0.4)
Rights reserved to amend design data without prior notification.

Continuation page 71
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Permissible AC voltage in relation fo frequency at 10° C internal temperature rise {general guide).
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Technical information and general data see page 72.




and Application of
Through-Hole Capacitors

Soldering Process

A preheating of through-hole WIMA
capacitors is allowed for temperatures
Tl 1OOPE.

In practice a preheating duration of

t (5 min. has been proven to be best.

Single wave soldering
Soldering bath temperature: T( 260° C
Immersion fime: t{ 5sec

Double wave soldering
Soldering bath temperature: T( 260°C
Immersion time: 2xt( 3sec

ISO 9001:2000 Certification

ISC 9001:2000 is an international basic
standard of quality assurance systems for
all branches of industry. The approval
according to 1SO 9001:2000 of our
factories by the VDE inspectorate certifies
that organisation, equipment and moni-
toring of quality assurance in our factories
correspond to intemationally recognized
standards.

WIMA WPCS

The WIMA Process Control System (WPCS)
is a quality surveillance and optimization
system developed by WIMA. WPCS is a
maijor part of the quality-oriented WIMA
preduction. Points of application of WPCS
during production process:

incoming material inspection
metallization

film inspection

schoopage

pre-healing

lead attachment

cast resin preparation/
encapsulation

100% final inspection

® AQL check

— Recommendation for Processing

— WIMA Quality and Environmental Philosophy

Wave soldering
T, Id 10

ol o

2407

2207

2007

1807 s

160 T

1401

12071

1007

80T

601

a7

20 N v oo e e s s e o pecn —t—t—t—t—t—t—t—t

3 60 50 120 150 180 210 240 [seq]

Temperature/time graph for the maximum permissible solder bath
femperature for the wave soldering of through-hole WIMA capacitors

WIMA Environmental Policy

Al WIMA capacitors, irrespective of
whether through-hole devices or SMD,
are made of environmentally friendly
materials. Neither during manufacture
nor in the product itself any toxic sub-
stances are used, e.g.

- Lead - PBB/PBDE
- PCB - Arsenic

- CFC - Cadmium
- Hydrocarbon chloride - Mercury
~ Chromium &+ - efc.

We merely use pure, recyclable materials
for packing our components, such as:

carfon

cardboard

adhesive tape made of paper
polystyrene

We almost completely refrain from using
packing materials such as:

o foamed polystyrene (Styropor®)
¢ adhesive tapes made of plastic
o metal clips

RoHS Compliance

According to the RoHS Directive 2002/95/EC
cerfain hazardous substances like e.g. lead,
cadmium, mercury must not be used any
longer in electronic equipment as of July 1st,
2006. For the sake of the environment WIMA
has refraind from using such substances since
years already.

Tape for lead-free WIMA capacitors

DIN EN ISO 14001:2005

WIMA's environmental management has
been established in accordance with the
guidelines of DIN EN 1SO 14001:2005.
The certification has been granted in

June 2006.
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®
— Typical Dimensions for
Taping Configuration
Ah
—»| Py j4— P—f —pi i
| Py B il ~
o o= L .
7= 4 Diagram 1:
l = ( { \ = PCM 2.5/5/7 5mm
L B
G i 0 ® =
Do 1
—» F le—|-» d
[— p,— L p
e 7
’ [ F
" SR LY N e - e— e —— r—'
—» Py | T o Pl [
Mi
¥ Y l (
OV /A4S I 0 WY TV ©
I —plle—
d d
[— F—>| [¢— Po—> [e——P;——»j—P,
A P e =—>[
Diagram 2: PCM 10/15 mm Diagram 3: PCM 22.5 and 27.5*mm
*PCM 27.5 toping possible with two feed holes between components
Dimensions for Radial Taping
Designafion Symbol| PCM 2.5 raping PCM 5 taping PCM 75 faping | PCM 10 faping” | PCM 15 faping” | PCM 225 taping | PCM 27.5 faping
Carrier tape width W | 180105 180 105 180 205 180 105 180 105 180 405 180 105
¢ for hot-sealing for hot-sealing for hot-sealing for hot-sealing for hot-sealing for hot-sealing for hot-sealing
Hold-down 1ape width Wy | 60 ks 60 adhia 120 bahe ipe 120 A tipe 120 bititiope 120 Behesilh be 120 odhesive fope
Hole position Wi | 90105 9.0 105 90 105 9.0 105 9.0 105 20405 9.0 105
Hold-down tape position Wy | 05t 30 max. 0.5 to 30 max. 05 10 30 max. 0.5 to 3.0 max. 0.5 1o 3.0max. 0.5 10 30 max. 0.5 to 3.0 max.
Feed hole dicmeter Dy | 40402 40402 40 102 40402 4.0 102 40 202 40 202
Pitch of component P | 127 210 127 10 127 110 254 110 254 110 381 415 38,1415 0r 508415
amat cumio ke miativ cumdathe p - amatve
Foed hole piich By | 127303 e L 25N | 1270 srri] Wt e 127 sorkeiire | 7 105wt | 127 203 e
10 men/20 pitch 10 /20 pitch 1.0 /20 pitch 1.0 rmen/ 20 pitch 1.0 /20 pitch, 1.0 /20 pitch 1.0 men/20 pitch|
:etjodm kol Py | 5110s 385 +07 26207 7.7 167 52107 7.8 t07 53 w07
ﬁep:;:;h Py | 635113 635413 635213 127 213 127 £13 1905 213 1905 213
Fead hole centre to bottom Ha 165 103 16.5 03 16.5 205 . 165 105 165 105 165 105 16.5 105
edge of the component 185 105 18.5 205 18.5 4035 185 205 185 05 185 05 18.5 105
Feed hole centre fo top Hy | Progere < Hy HHH mponent < Hi i oot <H1 | HeHianpsnes < Hi HHeemponent < Hi HH o perent < Hi - <H
edge of the component I | 3225 mox 3225 max. 24510315 25010315 26010370 30010430 350 to 450
lead spacing at 408
veper adge of carrer fope F | 25105 50 4y, 7508 100 +08 15 108 225108 275 108
lead diameter d | 0400 05 1005 *05 10050 06™0% | *05 005 06 0 | 080 08'% 08100
Component alignment Ah | £20mox. =+ 20 max. +30 max. +3.0 max. + 3.0 max. +30 max. +3.0 mox.
Total fape thickness t | 07402 0.7 102 0.7 £02 0.7 102 07 102 07 02 07 102
ROL/AMMO AVMO
Package A 24 5422 | deponding
0 ko poge 109 ma e B3Y)mkem R R
Unit see delails page 107.
A Please give ,H" dimensions and desired packaging type when ordering. Dims in mm.
* Diameter of leads see General Data. Please clariy customer-specific deviations with the manufacturer.
* PCM 10 and PCM 15 can be crimped to PCM 7.5.
Pasition of companents according to PCM 7.5 isketch 1) Po=12.7 or 15.0 is possible
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200 kV AC and DC Voltage Divider
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ABSTRACT

This paper presents a design and construction of a voltage
divider, which is used in measurement of DC and AC voltages at the
rated value of 200 kV. The high-voltage part is designed and
constructed by using a set of lump resistors connected parallel with
lump capacitors and they are connected in series for having required
voltage rating. All of high-voltage components are installed in the PVC
tube filled with SF insulated gas at pressure of 2 bars. The low voltage
part of the divider was constructed from capacitor parallel with resistors
enclosed in an aluminum housing. The designed voltage divider has

been tested according to the standard of IEC 60060-2 (2010) composing

of a measurement.. In addition, the voltage divider has a good
performance for all type of voltage measurement and characteristics
met the entice of the standard requirement. Furthermore,
This accomplishment will be advantage for increasing capability of

high voltage engineering laboratory of KMITL.

Keywords: Voltage divider, High-voltage engineering, AC High-
voltage, DC_high-voltage, withstand voltage, scale factor, linearity,

short term stability
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