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ABSTRACT

This project presents development and desien of a voltage divider, which is used for
AC and impulse voltage -measurement. The rated voltages of AC and impulse
voltages are 300 kV. and 1000 kV, respectively. The developed damped capacitor
voltage divider has calculated stray capacitance of 70.94 pF. In the design, the high
voltage part consists of polypropylene film capacitors connected in series with
metal-film resistors. The total capacitance and resistance are 316 pF-and 1680 ohm,
respectively. The capacitance of the high voltage part is designed to be much higher
than stray capacitances. All high voltage components are installed in a PVC tube
filled with SF4 insulated gas at 2 bars. Also, the low voltage part of voltage divider
consists of  polypropylene film capacitors connected in series ‘with metal film
resistors. The total capacitance and resistance of the low voltage part are 340 nF and
1.66 ohm, respectively. The developed voltage divider were tested according to the
standard of IEC 60060-2, 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. The scale factors of the developed divider are 1012:1 for AC voltage and 1077:1
for impulse voltage. From all experimental results, the developed voltage divider can
measure AC and impulse high voltage with high reliability. In addition, the
characteristics meet all standard requirements. Furthermore, this accomplishment
will be advantage for increasing capability of high voltage engineering laboratory of

KMITL.
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Insulation coating

2=1irltd@1—-'—“1
0 = second digit

5 = power of 10
20 x 100000 £2 band 10%

Metal leads

< ol ¢
UM 2.18 Ansunw3Fames
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- fhdumuluuidnA1suaY (Carbon-Film Resistor)

fArauduniugann fffa 10 - 100 Mo Hidudseansnsidsuuvasea
dumusegamgiiiuau Aeumawedeu 0.5 % Tuld fifatiesnd 100 ko dnsadns
dyyrsumutosusfsangs anudumnusinildlunuiifemnisanugndesgaiseds

szdesiinsAnnanissaegamaliay Snvisdeldansonuseussiunsyunludidun uag

fensmumndsluingad 0.1 - 10 W

| o v a 3
JUN 2,19 mamuntukuuilauansuau

- sheuyukuuNdilane (Metal-Film Resistor)
T dunmudunulueuiinein sdyIMsUNINS WA 0.1 Q - 15 MR nsiwdsu
1 v 1 - 5 (>3 nJ v ¥ 1 1 3 = s
wlasAnAusn U uRBanvailan (0.0001 %/°C) dnansunuiasidulisdosinn Ade

1189 0.1 - LW ANuAaIseanu 01 = 2 % WESsIAILng

~eabld———— v Helical cut to reach the
Color coding
/ 4 desired resistance value

\
End caps
i A z with lea

Protective coating Thin metal film  Ceramic Carrier e

] o oy f
$UN 2.20 fmuvusuuiaulany

- Ta513%aume3s (Wirewound Resistors)

o

himni@ames uwaluustianlvglq 16 3 Uszan fie wuuilmdsgs wuuany

L

v v & a v '3 ' < ° |
gnavege wazuuuldnuily dndudrddumiuuuuldig sslldianunileatigous
v =l w 5

1 & < Ao < o & A a .
BEJ']\'il‘iﬂm’lllEN?;JWJﬂ’]UWWULL‘U‘Uh5'3’1?@1’]319'1??’)']1]LiﬁUEJ’JU’W]'] e LL‘UUi‘U‘Nﬂ’] (Bifilar wound

o il | ) & Y | o . .
Resistor) #3el3undnaganiladn dsumulisimenuulianumileiy (non-inductive

wirewound resistor)
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a/ o o

1) wuufiidage fifdn 1 Q - 100 ko AiAA18a 5 - 200 W uasiiaanuRanain 5 -

10 % dgmhluldusvinnaiondes deswiuniudanes
= v 1y o & A Aad 1 b A a
2) wuuuAUNABNgs duusvanoniswasunlainuguuglddis iafesaiw

Y
Il

gunng Taemhluegludasgunnugnios 1 % nsiasuuasAA LU g R
0.0005 9%/°C Aaudmumiueglutas 1 Q - 100 ke Wowdssanifanuiisanssgs #ia
18 0.25 - 1 W lnafifidia 3, 5, 10 uag 25 W daanusamdeld

3) wuuhly 92e % Q- 10 ke Wifards 0.5, 1 wer 3 W iummadumuwuy

= @ v & ' = a a £ a o
AEINUAITHATUNTULUUATUD U ﬂ']L'Ua&mLLﬂﬁﬁﬂﬂJUigﬁWﬁWW\TQMﬁQNG}']

f Core
i ]
~—~ r‘-wq*a
W, B T
&) !
23 Connecting
& f~~L ey Leads

L

Ceramic Case

\\ Connecting WIre

5
'_g“" | krags Wounded on
s Core material

=l = ‘
JUN 2.21 hiirnds@awes

o W =

@ @t d
- FARTUNITULUUAUAELIU (DIP) Wagm 1090 uuLAa (SIP)

9 @

FanunIULUUNARlane AoaUsEum 10 © - 30 MQ ﬁﬁ’mmaalwﬁﬁqaﬁa 10 W @

=l ° o < a =~ |
AINUARTIALAADU 0.1 - 2 % tHUIEEIUTUIUSIRDINISIEDE T AN LLa&’ﬂ’JqﬂJLWﬂQﬂiﬁg\?ﬂ']’]

=

¢ [y o v val A =4 = o
wwumsvey ennsalfivalusesnsenaad Uldd fe sefldumminiluaufnnuigs

s a

& =y 1 4 A £ a s
\Duunnedsadld uayaedinduussavdniegnmaiin

W
——W—
M

P33
anann

P2 | o a o w =
JUN 2.22 dmumustiasids wuuaen (SIP)



19

M
M
M
M
AN

q
e
q
q
q
c
c

.

3‘1]1‘7? 2.23 faUNULUUAURZU (DIP)

- fhguvulaiUAsuals (Variable Resistors)

fsrumusiiniannsaudouals Taenasldinumyu (Wwulrsumi) vieidauuny
(wuvalad) #ifin 5 @ - 1.MQ #AfaM&s 0.2 - 1 w ldemudusleasn Rheostat) ionUAL
mi3lavosnszualniirluseas visldiluwuulwmuilefines (Potentiometer) dmsupau
ANLIUYD9398s nTelddmivuiudygyranieg Tuasesdiavsedind Wy 1eaqu
(Volume), Lud (Bass)wagvizia (Treble) visaduusuaiuaIrwasInsyimy (Brightness)

IGELIL

o =Y

d 4 1 v
31J‘v| 2.24 samunusinilasuala

e b v = = ] Ql
= Qmammmmmumumqﬂmma:L*mm'mm

L = 1 v ! ﬂl 1 4 o = s
Lu%ﬁd’é)‘@ﬂﬂﬂ ‘Umm}aammmmumuﬁmmwmaaﬂmummﬂ IU‘V]']‘L!ENMEJ'J (ERRRES

- o 1 1 L ‘JU IJ
Bufiunudndaviiugudluyng auddagui 2.25

Y
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4 . T

v

v

f ¥

A e L & -
JUM 2.25 anmutinvesninumaulugaund

2.3 nsaulu |4,7,8]

a v & p w o da w4 w ~ |
ATRUIU NUBHOY ﬂ']ﬂfﬂ')ﬂﬂL‘TJUQU?UNWQU33WQWGW’JU7%MLL'NﬂUﬁ‘]'Nﬂ'Ll WIDTELUIN

@

o o @ oa 2 o v alw | o
'JN'W]flLL'Nﬂ‘UﬂUﬂu LAZEIMIRUINIULTIN NG FIUTLUIBANINTOU NITRUIUTUNUIN

] =

o w |
AAEUADLERNINTN LLﬁgﬂ'J']llu’]L“ﬁ@a@?J@ﬂﬁgﬁUU

- AANTRYEIRLIU
Fampuruiifassesiarsansnauaudide Ui
1) pedan TR alnhia
- feunanuseissulivhgy Weldvunidnas 1iaglien Usenin

- LAUAUN AT N TEAUL IR

) = = = s P o ) = - q‘y Aol o e
= Mﬂ?ﬁﬁytﬂﬂl@mﬁﬂmiﬂﬁﬂ Lwaﬂaanuu’mqmwﬂmammumeumuwmn@

u

=l ] = ) o Aﬂ 5 d R al 1 G}
- mnupsusianisiiesassealiianRg (tracking) iedasfunisinnsou wse

2
NSIEDNANTNRWIY
ey L 1 o d - ey
2) AuautiAvIINaYeRUIY IrdellnNunIuAouTIAuEs osenlunsfUd

@

v ] v < v [V [ H U =
’J?iﬂﬂié’]ﬂﬂﬁ)ﬂ%ﬂﬂﬁ]%ﬁ]@ﬁ‘i/ﬂ%ﬂ'mL%UQU’JUWN‘LW‘NT bEd SRR TRITUUINUN LWIINA LLIIUA

=4 =

NIDLTIN

=i a

wa v 4 9w X o <l
3) ananUAn1Inseuvesawiu gUnsalinlaltiariioamaliasdu Jsauiui

9 hil

&
=

TNSVLLHINIAIY

2/ v

= [} 2 2l Ia = ot =
AITABINUAINTOU Lazdrgszursanuseulan Tufalv Uauusean

Sousn

A aa =l

= 1 et = v 1o LY ol 1 a v =
4) dpnuamudeufjasenaiildd ldvirujisonaiifvasou ldduiivudasinlyl

wsawinnaslugd

v
e as

1 v da u‘j i J 1 &l U
5 wnusean wiInden u AinAsldu nudedidu lugeduaiuiiu uarnuse

NSUHSIElUUN9NIRvaInSITeIu
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- Uszianvesianauiu

miamuﬁlﬁ‘iumﬁmn‘ssu”l,wﬁmmgqLLﬂqmuamuzlrﬂ”Lﬂu 3 Uszuam fe
o

1. auIULds

2. QUL

3. QUIUNY

1. AuIUude

Tusguulwihwiogunsallwi szdesldauiuudsusenousifvauiuman viefnw
\leviviiitn uarsesfuusamana awuwdnilefiausnan VIOLINENLR VFUEN N
Tngauysol msssunganudeuldssninauiuma ildssivegluideauuasusuing
liifinfarsauisdan wavhlugnsiausnemdluiign auuuderlimilldun nsyany,
nsvAwdn, B19, WM, uiwsifianesiaunatain, wanvlavieranisdu, Tues, Towdn,
W3 (PVC), M (PE) wazAsoadan (XLPE)

AL URTIFDIN Y RIS

1. Aunusaussfiulndy (Dielectric strength)

2 Wosinfin

3. wilniseswdangapdeianladidnnsn

4. AUAINUABLIINING

5. ATuAUReUASE AT AsTeu

U . B of
winaduians
ANTULLBSLUSNANL
wazluINA1inIena
= |
Auau 3
| nAanaLAdl
| uazfdvasaunedau
Bu AC,| AU i
4—._331"#&15 i i | ~——nm3ldau
: : T :
-5 - 3 9
10 10° 1 10 10° 100 S

A L3 1 v
JUN 2.26 nalnmsiusnandvesauiunds lngaunmusioussiulii £,

wUslumugrnatideunsinu



22

2. QUUWRD

auIumaIeEiitIvin warAIMMILINAAI A fianunsmusousaiulniigs
nifnefienudiuusssmadeaiutannudulild felfduauiumdn amuwmsndy uay
thesrueanuiouldd Weidnnisiusnamiiuesvilidsanmanuduauiudans e
naruldAansanduganimnisauiuld uinunmensdias finnuldedadevu deths
A TildiuRfe siunsiouvas

AANUATIADINTTVDIQUIUMEAD

1. AN N

2. ofnlihge AoflemadieriAnmdsimivey

3, AIUNTRGN MNedY ssueuSauleR

4. unninaInasnugatafiend

3. auaung
[ = Ha v oo v g ar o
auwsun g uanshldviminiduauiunan auiuunsnde wazsyuieaiuieu
AasanRvesiwlulivesainunfe auanduiudan mmmiluauulfedhsnimas
a ¢ ) Vw Y 55 & v
INAAUIIAN Y Wialduannn1sarIutang fediiienldiuanaluniniduauiulniy
usege Iown omie Tuausuneusnvesgunsel Melulasiaulugunsallwih wasfie Sk,

Toluwasiausnines wazszuy GIS

4. WIBUWe UANEN WOSUDMUIUNIR wavatuivaTuAe
< = a ar & o o
HiplSeuflsunnan ¥ YRR LAY, auI uven kavawiuialuaun gy

THUANULINAETY 7D

i
@ = s

1) amuanuRawTsRulnivesauIuuds LLaxau’aumm%%’uagﬂuqmmu YUY
masvuiemuiouiionstidlianunmusionsiiulniigsiuly diunsdvesiaduoia
IMaemafivarumuiuy fae nsiitmmeiufie

2) auundls warawuraasiidnuuzauiirneiuresiredamuda Usenisuds
fie 2180131 (Ageing) Favaneds Tuideldamuluuiug Mmerunmusonssiulaiiazan
Aad

3) AnuamusenssiulnivemuInLgs wazewiumar e lasuuseunseuanse
wdiinganindosuussiunseusady whsAnisuiidvenfinm il ssnandmdeny
aoudeladianain

4) Farmnamudeussiuliinsyaadu Felusgiupruivesmuuuduazauy

a | '3 o a e 4
mmﬂm“f}ummﬂﬁmaa LLGﬂUﬂ'ﬁfﬁ'ﬂ@ﬂﬂT‘Eﬁ‘ﬂgmﬂL'U'iﬂﬂ'nu‘lﬂﬂ']ﬂ@ﬂlaau@



23

5) YAAMNAINITONTT MU URUIUYDIRUIULTY LAZAUIUNED FIRUARITNEINUY

gaduladidnain Fsuegiiumnud uargnmgil engnisldnuvesuiundduedivianie

' ; " = ° 0 v =i a & o & ¥ |
UR&N (Partial Discharge) Fadunavilvindsugepdon, gumgiigeiu wazifunaviiliien

AuAmusiaLsaiuliAias 91gnnsldnufagduas uazihlugmsifausnanmild

5. ANSLELANIWANTRUU [7]

v o a & & | ) v ala
ANTERUINVRENVDINTITRUIUNAD LUUQU’JU‘V]’NI‘N‘W’] LAUNATUNVIRUINTULLTIN

| 2 o = = 1 Vo <
N8 BEENUABDATTINIDUMNIY NITALANTNUDINTITIRUIU WHI8D amuuulmumnﬂaﬂuﬁ]’m

anmnsiuauuldganmmiiluia ldamsaouseiulidely Fansideanineraiinain

mManuneauAsenau Wi luld nsdganimiosnnusmana wiemnudeu nssuly

sy lvdsaniwnisauiutuiieduldvateUssiny @i

=l a4
1. Mstdgan wnIsaRutasanNan1stwnn

al |
2. MILFYEAINNITAUIULUDININLTINNAG

- Y
3. MsidganINnNsRUIUEIINAL U

=) | e = v
a, ﬂ'ﬁLﬂEJE‘Tﬂ’lWﬂ']‘iQU”JULUBQ"U']ﬂUQﬂiﬂ INLAL LREADTNLINT DU

= Y a ¢
ANTNN 2.1 dnwzmsAasasausnauluuny

5 au e aun il guaulvivh
anwasgluuny ' i N 1k
auniaue fialalantey lalainanags
ANWULAAYIIIT = S (&8 i J"L
. ez T om@ S T
No Discharge No Discharge PD
Swazwsaenl |\ 1
guusal U
b
‘ L L [ E
P T wsnantuuulalsun
AUTIAUY .
) Ub = Eb X X Tl
WwsnaY Uynse Uy = Ep x d Up=ExxdxTM
S y Up>Y,
Talsusuin U,
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- SFs : (Sulphur Hexafluoride) [8]
SFs Wuawawdssinauauing Jaydufe Sk Idfummauls waeflunumdrdese
weluladuwisnsaunilugunsallwihusegs wsy SF, flguaniinsaurumsnihfiduga

' @ < w0 v s A ) % o o oa P
‘V]Uiﬂ@LL?\‘]QUINﬂ'1%QWﬂ?qﬂJWUﬂﬂquﬂﬂqtﬂJ@LﬁﬂUﬂUﬂﬂﬁQu?u@?Uﬂ?ﬁ@@‘Uum@uq HULFDYTNNW

2
=%

avipAmsaw wazdfisoainndenlifeduaniulugunsallwiussgeduagiuumn

U

@/ - L3 =l

& 1 o 1 @ < @ 1 @t & w
WasA199 naneUsynisAdAey AesedinuAmusioussdulingsaudiullgaln ndush

<

I < a s 4 i aaa =l & oA 1= ' v vl
Wuveunavigamgie wesdouisonall Liluiy lidaln wazdiwmaauiouldd

anvagauanTRAINET Wi SF, Tnuantinsudiu

1. AuanURMaand uaviadivesfing SF;

iy SFs \umsussnaureunaluladezneudaluanavesiuzdu wasvigoaiu
Fagul 228 Wufinedlid laifindu Tiduiy Lidal tarlivelfieln Wufefdosds
Uiiisenaiiiuansau uazazasanwiasuiasgavitliseut 500 0 meluditadinge

4 we @ o [y -
UsAaneandlau wase iy gaauivinluvesing sk, asuldmsian 2.1

gﬂﬁ 2.27 \anaves. Sk,

= wa o o
A15199 2.2 AaaudAvialuvesfie SF,

wdinluiana 146.054
asunizduledi 70 °F, 1 atm. 320 psig
UBinassuwedt 70 °F, 1 atm. 25 ft'/lb.
9uuRIYD99A Sublimation i 1 atm. 82,8 °F (63,8 °C)
yudenudadt 2.21 atm. -69.4 °F (-50.8 °C)
Anusadumgluaauefngi 20 °C, 1 atm. 6.11
Armvunwduluanugfed 0 °C, 1 atm. 6.52 ¢/l
AnavunwUuluanusueuvanl -50.8 °C 1.88 o/l
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gamniingm 114 °F (45.55 °C)
ALALINGA 38.35 kg/cm” abs
ANUMUILULINGH 0.734 g/ml
aw¥eunriuagasublimation 7 638 °C, 1 atm. 38.62 cal./g
ﬂ’;’m%'aul,wia‘nm:gﬂwaaummﬁ -50.8°C, 2.21 atm. 8.2 cal./g

o ° N
ANMUSoUI Wl UAD UL YR IVIAIN -50.6 °C

0.18 cal./g °C

AnusouTIWrluanue A 25 °C, 1 atm.

0.16 cal./g °C

ANURIRINT -50 °C

11.63 dynes/cm

mrsiladidnasnluaniugfien 25 °C, 1 atm.

1.00207

lonization Potential

19.3 eV

mmmmma:ﬁaﬂﬂuﬁﬁﬁ 2520, NaEm) 0.001 ml/ml water

87.8 kV/cm.bar

ANMUAINUABWSIR UL

& N | §e | @ | . T . P Y
Y SF, UATILAUILLUY UUNUTEUI 5 LTNYDIDINA F9UUINT UABNTLIMENLIN

| o dve o o R e g v =~ ' o | ey ~
ngaluussniienginiulutagiu Juilifiag sr, danuasmuseuseivlilihgsniniasin

9
'

puq Nlhduauiuiu wu 9amda wiolulasiouasueulaeenlen Whisuineg SF, sziiaiy

AMUADLSIUINTIAUAUUTSENAUSELI 2,5 4111 28901017 LAZIZTANILAIY A
@ ar off 8 [dn s al a o W

wsaduluiflaving duihdundiaudaaudle SF, daudusnlssunal 3 bar (1 bar = 750

mmHg)

(KVp), 4
10 T
" Traln sformer_ 9i£_ //
80
5
60 2
40 PP ot
_-[AR 125 mme
20 et 125 mmé
[+—s
75 mm 3
1 2 3 4

f Y ¢ o < [y W o
JUM 2.28 uswiuwsnantvesing Sk, WeWeuiuenne wazsiundiowuas
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2.4 AuandRfosmsvesszuuin

s - as L3 o

ANYAULAUUAVDITEUUIALS IR UDUNada U sanIvualAf18a1maua L 9T 9il
al

LA L fma L v Aley I s Al w 1 ga A
FT’J’]EJﬁlIW‘lJﬁ‘ﬂ‘ULLUUWJS‘?JEN?SU‘U'J@ SBUU’J?WIG]G]BQ@JLL‘UUQ'JﬁV]ﬂTNﬂ’NLLUu@?ﬁ‘U@GQﬂﬂawﬂ

2/ s d !J 1 o’ 1 e dﬂf g—" </ d
G]ENﬂ"l‘i’mLWEW"JSE‘HN’]SQﬂ']ElIE)ME’iQI}EUy’]ﬂJE}EJ'NhJNﬂt‘i’\l&]‘u YNUUIA LLaxaﬂwmzﬂumgUﬂau

usedu Fefussidiulfinuauiaddesnisvasssuuiadiassusznisie NanBUAUDITUTY
(Step response) uazdndrulLsdiu (Scale factor) itelsidladnvarantBieloulavined
Tned Sstutumnudldmiudamsieslsmiuiaisiina wloaumneiiiatesns
U3

- HanauauesUlu (Step response)

TELLTe

I

JU 2.30 2sasTananeuauIgUTud MU LTy

wasgldimuaiiomminiinefuansuauesiildainnisiananeuaussgudull

prAs
=he

- wisflwmesnauaues (Parameter response) ¥aNeda wisdlwmasilaanmsinna
& aad o

novaueazUtulagsafmun

- YaisudualiouTeNanaUENBIgUTY (The beginning image point of a step

< @ 2 < gy o o v
FESpOﬂSG) O; g ﬁ!ﬁﬂﬂUu%ﬂuna'ﬁl@qLauﬂsﬁqﬂﬁflﬂWWUﬂUﬁUUW%mWﬁ;ﬂ%@QW‘UW
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rauvamanauauassutulunsdndnsundeuunieduarldidundearniudiui
a i v oy v v v
ansunde wagltiduillunsmidunsedaiv
- nanauaupIgUTUueTUealad (Normalized step response) G(t) nsnefsnanau

& o v v ¥ oa 1 '
auasgUiunuesualadlvisvduidadianiu 1 wmie

|

- duhniananauausssUTU (Integral to the step response) T(t) wuneds dufinia
N Ot U89 1 aumenanauawedgtu Gt whiu To- j (1-G(t)dt

- LIAINBUAUDIIINAITNAGDY (Response time of the experiment) Ty, #u1ade A
o % o
VBIDUVINTANANDUAUDIFUNUN L 990AUATT T,=T(t,,,)
- AMBUAUDIUNEIU (A partial response) 7, w1884 A1geARvaBUnTaNanDU
aupagudu
> — A . =f
- NAWBVEUDIIAGE 7, (¢ ) (Residual response time) mangdy namouauaay

v i a A w & | el A s g\ o
mgmvasuinTaranavauesgUiuiafinmun tlaeie < 7 ()=7,-7(¢)

- @uaiiu B (Overshoot) Maned AgegauakanaUauesgliuvesuolad Gt 7

WY 1 a8

o a v . - b M JdYw v 1Y
“antiaNawsuRY (Start time distortion) 7. Y1889 WURNAOUTOUAIELEU 0

a

wasauaug gl duuesLealad G() uezidunsenldm o
g s e o <l
1 (Time to steady state) 7, wuedY LavdunaanIaImoy

q
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1 o

A 1 o a 1
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0-11 GHz fndiadufiuaug 50 @ dutneamgliogseuing -65 °C v 165.°C
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@15199 3.2 anauUAvesaaala RG11 A/U

AuENURA1Y RG11 A/U F8AZIBYA
dunwaud (Q) 7525
mAugely (pF/m) 67
nsagviou (>= dB) VHF 20
. i@ uwnadbuAsUay
At — -
EURTUAUENATS (Mmm) 12
L g0 PE
ladidnman = ;
LeuRIUAENaI (Mmm) 2tos
o a’aa«a”u 1 NOWA
aeinta e
Yann 2 g
4/. g6l PVC
waoniy o r
LEUNIUANENATS (mm) 108 ¥ 0.3
i kg/km 143
gaumnd (°0 -10:°C/ + 80 °C
10 MHz 1.8
8 50 MHz 4.5
gMn3INISANYaU
100 MHz 6.5
<=dB/100 m
800 MHz 22
1000 MHz 8.5
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3.5.2 1ATDHRINIIAUMNN

: °o a A

ludruvesniAuseudIvedasdtefens 09ilednatu1s0 TnuLsIfuvI09n Y8

s a

P a @ = o @ o ) aa
Taniwadlinesls waziaiesdiotaussausilrmaiu 2 WU Ao wuusuIden wasuuudinea

4 at = oA o A i oat = oA ot 1 e A oAl aa
LLG}{]QQUMLQS@QN@?WUU&IT%ﬂUQﬂﬂ PRLUUAIREA Jedzvasndetiuaiesdiainuuuiinea

& @

U IALTIAUVIDDNDDNIINIAYAIA LLAaShatl



a6

M1519% 3.3 WmsgruntIvedeuRinAIaenftvewaRfimesauInAss I IEC 61010-1

Peak Impulse

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

CAT | 600V 2500 v 30 Ohm source
CAT | 1000 V 4000 V 30 Ohm source
CAT |l 600 V 4000 Vv 12 Ohm source
CAT Il 1000 V 6000 V 12 Ohm source
CAT Il 600V 6000 V 2 Ohm source
CAT Il 1000 V 8000 V 2 Ohm source

s

) HaATiwmes FLUKE 87 & 89 series IV

) Oscilloscope DL 1540/DL 1540

=l = Y @ 3
3UN 3.13 pdesiiodnuseiusi

v) FLUKE 41B Power-Harmonics Analyzer



M99 3.4 AuanTRRuguTesTaRfines FLUKE 87 & 89 series IV

Function

Ranges/Description

DC Voltage

0 to 1000V

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 uA to 10 A (20 A for 30 seconds)

Resistance 0.to .30 M@

Conductance 0 to 50 ns

Capacitance 0.01 nF to 50 mF
Diode Test 3.1V

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

a519#l 3.5 QudnURYSY FLUKE 818 Power Harmonics Analyzer

a7

s MY UTINER

5 V,ms (19 V REFERENCE) %39 1 A,.. (1% A REFERENCE)

INPUT RANGE msienszualii INPUT RANGE
n157m 0.0V 64600 V (TRUE RMS) 1.0 mV (A) fis 1000
wsaadeuluidi rms (ac+dc) (1mVv/A) mVrms (A) 89 +/-
0.0V +/-993 Vpeak ISOLATED 2000 mV (A) peak
rms: +/-
Anugndea oy s ; +/- argnfiondewy | (0.5%+3digits) +
(5 Hz-65 Hz,dc) | (0.5%+2digits) peak | (5 Hz - 65 Hz,dc) PROBE SPEC
de:+/- (2%+3digits) peak, dc:+/-
(2%+4digits)
ATMWAUNTUL N 1M , BALANCE AIUATUNILY A 1M/4T7pF
> 3.0 AN 300V, > 3.0 AN 300 MV,
CREST FACTOR CREST FACTOR
1.5/600 V 2.0/1000 mV

AnaNURYa4 Oscilloscope DL 1540/DL 1540L
Input Terminals : The Input Impedance is 1 MQ + 1.5% and approximately 25 pF
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A15197 3.6 AauaLUATad Probe

Specifications
[tem Setting 1:1 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 ratic 10: 1 + 2.5% -

this instrument
When used with

Frequency band DC to 150 MHz BC te 6 MHz
this instrument
When used with

Rise time 2.4 nsor 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 L.5m -

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

the maximum input voltage of this instrument
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R1Z 1680
1

C1==1316p

R2 S 1.66
2

c2$340n
——_L

< o o a
U 315 2esildlunsdiensmsiinusedarimeilines

= A )
o 1 A8 BUNLALENIALINUGL (Z,)

2 A0 DURLAUTAIALIWUA (Z5)

3.7.1 199N SYLASY
Ul TIAUNSULAARY 300 KV

Pt

R1 1680
c1 316p
V1
300k @
R2 1.66

340n

c2
8 ==

I

d o/ al d ot al
JUR 3.16 299suann TInussRuY g Waleuussdulwihnssuaadu 300 kv

50
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Voltage [KV]
=

=
=

=200

=300 ¢ ¢ !
0 5 10 15 20 25 30 35 40

Time [ms]

< = 1Y o~ A ) Y
UM 3.17 Undunssdiunidivedlannimanlunes iedeuwseiulvinssuasdu 300 kv

R1 S 1680
c1 316p
V1
300k ()
R2 < 1.66
2 340n

< ) o < @ W
3UM 3.18 29suansmsiauswiveieen dieteunswiulwinnssuaady 300 kv
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300

200

100

Voltage [V]

=100

=200

=300 ; L
0 5 10 15 20 25 30 35 40

Time [ms]|
-d d o - L3 é @ ot
JUM 3.19 yunauLswiuneenveashaviaaalaiees Welsuussiulninssuaadu 300 kv

NNJUA 516, .17, 3.18 bay 3.19 aeliduiledenusesudadi 300 Alalaavinssus

aau lalseuureenitii 296.1 1aan

3.7.2 WIS uBuNad
UoULSRudLNaF 1000 KV
29959 fmULANAT USR0S A DU TN SIUMasd oSy | TldAan1e

a v a = o 1 at 1 @ at ot A a
LSMWU“U@WI’JLT%UU‘S%QLLE]%?I'NI‘E?L%JUWJQ’THLL?W]U AIUNTINUALNTLAIAINNLAL

tClose=0

1% 2 Rd1 ‘2@
[ Us MV
368
25n _J:Zsl Rel g 2520 2 _F s R1 3> 1680

€l == 3i6p

R2 § 1.66

== 340n

T

= o ar L = e v &
E‘U'ﬂ 3.20 299THANINTITIARTIAUVLTT 1WaUoURTIRUBUNAE 1000 kV

c2
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1,000
900
800 |

700

e [KV.]
te

'h
=
=

Volta
F
=
=

0 10 20 30 40 50 60 70
Time |us]

< = o s L3 b=y ¢ 4 LY o &
JUN 3.21 sunauussdurinveshaimanlines wieteuwssduduwad 1000 kv

U

tClose=0
1)& 2 Rdl
Us AN
368
250 == Cs1 Rel §75m on = cpi R1 1680

C1 316p
R2 1.66
c2 340n

= @ s -~ v A W &
gﬂ‘n 3,22 JITUAMAINITIALSIA U080 Watauwssnudunad 1000 kV
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1000 — . i S E—— -
900l

8001
700 1
600

500

Voltage [V]

400
300
200

100

1] 1 I
0 10 20 30 40 50 60 70

Time |us|
A A‘J L2 L3 az < AJ & ar g
E‘UVI 3.28 ‘éﬂﬂauLL‘Nﬂu‘UTﬂ@ﬂ‘ﬂﬂﬁiﬁﬂﬂmﬂ@l’nﬂ@i Luaﬂammﬂuauwaa 1000 kV

MNUA-3.20, 3.21, 3.22 uay 323  agleduidetenusaiuvnds 1 wnelaidy

LsenuduNad axlausarurteantthy 988 Thav
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N1SNAaDILAZUSYLUNE

mMIvedeumanuuraLURvesUN Tl inus g SELaaTU lazuswugeduiadilu
msvegauiielinsuihaninedlineseonuuuaiatuiinuuraudivnvauiiasléin
ussumudaimunuinsgiu IEC 60060-2 [2] @nismadeuuaznsuszananauisiade
e Uil

n) Myiaenaugluivessiudseameuseas uazmauss

1) M3TAAIANLAUNTULBIFWTLTITLAIAUSIG UATAALTIN

A) MIVARRUNITABVAUBTSUTY (Unit step test)

1) MIvaaevAuAmUeglAcau sy (withstand Test)

9) NMINAADUNIDATIAIWNTAANOUKSINULBITHUUIA (Scale Factor Test)

2) ManaaauvaANLULgNdY (Linearity Test)

%) Maneaguanatiasnn (Stability Test)

nMsnAdaauUMIaNwUYA1e Yaslaavitnadlannesaeviinsdam Aosujidnas

Irtiussge aorumaluladnsssauindidrnaumntsainnseds

4.1 mytaAirnuglviA1ve Wi uYsEgn1ALSIEe LAzAALTIAN
4.1. 1 myTamenughiiwesininuysyaniausigs
msfadiaugliiniaussgsliindosdiatn RLC Meter 4oau§en HEWLETT
PACKARD IMPEDANCE/GAIN-PHASE ANALYZER 3u 4194A a5 inanayiugivvhvesiaiiv

@ <
Ui%?ﬂ‘]ﬂLLi\?E&G HAN1INARDY LaRdRImnI151an 4.1

= @ I o
A15190 4.1 wamsinAauginihvesiiivuszaniausegs

Anudildlunis C; INNIAUIA C, N53R
Error (%)
nageu (Hz) {pF) (pF)
1000 316.09 315.18 0.28

4.1.2 m3daarugliiwosiuiuussgaiause
a 1 e' k4 J o = g <! 1
msinAnnugliinaussineglisuanasediotasiladeriunsindinug

W ) é Al
Irfhwesdnfuuszanmaussgmansinanugliiamaussiuanslumsed 4.2
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a9190 4.2 namsinFanuginihvesiaiuUssamaus i

eudildlunns C, 9INNTAUIE C, :INM5In
Error (%)
naday (Hz) (nF) (nF)
1000 340 3375 0.74

TagmsmaranuRawaiawldanaunis (4.1)

MINMIAINIA-FIINMTIA
Error (%) = - X100 (a.1)
MIANTAIN I l

4.2 msi’mﬂ"mﬂuﬁ’qumwaaﬁqﬁmmumﬂu,:iagq
4.2.1 mii’mﬂ'wmmﬁmmwmﬁaéﬁumun’mu,'iqqq
o o o [ &
N3IAAIANUATUVINYDIRIPIUNTUNIAUSIAdldinTestinTn Mega Ohm Meter vaq
U3 sanwa 1 MG1000 Digital Insulation Tester Han15IAAIAL LA UM ILUBIFIFILNIY

o -
AIALTIFIUTAININIGTIN 4.3

-d @ 1 L3 o W
A13199 4.3 wannsImAEiuLliivessaumuaALsEs

R, 9nAISAUIN (Q) R; 971001990 (Q) Error (%)

1680 | 1670 0.60

4.3 NFINAIAIIUAIUNIUYBIAIRUNILATALSIAT
4.3.1 NFINANANNA UL I UV TUATALS SN
o 2 YRR 4 v )
TumsTamanudumiuasfiduniunaLssagliededlass Mega Ohm Meter

VBTN sanwa 1 MG1000 Digital Insulation Tester nams3otanslilusisnedl 4.4

§115°19% 4.4 KA TINAIANLFIUIUIRTIY DI UM U ARSI

R, MNN15AUIE (Q) R, 2nn1530 () Error (%)

1.66 1.65 0.60

4.4 MINAFIUNTRBUABITUTY
mvwanauauasguiuliisasmuiidmueluinnsgiu IEC 60060-2 [2] Tneldiedos
Anilauseiugudu (Unit step generator) a4 DR.STRAUSS u RIG 1000-H
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4.4.1 nampydURIsU e IRAvIaY

lesansannauiifiudumiawsssruniniisznovadn fedurouiisnaznnaeu
nanauaLasgUiuveshaviaafl nnediu ke maae AR aUALBIUTuBsT ARVl
Fulumunnsgaurou Wlsesldususmansvaussgfuwedaaiiasdlune fiield Tay

1asildmeaeuiiiunsasi@ieaduladimen e

m
— 1<

gﬂﬁ 4.2 N‘fa'smsmmaaumaﬂauauaaguﬁy’wmﬁaawau
Z.. f9 pudunuugede 75 Q
Z. Ao wdadn 75 Q 811 20 m
Z5 fin Budiuaudnmavguniivewiiaaney

Z, fie Bufiuaudnianfegivesianneu



Voltage [V]

Voltage [V]
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F

Time [us|

n)
o e SRS e —
5
!
4
3!
|
%
|
| It
ol
=] L L
0.45 0.50 0.55 0.60
Time [us]
)

d o,
JUN 4.3 wamauaupagutuvesiannou
n) uansnevauesgUutureshavimeflnes

%) nansneuauesjUtuveshaieadlimeslugae 0.45 - 0.60 us



4.4.2 wanavausszliuvethiavinadlines

-nydlhifianusumuminaeuendenanavauoszUiu

0.8
0.6
= 04/
E
o
=L
-
E 0.2
[| ]| FS—
-0.2
L] 2 4 6 8 10
Time |us|
n)
08— - —_— — - -
|
0.6
1
i
= 044
E
%
E
Ic
= 0.2‘
|
0
-0.2 % " I
1.50 1.78 2.00 225 2.50 2.78 3,00
Time [us]
)

‘d 1 23 1
JUN 4.4 Tlfiawdumumhenieuen
n) HansneuauesgUTuIesIainaflunes

1) HansneuauesgUtuashiavinaflmesluga 1.50 - 3.00 us
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4.4.3 namouauesguTuressruuinnlulumuinnsgiu
M InAdeuRanavdussjuiuvesliavimeflines WoUsuildsuaives
(3 1 1 [3 [ o U
aeAUsznausieg isasAauszneungluwarnteuen audulyauninsgrudvua wui
¢ al ¢ | 1o o < v @
havimadhinesiinnulnenisnevauesd undsdinseoadaanvesunduiioadnton
4 4 ¥ 5 1 € - ¢ s a
A 45 ) Flugudeslumveaeunansvaussgudulaanisdelavimalunesiu
aaveu  lasdanudumuninnsvatenisluniausegs 1680 Toviu uazniausesn 1.66
¢ = 1 cd o o v ' ¢ 1 fa &
Toviu fmssiensmiandatule arudunmumbaaiguen 282 Teviuuaslddadaudnlnse
d’ o 1 1 1 ¥\
nguilloassinumdn T, uagA1 Overshoot () avwuiilder T_= 25 ns
L7 ﬂ'd

[ ' v v oa >
uay B = 22.6 % lave T Aagananvomiinduseaussfuduiadiisdesnismaaeuly

fillfie 1.2 ns Faudlewmaennammauduiussewine B fu 7 / T wuiaiildeglu
& o

AUALILN %aLﬂuﬁuﬁmmmmgmﬁ’muﬂﬁﬁagﬂﬁ 4.5 )
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e
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=
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0.2}

Voltage [mV}
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Time |us]
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9)

3U 4.5 wanaunameuausgUtuvedtatineAluaesidulunuesg iy
n) wansmevausgUiureiainenlanes
%) nansnevaussgUtuveshiavinailamesluag 1.50 - 3.00 us
A) nMAMLdNRUSSENIe B AU T, /T
9 ndlweivesranauauswedlavieadlunes
Tngvnsidlmestanevaussiinoasdandi
B =226% T, = 15
T. =200 ns Ty =25h3
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4.6 NMINAFOUMANAUINYUSVDITTUUTAUSIANUGINSTUATAY
lutuneuusnyesntsnagey szvhnismagoumAmueldvioussiu (Withstand
1 4' v Qs 1 U € a) [ (Y
Test) Aowieliiuloiimsaniunsluresniausiuguediaimadlanes avldiinns
winanulwagldnuduagyhliiAnanudene wavdunsedu sauluisnnsuendesliiin
a & o o v o v ¢ = & = o
manulaufaivieawuminldnuiulassaiweshaisailunes massdeimun
v o | v ~ ¢ al d v X o v ar
Ihnisneasuaunmussnssiv aswnlavimanlimesiadrduas i luldauiues
PUNTYLATEU AIUUTINDIVAADUAIUAIVIUABLIIAUNTSUEAR UMY ATUSIFY 110 % 784
v oA e o o Al a -y al | a
LINAUANAINAITNAFDULLDIELIWUN 110 % vasinaudlialy Wuad 1 wid Liifau
Iawisauinesie uareunsainneluie Yeaguldindiauamusieo usedun LAy
Mviua [2]
MARINTUIIMSVREUMIATAMSN ML) Yoty Taus wiugenssuaadu Taevih
U & = ar ar v [ =) s il & -
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Qs s 4 1 1 & Qs s ]
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(kV) V) (kv) (%) (kv) V) (kv) v (kv) W) (kv) W}
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2 40.2 40.5 80 80.5 119.5 120.5 159.2 160.7 199.2 200.8 198.9 200.4
3 40.2 40.5 79.8 80.7 119.2 120.5 159.1 160.8 198.7 200.7 199 200.5
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Dev (%) 0.04 0.04 0.05 0.01 0.04
Scalar
Eated 990.6 990.6 990.5 990.9 990.6 990.9

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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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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ABSTRACT

This paper presents development and design of a voltage
divider, which is used for AC and impulse voltages measurement. The
rated voltages of AC and impulse voltages are 300 kV. and 1000 kV..
The developed voltage divider is damped capacitor voltage divider. In
the design, the high voltage part consists of polypropylene film
capacitors connected in series with metal-film resistors. The capacitance
of the high voltage part is designed to be much higher than stray
capacitances. All high-voltage components are installed in a PVC tube
filled with SF, insulated gas at 2 bars. Also, the low voltage part of

voltage divider consists of polypropylene film capacitors connected in

series with metal-film resistors. The developed voltage divider were
tested according to the standard of TEC 60060-2 [2]. In addition, the

characteristics meet all standard requirements,

Keywords: Voltage divider, AC high-voltage, impulse high-voltage,

withstand voltage, scale factor, lincarity
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[1] TEC 60060-1 Edition 3.0 - 2010, High-Voltage test techniques,
Part 1: General definitions and test requirements, 2010,

[2] IEC 60060-2, High Voltage test technique, Part 2: Measuring
System, 2010.

(3] TEEE Std 4" 2013, standard for High-Voltage Testing
Techniques.
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COPPER TUBE |
INCH & METRIC

COPPER WATER TUBING ASTM B88

. . » NOM | Actual | TypeK | TypelL | TypeM | ACR
SIZES: 1/8" to 6" and 4mm to 54mm SZE| oD | 750000 | 753000 | 754000 | 755000
Wal | wal | wal | Wal
DESIGN DESCRIPTION V| a8 [ s | 030 | 025 | 020
Copper tub s made efther hard or sof. Inch standard is designated type K, od Bl e - I e
L, M, ACR, Refrigeration, or Heavy, depending on wall thickness and oa| e | o6s | o5 | om0 | o4
execution. With K,L,M tubing actual outside diameter is larger than nominal 1 1w | 065 | .50 | 035 | .80
or 'name” size. 1174 | 138 085 085 042 | 085
M2 1s8 | 072 | 080 | .49 | 060
Type K - supplied hard 20' lengths or soft 60' colls - Is recommended for 2| 2m 083 070 058 | 070
general plumbing and s also suitable for gas, oll, and low pressure steam, 21/2| 2w | 085 080 | 085 | .080
3| am | 09 | 00 | or2 | 00
Type L - supplied hard 20' lengths or soft 60' colls - Is recommended for 3‘;’2 :5’: :ﬁ ::’g z -:“-‘g
amﬁ 1 . . ' ‘
Ll e ppLrnpedI e 5| 5w | e0 | 25 | .00 | 25
Type M - supplied hard 20" lengths « is for non-pressurized uses with solder A NN A

Fpr o METRIC GOPPER TUBING
ACR Grade - supplied hard 20' lengths - Has L.D. cleaned and ends capped NOM | Actual | 56 Mater Lgths| 2 Mater Lgths | 10m Soft Col
for alr conditioning and refrigeration use. Size | 0D | PiainFinisn | Chrome Plate| Piain Chrome
873000 B74000 (800000 BOOOD!
Wi
REFRIGERATION COIL - soft 50" colls - s also *cleaned and capped". T ol e
6| 6 08 1.0 08
HEAVY COPPER COIL - soft 50’ colls - Is general purpose axtra heavy wall 190 1Bu :-: :g g-:
tube. Ends arg open. 12| 12 1.0 10 10
4 i 10
METRIC COPPER TUBE - hard §-6 meter lengths, soft 10 meter coils - s e 1GHN o - "
specified by 0.D. and wall thickness. 18] 18 20 1.0
18 | 18 10 10
20| 20 20 .
Bronze Solder Joint - S - valves and wrot copper 8 fitings are designed bo| s > 33 "0
for soldering onto copper tubes. (Bite type flareless compression and flare 8| 28 12
end fittings are also sized for these tubes). |35 | 35 15
2| & 15
Bronze Silbraze - SB - valves and fittings are designed for brazing to copper,  Note: Other wals avalable
red brass or copper-nickel pipe and have ends sized to accommodate pipe COPPER REFRIGERATION COILS
outside dlameters (aiso called IPS sized) 7 R ——
Szo | OD | 761000 | 761001
IMPORTANT NOTE: The term "sweat" is used to describe the joining Wall Wall |
technique for both solder joint (tube size) materials and silbraze (PS pips 1 | 18 | 00 | 06
size) materials, Actual O.D. of tube or |.D. of valves or fittings will establish 3'}5 3’: 030 ::
which type is refarred to when *sweat" connection is indcated, vl vt e |
3w | @2 | 0es
All available Chrome Plated. Order with CP after Part #, 102 1”2 032 065
58 | 58 035 | 065
Y4 4 05 | 065
PRESSURE TUBING mo|m | o
118 118 050
13 138 085
MATERIAL: Carbon Steel Welded or Seamless L -
~ Stainless Steel 304 Welded or Seamless
316 Welded or Seamless

For use with flareless compression/Bite/Lok type fittings or flare fittings (pg 101)
or tube socket weld fittings (pg 91). Mounting clamps (pg 103). Metric (pg 113).

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

SIZES (OD) 14 516 38 12 58 34 78 1 118 114 11
Common walls 035 035 .03 035 .035 035 035 .49 035 065 .065

049 049 049 049 049 049 040 065 065 .095 .095
Standard length 20 065 065 085 085 .085 065 065 083 095 120 .120

W & O SUPPLY INC m

88~
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’ Vishay Roederstein
Metallized Polypropylene Film Capacitor
Related Document: IEC 60384-16
Dimensions in millimeters
Product !s coTrMelylead (Pb)-free. @
Product is RoHS compliant.
— 0« /\ o
S CAPACITANCE TOLERANCES
[ \ __| +20% (M), £ 10% (K), £ 5% (J)
| = v
50 - Lo apisp RATED VOLTAGES (L‘J}g. RoHS
- 180 VDC, 250 VDG, 400 VDC, 630 VDC, phireries
1000 VDC, 1600 VDC, 2000 VDC
D gd PERMISSIBLE AC VOLTAGES (RMS) UP TO 60Hz
<70 0.7 100 VAC, 160 VAC, 220 VAC, 400 VAC, 600 VAC, 850 VAC,
<16.0 0.8 700 VAC
>16.0 1.0
TEST VOLTAGE (ELE
MAIN APPLICATIONS 1.6 X Up for 2 sG ELECTROQEELECTRODE)

g;d ge, high current and high pulse operations,
jon circuits in TV sets (S-correction and fly-back

. Protection circuits in SMPS's. Snubber and
decironk: ballast circults. Input and output filtering in SPS
designs, storage, timing and integrating circuits.

M rers al al

E
Pobmrosiiens im

ELECTRO ES
Vacuum deposited aluminum

COATING
Metal-foil-wrapped, insulated, epoxy resin sealed, lame
retardant

g&NSTR CTION
e-sided metallized polyester film, intemal

series connection (630 to 2000 VDC), double-sided
metallized polyester carrier film, (refer to general
inrmﬂongo

LEADS

Tinned wire

IEC TEST CLASSIFICATION
55/100/56, according to [EC 60068

PE RE RANGE
PTG FuPERATURE RATG

CAPACH'AN E RANGE

INSULATION RESISTANCE

Measured at 100 VDC after one minute

For C < 0.33yF:

100,000 MS minimum value (150,000 MQ typical valus)

TIME CONSTANT

Measured at 100 VDC after one minute

For C > 0.33yF:

30,000 s minimum value (50,000 s typical value)

TEMPERATURE COEFFICIENT
-250 x 108/°C (typical value)

CAPACITANCE DRIFT
Upto + 40°C, = 0.5% for a period of two years

DERATING FOR DC AND AC.CATEGORY VOLTAGE Ug
At+85°C: Ug=1.0Ug
At+100°C: Ug=0.7 Ug

SELF INDUCTANCE
~ 12 nH measured with 6mm long leads

PULL TEST ON LEADS
220 N in direction of leads according to |IEC 60068-2-21

BEND TEST ON LEADS
2 bends through 90°C with half of the force used in pull test

RELIABILITY
Operational life > 300,000 h
Failure rate < 10 FIT (40°C and 0.5 x Ug)

For further details, please refer to the general information
available at www.vishay,com'?26033.

1000pF to 4

MAXIMUM PULSE RISE TIME
CAPACITOR Maximum Pulse Rise Time d,/d; [Vius]
LENGTH (MM) ™ 350 ve 250 VDC 400 VDC 630VDC | 1000VDC | 1600VDC | 2000 VDC
17 900 1140 1840 = = = =
22 450 560 910 3430 = = —
29 260 320 520 2120 2800 3800 6200
% 202 240 400 1524 2000 2680 4200
4 140 170 280 980 1280 1690 2600

IF the maximum pulse voltage is less than the rated voltage higher d/d; values can be permitied.

Document Number: 26023 For technical questions contact; de-film @ vishay.com www.vishay.com

Revision: 04-Jul-05



: VISHAY.
Vishay Roederstein ~ Metallized Polypropylene Film Capacitor
Related Document: IEC 60384-16
DISSIPATION FACTOR TAN &
MEASURED AT C<0.1pF D.1PF <C < 1.04F C>1.04F
1kHz 0.3x 103 0.3x109 0.3x109
10kHz 0.4x10% 0.4x103 —
100kHz 1.5x 103 — —_
Maximum values
CAPACITANCE | CAPACITANCE VOLTAGE VOLTAGE VOLTAGE VOLTAGE
CODE CODE 16 CODE 25 CODE 40 CODE 63
160 VDC/100 VAC 250 VDC/160 VAC 400 VDC/220 VAC 630 VDC/250 VAC
D A ] L D L D L
1000pF -210 = = - st = N - -
1500pF -215 - - - - - — - -
2200pF -222 - ~ e - = = — -
3300pF -233 - - = — B - - -
4700pF -247 - £ - A - - < —
6800pF - 268 = s - ¢ = = 2 -
0.014F -310 - - -~ 7 6.0 17.0 70 220
0.015pF -316 — A = - 85 17.0 8.0 220
0.0224F - 322 - - 6.0 17.0 75 170 95 22.0
0.033uF -333 6.0 17.0 7.0 17.0 7.0 220 9.0 29.0
0.0474F - 347 65 17.0 8.0 17.0 8.0 220 105 290
0.088uF - 368 75 17.0 7.0 220 9.0 220 125 290
0.1pF -410 7.0 220 8.0 220 11.0 220 125 34.0
0.15uF -415 80 220 95 220 10.0 290 150 340
0.22uF -422 9.5 22,0 9.0 200 12,0 290 145 440
0.33uF -433 9.0 29.0 105 20.0 135 29.0 175 440
0.47pF - 447 10.0 28.0 120 200 150 34.0 210 440
0.68uF - 488 12.0 29.0 13,0 340 17.5 340 250 440
1.0uF -510 125 340 155 340 175 40 - -
1.50F -515 155 34.0 155 440 215 40 — =
22)F -522 15,5 440 185 4.0 26.0 40 - -
3.3yuF -533 185 44,0 225 440 - - - -
47uF -547 220 44,0 - - - - —
Further C-values on request
pem=L+35
RECOMMENDED PACKAGING
LETTER TYPE OF REEL DIAMETER ORDERING CODE
CODE PACKAGING (mm) EXAMPLES
G AMMO —_ MKP 1845-310-135-G X
R REEL 350 MKP 1845-310-135-R X
— BULK — MKP 1845-410-135 X
forL> 31.5mm

www.vishay.com
2

For tachnical questions contact; de-film @ vishay.com

Document Number: 26023
Revision: 04-Jul-05
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VISHAY. . . .
Metallized Polypropylene Film Capacitor ~ Vishay Roederstein
Related Document: IEC 60384-16
CAPACITANCE CAPACITANCE VOLTAGE VOLTAGE VOLTAGE
CODE CODE 10 CODE 13 CODE 20
1000 VDC/G00VAC 1600 VDC/650 VAC 2000 VDC/700 VAC
D L D L D L
1000pF -210 — — - - 65 29.0
1500pF -215 - = — - 6.5 20.0
2200pF -22 — — - - 65 29.0
3300pF -233 - - - - 7.0 29.0
4700pF -247 - - - - 8.0 29.0
6800pF -268 - - - - 9.5 29.0
0.014F -310 85 29.0 8.0 290 11.0 29.0
0.0154F 315 8.0 29.0 95 290 115 34.0
0.022uF -322 9.0 290 11.0 28.0 130 34.0
0.033uF 333 110 290 15 340 16.0 34.0
0.047pF - 347 11.0 340 135 34,0 15.0 44.0
0.088yF - 368 130 340 16.0 340 18.0 4.0
0.1pF -410 155 340 15.0 440 21.0 440
D.15F -415 150 44.0 185 440 — -
0.224F -422 180 44,0 220 440 - -
0.33uF -433 - - — - - -
0.47yF -447 = — - - - -
0.68uF - 468 —_ - - — - -
1.04F -510 i~ - - = — s
1.50F -515 - = - - - —
224F 522 - o = - — -
390F -533 — — - - — —
4.70F -547 - —_ - - - -
Further C-values on request
pem=L+35
RECOMMENDED PACKAGING
LETTER TYPE OF REEL DIAMETER ORDERING CODE
CODE PACKAGING (mm) EXAMPLES
G AMMO — MKP 1845-310-135-G X
R REEL 350 MKP 1845-310-136-R X
- BULK - MKP 1845-410-135 X
forL> 31.5mm
Document Number; 26023 For technical questions contact; de-film@vishay.com www.vishay.com
Revision: 04-Jul-05 3
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Vishay Roederstein
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Metallized Polypropylene Film Capacitor
Related Document: IEC 60384-16
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g 7 Capacitance in yF
£ 5 1
3
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Permissible AC Voltage versus Frequency

www.vishay.com
4

For technical questions contact; de-film @ vishay.com

Document Number: 26023
Revision: 04-Jul-05
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MKP 1845

VIR, Metallized Polypropylene Film Capacitor Vishay Roederstein
Related Document: IEC 60384-16

E

— » VRAMS

N w8 Moo

2000VDC | | [Capacitance inpFandiF | ONN
M ‘

| |

102,98 7300 2736710 2 3 5710

———s {[Hg]
Permissible AC Voltage versus Frequency
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LY S o = | LN I SRR
oal | i DG ﬁh | H” 100 L I Tl
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Impedance versus Frequency Z= 1(1) = 1[ME) Impedance versus Frequency Z =1 (1)
(Lead length 8.0mm) 160 VDG 1o 630 VOC (Lead leagth § 0mm) 1000 VDC to 2000 VOC
Document Number: 26023 For technical questions contact; de-film @ vishay.com www.vishay.com
5

Revision: 04-Jul-05
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Impulse High Voltage Generator

- Nominal Voltage : 1200 kV

- Charging Voltage : £75 kV

- Static Capacitance : 0.025 yF
- Charging Energy : 22.5 kJ

8d



Unit Step Generator

- DR.STRAUSS RIG 1000-H

- Output Voltage : 0 - 1000 V
- Input Voltage : 220 - 250 V
- Polarity : +/-

Digital Oscilloscope
- YOKOGAWA DL 1640 200MS/s 200MHz

85



FLUKE 179 TRUE RMS MULTIMETER
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E-mail: mike 17123 mvn@hotmail.com
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