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ABSTRACT

This paper presents a design and construction of a Universal Voltage
Divider for measuring of Impulse, DC and AC voltages with rated of 200 kV, 100 kV and
100 kV respectively. The high-voltage part is designed and constructed by using R-C
circuit component technique. The high-voltage and low voltage circuits comprise many
sub-circuits commonly connected as a unit, while each sub-circuit has different
response to different voltage types. The polypropylene film capacitors and metal-film
resisters are commonly connected to construct the high-voltage and low-voltage part of
the divider. All high-voltage components are packed in the pipe filled with SFg insulated
gas. The low-voltage part is constructed in the shielding box made from Aluminum. The
performance of the divider has been examined by calibrating with the reference
measuring system. The test procedures are conformed with IEC 60060-2 (1994)
standard. The test results show that the Universal Voltage Divider have a good
performance for all types of voltage waveform measuring and meet all the standard

requirements.
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2.3.2.1 mivauidmaay (Carbon-Composition Resistors)

Lﬂumwﬁ'ﬁumuﬁﬁmmmLﬁaﬁago fisandn Fewiuadianieung
lwrsesdianniediad 61 1 Taviu- 22 wunnzlavin anafiawana 3%-20% Ananad
0.125-2 1aq ﬁuﬂwzﬁn‘ftﬂﬁﬂuuﬂmﬁ'm‘:'mﬁ"mmudaqquﬁ (TC) ffszunm
0.1% / °C ﬁqmnqﬂ 0 89 160 °c Fnwldalugm o s 60 °c Tawfl TC anavle
é’tyrmmmmuﬁai’waﬁumné‘:ﬁmmwﬁﬂﬁﬁd’ugﬁqﬂtﬁmﬁuuﬁ’uﬁ";ﬁ”mnm’ﬁﬁﬂﬁuq

2.3.2.2 enfuauilauidmaad (Carbon-Film Resistors)
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e - v & o - a v
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1 i a ' 8  a o Qs 8 ¥ a
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2.3.2.3 liineealsuidanes (Metal-Film Resistors)
v o Y s P -~ o
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A 1 1 _ r: a
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J L% J’ =y LY - o  § A‘ ]
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\ 3 /
31N 2.22 inaeaaniFaned

2.3.2.4 lhiMmaidmaas (Wirewound Resistors)
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P v Y a & - P
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P o . \ \ ) P .
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ﬂi:tnnﬁﬁﬂ'nmﬁﬂmﬁqo Afaf8s 025 - 1 3ad lapfidna 3, 5, 10, 25 a4
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2.3.2.5 MEUMNMRULLARAZUTY (DIP) URZAINIUULLALT (SIP)
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2 10

1

330 Ohm a
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BITaL 110

1

10 kOhm

= o o a o a =
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16 9 i
1 kOhm i &

DIP 4116R-001-102 ) m
( :

1 8
d ar 9
31N 2.25 drdumuuuu@uazany (DIP)
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as A - d 1 L3

2.3.2.6 Meumusiiailfousle (variable Resistors)
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wmvinluana 146.054
anusuwumaiuledl 70 °F, 1 atm 320 psig
Ysunassumwied 70 °F, 1 atm 25t / Ib

noaniiza99@ Sublimation 11 atm

-82.8 °F (-63.8 °C)

~ P
yailianuiian 2.21 atm

-69.4 °F (-50.8 °C)

ANyt uwzluaaueien 20 °C, 1 atm

6.11

anunwwinlusouziien 0 °c, 1 atm

6.52 g/

\ =
anunwLinlugnuzreIaIN -50.8 -3

1.88 g/l

gunniAng A 114 °F (45.55 °C)
ANUAUINYA 38.35 kg/cm abs
AMURWILUUING A 0.734 g/mi
ﬂ’J'm%'autterao’q'ﬂ Sublimation ﬁ -63.8 OC, 1 atm 38.62 callg
ﬂ'nu%'auudwaoqwaaummﬁ -50.8 °C, 2.21 atm 8.2 callg
anufousumzluaouzvainaiii -50.6 °C 0.18 callg °C
anufausuwzluaouzmaf 25 °C, 1 atm 0.16 callg °C

- e
aNnuAIRaN -50 °C

11.63 dynes/cm

anva ladianasnlugnusieh 25 °C, 1 atm

1.00207

lonization Potential

193 eV

v
anumanInazanyluiig 25 °c, 1 atm

0.001 ml/ml water

ANUAINUAaLIIGH 1N

87.8 kV/cm.bar
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@ la9g lean 5]

Vo= [V, (-0Ga)dr 26)
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ENAELAEREIIaT UL IaFuNInsIwIm e nWetsudslaunesialad @9
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35

) )

N

I 0

) 3)

| [ & a ar ar
UM 2.34 29TTANAREUAKBITUIUSNTUTTLL TAL 0]
> s 8
las G faundairoussaugiiu

Aasianasuuunilide um‘lugﬂﬁ 2.34 n) WAz niitaaiaauauad
ldnnnriananaumuaIzLT% sneagwlefnuafienaliail

1. WIMTLABSHARBLAKES (Tesponse parameter) nansfy Windiaesd
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2. qﬂL‘%uﬁutaﬁaumaanaﬂauaumgﬂ‘ﬁ:ﬂ (virtual origin of step response,
0, wuwid qﬂﬁ@uuununmmaoLa"um-aﬁmnn'mﬁ'uﬁmﬁ'uﬁqﬂmaam‘f’mﬁm}ao
Namaumadzﬂ'ffu lunsdidmsunisuuninadussldidwaioaniuduiiianisunds
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3. Naﬂaumaagﬂ{uua{ﬁﬂa'ﬁ (normalized step response, g(t)) nanai
uaﬂaumaagﬂfuﬁuafﬁa’laﬂﬁnﬁuﬁﬁa‘éaﬁdﬂtﬂuwﬁowmu (Qgﬂ‘ﬁ 2.35 1)

4. ﬁuﬁn%'awaﬂauauaogﬂi?u (step response integral) vansfly dufinia
N O; Dt Vad 1 auﬁwumaummgﬂﬂ"’u a(t) (mﬂﬁ 2.35 1)

T(t)= [(1-g(@))dr
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5. LNANAURUBINNNIINARDY  (experimental response time, T,)
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o [ . g oS8 4 i
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2.3.4.2 sunaunniae’ (Scale factor)
ANUNNIBYIFNAULNNLAaTIBITEULIAMNNIATEIN  IEC 60060-2

(1994) [10] leiienaly evait

- [ =& a A o a ' e A [
FNAUNNLAaY” B mﬂs:naunm'lﬂﬂmﬂumuﬁﬂunmu'lmrm

qﬂm‘rﬁf"fﬂLﬁamd’uméfuﬂami"l

mmgm‘lﬁ’ﬁmuﬂqmauﬁ?maaamauwnmaé’ﬁﬁﬁﬁ‘m 2 13zms @

1) a1 [siurnan (Uncertainty)

lunsrﬁ’fﬂmuaﬂmaauﬂﬁ’uﬁuﬁaﬂ‘gﬂﬂﬁmﬁuua:gﬂﬂﬁuﬁ'ﬂﬁmmﬁu
szaaslianaliwinanlumstadisaalaiiu + 3%

'lun'stﬁi'ﬂfi'mamaouwé’u‘ﬁuﬁﬂﬁ;ﬂﬂﬁuﬁ'ﬂﬁnﬁﬁﬂﬁu (front time) 9xABY
fanalaiwinaulumaiadwaalainiu & 5%

2) ANMNALaNgININ (Stability)

'I,umtﬁi'ﬂﬂ'waﬂmaau'saﬁu‘éuﬁaﬁgﬂﬂﬁlmﬁmngﬂﬂﬁué‘mﬁmaﬂﬁu #in
anauinieasdasfonutadliin £ 1% assatsusssuliom luntdliadoaa
mmumd’u'ﬁuﬁ’aﬂ‘gﬂﬂﬁ'uﬁﬂﬁnﬁ fanaunnieasadoafouutasliiv £3% asaa
gauseaulsan mnﬂuﬂnma'fmaahmﬁmﬁ‘hmaﬁﬂué’ﬂﬂﬁ'nu'izwhal.mﬁ’ugaﬁa?q
aan-nmmmi']Lm'gosiattsaé'uﬁﬂmmmﬁai’aﬁamﬁ"ﬂ.ﬂ‘%mi'ﬂ inde

b=
v, (2.8)

A ) [ g a [

s  a  fa swnauwdniaasvashariaadliaad
v, fla uwseuilasusanvaimeiinsig
V, fa ussauilssadadianaudieiadia

(3 s = 3 v ad o &
sinauinieesvailiariiaad lieaiuuula g avamladisiteana g asi
n) fMuwrmnnduAuauduaInilsznaulIinuaIInmia
as - A as ] as ﬂ' 1
) sunuhaniaed hieainnudanduuiauiuiuauns
) gunuwnUnsInay
8 Ad.ﬂ' o A I‘:‘ ad o ar a [ s .ﬂd
1 3 ABAldAuedi 35 n. munzdmiumdandmundulummaefaans
wandwllannmldnuedsle 3% 1. usz o wuldlanulhariasdlieaimnuuy

ia add a . P
TaaniT a. Wwitdeldanuaanaiafawngs £ 3%
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3.2.1 M32ANUVUATIINIALTIF
3.2.1.1 érnuiWenufitauiu [2-6]
mwm'wiaa:ﬂﬁ‘ﬁﬂﬁ’muﬂﬁam:u:ﬂu'lwmuﬁmmwfa'i‘fuag’ﬁ'u'ﬁﬁ@l
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3.2.1.4 unsauniaudmiiulszadenduuga

Lﬁmmnuﬂﬁum:mumaw‘hLﬁuﬂi:qmﬂngaﬁé’nwm:'lmﬂm%ué’u
ﬁ’aﬁy’uﬁaﬁ’mﬁﬂmmmtmﬁum‘amﬁLﬁuﬂszﬁgiaiarjé"zuu'hmm‘mﬂuuﬁﬁu Walaaviiae
alaunefiltomiussuinalaniols mnsumsft 3.2) usr (3.3) Tandasditefiousedu
AltlunImasay Withstand test 7l 110% n3a 1.1 v

< Lo
311 3.3 2TRuyad eI uAUIZAMALTIRY

(3.2)

o U Ce 51n1.1(ak/200) - Ch,[l —sgl(ak/n)}
Ce' +CHhH sinh or sinh

I [ ;c&:) 53
Tac: /5,

o U= usseuaanuld = 110 kv
C = fwasdifivlizatasudazel = 2.20E-08
Ce = fANUINATY = 2.88E-11
n = wunivLseg = 200
k= Tufi 1
C'e= Ce/n = 1.44E-13
C1=C1/n=11E-10
Ch=0

o = IM = 0.036193922
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o & 7 a s o s
asuniadanasnuuuuazailiariiad luaeilagldanfvyszadiuan 200 @
P Y H 2
FymannlinassuanuamusasgUnIalldaiuanasgiu (10] 7 1.3 wia 130 %
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nnMIdamdumuIziiagyay susndmnldnnauni (3.4)
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3.2.1.7 é'f'm'f’mﬂ’mmmmﬂngaﬁm%’ui'ﬂumé'uﬁuﬁaﬁ

é’aﬁmmwmomﬂu,ngw:@iamzmﬂmaﬂmmmgﬂﬁqnﬁﬂﬁﬂﬁaaﬂ’ls
un’iwmgﬂﬂﬁmmﬁuﬁﬁ'mmﬁﬂ Famiunisvasussauiiiaainislounnsszning
mwmﬁmﬁﬂumuﬁdﬁwungmazﬁ'fnﬁuﬂizqmﬂmaga MIFIFIUNIHNTEIN R
fasansntisniemsunisdafedunisluliafiiadlieesiesldaniinmidaniny
funmunsismenenlarieadlaees sgnelsieanufsilimauniswesszuuiaiissen
anuniishrsss i derdssfinnudununsuendadieny s aurinuiass
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R, ~4JL/C. (3.5)

- 1 = 1 A 1] 1
ﬂnﬂmmwmumuwmamﬂu.ngmmmmummglwmo 500 119

INFUNTT (3.5)

1000 lawu [2,6] uazlsiarsaanuuulilidnanudumugaannanfinly iwszazyinlim
naeauswasiidumiinly vadsatuzdasdanudunmwladannin iwmzeli
mm'mvsmmwunfimaazﬂﬂﬁu’iﬁzﬁmwa MIMIAITIFIUUIINFUNTT (3.5) Iz
dranumiisniasshafinsdlieasianssdemasssmidianamieti Teavinis
L%auﬁaﬁ’nﬁuﬂs:qﬂaumﬂunqqﬁmuﬂlﬁtﬂuﬁmﬁuﬂs:qﬁm (R=0) Uaz®
Na@1auauaqﬂ'ffumaaT’mﬁtmﬁ'hma‘i‘ wioldanmaswinlagyszan e udums
Tudalarfiaealiaesareanuisussdodidntssunm 3.33 ns/m [5] 9swnnidau
gumslaiiin

ZC, =7, (nS/m) (3.6)
A - 1At a A [ (3 a (4
laofi Z =L/C, #a dndfduRuendusshariaadluaas
& fla dufutszamasdvaslnvieadluaad
r,=L-C, #&a nmfadwdunluaibaniesdlieas
unuenaIluEuNT

7t 3.33ns/m
==
Ce 28.8pF
=115.625
Rd=4-Zt
=4-115.625

=462.5 Q
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4 - o s o  aa [ 3
fN1319n 3.4 &I’]@I‘ig'\%ﬂﬂi’ﬂﬂﬂﬂﬂﬂﬂﬂﬂ'ﬂNﬂﬂaﬂﬂﬂ?.lﬂﬂllﬂﬂ&ll.@lﬂ?@ﬂ&lll'lﬂ‘iﬁﬂ% IEC
61010-1 [11]

Working Voltage
Overvoltage Installation Peak Impulse Transient Test source
( dc or ac — rms to
category ( 20 repetitions) (Q=viA)
ground )

cAT ] 600 V 2500V 30 Ohm source
cAT | 1000V 4000V 30 Ohm source
caT II 600V 4000V 12 Ohm source
cAT 11 1000V 6000V 12 Ohm source
cat II1 600V 6000V 2 Ohm source
caT III 1000V 8000V 2 Ohm source

) f)

31]17': 3.24 esfiaTausad
n) Vadfiaas FLUKE 87 & 89 series IV
1) FLUKE 41B Power Harmonics Analyzer
f) Oscilloscope DL 1540/DL 1540
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A:' Qs A’ LY
@A1379N 3.5 qmﬂuumwug']wawamma{ 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 voltage : 0.025%
AC voltage : 0.4%

DC Current

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 nF to 50 mF

Diode Test 31V

Temperature -200 0C to 1350 OC ( -328 OF to 2462 OF )
Frequency 0.5 Hz to 1000 kHz

m’!ﬂof‘l 3.6 qmﬁuﬂ'ﬁmm FLUKE 41 Power Harmonics Analyzer

AU QYT MV UTIAHA
5 Vrms (14 V REFERENCE) %38 1Amms(l% A REFERENCE)

INPUT RANGE

119 INPUT RANGE 0.0 V myianszua Wi {.0-mV (A) AH000mMVmS (A)
fi3 600 V rms(ac+dc RUE RMS a
usaaRowlnih A B ] ) (ac+dc)1.0 mV (A) 19
0.0V 014 +/-933 V peak (1mV/A) ISOLATED +-2000 mV (A) peak
AUDNABI > 1 &7 o rms:+/(0.5%+3digit) + PROBE
X . rms:+/-(0.5%+2digits) peak | fuDONABILpIAY
(STLELZNS i SPECS peak, dc:

dc : +/- ( 2%+3digits)
(1 5Hz-65 Hz, dc )

(' 5 Hz- 65 Hz,dc )
+/-(2%+4digits)

AMUFIUM UV 1M , BALANCE

ANMUMUNIUIINTY 1M/47pF

> 3.0 énT 300V,
1.5/600 V

CREST FACTOR

>3.0 ﬁ:ﬂni’lﬁomnv,
2.0/1000mV

CREST FACTOR




qmﬁuﬁﬁ‘nm Oscilloscope DL 1540/DL 1540L

Input Terminals: The input impedance is 1 MQ +1.5% and approximately 25 pF

o i
f1919N 3.7 Qmauumaa Probe

Specifications Setting
Item Setting 1:1 Conditions
10:1
Input 10 MQ 2% approx. | 1MQ % 15% | When used with this
impedance/capacitance 14 pF approx. 100 pF instrument
When used with this
Attenuation ratio 10:1 £25% 5

instrument

When used with this

Frequency band DC to 150 MHz DC to 6 MHz
instrument
When used with this
Rise time 2.4 ns or less 58 ns or less
instrument
600 V(DC + ACpeak) or
Maximum input voltage 424 \rms, Frequency is *1 -
100 kHz or lower
Connector type BNC BNC -
Total length 1.5m 1.5m -

* 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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o Error (%)
ATUATH (QQ) (Q)
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4.4.2 MTTAMANUIIWINUYBIT UM U ALTISN IR
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AW BTN T AN AN YN BT FUN UM ALTIFINTILEATY FINATINNTIR
Ietusasliaonnsefi 4.6

o €

A a J L “ W 1; -~
®1319N 4.6 Nﬂﬂ’]?’)@]ﬂ"lﬂQﬁﬂﬂquﬂqu‘lﬂﬂﬁ‘ﬂaﬂG]’.IG'I"IWYI’]%I]WF\LL?GG]"IBNWﬂﬁ
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Error (%)
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maauﬁmmﬂﬂugﬂﬁ 4.2

Rd

_[o-mm

0SC

gﬂﬁ 4.1 1aﬁ1m'mmauaua\13ﬂﬂ]u'u
dla Rd  #a dadhumuniag
vD da haviiaedliees
osc #a gunsafia 13w aasdalaslayl



78

i ".‘ & p L i . & L
il i
311 4.2 WITNAFBUMINARAUAUDIFLIIY
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Wenimsuniswesdyanufivinisia wnieeinaasusuaduaadluased 4.7
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u.a:aaa«naTaﬂﬂvhmm'lugﬂﬂ 4.3-4.7

P a (3 € a [ A L
A1919N 4.7 W’]‘i"l&ll,@lﬂiNﬂﬂﬂUﬂuﬂﬁﬂﬂdI’lﬂﬂLﬂﬂﬂvl’]lﬂBTLLUUNﬁNﬂﬂ’Iﬂ'ﬂ&lﬂ’IHﬂ’m

nUWNEUEN
Ry (€2) B (%) To, (nS) Ty (ns)
100 33.51 33.59 8.94
150 26.02 52.78 34.26
200 18.20 37.23 22.7%
300 7.90 48.33 44.05
400 1.36 65.90 65.45
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o vidiv. =20 mv
time/div = 1uS

uN4.3 sesdalankansusuasgiiusadlariiaad hiee Suuunsy
AAIANUTUMURKII(R,) LYAL 100 Q
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| Vil
|
e M 27 7 /AN v/div =20 mv
time/div = 1uS
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NAIANUMUNMUNRUII(R,) LYINNLU 150 Q

o vidiv. =20 mv

R

time/div = 1uS
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NAIANUIUMURUII(R,) LYIINU 200 Q
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Tek stop

o _ vidiv =20 mv

time/div = 1uS

! : |
A = z -
jUNn4.6 aaﬁsnaTanﬂNNﬂﬂauﬁumgﬂmwaﬂmﬁmﬂﬂ'hma‘i’uuuwﬁu

AFAMUA UM URUN(R,) LYITAY 300 Q
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P g e P —

| vidiv =20 mv

|
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» | time/div = 1pS |
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5UN4.7 sasdalannwnanausuaijiiuue AYLAIR ine TLLLNEN

NAANUAIBMURIII(RY) LYINL 400 Q
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| v A A o & A P . P T | ° v
Usngimhaauiianuduin udiianiansziian(Oscillate) ivikaduann virlden B
Lildamuanasgiutmua aamudslarinmasdivdslasihdiduniusua 10 Q 16 62
' ' & s 3 & 4 VY
fBaUNTNTTNINTUIIAILALYTZIUARZTUNMALTIE UAzdadmIumuIwa 1 Q

s cll c: o L 3 z A L -ﬂ'
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f L ORI ..~ - o) T et et I

vidiv. =20 mv

time/div = 400nS

= = 2 & = :
jina.s aamaTanﬂﬂuamNamauauaagﬂ'uumaﬂ’mﬁmam‘hma{

nneasdalanyvazdldin ariesdluesidanivdszatianadmumuniag
FEPR 2P A ¥ i
fasiuildwniileainansuauasauinnasgin IEC 60060-2 (1994) [10] uuzin ]

o as s o ar ‘* ] J @ L g oA
fmiumriaussdudunadguaduindiuasangun 2.36 azlddin B daslaiiin 100 %

Tuflitlden B iy 18.86 % uaziien T, Wiy 27.31 ns

Tock Wndow Hep

(5[] 4[] Foispirionrors_-]fo~ e <] 5] !
Vatidated Measuring System Program (Version1.0}
B AN
Load waveform
fromfile  [w] A2 {\ | oy
| Al o - | TTT%En = ‘
Moot ' Ne, =
B i § |t 4000
04 ; 1 |
LMULILION Darameter 02 ! 1 4 < —
B 1 ! 00
,(uxxj(xrinmmw‘ T — N ,,il. A GL) & ,,_i -200n: - e
b4 g 000 50000a 100u 130u 200u 230u M 08  000n 10u  15u  20u 250 28u
Fg ) R _ meGecond) Ll L Tieteond) o)
@M} 200 To| ssa.70p Ta| z73in T w095 Ts| 120000 Bt | 1836 J
Stnndorg Wavell i Toeegt s b T T
unre: B 10 [ Comparlson of parameters ‘
Frontwave 1) 2 4ga0e 2 03 \ Standard waveform | Simutation weveform
ot 2 T4 12000 n s
Taware )l 1assoes b, | L1 .
50.000u T2 | o150
— " 1z
Tc | 100.210u Tc | 1001454
Convertty + 00 |
Gansant 3 2400062 e Peak | 1000 Peak | 093828
Choptime %) 500.000n 00 LR ®Wou @0y 100w T
mﬂxu < — - -
© Convolution waveform [Time (Second) @ | 38|94 Tarmpiude llﬂf"‘ﬁj
o

= a & =
U 4.9 My nsiransusuasglrulaslusunsunauiomad
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4.6 NMINATIUNIAIUHANBIEVDITEVUIAUTIARFINTTUATIY

TuHABUUINYBINITNARDL axinImasauaunuay lddansadu
(Withstand ~ Test) Aawiialiiulaldimsamumelumeusigiveslariiaedlunes
sliRemausnanllusnddnusmshldiAaanudsmouszduansiu anasgu
ot mualidasinmmassuanuaimudauseiu tiasanlafiasdlineifaiiodn
929 B U USSR UN TEUREAL F9U IR BINARBLAMUAINUABLTIRUNTLURER LAY
A% 110% vauTaauing uan 1 wifl [10] é’ouamluzﬂﬁ 4.10

d L ] a a
Eﬂﬂ 4.10 ']-J'-Diﬂ’l?ﬂﬂﬂﬂ'ﬂﬂ']’mﬂdﬂuﬂQllﬂﬂﬂl.ﬁ\'lﬂﬂﬁﬂﬂT:uﬁﬂﬂU

1. I0IRAALIIAUNILUERAY 2. 1aYilaad Leasrauiay

nnmmasauidasnousadud 110% vasfifa udrfisliidunat 1 wid
Litfannulerafianauvesrie uszgdnsalnmsluvia Ssaqdldidianuaimuda
mw‘fumuﬁmmgmﬁmuﬂ [10]

Hé‘n’m*fm'hn"rmmﬁaummqmﬁnumzm\1s] PBITEUUIAUTIAUEY
ns:tmaﬁ’uhuﬁ’smidaT'mvTLmﬁ'hmm"‘i’ﬂLmé’ugqns:uwaé’uﬁﬂ:ﬁqmsaauLﬁs_l'.u uaY
Tariinad liaasdnsde mmuﬁmﬂ’wﬁmﬂ%aaﬁnﬁ@Lmﬁ'ugom:uaaﬁ'umugﬂﬁ 4.11 lag
srvimstlanusasn Tagymstufinuwaussduil 20 kV, 40 kV, 60 kV, 80 kV Tagau
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FAsEAULTITUAN 9 w5 a5 uasfi 100 kv "ﬂetﬂuﬁﬁ'ﬂqeq@maaqﬂmnﬁmﬂu
$1man 10 a%3 Remdmnaunniaas (Scale factor Test) WazA1ANITUITIF
(Linearity Test) whaurainsneusssuiie ARt duam 30 wift uszimsiaaina
uwniaafiAnednats emsanuiilan3ssnwaasszuLia (Shortterm Stability test)

@ a8 i L [ o oo
Tasainaunniaasazdaafsuutasldlaifin 1% aasadrsussaultulunsdiiad
HOAVDIUTIAUNTLURTAY

‘l ' 6 a a a
;iﬂﬂ 4.11 PITNMINARIUWATRINAUNALADIVBITZLLIALINAUNTLURFRY

o o = Qs s ' ol & o - & - 6 =
1. @39t iaus I uNIzUREaD 2. Lariaed liaasaneds 3. Tarviiadleessouiioy
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20 40 60 80 100 100 (After 30 min)
No. Ref. uuc Ref. uuc Ref. uuc Ref. uuc Ref, uuc Ref. uuc
(kv) V) (kV) )] (kv) W) (kv) V) (kV) W (kV) )
1 20.064 | 20.48 | 40072 | 40.7 60.034 61.1 80.03 816 99.988 101.8 99.988 102
2 20.071 20.48 | 40.102 | 407 60.089 | 61.1 80.03 81.6 100.1 102.2 100.04 102
3 20.053 | 20.48 | 40.042 | 40.7 60.093 61.1 80.013 81.6 100.14 102.2 100.02 102.1
4 20.038 | 20.45 | 40.059 | 40.7 60.08 61.1 80.023 81.7 100.14 102.2 100.05 1021
5 20,004 | 20.44 40.08 40.7 60.055 61.1 79.999 81.5 100.04 102.1 100.02 1021
6 99.981 102.1 99.999 102
7 99.999 102.1 100.08 102.1
8 99.84 102.1 100.11 102.1
9 100.06 102.1 100.03 1021
10 100.03 102.1 100.02 1021
Average 20.046 | 20.466 | 40.071 40.7 60.07 61.1 80.019 81.6 100.032 | 102.1 100.036 102.07
Dev.(%) 21 1.57 1.71 1.98 2.07 2.03
Scale
s 979.5 984.5 983.1 980.6 979.7 980.1
1. Determination of the assigned scale factor = 980
2. Linearity test = 0.31
3. Short-term stability test = 0.04
4, Uncertainty = 0.85
qﬂmrﬁﬁl‘ﬁ' : - UNIVERSAL Reference voltage divider “HIGHVOLT"

Type MCR 0.6/500-500/200 Serial no. 883345
- Wide band power analyzer “NORMA” Model D 6200
Serial no. P5 62718 SR

- Terminating resistor (1.11 MW)

) J ¥ -] ﬂl‘ s a 1
lummesauanutdwBudgui azdasiinmesauNIzauuLIIan 5 @1

ARDATIIUTIAWN L TwlasazinTiaSoud ﬂuﬁ’m:uui’@m"’mﬁaLﬁagnﬂmaqs:uufﬂ

4 v 1 = av =Y ; as Lo _ 1 1 '
fidasnmmasauhdfygmiaiswanszuiasediniola uszandosuuanasgu

ar 1 ' as s v =3 as ar 1 o A ] L 2
V2IaATIFIUICWINILIIAUDDIFISUUIND genuussawninnIIne E\TEIUYIE]‘]‘H;'L@] N

o LY~ DR A ' - o A . = A v, A
jz'lJ']J'l@"i]:ﬂﬂﬂﬁJﬂ"l‘lulﬂu + 1% 'T.lawlﬂqlﬁﬂUﬁ:ﬂﬂ?ﬂﬂ'ﬂqﬂqiﬂﬂﬁaﬂﬂﬂﬂ:ﬂE]vlﬂ']']uﬂrlr]lj

Wwdadu (10] nvamanasavlduaasliluanh 4.9
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A - b el o as
A13191 4.9 HaMINAFaUANNLTUTIUFUVDITZUUIAUTIAUNTLUFFAL

REF. (kV) | UUC (kV) | REF/UUC | Diff. (%)
20.046 20.466 0.9795 -0.207
40.071 40.700 0.9845 0.310
60.070 61.100 0.9831 0.167
80.019 81.600 0.9806 -0.090
100.032 102.100 0.9797 -0.180
Avg. = 0.9815
0.60
_ 0.50
£ 0.40
0.30 -
g 0.10
£ 0.00 + t } } |
i -0.10 .
f‘g 0.20 . -
-0.30
-0.40
-0.50
-0.60
0 20 40 60 80 100 120
Voltage (kV)

‘i [ e/ A ar 1
3UN 4.12 nnuaasmnagaua NI WU NTZAUNAR AN 9

PDITSULIAUTIAUNTEURFAL

4.7 NMINATDUNIAIAHAN B YDITLULIAUTIARFINTZUTATY
tﬁmmnﬁ’mwﬂﬂaaummwuagj'l.@'f@iaunﬁuganiut,aaé'u'l.ﬂl.l.ﬁd
(AC Withstand  Test) 3vladdnfudasriniinasauanunueg lddeussqunizuanss
FWITNVINITNAREURIAI NN WIS AT ) 'uaqs:uuﬁ'ﬂLmﬁugam:uﬁmﬂﬁmal
T@]uﬁnmwia‘[mﬁmaﬁ'l':maﬁ‘i’mLmﬁugoﬂ'sztmmaﬁa}:ﬁﬂmsaauLﬁuu uazliariiae
@ luaaianede mumﬁurﬁ’uﬂ‘%aar‘hLﬁﬂLLsoﬁugm‘s:uammmgﬂﬁ 4.13 lagazvinis
HOUITIT UREYNANTTUANIMAUTITUR 20 KV, 40 kV, 60 kV, 80 kV Tausudnfiszey
LIITUAINE LTWWIn 5 a%e uasfi 100 kv ‘fjoLﬂuﬁﬁ'ﬂgazgmaaqﬂmrﬁﬂtﬂuﬁﬁmu
10 a%y (lomdrmnaunniass (Scale factor Test) uazeIAULTULITIEU (Linearity
Test) wiuynmsnsusssuie3RRnadwna 15 wift uszrmyiasinaunniae$
ARfasnass emsanuiilan3asnwuesszuLia (Shortterm  Stability  test) lae
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nnmaaeyldns Foil
1. Determination of the assigned scale factor =Ratio x Factor = 985
2. Linearity test = 0.21
3. Short-term stability test = -0.18
4., Uncertainty = 0.84

Tumsnasauanuimdoduil sxdasvinnsmasaufiszduusedu 5 @
maammLmé'fuﬁ’l'ﬁmu‘[ﬂm:ﬁ'm’nﬁﬂLLE:JULﬁﬁuﬁ“m:uui'ﬂé’wﬁaLﬁaﬂnamn:uui’ﬂ
fdssmmesevifidygmAaiouanszuuiasidmiela uazdndsaunanasgu
PDITATIFINTININIUTITULITEUL TS 9B IR U e U N Inaraufisule
nszupiassdasdalaiiin £ 1% vesduadvszuuiafivhnmeseviezialding
anuilwdaudu (10 nansnaseyldugasliluaised 4.11

@A13197 4.1 HaMINAFEUANUTWEUFUVBITTULIAUTIGUNTUER T

REF. (kV) | UUC (kV) | REFMUUC |  Diff.(%)
20.014 20.258 0.9880 0.112
40.000 40.460 0.9886 0.181
60.016 60.800 0.9871 0.026
80.039 81.200 0.9857 -0.116
100.04 101.58 0.9848 -0.203

" 0.9868
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-0.10 @
-0.20
-0.30 i =
-0.40
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Diff. from mean (%)
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4.8 NMINAFIUWIAIAMANHMLVDITLUUIAUTIARDUNA

Tunsdlwesszuufaundugedaiadazimisdaduiad lariiaedluead
Adasnssauifioy uazduwaslariaad laaands suuiwdhiuieTasifiausodu
auﬁ’ﬂﬁmugﬂﬁ 415-4.16 NIINIAIBATIRINNITUUILTIAUATEAUUTIAUEA
@1NAATZIU IEC  60060-2 [10] FITMUAAIEI 9 FIMTUMTTALTIAUBUWAFHIHN
Taudmualidroaaiian £3% 1 niiniu £30% uaziaa nasniu +20% laolu
msmaam:ﬁ'\msmaauﬁmgaqﬂ uﬂ:m@‘*’hqﬂmaanmgﬂﬂﬁumm‘qm (1.2/50u8)
Wnfio 0.84/601LS Uaz 1.56/601S

s |
g | uuc
16 . W
- - L‘
\\_\ . “Refaldrice ;j_._‘" ‘d'ﬁ__;an Ddig!taﬂsignal
>y | | oscilloscope
‘ | L
|
1
|
—d ' M | Ddigital signal
! oscilloscope
A 3 o \ ¥ v a  a
31N 4.15 WITNINARDUMAIN NN WAL PAITUUIAULTIGUB NN
lag IG Ao AInIi eI UB NN
Cb fla  aufivdslwsedmivdiugeau
AT o AIRANAULITIN
Reference Ao AUNWAALIAYILAIG LILAIH198
uuc o Buwadlariad lieasnvinnnIsauiey
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gﬂn 4.16 299301

7 o A “ a o I3 a v a & a & al
1. RTDINLUALIIAUDNNAT 2. ‘[']ﬂﬂtﬂi]ﬂ‘l'llﬂﬂﬁﬂﬁ{lﬂﬂ 3. T'Jﬂﬂl@]‘ilﬂ1’llﬂﬂ?ﬁﬂﬂl.ﬂ N}
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4.8.1 mameanaunniaad (Determination of the scale factors)
o 4 L P =3 ﬂ‘ o =
vhminasaufifiagigavasliariiaafd hiaasiimsseuiioy (200 kv)
o a a ' L) &
lagyhmsiaguafuiisi 0.84/60US uaz 1.56/601S TWIILINUALTINY

o 6 o as as

A 1 s as o A o B
f1979N 4.12 AN RN W WY AITCUUIAUIIAUBUNAR ﬂ"]“‘iﬂtt‘i‘dﬂ%ﬂllﬂﬂfhl’]ﬂ']ﬂ
P

o

fifiria 200 kV FUAAYU 0.84/6011S

Waveshape Reference Unit under calibration (UUC)

No. | Up (kV)

(Hs) Up (kV) | T1(Us) | T2(Us) | Up(kV) | T1(Us) | T2 (Ls)
1 199.80 0.885 59.94 204.50 0.868 57.06
2 200.30 0.888 59.68 204.20 0.855 57.14
3 200.20 0.881 59.75 203.70 0.836 57.39
4 200.00 0.881 59.79 203.60 0.833 57.49
5 200.10 0.876 59.81 202.20 0.825 58.10
+ 200 0.84/60

6 200.20 0.873 59.83 202.50 0.829 58.01
Z 200.10 0.874 59.82 202.40 0.828 58.05
8 200.00 0.874 59.84 202.40 0.826 58.08
9 200.20 0.879 59.74 202.60 0.829 57.98
10 200.10 0.875 59.80 202.40 0.827 58.00

v & o s [
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fifiria 200 kV 3UAAW 0.84/6011S

Waveshape Reference Unit under calibration (UUC)

No. | Up (kV)

(Ls) Up (kV) | T1(s) | T2(Us) | Up(kV) | T1(ls) | T2 (Us)
1 -200.50 0.854 60.79 -205.90 0.856 57.39
2 -200.60 0.856 60.72 -206.00 0.859 57.27
3 -202.50 0.870 59.77 -206.60 0.863 57.02
4 -200.40 0.855 60.78 -205.80 0.863 57.41
5 -200.70 0.856 60.71 -205.40 0.836 57.55
- 200 0.84/60

6 -202.30 0.868 59.83 -205.10 0.839 57.54
7 -202.10 0.865 59.87 -204.90 0.832 57.57
8 -200.20 0.856 60.72 -205.20 0.846 57.49
9 -202.30 0.871 59.82 -205.60 0.851 57.33
10 -200.20 0.859 60.66 -205.80 0.860 57.22
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Waveshape Reference Unit under calibration (UUC)
No. Up (kV)
(Us) Up (kV) | T1(ls) | T2(ls) | Up(kY) | T1(Us) | T2 (Us)
1 200.00 1.579 59.38 199.00 1.640 59.25
2 199.90 1.573 59.37 198.90 1.639 59.26
3 199.50 1.564 59.56 198.80 1.636 59.28
4 199.60 1.563 59.51 198.80 1.624 59.20
5 199.60 1.568 59.49 198.80 1.622 59.35
+ 200 1.56/60

6 199.90 1.570 59.37 198.70 1.640 59.30
7 199.60 1.564 59.57 198.90 1.626 59.27
8 199.60 1.563 59.52 198.60 1.613 59.41
9 199.70 1.568 59.47 198.80 1.630 59.32
10 199.50 1.563 59.56 198.90 1.641 59.35

A13197 4.15
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fifiria 200 KV 31AdU 1.56/601S
Waveshape Reference Unit under calibration (UUC)
No. | Up (kv)
(11s) Up (kV) | T1(us) | T2(us) | Up(kV) | T1(us) | T2 (ts)
1 20020 | 1571 | 5924 |-19850 | 1617 | 59.21
2 199.90 | 1565 | 5932 |-19870| 1.609 | 59.05
3 199.90 | 1.561 5033 | 19870 | 1.623 | 59.12
4 20000 | 1572 | 5940 |-198.70 | 1611 | 59.10
5 20030 | 1551 5028 |-19850 | 1590 | 59.19
-200 | 1.56/60
6 19970 | 1560 | 5944 |-198.80 | 1.609 | 59.09
7 199.90 | 1559 | 5933 |-19870| 1.639 | 59.10
8 20000 | 1565 | 5938 |-198.70 | 1.640 | 59.10
9 20010 | 1567 | 59.35 |-198.80 | 1.601 | 59.05
10 199.00 | 1558 | 59.38 |-19870 | 1.609 | 59.13
A15197 4.16 synasinaunniae fuasTzuLInBuWaE
Waveshape (us) U (kV) Assigned scale factors

0.84 /60 + 200 985.5

0.84 /60 -200 978.4

1.56 / 60 +200 1004.4

1.56 /60 -200 1006.6
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4.8.2 MIMANRAYININ (Short-term stability test)

AINAFEURIAUFDETAIWYBITLY ILa1lariiaed liaasdnede
8aNeINAAITMINATEY NNKliT M Imasevlasilonussduduwadiine 1.56/60ps
$1u2m 30 a1 AiRdavashaiasdlames Lﬁaﬂmuaﬂmammd’u

d 1 v = o 1 o o ar
M99 4.17 ANEDAADIUTIAUD waﬁ'Lum‘a‘mmmﬁmmwmmi:uu ATNTULTIAY

BuWaddauan IR 200 kv Tﬂﬂﬂu 1.56/60LS

(g{,’) Vaeshae | No. |UpUUC| No. |UpUUC| No. |Up ULC
I 200.0 T 199.9 21 200.1
2 200.1 2 | 2001 2 | 2002
3 200.1 13 | 200.1 23 200.1
4 200.1 4 | 2001 24 199.9
5 199.9 15 1999 | 25 199.9
+200 | L 6 199.5 6 | 200.1 26 | 200.1
7 200.1 17 | 2000 | 27 200.1
8 200.2 18 | 2000 | 28 200.1
9 199.9 19 | 200.1 29 199.9
10 | 2001 20 | 2000 | 30 200.2

-

J 1 o’ s 1 o o o
A1979N 4.18 ﬂ’]ilﬂﬂ‘ll’ﬂQLLNﬂu’BNWﬂﬁluﬂ’li‘ﬁ’}ﬂﬂLﬂaﬂﬁ‘ﬂWW“ﬂ'ﬂﬂﬁ‘:UU AMNNTULTIAY

BuWaddaau ARfA 200 kv sUnfn 1.56/601S

g% Wavshape | No. |Up_UUC| No. |Up.UUC| MNo. |Up_UUC
1 -200.2 11 -199.9 21 -199.9
2 -199.7 12 -199.8 22 -199.9
3 -199.8 13 -199.9 23 -199.9
4 -199.8 14 -199.8 24 -199.7
5 -199.8 15 -199.8 25 -199.9
~ & L3660 6 -199.7 16 -199.9 26 -199.7
7 -199.9 17 -199.8 27 -199.9
8 2200.0 18 -199.7 28 -199.8
9 -200.0 19 -199.8 29 -199.8
10 -199.8 20 -199.8 30 -199.9

wismimliinsdelianasdlieesidnluluasesnmasauinass
wazyinmIaTasaumnaunniaaiane sy laadasimelu 10 wifl é99 0 Short-term
stability test WAMlAGIANTIIN 4.20-4.22 Lm:ﬁé'amnn'lmﬂaauffﬂ”amqﬂmmﬂﬁau
Lﬁa1ﬁqﬂn7dﬁagmﬂ'lu'['mﬁmaﬁ‘hmm‘ﬁuaqumﬂmﬁtﬂunmazhamtau 24 F7lu4
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A o e o a o 4
BUNaRTIY TIANA 200 kV FUARY 1.56/601S
Waveshape Negative polarity Positive polarity
No. Up (kV)
(Us) Up_Ref Up_uuc Up_Ref Up_uuc
1 -199.8 -198.2 199.7 199.4
2 -200.0 -198.4 200.1 198.9
3 -199.4 -198.4 200.1 198.9
4 -199.8 -198.7 200.4 198.9
5 -199.7 -198.6 200.5 198.9
-+ 200 1.56/60

6 -199.8 -198.6 200.1 199.1
7 -199.8 -198.7 200.0 198.9
8 -199.8 -198.6 200.1 199.2
9 -200.2 -198.6 200.5 199.1
10 -200.2 -198.6 200.2 199.1

-=l a ar ] .
M99 4.20 Nﬂﬂ??ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂw‘ﬂEl\'l‘a'z'.lJTJ'Jﬂ NauNIINasay Short-term stability

- “‘;ﬁiﬂ"zp ¢ U (k¥) F SF (%) S.D. S.D. (%)
0.84/60 +200 985.5 -1.45 436 0.44
0.84 /60 - 200 978.4 2.16 5.43 0.55
1.56 /60 +200 1004.4 0.44 0.92 0.09
1.56 / 60 —~200 1006.6 0.66 131 0.13
0.84/60 +200 -4.90 1.72 -3.46 0.72
0.84/60 ~200 121 136 -4.94 0.30
1.56 /60 +200 406 0.59 -0.30 0.10
1.56 /60 — 200 332 0.97 -0.39 0.09

- o o o ape
A13191 4.21  HANINAFOU AN BUSVDIIZULIN BRININATIY Short-term stability

W"‘Z;j’“”" U&D) i SF (%) SD. S.D. (%)
1.56 / 60 4200 1005.7 0.57 1.84 0.18
1.56 /60 200 1006.6 0.6 129 0.13

-t o o =
A19191 4.22  Malasuulasvasmnaunniaal BRINIINAREL Short-term stability

Waveshape Uy s Fogor Deviation of the scale factor
(1)
1.56 /60 +200 1004.4 1005.7
1.56 / 60 -200 1006.6 1006.6
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4.8.3 mMinaraunNLIwIBI&w (Linearity test)

mmaseuaNnuimduduvesruuiausisudunad ssianagaufiszay
W399 100 kV, 125 kV, 150 kV, 175 KV uaz 200 KV lagazyimimasaufissduusiduas
10 253 Tavazinimaseuluiudely wdsennimaseuiafissnw (Shortterm
Stability)

J =l = ) o v o a “ o a 8
M1719N 4.23 ﬂ"lLﬂ?ﬂﬂlﬂﬂﬂluﬂﬂ‘fﬂﬂﬁﬂﬂﬂ‘l’mLﬂ%l’ﬁx’lLﬁ'%ﬂ’]ﬂ?ﬂlﬁﬂﬂ%ﬂ&lv{ﬂﬁ‘ﬂ?n?ﬂ

fifii 100 kV JUARW 1.56/60LS

Waveshape Reference Unit under calibration (UUC)
No.| Up (7) (1s) U
p (V) | TI (us) | 12 (us) | Up (kV) | TI (us) | T2 (ps)
1 100.7 1.529 60.02 98.75 1.401 60.81
2 100.7 I\32/7 60.00 98.80 1.399 60.77
3 100.7 1.528 60.02 98.76 1.400 60.77
4 100.6 1.530 60.04 98.83 1.401 60.71
5 100.7 1.528 60.05 98.75 1.400 60.82
+ 100 1.56/60
6 264 100.7 1.528 60.00 98.74 1.399 60.80
7 100.7 1.530 60.01 98.65 1.397 60.92
8 100.7 1591 60.04 98.73 1.398 60.83
9 1003 | 1.486 60.40 98.43 1.393 60.99
10 101.0 | 1.532 59.77 98.46 1.388 61.05

A=| [ = =l &) a [} as [ - o 0’8
191901 4.24 ﬂ’]Lﬂ'iF_IfIJLﬂﬂﬂiuﬂﬁ‘iﬂﬂﬁﬂﬂﬂ’l’ll}lﬂul'ﬂﬂLﬁuﬁ’m‘SULLi\‘lﬂuﬂﬁJWﬂﬂﬂ’lU’Jﬂ

fififia 125 kv 3undw 1.56/601S

No Up Waveshape Reference Unit under calibration (UUC)
| (&) (1) Up (kV) | Tl(us) | T2(us) | Up(kV) | T1(us) | T2 (us)

1 124.9 1.617 59.83 124.1 16535 59.65
2 125.0 1.607 59.89 124.1 1.539 59.69
3 1249 1.613 59.83 124.1 1.557 59.73
4 124.9 1.623 59.81 124.1 1.561 59.66
5 124.9 1.614 59.82 124.0 1,552 59.68
6 1 1.36/60 1850 1.612 59.86 124.1 1.541 59.66
7 125.0 1.610 59.85 124.1 1.544 59.68
8 124.9 1.620 59.82 124.1 1.551 59.65
9 125.0 1.618 59.78 124.1 1.557 59.63
10 125.0 1.612 59.81 124.1 1.551 59.70
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fiffia 150 kv 3UARW 1.56/601S
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Waveshape Reference Unit under calibration (UUC)
No. | Up (kV)

(ps) Up (kY) | Tiqus) | T2(u9) | Up V) | TI(us) | T2 (us)

1 150.2 1.599 | 59.84 149.2 1.541 | 59.80
2 150.3 1.606 | 59.83 149.3 1557 | 59.72
3 1502 1.595 | 59.84 149.2 1551 | 59.78

[ 4| 150.3 1.601 59.81 149.4 1578 | 59.67
5 150.2 1.599 | 59.82 149.2 1.545 | 59.75
s | T1%0 1.56/60 150.2 1.604 | 59.85 149.2 1.565 | 59.80
7 150.3 1.606 | 59.86 149.2 1.551 | 59.77
8 150.2 1.603 | 59.82 149.3 1.550 | 59.75
9 150.2 1.603 | 59.82 149.2 1551 | 59.81
10 150.1 1613 | 59.90 149.3 1.564 | 59.75

ﬂl ] = | =) v o as o A a fz
@A19191 4.26 muﬁuumﬂulummﬂaaum'mtﬂutmLaummmmﬂuauwaﬁmmﬂ

- e

fifia 175 kV 3

1ndn 1.56/604S

No. | Up (k) Waveshape Reference Unit under calibration (UUC)
(us) Up(k¥) | Tl(us) | T2(us) | Up(kV) | TI (us) | T2 (us)

1 175.1 1.611 59.95 174.10 1.561 59.79
2 175.2 1.613 59.87 174.00 1.560 59.83
3 1756.2 1.150 59.91 174.10 1.563 59.79
4 175.2 1.610 59.90 174.10 1.562 59.82
5 1575.3 1.616 59.89 174.10 1.560 59.80

+ 175 1.56/60

6 175.1 1.600 59.86 174.00 1853 59.84
7 175.2 1.619 59.90 174.20 1.588 59.79
8 175.1 1.613 59.87 174.10 1.563 59.83
9 175.3 1.615 59.80 173.90 1.564 59.85
10 175.1 1.611 59.88 174.10 1.566 59.78

o ) = A & A v e v oa w g
A13719N 4.27 ﬂ’ll.'l_]'fﬂﬂLﬂﬂU1uﬂ’1'§"ﬂﬂﬂUﬂ’]’]NLﬂul'ﬂsﬂLﬁua’lﬂSUuiﬁ@]uauwaﬂTQUQﬂ

fifiria 200 kv JUAAU 1.56/601S

No. | Up &») Waveshape Reference Unit under calibration (UUC)
() Up (07) | Ti(us) | T2(u) | Up(kV) | T1(us) | T2 ()
1 200.5 1.570 58.92 199.2 1.521 58.87
2 200.4 1.568 59.00 199.2 1.536 58.83
3 200.5 1.586 58.96 199.1 1.537 58.89
4 200.4 1.594 59.00 199.1 1.566 58.86
5 200.2 1.588 58.94 198.7 1.539 58.88
6 ik e 199.5 1.590 59.20 198.7 1.546 58.9
7 199.5 1.579 59.24 198.7 1.540 58.85
8 200.6 1.588 58.92 199.0 1.538 58.88
9 200.2 1.580 59.11 199.1 1.540 58.88
10 200.5 1.585 58.97 199.0 1.554 58.93
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fifAa 100 kv FUARY 1.56/601LS

Waveshape Reference Unit under calibration (UUC)
No. | Up (kV)

(1s) Up(kV) | TI(us) | T2(us) | Up(kV) | TI(us) | T2 (us)
1 -100.7 1.481 60.37 -100.8 1.422 59.52
2 -101.2 1.518 60.03 -100.7 1.419 59.54
3 -100.7 1.521 59.90 -100.4 1.421 59.55
4 -101.0 1.529 60.00 -100.5 1.422 59.62
5 | - + B -100.3 1.481 60.42 -100.3 1.420 59.57
6 -100.5 1.502 60.16 -100.2 1.419 59.68
7 -100.4 1.481 60.45 -100.4 1.419 59.57
8 -100.3 1.484 60.30 -100.3 1.420 59.59
9 -100.8 1.526 59.98 -100.3 1.421 59.58
10 -100.7 1.526 59.97 -100.4 1.423 59.51

A ' =l = [ = U o s o o a fc‘.‘r
®1919N 4.29 ﬂ’]l.ﬂ“if.ll!l.‘l’lﬂﬂluﬂﬂiﬂﬂﬁﬂﬂﬂ']q&lI.‘l.lul.‘ﬂx']Lﬂuﬁ’l‘ﬂ‘i'ﬂlt‘ﬂﬂuﬂ&lWﬂﬁﬂﬂﬂU

fifiria 125 kv 3UARW 1.56/601LS

No. | Up (V) Waveshape Reference Unit under calibration (UUC)
(1) Up (kV) | TI(us) | T2 (us) | Up (kV) | Ti(us) | T2 (us)
1 -124.9 1493 | 6030 | -124.8 1425 | 59.50
2 1249 | 1496 | 6020 | -124.8 1424 | 59.54
3 -125.0 1.503 | 6028 | -124.8 1427 | 59.52
4 -124.9 1499 | 6024 | -124.8 1426 | 59.50
5 , -125.0 1497 | 6025 | -124.8 1426 | 59.50
—125 1.56/60
6 -1249 1493 | 6030 | -124.8 1425 | 59.50
1 -125.0 1502 | 6033 | -124.8 1431 | 59.51
8 -1249 1496 | 6020 | -124.8 1424 | 59.54
9 -124.9 1498 | 6025 | -124.8 1428 | 59.55
10 1250 | 1499 | 6023 | -1248 | 1426 | 5951
A13197 430 sSsuifsulunmeseuanuiuEaduiniuus T uduNas1 a8y

fiiiia 150 kV JUARW 1.56/601LS

Waveshape Reference Unit under calibration (UUC)
No. | Up (kV)

(1s) Up (V) | TI(us) | T2(us) | Up (V) | TI(us) | T2 (us)

1 -150.1 1.662 59.83 -149.2 1.433 59.55
2 -149.9 1.629 60.00 -149.2 1.431 59.55
3 -149.9 1.660 59.91 -149.1 1.433 59.55
4 -150.0 1.629 59.83 -149.1 1.430 59.61
5 -149.8 1.628 59.90 -149.2 1.434 59.52
g | ~ e -149.8 1.646 59.99 -149.1 1.431 59.54
7 -149.8 1.641 60.00 -149.0 1.430 59.63
8 -149.8 1.653 59.89 -149.1 1.430 59.55
9 -149.9 1.652 59.95 -149.1 1.432 59.56
10 -149.8 1.663 60.01 -149.1 1.431 59.61




98

] i ™ P & a W v v oA v e
a1919n 4.31 anToufsvluniimasauanut B RENTUL IO UBUNAFTIAL

fifiria 175 kV 3UAAW 1.56/601LS

Waveshape Reference Unit under calibration (UUC)
No. | Up (k¥)

(1s) Up %) | T1(us) | T2(u) | Up(kV) | T1 (us) | T2 (u5)

1 -175.1 1.585 59.81 -173.9 1.435 59.61
2 -174.9 1.568 59.90 -173.9 1.433 59.66
3 -175.1 1.581 59.89 -173.9 1.434 59.61
4 -174.8 1.575 59.94 -173.8 1.434 59.64
5 -174.9 1.573 60.01 -173.9 1.434 59.66
6 - 17 k360 -175.1 1.583 59.82 -174.0 1.435 59.58
7 -175.1 1.577 59.83 -174.0 1.434 59.58
8 -174.9 1.573 60.00 -173.9 1.435 59.61
9 -175.1 1.579 59.91 -173.9 1.434 59.61
10 -174.9 1.573 59.90 -173.9 1.433 59.61

& &

q. 1 = = ) = Vv o a o a
a1519M 4.32  aufSoufisuluminaseua B us I TuL A uBUNa RN

fifiria 200 kv gundu 1.56/601LS

No. | Up (k) Waveshape Reference Unit under calibration (UUC)
(us) Up (V) | TI(us) | T2(us) | Up V) | TI(us) | T2 (us)
1 -200.0 1628 | 60.01 1986 | 1.570 | 59.78
2 200.1 1.627 | 5997 | -198.7 | 1579 | 59.76
3 -199.8 1633 | 6000 | -1987 | 1590 | 59.77
4 -200.2 1634 | 5995 | -198.7 1630 | 59.75
5 2002 1645 | 5997 | -198.7 1.648 | 59.76
~200 1.56/60
6 -200.1 1.649 | 5996 | -198.7 1648 | 59.74
7 -200.3 1638 | 5994 | -198.8 1.640 | 59.77
8 -199.7 1.635 | 5997 | -198.5 1.600 | 59.76
9 -200.0 1.582 | 59.87 | -198.7 1.574 | 59.76
10 -200.0 1629 | 59.84 | -1986 | 1.588 | 59.75
@151971 433 HANAINARBUAINUITUITILFUTIFIRTUNTIG DU N FI 28
fifiria 200 kV jUARW 1.56/60}LS

v “‘Zf;“” ¢ U (kV) F 5F (%) AF (%) S.D. (%)

+100 1020.2 2.02 1.08 0.21

+125 1006.9 0.69 0.23 0.04

+150 1006.5 0.65 -0.27 0.06

+175 1006.4 0.64 -0.28 0.07

+200 1006.3 0.63 -0.29 0.14

1.56 / 60

~ 100 1002.3 0.23 -0.20 0.23

~125 1001.1 0.11 -0.32 0.04

- 150 1005.1 0.51 0.08 0.06

~175 1006.2 0.62 0.19 0.05

—200 1006.9 0.69 0.26 0.07
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a

fifiria 200 kV 3UARW 1.56/60LS (d)

Waveshape U 8T S.D. for Tl 812 S.D. for T2
(1) (kV) (%) (%) (%) (%)
+ 100 -8.3 0.29 1.35 0.18
+ 125 -4.1 0.56 -0.26 0.05
+ 150 -3.0 0.71 -0.13 0.07
+ 175 0.9 0.58 -0.12 0.04
156760 + 200 -2.6 0.77 -0.25 0.05
- 100 -5.6 0.10 -0.97 0.08
- 125 -4.8 0.15 -1.23 0.03
- 150 -13.0 0.10 -0.61 0.06
-175 -9.0 0.05 -0.47 0.05
—-200 -1.4 1.96 -0.31 0.02

A ¥ ! o o o~ a o i
@139 4.35  AndlsaunanasgnuesiniuLssaudunagiic

Type of voltage Measuring values Range Relative measuring uncertainty
o 7 Scale factor, U 100 kV to 200 kV 1.3 %
L‘ghns‘(ﬁtga":pulse Front time, T1 0.84 ps to 1.56 ps 9.5%
- Time to half-value, T2 60 ps to 61 ps 4.1 %

No.: 18637

CH1 No. 18637
Eval.. L

Up= 200kV
T1= 0.881ps
T2= 59.79us
CH2 No. 18637
Eval.: ]

Up= 203.6kV
Ti= 0.833ps
T2= 57.49us

a 0 200m 00 500 80.0us 3 100us 5
sUn 417 namMTIaUiuifisuussauBanaaHiIFUARULAY 0.84/60 ps TN

Tas cH1 9nlaviiaedleaséneds (@) cH2 nlhariiead lieedseufioy (Fuay)



J s ar “ o ar [ A (=3 E
31 4.18 mamsiaUSuifisuussauduasAigUARULAY 1.56/60 ps 131N

No.: 18682

CH1 No. 18682

Eval.: LI

Up= 200kV

Ti= 1.579ps

T2= 59.38us

CH2 No. 18682

Eval.: Ll

Up= 199kV

T1= 1.64ps

T2= 59.25ps
0 20.0ps 400ps 600y 80.0ps 100ps

100

Tag CH1 :nlarilesdlaiaasdneds EH1) cH2 nlariiaad leasaaufisy (Ruas)

No.: 18655

CH1 No. 18655
Eval. L

Up= -200.2kV
T1= 0.856|s
T2= 60.72us
CH2 No. 18655
Eval.: Ll

Up= -205.2kV
Ti= 0.846ps
T2= 57.49s

200y 4008 80.0ps 80.0ps 100ps

1] X
A:I o s o ot i d: z
31N 4.19 namsiaUufinuusIauBNRaTINHIUARKLAN 0.84/60 ps UIaY

Tas cH1 mnlariaad lieaisneds @) cH2 nhaviaed liaeigeulfioy (Ruaq)
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1. Converting device
Manufacturer King Mongkut Institute of Technology Ladkrabang
Type Universal Voltage Divider
Rated voltage 100 kV AC.
2. Coaxial cable 1.5m

3. Indicating instrument Digital multimeter "HEWLETT PACKARD" Model 973A Serial no. JP38011148

EGAT's measuring system data

1. UNIVERSAL Reference voltage divider “HIGHVOLT” Type MCR 0.6/500-500/200 Serial no. 883345
2. Wide band power analyzer "NORMA" Type D 6200 Serial no. P5 62718 SR

(Voltage channel 61 Ul Serial no. P4 62370 F, Input impedance = 10.45 M)
3. Terminating resistor (1.11 M£2)

The uncertainty is evaluated in accordance with IEC 60-2 (1994) procedure, providing a level of confidence of
not less than 95 %.



vuc Universal Voltage Divider Ambient condition

Manufacturer - Pressure 760 +2 hPa
Model Universal Voltage Divider Temperature 25 +2 °C
Serial no. - Humidity 59 +5 %
Client KMITL

Calibration date January 26, 2009

1. Determination of the assigned scale factor
The scale factors of the approved voltage divider, when compared with EGAT's measuring system, is 980 at 100 kV.

2. Linearity test

Reference Unit under calibration Estimated
(kVac) Ratio Low output (V) Scale factor uncertainty (%)
20.046 2047 979.50 0.85
40.071 40.70 984.50 0.84
60.070 (16%%:1) 61.10 983.10 0.84

80.02 81.60 980.60 0.84
100.03 102.10 979.70 0.84

The linearity of the high voltage divider is less than + 0.6 % in the range of 20-100kV.
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3. Short-term stability test
The short-term stability was checked at a voltage of 100 kV for 30 minutes. Observations were proceeded immediately

after application of the voltage and after 30 minutes. The change of scale factor, before and after voltage application, is
less than 0.04 %.
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1. Converting device -
Manyfacturer King Mongkut Institute of Technology Ladkrabang
Type Universal Voltage Divider
Rated voliage 100 kV DC.
2. Coaxial cable 1.5m

3. Indicating instrument Digital multimeter "HEWLETT PACKARD" Model 973A Serial no. JP38011148

EGAT's measuring system data

1. UNIVERSAL Reference voltage divider “HIGHVOLT” Type MCR 0.6/500-500/200 Serial no. 883345
2. Wide band power analyzer "NORMA" Type D 6200 Serial no. P5 62718 SR

(Voltage channel 61 Ul Serial no. P4 62370 F, Input impedance = 10.45 MQ)
3. Terminating resistor (1.11 MQ)

The uncertainty is evaluated in accordance with IEC 60-2 (1994) procedure, providing a level of confidence of
not less than 95 %.



vuc Universal Voltage Divider Ambient condition
Manufacturer - Pressure 760 +2 hPa
Model Universal Voltage Divider Temperature 25 +2
Serial no. - Humidity 59 +5 %
Client KMITL
Calibration date January 26, 2009
1. Determination of the assigned scale factor
The scale factors of the approved voltage divider, when compared with EGAT's measuring system,
is 985 at 100 kV.
2. Linearity test
Reference Unit under calibration Estimated
(kVac) Ratio Low output (V) Scale factor uncertainty (%)
20.014 20.258 988.0 0.83
40.000 40.460 988.6 0.83
DC
60.016 (1000:1) 60.800 987.1 0.83
80.093 81.200 985.7 0.83
100.04 101.58 984.8 0.83

The linearity of the high voltage divider is less than + 0.6 % in the range of 20 - 100 kV.
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3. Short-term stability test
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The short-term stability was checked at a voltage of 100 kV for 15 minutes. Observations were proceeded

immediately after application of the voltage and after 30 minutes. The change of scale factor, before and

after voltage application, is less than 0.18 %.
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EGAT

CALIBRATION REPORT

Universal Voltage Divider
Manufacturer KMITL Ambient condition
Model - Pressure 1015 +1 hPa
Serial no. = Temperature 28 +1 °C
Customer KMITL Humidity 58 +10 %

1. Unit under calibration

The unit under calibration (UUC) is a Damped Capacitive Voltage Divider for 400 kV lightning impulse
voltage, consisting of the following components:

- Measuring capacitor "PASSONI VILLA" Type ILCD-400 Serial no. 05639

- Low voltage unit "PASSONI VILLA" 1.075 OF 1200 V Serial no. 05640

- Measuring cable length 10 m

Attenuator rack Channel A

- Digital oscilloscope "LECROY" Type 9310A Serial no. 9310 4117 Channel 1 (CH1)

- Digital data acquisition, analysis and computer control system WinSDA-C

The nominal scale factors of the unit under calibration (Fyyc) consist of:

- The scale factor of measuring capacitor and low voltage unit 1000
- The scale factor of attenuator rack Channel A 0
Overall scale factor 1000

2. Calibration procedure

The voltage divider was calibrated by comparison measurement against the reference standard

- Universal reference divider "HIGHVOLT" Type MCR 0.6/500-500/200 Serial no. 883345 Calibration mark
974/DKD-K-24501/03-11

- Digital recorder "DR. STRAUSS SYSTEM-ELEKTRONIK GMBH" Type TR-AS 200-14 Serial no. 637
Calibration mark 335/DKD-K-11701/04-07

The scale factor for a single measurement was calculated according to the following equation:

Fi,_= Fyue x Uc
Uyue
where - F On the basis of a single measurement, calculated scale factor of the unit under calibration
- Fuue Nominal scale factor of the unit under calibration
- Uy Voltage displayed at the measuring instrument of the reference standard

- Uyue Voltage displayed at the measuring instrument of the unit under calibration
For each voltage level and waveshape, 10 measurements were carried out. For each measurement, the scale
factor Fi was calculated. For each of the measuring series with 10 measurements, the arithmetic mean
value F, the relative deviation of the scale factor 8F related to the nominal scale factor Fyyc, the standard
deviation S.D. (for F) and the relative standard deviation (related to F) were calculated.
The relative deviation of the arithmetic mean value of the scale factor of a measuring series related to the
nominal scale factor was calculated as follows:
3F (%) = F - Fyue X100
Fuue

The relative standard deviation of the scale factor of a measuring series related to the arithmetic mean value
of the scale factor was calculated by using the following equation:

SD. (%) = sS.D. x100

F




where - F Arithmetic mean value of the scale factor of the measuring series
- S.D. Standard deviation for F

The measuring deviation of the time parameters for a single measurement was calculated according to the

following equations:
8T1i (%) = T1 - Tl x100
Tlrer
8T2i (%) = T2 - T2per x100
T2per
where - 8T1i, 8T2i On the basis of a single measurement, calculated measuring deviation of the
time parameters
- T1, T2 Measured values of the unit under calibration
- Tlrer, T2pet Measured values of the reference standard

For each of the measuring series with 10 measurements, the mean value of the measuring deviation 6T1, 8T2
and the standard deviation S.D. for T1, S.D. for T2 were calculated.

The short-term stability test was performed by applying the maximum rated voltage, continuously, to the
unit under calibration. For each voltage polarity, 30 impulses were applied. The scale factor shall then be
measured immediately after (within 10 minutes) the application of the voltage. The scale factors measured

before and after the application of the voltage shall not differ by more than 1 %

For the linearity test, the values of the scale factor of the unit under calibration shall be measured at the
minimum and maximum voltages of the operating range and at three approximately equally spaced voltages

between these extremes. These five values shall not differ by more than + [ % from the mean value.

AF = Fox Farg x100
Fa\'g.

where -AF  Deviation of each five scale factors from the mean value.

-Fag  Arithmetic mean value of the five scale factors calculated from the linerity test.

3. Measuring conditions

Calibration items Quantity Waveshape (T1s) Voltage (kV) No. of impulses

0.84 /60 +200

Determination of the scale factors UnT1, T2 DS/ - 10 for each waveshape
1.56 /60 +200
1.56 / 60 -200

Short-term stability test U 1.56/60 +/-200 30 for each polarity

+/- 100, +/- 125,
Linearity test U, T1, T2 1.56/60 - 150, +- 175, ool
+/- 200




4. Measuring results

4.1 Assigned scale factors
From the measurement, the following assigned scale factors were determined for the unit under calibration.

Waveshape (us) U kV) Assigned scale factors
0.84 /60 +200 985.5
0.84/60 -200 978.4
1.56 /60 + 200 1004 .4
1.56 / 60 -200 1006.6

4.2 Determination of the scale factors
4.2.1 Before short-term stability test

Waveshape () U (kV) . F SF (%) S.D. S.D. (%)
0.84 /60 + 200 985.5 -1.45 4.36 0.44
0.84 / 60 - 200 978.4 -2.16 543 0.55
1.56 / 60 + 200 1004.4 0.44 0.92 0.09
1.56 / 60 - 200 1006.6 0.66 1.31 0.13

Waveshape S.D. for T1 S.D. for T2
() P U (kV) ST (%) (ﬁ; ) ST2 (%) (é)
0.84 / 60 + 200 -4.90 3.7 -3.46 0.72
0.84 /60 -200 -1.21 1.36 -4.94 0.30
1.56 / 60 +200 4.06 0.59 -0.30 0.10
1.56 /60 -200 3.32 0.97 -0.39 0.09

4.2.2 After short-term stability test

W“‘Zfsj‘“pe U (kV) F SF (%) S.D. S.D. (%)
1.56 /60 +200 1005.7 0.57 1.84 0.18
1.56 / 60 -200 10066 | 066 129 0.13

4.3 Short-term stability test
The results of the short-term stability test after applying 30 impulses at maximum rated voltage for
each polarity are as follows:

Waveshape Deviation of the
(1is) U (V) Fefore Fafer scale factor (%)
1.56 /60 +200 1004 .4 1005.7 0.13
1.56 /60 -200 1006.6 1006.6 0




4.4 Linearity test

W“"(:f)’“"e U (k) F SF (%) AF (%) S.D. (%)
7100 10202 2.02 1.08 021
T 125 1006.9 0.69 2023 0.04
1150 1006.5 0.65 2027 0.06
175 1006.4 0.64 2028 0.07
+200 1006.3 0.63 2029 0.14
1.56 /60
2100 1002.3 023 2020 023
T125 1001.1 0.11 20.32 0.04
2150 1005.1 051 0.08 0.06
2175 100622 0.62 0.19 0.05
2200 1006.9 0.69 0.26 0.07
W""(ifsape U (V) STI (%) | SDforTI(%) | 812(%) | SD.for T2 (%)
+ 100 -8.3 0.29 1.35 0.18
125 41 0.56 2026 0.05
+ 150 -3.0 0.71 -0.13 0.07
1175 0.9 0.58 012 0.04
+200 2.6 0.77 2025 0.05
156 /60
~100 5.6 0.10 097 0.08
7125 43 0.15 123 0.03
-150 T30 0.10 20,61 0.06
~175 9.0 0.05 047 0.05
-200 14 1.96 2031 0.02

5. Measuring uncertainty

Type of voltage Measuring values Range Relative measuring uncertainty
N Scale factor, U 100 kV to 200 kV 1.3 %
L‘gh“\',t)“lfa“:p‘”se Front time, T1 0.84 s 10 1.56 pis 9.5%
. Time to half-value, T2 60 us 4.1%

The reported uncertainty is based on standard uncertainty multiplied by a coverage factor k = 2,
providing level of confidence of not less than 95 %. The uncertainty stated is valid for the instant of
calibration and dose not include any portion for the long-term stability of the unit under calibration.
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Highest voltage for equipment Rated lightning impulse withstand voltage
(kVrm.s) (KVpeak)
3.6 40
7.2 60
12 75
17.5 95
24 125
36 170
52 250
72.5 325
100 380
123 450
145 550
170 650
245 1050
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0 Maxi-Mox resistors are also
ax’l—Mox versatile. Suitable for industrial

applications requiring still more

Precision Thick Film Axial Terminal ﬂ'ﬂi,w g o S ih
High VoltagelHigh Resistance voliage current Ilmitir;g.
A 15ty FEATURES

BI @m lead dia. * Wide resistance ranges
0.032" typ. * Voltage rating to 50KV

= Power rating to 12.5 watts

= Silicone or epoxy coating

Ohmite Resistance Power Voltage Available A 0.015” B max. Capacitance

Series Range (Ohms @70°C Rating Tolerances* (in/mm) (in/mm) (o) APPLICATIONS
« High-temperature (silicone coated) * HV power s_upqlies
MOX-1-12 250 ohms 10 300,000  2.5W 100KV 1%1020% 1.120°/ 2845 0310°/7.87 0.5 “Eoysrdsiiben
MOX-2-12 500 ohmsto700,000M  50W 200KV 1% 1020% 2.120"/5385 0310°/787 080 * Modioal Instrumentation

MOX-3-12 750 ohms to 1,000,000M 7.5W 300KV 1%t0o20% 3.120°/79.24 0310°/787 050 *Avanics

MOX-4-12 1K to 1,000,000M 10.0W 400KV 1%1020% 41207/ 10465 0310"/7.87 040 SPECIFICATIONS
MOX-5-12 125K 10 1,000,000M  125W 500KV 1% t020% 5.120"/ 130.05 0.310"/7.87 0.30 e

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

« Standard (epoxy coated) @25°C Resistor: Thick Film

MOX-1-13 250 ohms to 300,000M  20W 100KV 01%1t020% 1.140"/28.96 0.345"/876 075

MOX-2-13 500 chms t0 700,000M  3.0W 200KV 0,1%t020% 2.140"/ 5436 0.345"/876 0.60 Electrical

MOX-3-13 750 ohms to 1,000,000M 4.0W 30.0KV 0.1%t0o20% 3.140"/79.76 0.345"/876 0.50 Resistance Range:

MOX-4-13  1K101,000000M  50W 400KV 0.1%1020% 4.140°/ 10516 0.345"/8.76 0.40 Psi‘i‘fl‘a"at‘lrf;’_“2°§$ -
MOX-5-13  1.25K 101,000,000  6.0W 50.0KV 0.1% to20% 5.140"/ 130.56 0.345"/8.76 0.30 Voltage Rating: 10KV to 50KV

Tolerance: 0.5% to 20%
[v] ng Temperature:

TEMPERATURE/VOLTAGE GOEFFICIENTS OF RESISTANCE -55°Ctog+210°0

Temp. Coef!. of Resistance* Coeff. of Resistance™ Temperature Coefficient:
Resistor Series ~ 25PPMFC S0PPM'C 100 PPMPC < 2PPMIVolt < SPPMNVolt 25ppm/°C 0° to 85°C available
MOX-1 1K-1,500M 1K-450M 451M-30,000M 250Q-1,000M 1,001M-100,000M
MOX-2 1K-1,500M 1K-1,000M 1,001 M-60,000M 5000Q-2,600M 2,601M-200,000M
MOX-3 1K-1,500M 1K-1,500M 1,501M-90,000M 750€2-4,000M 4,001M-300,000M
MOX-4 1K-1500M  1K-2.000M  2,001M-120,000M 1K-5300M  5.301M-400,000M
MOX-5 1K-1,500M 1K-2,500M 2,501M-150,000M 1.25K-6,700M 6,701M-500,000M

*Epoxy: -55°C to 110°C; High Temp. Silicone: -55°C to 210°C
**For tighter VCs please contact Ohmite.

PERFORMANGE DATA

Characteristic Test Method 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
DERATING ORDERING INFORMATION
100
§= g!ack silicone
. = 123458 &= Hia coating E = Roks Compllant
1
S £l
g‘“ MOX-1-131006F 1
e | o et T
- ModMox  Terminal 1 ohme e
E . Serles 1=0.032" First 3 digits are F= 1%
., significant, 4th digitis o _ og;
20 . muttiplier (# of zeroes ;' _ o
. to follow). Examples: K = 10%
s, 210° 10R2 = 10.2 ohms M=15%
. ‘s 1000 = 100 ohms P = 20%
0 25 50 75 100 125 150 175 200 225 1503 = 150,000 ohms
PAAR TR IR, Check product availability at WWw.0hmite.com

74  Ohmite Mfg. Co. 1600 Golf Rd., Rolling Meadows, IL 60008 » 1-866-3-OHMITE « Int1 1-847-258-0300 * Fax 1-847-574-7522 www.ohmite.com ¢ info @ ohmite.com



and Application of
Through-Hole Capacitors

Soldering Process

A preheating of through-hole WIMA
capacitors is allowed for temperatures
Toge < 100° C.

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 time: t < 5 sec

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

Due to different soldering processes and
heat requirements the graphs are to be
regarded as a recommendation only.

1SO 9001:2000 Certification

ISO 9001:2000 is an inferational basic
standard of quality assurance systems for
all branches of industry. The approval
according to ISO 9001:2000 of our
factories by the VDE inspectorate cerfifies
that organisation, equipment and moni-
toring of quality assurance in our factories
correspond to interationally recognized
standards.

WIMA WPCS

The WIMA Process Control System (WPCSI
is a quality surveillance and optimization
system developed by WIMA. WPCS is a
maijor part of the quality-oriented WIMA
production. 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

o AQL check

— Recommendation for Processing

—WIMA Quality and Environmental Philosophy

Wave soldering

see detail-
enlargement

"3 0 %0 120

150 180

Typical temperature/time graph for double wave soldering

3 ‘ZIEOI I2'1IU'[sec]

WIMA Environmental Policy

AllWIMA 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
substances are used, e.g.

- Lead - PBB/PBDE
- PCB - Arsenic

- CFC - Cadmium
- Hydrocarbon chloride - Mercury
- Chromium 6+ - efc.

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

carton
cardboard
adhesive tape made of paper

polystyrene

We almost completely refrain from using
packing materials such as:

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

RoHS Compliance

According to the RoHS Directive 2002/95/EC
certain 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.

16
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PCM 7.5 mm to 37.5 mm

Special Features

B Pulse duty construction

B Self-healing

B 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 sefs

B Lighting

B Avudio/video equipment

Construction

Dielectric: Polypropylene IPP) film

WIMA MKP 10

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

Electrical Data

Capacitance range:

1000 pf to 15 pF (E12-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° C to +100° C

Climatic test category:

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

C <033 pF: = 1x105MQ

Imean value: 5 x 10° MQ)

C > 0.33 pF: = 30000 sec IMQ x pF)
Imean value: 100000 sec)

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

Test voltage: 1.6 U, 2 sec.

Dieleciric 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]

Capacitor electrodes:
Double-sided metallized plastic film
Internal construction:

MKP 10: 63 VAC, 180 VAC, 250 VAC
3— Plastic film
Electrode carrier

plostic film metallized
on both sides

Metal contact layer
(schoopage)

Terminating wire

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

Plastic film

Electrode carrier
plostie film metallized
on both sides

Plastic film metallized|
on one side

Metal contact layer
(schoopage)

Terminafing wire

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

Plastic film

Electrode carrier
plostic film metallized]
on both sides

on one side

Melal conlact layer
(schoopage]

Terminating wire

Plastic film metallized]

Encapsulation:

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

Marking: Colour: Red.

Marking: Black. Epoxy resin seal: Red

of f C < 0.1 uF 0.1 pF<C < 1.0 pf C>10pf
1 kHz < 3x104 <3x104 <3x104
10 kHz < 4x10% <6x 104 B
100 kHz < 15x104 - -
Maximum pulse rise time:
Capacitance max. pulse rise time V/psec at Ty <40° C
pF/uF 100 VDC | 250 VDC | 400 VDC }630 VDC |1000 VDC]1600 YDCJ2000 VDCJ2500 VDC
1000 ... 2200 1000 | 1800 | 1800 | 1800 | 2800 | 5400 | 2000 | 11000
3300 ... 6800 900 | 1200 | 1200 | 1200 | 2800 | 5400 | 9000 | 11000
001 ..0022 700 | 1100 | 1200 | 1800 | 2100 | 3000 | 3400 | 11000
0.033 ... 0.068 400 800 200 | 1800 | 2100 | 2100 | 2100 -
0.1 ..022 200 500 500 900 | 1400 | 1400 | 1400 -
033 ..068 100 300 400 700 900 200 @00 -
10\ S22 70 200 200 400 400 500 - E
33\ L4Z 50 80 100 150 - - - -
68 \ =18 35 50 70 - - - - -
for pulses equal fo the rated voliage
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:

& 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 fest:

4000 bumps at 390 m/sec?
in accordance with [EC 60068-2-29

Available taped and reeled up to and
including case size 15x 26x 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.

68
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WIMA MKP 10

Continuation

General Data

. 100 VDC/63 VAC* 250 VDC/180 VAC* 400 VDC/250 VAC* 630 VDC/400 VAC*
Capoitance |\ "7 L Tpa | W | H | L [paM|{W | H [ L [k W ]| H| L |pcM
1000 pF 4 9 10 75| 4 9 10 75 4 9 10 43 | 4 9 10 75"
1500 , 4 Q 10 75| 4 9 10 75 4 % 10 75 | 4 9 10 7.5
2200 , 4 Q 10 75 | 4 9 10 75 4 9 10 75 | 4 @ 10 7.5%*
3300 , 4 9 10 75| 4 9 10 1.5 4 9 10 75 | 4 9 10 7.5**
4700 4 9 10 75 | 4 9 10 75 4 Q@ 10 75 | 4 9 10 7.5%
6800 , 4 9 10 75| 4 9 10 75 4 9 10 75 | 4 9 10 o

4 9 13 110*
001 pF 4 9 10 75| 4 9 10 75| 4 9 10 7.5%| 5 105 | 103 | 7.5**
4 9 13 10* 4 9 13 10* 4 9 13 [10*
0015, 4 9 10 75| 4 9 10 7.5% 3 105|103 | 7.5*| 5 ) 13 |10°
4 9 13 10* 4 s 13 107 o 1 8 15"
0.022 , 4 9 10 75| 4 9 10 ?5/5 105 [0Q.3%, 7.5%| 5 1 13 [10*
4 9 13 | 10* 4 9 13 I8¢ | 5 I 18 [15*
0.033 , 5 106 #7103 [~L5*%] 5 105 | 103 | 7.5%| 57| 125|103 | 7.5*| 6 12 13 10*
4 Q 13 10* 4 9 13 107 5 n I8 10* 5 1 18 15%
0.047 , 5 105|103 | 7.5% 5 105 | 103 | 7.5%| 6 12 13 10* 6 1251 18 |15*
4 9 13 10 | 4 9 13 {10* L Il 18 |15 | 6 15 | 265 [22.5*
0.068 , 3 N 13 10 5 1 13 10* 6 125 118 oy A 14 g |i5*
5 1 S 15e 6 15 | 265 [225%] 6 15 | 265 |22.5*
0.1 uF 4 12 13 10 o] 12 13 10* 7 14 18 5% 9 16 18 15*
5 il 18 15* 6 15 265 (@25%) 7 165 | 265 |22.5*
015 , 6 12501 48 = 6 125 | 18 15 8 15 18 15* 85 W185 | 265 |22.5*
6 159 2555082351 Lo 15021265 | 225" ] 9 (A | 315 |27.5*
022 , 7 14 18 15 7 14 18 15* Q 16 18 13 85 | 185 | 265 |22.5%
é 15 203122 5\l A 155 mmiZ st | 9 19 31.5 | 27.5*
033 . 8 15 18 15 8 15 18 Tor B85 | 185 | 265 [225% | 1 21 265 |22.5*
6 15, Wi5ees122:6% I\ 'Y 1Se=iraia={"2408] 11 21 315 [27.5*
047 Q 16 18 15" 9 16 18 0y 105 | 19 265 | 2257 11 21 315 1275
7 165 | 2654 P2k |7 VAR o gl 25y g 9 8hS5 h275*
068 , 85 | 185 | 265 | 225 | 85 | 185 | 265 | 225% | 1l 21 265ap225% | 15= | 26 | 315 [27.5*
9 19 3.5 | 245V 21 81.5¢[i2%m5* | (3 24 41.5 |37.5*
1.0 pF 185 (=19 265 [ 225 | 1 21 265 | 2257115 24 813 27 5% | 2% 315 (275"
1 21 315 275413 24 o | 3755LTS 26 415 [37.5*
15 1 2] 3150275 |13 24 Bilms=" 27 53 7 29 35 | 275420 995 | 315 |27.5"
13 24 418559 3757 18 24 415 | 375%| 19 32 415 (37.5*
22 4 13 24 S5 | Z5 19 26 315 |275%| 20 | 395 | 315 |27.5%| 20 395 | 415 (375
13 |24 |415|375 17 |29 |415 875
2, 7 |29 | 315275 [ 17 | 345 | 315 | 2754 | 20 | 395 | 415|375 | 24 | 455 | 415 |375
17 29 4V 5325
47 . 20 | 395|315 | 275120 |395|315 275120 | 395 | 415|375
17 29 41.5 | 375 19 32 415 | 37.5*
68 19 32 41.5%u378 1 20 395 1415 1375 | 24 A5.50" 4345 | 37.5
10 uF 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 state the required PCM (lead spacing)! L
If not specified, smaller PCM will be booked. o] P _.|W|.:l—|‘_ _—|
** Admissible AC voltage 280 VAC mox. 0 i
06 | 75-10
Dims. in mm. 08 |15-275 62 d_T_
lonisation inception level in isolated cases may be 10| 375 = f— PCM
lower than admissible AC voltage. ot the '?fdo":“ points
Toped version see page 121.
Rights reserved to amend design data without prior notification.
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Continuation

General Data

; 1000 VDC/600 VAC* 1600 VDC/650 VAC* 2000 VDC/700 VAC* 2500 VDC/900 VAC*
Capacitance | v "y | pcM|w | H | L |po| W | H | L [pcM| W [ H | L |pch
1000 pF 4 9 10 75*] 4 9 13 10 4 9 13 10 5 1 18 15*

4 9 13 10* 6 15 265 | 22.5*
1500 , 4 9 10 75%| 4 9 13 10 4 9 13 10 5 1 18 15*
4 9 13 10* 6 15 265 | 225
2200 , 4 2 10 75%| 4 9 13 10 5 1 13 10* 5 1 18 15*
4 9 13 10* 5 1 18 15* 6 15 265 | 225*
3300 , 4 9 10 75| 4 9 13 10 5 1 18 15 5 1 18 15*
4 9 13 10* é 15 265 | 225*
4700 4.5 95 (103 | 75*] § 1 13 10 5 1 18 1St 6 125 | 18 15*
4 9 13 10* 6 15 265 | 225*% 6 15 265 | 22.5*
6800 , 57 | 125 | 103 | 5" | o5 12 13 10* 6 125 | 18 15* 7 14 18 15*
3 11 13 10* 5 11 18 15¢ 6 15 265 e22.5%| 7 165 | 265 | 225°
001 pF S 11 13 10* L) 11 18 15 7 14 18 ] 5% 85 | 185 | 265 | 225
5 1 18 15* 6 15 265 | 228"
0015, é 12 13 10* 6 125 | 18 152 8 15 18 15N 185 | 19 265 | 225
5 11 18 152 6- 8 15 265 (22.5% p6 15 26:5={=22 5*
0.022 , 6 125 | 18 15 % 14 18 15* 9 16 18 15 | N 21 265 | 925
6 1% 25=20 8% | & 15 26:3 || NG\ 165 | 265 | 22.5°
0.033 , 7 14 18 158 8 15 18 15% B3 {§B85 [ #&s | 22.5*
é 15 26:8) | 225 |- 6 15 265 WTe25%|\'? 19 31.5 2752
0.047 , 8 15 18 155 7 165 | 265 | 2251 105 | 19 el | 228"
6 15 | 265 22551 9 |LNg™ 3.5\ 275 21 Shal[ @A
0.068 , /4 165 | 265 (225 | 105 | 19 265 | 225%] 1 21 200 2256
9 19 3122075 [Nl 21 BRI/ -
0.1 pF g5 =85 26 5u@Rokatudl] 21 265 | 225*% 13 24 SLEL|-2L5
1 21 31.59 [h5%f ol 21 FL5 LS
015 , 1 21 265 |225* | 13 24 JLENZELY 18 26 315 | 27.5*
1 21 5 | A B 13 24 4] 8¢l 3758
022 , 1 21 TP 285\ 18 26 e = s 345 | 3115, |2P5s
13 24 s pafiand bt 29 4)157 376"
033 ., %) 26 3475 | 225t /1 W 3N a5 -2 S 3R 415 | 375
13 24 41.5 BRI Nl / 29 415 _§37.5"
047 , 17 29 315 (27.5% | 20 325y N3 1 .58l=27 5120 395 | 415 | 375
13 24 1.5 | 3A0%] 19 32 4] .5 Juis? 5"
068 , 20 | 395|315 (275 ] 20 395 | 415 | 375 | 24 45501 415 | 375
17 PN 41 .5, | 37.5*
10 pF 20 395 | 415|375 | 24 455 | 415 | 37.5
15 24 455 4123V 38586
* 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)!
If not specified, smaller PCM will be booked.
Dims. in mm.
lonisation inception level in isolated cases may be g4 | FoM
lower than admissible rated AC voltage. gg ]7;5 '21705
- ’ 3 PCM
Taped version see page 121. 10 375 _*\ ot the leod exit \—
points
(+ 0.4)
Rights reserved fo amend design data without prior notification.
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WIMA MKP 10

. i
Continuation
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Technical information and general data see page 72.
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— Typical Dimensions for
Taping Configuration

Py !

T

T

Diagram 1:
PCM 2.5/5/7 .5mm

»
>,

e EIPY

P

* Diameter of leads see General Data.

* PCM 10 and PCM 15 can be crimped fc PCM 7.5.
Position of components according to PCM 7.5 Isketch 11. Pg=12.7 or 15.0 is possible

4 Please give ,H" dimensions and desired packaging type when ordering.

® i AN YLD | &
—»— —ple—-
d d
[¢— F —>| l—Po—] [¢——— Py ——p{e— Po —>|
[4—Py— je——F
Diagram 2: PCM 10/15 mm Diagram 3: PCM 22.5 and 27.5*mm
*PCM 27.5 taping possible with two feed holes between components
Dimensions for Radial Taping
Designation Symbol| PCM 2.5 taping PCM 5 taping PCM 7.5 foping PCM 10 taping® PCM 15 taping® PCM 22.5 taping PCM 27.5 taping
Carrier lape widih W | 180 05 180 105 180 205 18.0 105 18.0 205 180 105 18.0 105
A for hot-sealing for hot-sealing for hot-sealing for hot-sealing for hot-sealing for hot-sealing for hot-sealing
thd Rt W T 4 odhesive tape Y odhesive tape Vig achesive tape iy adhesive tape 1% adhesive tape 20 adhesive tape o adhesive fape
Hole position W, | 9005 9.0 05 9.0 05 90 +05 90 105 90 05 90 +05
Hold-down tape position W; | 0510 3.0 mox. 0510 3.0 max. 0.5 0 3.0 max. 0.5 to 3.0 max. 05 to 3.0 max. 05 to 3.0 max. 05 to 3.0 max.
[eed hole diameter Dy | 40402 40 02 A0 102 40 202 40 102 40 02 40 102
Pitch of component P o] 127 xi0 127 £10 127 %10 254 £10 254 +10 38.1 415 38.1 15 or 508:£15
| wigtve pitc cumuictive pi " cumdlative pitch whative pitch cumuiative pitc! wiotive pitch
Feed hole pitch b | 127505 SERPR 7 s TPl 107 40n e | 107403 e | 127403 smrnn | 12703 menoe | 12703 Smrncn
1.0 e/ 20 pitch 1.0 me/20 pirch 10 mmi20 pitch 10 mm/20 pirch 1.0 mens20 pitch 1.0 mm/20 pisch 1O w20 pitch
b Deluoatien Py | 51105 385 107 26 107 77 07 52 107 78 07 53 107
to lead
o sain B P | 635413 635 413 635 +13 127 +13 127 13 1905 +13 19.05 =13
component centre
feed hole centre to bottom Ha 16.5 403 165 403 16.5 05 165 105 165 +05 165 105 165 205
edge of the component 18.5 105 185 105 18.5 +05 18.5 +05 18.5 05 18.5 05 18.5 105
feed hole centre fo fop b | oo <1 | Bt <HU | o <H1 | Bt <H1 | ooy <Hi | oo <Hy | s <H
edge of the cemponent ' | 3225 max. 32.25 max. 24510 315 25010 31.5 26010370 30010430 350 to 45.0
et Fo| 2520 jpiae 75 12 100 z03 15 108 %5 275 108
upper edge of carrier tape 02
lead diameter d | 04200 05 2005 *05+0050:06"2% | *05 10050670 | 0805 08%% 08 %
Component alignment Ah | £20 mox. + 2.0 max. + 3.0 mox, + 3.0 max. 4 30 max, + 3.0 max, 4 3.0 mox.
Total tape thickness t | 07 02 0.7 402 07 02 07 202 07 102 0.7 02 07 02
ROL/AMMO AMMO
::ee al:) o 129] . 9360 mox. 222 | depending on aMnee B e eEOmer il depending
pag REEL o 30+1 BS54 | comp. dmansions REEL 5541 ng" 0®+l D ﬁﬁ il
Unit see details page 124.
Dims in mm.

Please clarify customer-specific deviations with the manufacturer.
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