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Abstract

This project aims to develop a 100 kV capacitive voltage divider. The divider was
separated into high voltage and low voltage parts. The high voltage part was constructed from

capacitors connected in series in order to obtain the capacitance as of 114.285 pF. The low voltage

part was constructed from capacitors connected in parallel to obtain the capacitance as of 0.12 pF.

This capacitive voltage divider was filled with three gas insulation as air, N, and ST, for each test

~ " in order to select the suitable gas insulation. The test procedures were followed the standard IEC
60060 - 2 (1994), The test records showed that the performance of the developed capacitive

divider is within the designed standard.
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b
- > =0 (2.9)
d(p-d) ]nAlipd 2
i e ]
: 1)
L]
sfuite In A'lp'd =1 (2.10)
]n(—-l-l]
I
)]
nzif (p-d), ;. = e']n(lﬂ) (2.11)
min A l_.
' v ) B B '
Unu (ped), . 9219 (Up),.. - 2.718-A-ln(r+1] (2.12)

a o = o~ o 1 a T o
N3 19H 2.3 sz hiassudind U, Tuaunifhasivaveimused

' Aawsna1nl 18 ez lfundusunsennudusiaafivsia

A

9 o A 5 o A A o ¥ qy ol
ms“lmﬂ;]mmwnumuﬂmﬂmnﬂ wmunsmﬂﬂﬂngmimﬂlmﬂu"thuﬂgu IHUN

1 o 1 ar o T w t 4 [
ped fimigannusadin awssausnaries L uazils Tadanw p iield p-d aedn



19

) s 7 o v e dw a
Tugeaniniie mausnarnhzdunuvaaiumwes tanududnnne wsnalinsudu

ad ' o R S @ 49 Vo o
vndan Insa 15w 1wsna U Iugyana Wudu dendniungueamnieud i uisme

Tuile
M1 2.4 anmuissvaa Iifhisnatesems [2]

- - - | - - dlmm} — | — EgkViem) -—--{ -  d@mm)-- --| -E (kVicm)

0.1 96.0 8.0 32.1
R e e [ i B e T f —

0.3 64.1 10.0 314
0.4 58.8 15.0 30.0
0.5 55.2 20.0 294
0.6 52.2 25.0 28.9
Y 0.7 49.9 30.0 28.6
| 0.8 48,1 35.0 28.3
7 0.9 46.5 40.0 28.0

) 1 U R L 450 | 218
2.0 39.5 50.0 27.7
3.0 36.7 55.0 27.5
4.0 35.0 60.0 27.3
5.0 34.0 65.0 27.2
) 6.0 33.2 80.0 26.9
! 7.0 32.6 90.0 26.7
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C divider (Reference)

J
------ - L cl 114.285 pF
0-220 V, 100 pF ‘ I
A |4 o s R TR :
]l g e o O
) , v | 88 0F . T |

C divider (Calibration)

U7 42 29vsmuyada T Aus sdugenssueady 100 kv,

UM 4.3 2995 NATO LT INUGINTZUAAEY 100 kY,

[ 3
gunsalflflumsnaaeuiidsil
1. Single phase AC voltage test transformer (PZT 100-0.1) nan 1Ae13En HAEFELY

Rated voltage 220/100 kv

Rated power 5 kVA, continnous 10kVA, 1 hour

2. Measuring capacitor, CM (C,)

Capacitance 100 pF
Max AC voltage 100 kV
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3. Secondary part for CM (AC), SEK AC (C,)
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e e e = 7 — 3046 | —  B016— —| —303— —| —— -0464%— —| — —
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A A a = = A A =
HINeHe) 111999 IN7AA I 13319 30 kv Banadeunuiiedosnni 30 kv

P =Y = P 9 &v A 9 G A L) 5 ~ W
anuiatosninvealiamed lueesnas wawmne 1Fsluins oeilodavdoalus gy

=y y 1 e = Yl HPN =] [
Aaioulify £3% MPHANIINATDUMNAIT NN 4.5 ludarlafiu £3% uaaaldidiud

o & g ~ =4 ar [ o
Taamed Tunpesfiedwiniiviesnmlumsiausdugenssuaad



4.3.2 wanmsmageulznnah lumesiina 100 kv Wawufae N, 12 4

61

wesiananenTamed biaesita 100 kv 1usafugenssuaadu 100kv, fagalii 4.2

43.2.1 mynaaewianmaidh Tunsall¥ N, 9 2 113

w o A M ar ~ d 1 Aer ::? o e s
JalaglaaTesloda RLC fiwmes mndadiaunsoshuldfuussduganszuans

v
=1

at ar or ~ ar ﬂ, Lo
USIAUTNNIZUAAAY UATUTNAUIUN DY ﬂﬁ‘g’_ﬂ‘ﬂ 4.4

maah 4.6 i Tunsalldn, A2 nd

amalidh | sonmsdian | mnnmsiamineddniediodn | % anuiawan
C, 114.285 pF 113.00 pF - 1.12%
C, 0.12 pF 0.122 pF 1.67%
R, 50 Q 49.93 Q -0.14%
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1 60.05 60.05 60.5 90.04 90.04 90.4
2 60.13 60.13 60.6 20.07 90.07 20.4
3 60.09 60.09 60.6 90.17 90.17 90.6
4 60.17 60.17 60.7 90.05 90.05 90.4
5 060.05 60.05 60.6 90.10 90.10 90.4
6 60.01 60.01 60.5 90.08 90.08 90.5
- - -7 |- -60:01- —| —60.01- |- 604 | ~90.02— |-90.02 —| 903 -
8 60.05 60.05 60.5 90.14 90.14 90.5
9 60.04 60.04 60.5 90.15 90.15 90.5
10 60.16 60.16 60.7 90.08 90.08 90.4
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1 90.04 90.04 90.4 0.399%
| 2 90.07 90.07 90.4 0.366%
3 90.17 90.17 90.6 0.476%
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C DussudaiounIenaanaennszuuind1adanse i 7 100 kv uaaawzli 4.2 Taw

U =
FITEOONITFH A TR

M99 4.15 Hamanadeuniiefes NN seAULs Y 100 kV Yo IAUgINTEIAY

——— ———PmmuSE iz
) (g andn L3R udeDa HONATTOL wsadufiaioy
L A Vier (Vo) Vy(Vye) YVt 100 9%
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1 100.2 100.2 101.5 1.297%
. 2 100.1 100.1 101.4 1.298%
3 100.2 100.2 101.5 1.297%
4 100.0 100.0 100.9 0.900%
5 100.1 100.1 101.2 0.599%
6 100.0 100.0 100.7 0.700%
7 100.0 100.0 100.8 0.800%
8 100.1 100.1 101.0 0.899%
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HIAIFIUIEC 60060 - 2 IEC : 1994

3 ¥ Ed
T3 g1 IEC 60060 — 2 (1994) Tugflinen1snAdaUN s IAUgInNTEIARTY

ar a LY w T - o ﬁf Vg 3
— - uNAUgINsSsUATdULaLUIIAUBLRaT ua TumInageuiawed luaes luTassaniilaly -

AUNNTAATOLANNINTFIU IEC 60060 — 2 (1994) IRWILUIE MY Fa1nas7uNdes

Yo ciyl 1 9 ar ar Y] w g
Mialulassnuiladmingezldnageuduussiugenssuaadu awiade 5.1, 5.2, 5.3, 5.9,

Y
N ————— Y11 3_87'1f?q1"3ﬁ_"" , R -

5.1 Applicability
The test described in this clause are required for components of Measuring Systems.
However these tests are not required for transmission systems which consist only of cables nor for
instrument which meet the requirement of the relevant standard referenced in cases 2. Some of
o these tests cannot be performed (see 5.6 and 5.9) : for these cases 4.4.2. For some of the tests
described in this clause it is necessary to include the component in an appropriate Measuring
System (whose other component have been show to be linear), for example, the linearity test of
5.3.
5.2 Determination of the Scale Factor
The determination of the scale factor of a component may be made by one of the
following methods:
- simultaneous measurement of its input and output quantities,

- & bridge method,

et

- calculation base on measurement impedances.

The scale factor of a current-measuring shunt shall be measured by direct current

Values of the scale factor of the Measuring System shall be measured at the minimum

and maximum voltages (or currents) of the operating and at three approximately equally spaced

“voltage or current between these extremes. These five values shall not differ by more than 1%

from their mean value.

The reference method is by comparison with a Reference Measuring System according to

6.2 a).



~ additional described in the relevant clauses of this standard.

&0

Alternative methods are: either comparison with an Approved Measuring System, the

linearity of which has been Established by the reference method 60-2 IEC : 1994 or one of the

_. _aMeasuring System is non-linear,

Ihere additional methods are provided to allow users altematrve iests which may be

economic. However, failure to meet the requirements of these tests does not necessarily show that

In such a case either the reference method or the method of comparison with an

Approved?/leasunng System shall be used:

5.9 Withstand Tests

A converting device shall pass a dry withstand test performed with 2 voltage or current of
the required frequency or shape at a level of 110% of the Rated Measuring Voltage or Rated
Measuring current. For the procedures of withstand tests see IEC 60 - 1. Wet tests and pollution
tests, when specified, are performed as type tests. The withstand tests shall be performed at the
polarity or polarities at which the system is to be used.

Note — Design and construction of component of an Approved Measuring System should

be such that it can withstand a disruptive discharge at the test object without any change

in its characteristics.
6. Performance Tests on Measuring Systems
6.2 Determination of the Assigned Scale Factor
a) Reference method: comparison with a Reference Measuring System A Reference

Measuring System shall be connected in parallel (voltage) or in series (current) with the

Measuring System to be calibrated Simultaneous readings shall be taken on both systems; the
value of the input quantity obtained for each measurement by the Reference Measuring System is

divided by the corresponding reading of the instrument in the system under test to obtain a value

F, of its scale factor. The procedure is repeated to obtain n independent readings (n=210) and the

mean vale F_ is take as the Assigned Scale Factor of the system under test, provided that the

- experimental standard deviation s as.calculated from:. e e
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is less than 1% of F__
Notes

. _ _ __  __ L Aprounded valuc F, may taken as the Assigned Scale Factor if, introduced in place of _

F_.

m

2. For measurement of direct and alternating voltages, independent readings may be

- —— —— —.—.. —  .obtained. either by_applying the. test_voltage .taking n_readings_or_by.applying.the_test .. _._._.

voltage n times and taking a reading each time. For impulses, n impulses are applied.

8. Measurement of Alternating Voltage
8.1 Requirements for an Approved Measuring System
The general requirement is to measure the peak or the r.m.s. value of a test voltage at its
rated frequency with an overall uncertainty within +3%.
8.1.1 Stability of the converting device and the transmission system shall not vary by
more than £1% for the ranges of the ambient temperature and clearances given in the Record of
Performance. Measuring instruments shall comply with the requirements of class 0.5 of IEC 51 or

shall be tested according to this standard if a peak voltmeter is used, its uncertainty shall be within

+1%




MANUIN UV

2 d
FulsznevveslsasnageuIaan L aDs

ur

NNA 100 kKV




83

dutszneuvesinsnaasuaman lunes it 100 kv

nsoafuiialWihusagenszuaady

—ihunfeosmiiafnlas i nsaaadoiime 20 v IRSTAI R ugenssudasy

220 v - 100 kv iifelF lumsnaceamznameuluiearl fiians Tefhusege daguii .

Single phase AC voltage test transformer (PZT 100-0.1) #an lAo1/35M HAEFELY

Rated voltage 2201100 kV
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Measuring capacitor, CM (C,)

Capacitance 100 pF

Max AC vallage 100 kV

Secondary part for CM (AC), SEK AC (C,)

(C,) =68 nF
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