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ABSTRACT

The new project, high voltage capacitor, hardware
concerned object to make high voltage capacitor by our country
matrial instead of buying with high cost from the foreign country.
This high voltage capacitor consists of the plate
» - thifi: A TUMFRTEm. e X STENAL AN LEY Ers =18y +0h LRI STeth i o -papedier hnhale - .
plastic and impragnated with the liguid impragnant.
Thid project process is divide to two process. First
process is the theory analysis. Second process is produce for

high voltage capacitor.
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CAPACITORS FOR INDUSTRY, by W.C. Bloomguist, C.R. Craig,
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DESCRIPTION

Caltex Transformer Oil is a high quality clectrical
insulating oil that is specially refined and processcd
(v mects the requirements of major US clectrical
cquipmicnt manufacturcrs. Carcful processing aud
handling ensure that the oil is stable and free of
water and other contaminants, and remains {rec-of
contaminants until. it rcachies the user.

Caltex Transfonner Oil mects the Westinghoust
specification for WEMCO Oil, the General Electiic
specification for GE 10 € Oil and ASTM D 3487,
Typé L.

Caltex Transformmer Oil does not
pulych,lurin.\lcd biphenyis (PELs)

contain

APPLICATION

Caltes Transformer Qil is recommended for: Usc as
an clectrical insulating oil in applications such as
transfonmers and oil immersed switchgear where an

_oil mccting.the GE, Westinghousc, ASTM or other

compatable specification iy required by the cquip-
micul manufacturer or USCT. 1t should not, of
coursc, be used where safety considerations require
{the ke GF a wdaaiable insulating oil.
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PEREORMANCE QUALFFES -

Good  insulating properties, indicated by high

diclectric strength and low power factor (diclectric

_Joss), arc the resull. of carcful control in manufac-

qure and handling. High diclectric strenglh ensurcs
good insulation of clectrical conductots and preven-
tion of arcing between clectrodes under the voltage
curesscs encountered in noimal insulating oil sci-
rice. Low loss tangent minimizes energy loss duc 1o
the, chianging polarity of the alternaling current,

Good heat transfer andd Nuid low characteristics as
A pesult ol low, cantiuiied viscusity and low pou
o, T his assures clleanve covhing of wransforc
©oand) windings, and frecdom of movement uf

\, Circuii Lircabers, puinps, xg’,'.u\uu-rs. toad

-specifications,

LI FCTRICAL
INSULATIMG OWLS

Excellent oxidution stability minimizes develop-
ment of studge and acidity in storage and service.
Sludge and acidity can have an adverse ¢ffecton the
clectrical propertics and cooling ability of the oil,
and shorten service life.

ELECTRICAL CHARACTERISTICS

The diclectric breakdown strenpth of an insulating
material is @ measure of its resistance to clecteical
bicakdown when an clectric potential iy applicd
across it. The actual value obtained in 3 test is a
function of both the insulating ability of the
material under test, and the test conditions. LClec-
trical insulating oils arc tested by inmersing (wo
clectrodes in a sampic of the oil, then applying an
AC voltage across- the clectrodes. The voltage is
theincreased in a specificd manncr untit clectrical
Ureakdown occurs. The various tests used differ in
clectrode shiape and spacing, and rate of increasc-ol
voltage; and thus give different breakdown values
for the same oil. The important consideration

however, is that.oils mecting the minhmum diclecuri

breakdown strengih specificd in 30y of the.curren

regardless  of the test metho

specificd, have adequate insuiating, ability for a

nounal applications for which they dare recomnetn
cuk.

The diclectric strength of an insulating il is redu
cd if there is water Of solid particles in the oil. G
idation products resulting from oil Jetcrioration
service also lower the diclectric strength. AS
result, periodic checks.of the diclectric strength
an oil can bea uscful mecthod of determining if ¢
(amination or deterioration of the oil has oceur!

Any two adjacent conductots fonm capacitor,
theuretically peifect capacitor, the phase differe
between an applied AC voltage and the cunc
9" and the power dissipated is zc10. If the di
tric between the conduciors ie less than perfect
phase difference Will e less than 997 and
puwet dissipation will ocut. In order 1o keey

lose luw, it is desirable to have the diclectine 25
perfect as i praciical. For insulating oils the

fur  this that  inorepd

e

chiaracterisiic
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puwer factor, or loss tangent, cxpxcs.scd‘cixhcr

percent of as a decimal at a specificd
crature. These valucs arc determined  ex-
wientally and represent trigonumetric functions
¢ angle of phasedilfcience. With the particular
ions used, a.value of zero would represent a
hase difference and the idcal condition, so low
s are desirable,

ation and contamination of an oil can causc
r factor or loss tangent of an oil to rise, so
‘mination of this property may provide uscful
mation about a used clectrical insulating oil,
- these valuds vary with tcmperature, com-
ons must always be made at the same temper-

resistivity of an electrical insulating oil is a
sure of the resistance to DC current flow bet-
1.opposite faces of a centimeter cube of the oil.
resistivity of mineral insulating oil is naturally
but, as with loss tangent, is very sensitive to the
chees of cven minute amounts of suspended
r, {reec ions drdon-Torming materials such as
ic oxidativn products or polar contaminants.
in, mcasurcment of the resisuvity of a uscd in-
ing oil may provide uscful information as to
ther or not the oilis suitabic. 7. ..iher service.

LIMITING ELECTRICAL PROPERTIES
CALTEX TRANSFOPMER OIL

loctric Strength (Breakdown), kV

sh Electrogdas (ASTM.DB77), 30 min
’DE Electrodes (ASTM D1&TG)
1.02 mm Qap 28 min®
2.04 mm gapg 56 min*
er Factor; % .
E,LEE;!,C ) ) (o 1T 005 maxe
1100°¢C ) ) >~ 0.30 maa

i

- 5

hese limits apply only to new oil which has
n filtered, dehydraled.and deQassed: )

:
»

RVICE CONSIDERATIONS
]
sensitivity of the electrical propertics of clee-
al msul.xlmg oils to coataminants such as wates
“sohid particles makes it extremely important o
dle and store these products so‘thav the tish of
tamination is minimized. Ay a general rule, all

W %
»

shipments. of electrical insulating oils should be
tested for diclectric strength beflore being placed in
service. If the diclectric breakdown strength is low,

the vil should be reconditioned by filtration and/or
dchydration.

Drums of clectrical insulating oils should Le stored
indoors if at all possibles If drums must be stored
outside, they shout! be placed on their sides on
racks that will keep the.o clear of any ground 'water.
The bungs should be horizontal so the weight of the
oil in the drum will be against thc.bungs'lo prevent
breathing of moisture. The drums should be
covered with a waterproof cover to keeps off rain,

and 1o protect the drum markings from being
obliterated.

Llectiicab insulating oils should be checked in ser-
vice at periodic intervals to determine if- they are
suitable for continued service. Proper sampling and
inspection of the equipment are important to obiain
maxinum benefits from this checking. Information
on proper sampling techniques are contained in
ASTNM Swandard D923, 1P Standard 51, and Caliea
Technical Bulletin 90,

OTHER SPECIFICATIONS

Although not routinely tested’ for compliance, ca-
pericnce has shown that most production batches of
Caltex Transformer Oil will meet the requirement;
of the following specifications:

Canadiar Standard C50

British Standard BS. 148:1959 (non-currcit)
British Standard. BS 148:1972

IEC 296, Class |

Jreeas N

. . - AR T 4 oy RN
worAustutinin Stindard 17077 0 0 -

Japanese Indastrial Standard C2320

Where confirmation of the foregoing is desited by a

potential user, further information and lest data
can be funished on request,

TYPICAL TESTS

The physical and chemical propertics shown in the
talde are averape values based on recent produce-
ton. They are not limiting, values. Minor variations
which do not affect product perfonnance are 1o be
expected in normal manufacture.,



CALTEX TRANSFORMER OIL

rrosive Sullur, ASTM D1275 Pass
nsity, Kgllitre @ 15 0.8p4
1sh Point, COC, *C 147
rriacial Tcn.,lon
Dynesicm gy 25°C 40
idation Slabilily
ASTM D244b
Total Acid Number, mg KOHI/g 0.27
Sludpo, Mass % 0.08
Weslinghouse MTS-80171, Hours 200
yur Point, °C, —42
tal Acid Number, mp KOH/O 0.01
scosily, Kinpmalic :
cSt @ 0°C. L, 58.G .
¢St G 40°C , 8.G8
aler Conlent, ASTM D 1533, mp/ka 25

H k]
WA

INHIBITED TRANSFORMER OIL

An oaidation Jnhibited product such as Caliea
Transformer Oil (Inhibited) may be desired for
transformers <lesigned Ao operate at - clevaled

temperature or in distribution  transformers

opcrated for long periods without maintenance.
Caltex TransTormer Qil (lithibited) is an oxidation
inhibited version of Caliex Transformer Oil which

‘contiing 0:15 10 0:30 percemt by w cighi. ol the aifiis

oaidant, Addumn.ﬂ informstion and data on
Caltex Transformer-Qil (Iithibited) is available on
request.



JAPANESE INDUSTRIAL STANDARD - JIS

N Testing Methods for Electric Strength .of C 2110-1975

Solid Insulating Materials

1. Scope
e UG SAEEERT
This Japanese Industrial Standard specifies testing methods for electric

strength of solid insulating materials with commercial frequency and voltage,
ereinafter referred to as the "insulating materials".

2. Definition

For the purposes of this standard, the following definit.ion‘s shall apply.

(1) Electric Strength General term representing the ability of insulating
material to withstand an applied electric: ir_'olta'ge, including dielectric
breakdown voltage, dielectric breakdown: strength, withstand voltage,
etc.

(2) Dielectric Breakdown Voltage The minimum value of voltage (effective
value) at which breakdown occurs when voltage is applied to insulating
material under the prescribed method. The test to measure the diefectri
breakdown voltage is calied a dielectric breakdown test.

%3) Withstand Voltage  Specified voltagg which the insulating material can
withstand without breakdown, when applied for the specified period.
This test is called the withstand voltage test.

(4) Dielectric Breakdown Strength  Minimum voltage gradient obtained wher
dielectric breakdown, occurs, expressed by breakdown voltage (effective
value) of insulating material divided by the distance apart of the two

. clectrodes (thickness of test piece).

3. Classes of Tests

The classes of the tests -s_hall conform to as Ibllo_;vs.‘

{1) Dielectric Breakdown. Test

(a) Short-time Bréa_kdbvdu test
(b) . Step-by-step breakdown test.

i . » B i . .

(2) Withstand VeltagezTest o T
;\"..:.: ‘e

Applica;bfé Standards:
JIS B 7502-External Microméters .
JIS C 2320-Electrical Insulating Oil

Jis Z 8703_—-Standard Atmospheric Conditions for Testing




4, Pretreatment of Test Specimen

The pretreatment of the test specimens shall be conducted by one of the

'ollowing methods, and the period of the pretreatment‘shall be selected {rom
Table 1.

Table 1. Periods of Pretreatment

4

Hour 1 2 4 6 8 16 24 48 96

! Week 1 1 2 4\ - 8 16 - 1 - . -

{1) Treatment in Air In treatment in air, a thermo-hygrostatic box shall
be used, and the temperature and humidity shall comply, as a fule, with
the standard ,temperature—humidity conditions Group 3 (temperature
: 20 + 2°C, humidity 65 + 5 %) specified inJIS Z ‘8703.

~1(2) - Tyeatmentimmer sed-irwater - Ji treatm ent'dn-‘dmme#sed;:inﬁv&a‘kengaéa'ﬁf WIS e
Thermostatic water bath equipped with a water—circulating stirrexr shall ~
‘be used, and the test specimen shall be immersed in distilled water oT
desalted water :(purif ied with ion-exchange res‘m) kept, as a rule, at the

standard temperatureé condition Grade 2 (temperature 20 + 2°C) of
J1S Z 8703)-

5+ Testing Conditions . 3 '

The test shall be conducted, as 2 rule, in the ambient medium, same as the
medium ‘in which the insulating material is actually used. 1In case this is
difficulf, however, the te st may be conducted in an ambient medium ‘having

higher electric strength. The test shall comply with the following, when
‘conducted in air or in oil.

(1) Wnhen Conducted in Air  When conducted in air, the test shall \complj
with as.follows. \ p- r = ’
(a) In Case of Normal Condition A thermo-hygrostatic box or chamber

<hall be used, and the temperature and humidity shall comply, as a

rule, with the standard tempgrature—humidity condition Group 3 of
J1S Z 8703. ) '

(b) 1In Case of Air at High Temperature A thermostatic box shall be used,
and the temperature and humidity shall g:omply, as a rule, with Table 2.

Table 2. Temperature and Humidity Conditions for

Tests in Air at High Temperature

Tempcirat,uré oc | Reletive humidity % '| Temperature °C Rélative humidity %

50 Under 20 200 Under 20

70 Under 20 :’250 Under 20

90 Under 20_ 320 Under 20

105 Under 20 " 400 Under 20
120 Under 20 500 Under 20
130 Under 20 630- Under 20
155 Under 20 800 Under 20

L e } 4 OO Under 20
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'(2) When Conducted in Oil ~ When conducted in oil, the test shall comply with
as follows.:. .

Moreover, the oil used in this test shall be insulating oil No. 2
specified in JIS C 2320. :

(a) I1n-Case of Normal Condition The temperature of the oil shall comply,
as a rule, with Grade 2 of JI1S Z 8703. .

(b) 1n Case of Oil at High Temperature The temperature of the oil shall
comply, .as a Tule, with Table 3. For the test in oilat a high temperaturs
exceeding ‘90 °C, silicone oil shall be used as the ambient medium.

Table 3. . Temperature Conditions for Tests®
in-Oil at High Temperature

Tefspes| *550- PR By S S TR G v P I R R is5 o w
aturé - ¥2°C 3" *2°C ] +2°C 32°C [T £2°0 Ao °C YT HEZC } “+2°C "
6. Testing Apparatus 4

6.1 Transformer The transformer, combined with the voltage regulating

-equipment, Shall be capable of maintaining the crest factor (ratio of crest value

to effective value) within the range of 1.34to 1.48, in case of applying 1/2 of

the probable breakdown voltage to the test specimen and ~varying the voltage
thereabout. -

For the test sﬁ)ecimen .with small capacitance and leakage current, 2 testing
transformer, rated about 500 VA or 2 potential transformer with the rated load

~of 100 VA o;'tf;inore may be used: i = -

For the %est specimens with large ca]Sacitance or leakage current, a
transformer rated several k VA shall be used.

“The measurement of the crest factor shall’be made by the combination of
a sphere gap or a crest voltmeter and an effective value voltmeter, OT by means
of an oscillograph. In case, however, it is not easy to obtain the crest factor,
a transformer rated 2k VA or more shall be used for the test voltage below 50 kV
and one rated 5 kVA or.more for the test voltage 50 kV or more. :

6.2 Circuit Breaker . The circuit breaker shall be capable of operating
automatically and quickly in response with the dielectric breakdown of the test
specimen, so as to protect the transformer and electrodes from the current
produced by the dielectric breakdown. - o

e

6.3 Protective Resistance ‘When a protective resistance is used in series
with the test specimen in order to protect the transformer from the current or

voltage surge accompanying the dielectric breakdown of the test specimen, the
value of the resistance shall not exceed 100 k2.

6.4 Voltage Regulating Equipment The voltage regulating equipment shall
be capable of raising the voltage at nearly uniform rate(1), and a variable
ratio autotransformer or an induction regulator is used. The field regulation
of an AC generator or a resistance type potential divider may also be used.

Note (1) To obtain a uniform voltage-rajsing ratio, motor drive with
variable speed control is preferred to manual control.
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7. Electrodes and Test Specimens

7.1 Electrodes The electrodes(?) shall comply -with one of the following
pairs, as a rule, according to the test specimen.

Note (¢) The material of the slectrode shall be brass, stainless steel or
the like.

(1) .In Case of Board, ‘Sheet, Paper, Fabric or ¥ilm The upper and lower
eloctrodes shall comply with one of Fig. 1 toFig. 3, and ‘the compressive.
force between the electrodes shall be the own weight of the upper

electrode in case of Fig. 1 and approx. 500 g in case of Fig. 2-and
Fig. 3.

‘Moreover, in-caseof boards and sheets exceeding 3 mm, the test

-t ‘_'sgec;:lrpgn“ éﬁal],bgadm sted-to the thickness of 2 mm-;br;'.B*mn‘.wmf:‘—umw‘m s

Fige™ . N,
‘Unit: mm
' -$25 ’
gir;! .
EINN-TA Test specimen
0 I oo
3 £ ) R l‘i o
TZL 7777777077 L T7 7777l L LA
4 ] 3}1 EL
o
Pre)
[ d‘ )
975 7
Fig. 2 -
Unit: mm
) Sphere .
: A -

Test specimen




Unit: mm

specimen

(2) ‘Narrow Test Specimen -and Narrow Materials Such as Tapes etc.
“The electrodes shall comply ‘with ‘either Tig. 4 or Fig. 5, and the
compressive force between the electrodes shall be approX- 20g or 50

4n case of Fig. 4 and approX- 500 g in case of Fig. 5.

¥ig. 4

Unit: mm

Test specimen

Test specimen -
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(3) Flexible Tubing and Sleeving

(a) The inner electrode for the test specimen W
?5 mm or 1ess shall be, as shown in Fig. 6,
jameter of the fubing ox

‘snpugly fitting the inside-di
outer electrode shall be a band of metal foil with 2 wi
50 mm and thickness not exceeding 0.025 mm.

Fig. 6

ith an inside diameter

& straight metal rod
sleeving, and the
dth of 25 mm or

Unit: .mm

Metal foil Test specimen

b e,

> f -

. 25 or 50,4 \ \;Metal rod R

{p)’ Tubing with an-inside diameter oxceeding 25 mm shall be-cut longitudi-
electrodes as shown in Fig. 4 shall be

nally, and the inner and outer-
used. .
i

(4) Rigid Cylinder
n insid‘él-diametér 100 mm or
t metal rod snugly fitting
rode shall be
ceeding

en~with a
.a.straigh
and the outer elect
25.mm and a thickness not ex

(ay The inner electrode for the specim
~ less shall be, as:shown in Fig. Ty
“the inside diameter of the cylinder,

a band of metal foil with'a width of

0.025 mm.

Fig. 7 )
— Unit: mm

-

Metal foil Test specimen

-
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(b) ‘The inner electrode for the specimen with an inside diameter
£ exceeding 100 mm shall be, as shown in Fig. 8, a disc of metal foil
with a diameter of 38 mm and a thickness not exceeding 0.025 mm, and
the outer electrode shall be a band ofsmetal foil with a width of 75 mm
and a thickness not exceeding 0.025 mm. -

Fig. 8
Unit: mm

-Test specimen -

e o o o A et A e S =]

W

» ; Metal § oil

{c) The inner electrode Tor a 1estgspec‘imeri of heavy thickness shall be,
as shown in ¥Fig. 9, a band of metal foil witha width -of 40 .mm-and a
thickness not exceeding 0.025 mm {or mercury of. grapl;ite:) and the
outer electrode shall be a band of metal foil with:a width of 10 mm and
a thickness not exceeding 0.025 mm.

A\ S - Fige 9 -
W4 ' Unit: mm
v {4 1 Metal foil’
1 _ﬂ"‘}:';“"“":“l (outer pa.r.t)‘_
S o e '
29 s B
ol - HE l' 1 }l
L k - ¥ 1 4 4
Wl T ; -E---:\—r\—: 4
3 1
- _, . - Js A
(-Drl.gm.al N\ . L .
inside diameter - (].\/lgtal foil )
) - R -(inner part
Inside diameter |_ -

Original .
outside diameter

(5) Moulded Material and Compression Moulded Material The electrodes
shall comply with one of Fig. 1 to Fig. 3 of (1).

Moreover, the test specimens shall be adjusted to a thickness -of
: 2 mm or 3 mm.
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(6) Varnish Film The electi-odes of Fig. 1 of (1) or those shown in Fig. 10
shall be used.

Moreover, in Fig. 1, when the varnish film is coated on a metal plate,
the plate shall be taken as the lower electrode. Also, in Fig. 10, the
compressive force between the electrodes shall be approXx. 500 g.

Fig. 10
Unit: mm

25

e

Test specimen

— vE— g

\ Métal plate

7.2 Preparation of Test Specimen Both surfaces of the test specimen coming
4n contact with the electrodes shall be *pa;'allel 4o each other and finished as
smooth as possible. The specimen shall be of
flashover in test. . \

sufficient size so as 10 prevent

7.3 Adﬁustment of Electrode The electrodes shall be,mounted coaxially,

.correctly facing each other, and in case of the plane electrodes, their surfaces
shall be arranged to be parallel mutually. :

Further, the electrode surface shall be smoothly polis’hed,and free from
flaws, pittings or other defects. T ;

8. Method of Voltage Application

8.1 Short-Time Breakdown Test " In this method of test, the appliei‘l
voltage, as a rule, shall be raised from zero with uniform rate such that
breakdown occurs, On an average, in 10 to 20 seconds.

8.2 Step-by-Step Breakdown Test In this method of test, unless otherwise
specified, a voltage nearest to 40 % -of the probable sbor;—_time‘breakdown-
voltage shall be selected from Table 4, and applied to the test specimen for
‘20 seconds, 1f breakdown does not'ocCuI the voltage of the next higher and

subsequent steps in Table 4 shall be successively applied each for 20 seconds,
until breakdown will occur.

-

The voltage increase from each step to the next higher step shall be made
as quickly as possible, and the time required in raising the voltage shall be
included in the period of 20 seconds for the higher step.

The voltage of the highest step, applied for 20 seconds without breakdown,
. shall be taken as the dielectric breakdown voltage.

\
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Table 4. Step-Voltages
- (Effective value kV)

0.50 9.55 0.60.10.65|0.7010.75]0.80 | 0.35 | 0.90 | 0.95

-t

1.0 [t 102, § L3 |14 l'.S L6 |1 1.8 {19 T -

2.0“ 2.2 1.2.4 2.6. 2.8 [3.0 |3.2 |34 (36 |38 |40]42]44} 46|48

.i').O 55 ;6.m 6.5 |7.U 7.5 |80 }85 19.0 9.5

gl Bl i

e T
wlnjefnluliis|we|w|isiy I
2 i - ! !
2 | 2| 26| 2 |28 |30 |32|3%]|3% 38 | 40 | 42 | 44 ! 16 | 48
o oo Nl Tt IS an es ;)(1 i 95 fon [
LT O b L B L RUN U L . ‘
‘ 2.3 Withstand Voliage Test I this moethod of test, the voltiroe applied Shail
‘ = - " i l
bee poisced as aquickly as possible, accurately to the speciflicd voltiae, However,
co % nol to cause momentary cvoervoltage, and shall be kept at this vidtage Tor
: g 1 '

the :’pc-(':il'it-(l period.

.  Mdéthod of \ oltage Measuremoent

The measurement of the voltage _shall be conducted by the fullowing methods,

and the overall error in measurement shall not’exceed 5% - )

“ (1) In case the wave form of-the test voltage is admitted to e of approximately
Lrue Sine wave, measurements may be- made by {a) the method of conneotng
a voltmeter on the Tow 'voltage: side of the potential transformer. by (1)

. " nethod: of using-a. static voltmeter on-thé-high voltage sidc, by {a) the '
’ “method of utilizing the tertiary winding of the testing ransformes, by (d)
the methed of calculating from the voltage of the low voltage side(3Y or
’ . by {e) the method of- ysing a capacitor=type potential transformec. -
:-gpmmmm.ﬁg&ﬁ)wﬂmmﬁhe«waxe:{ommdfft:he*ms’ﬁﬁzblﬁta&ge*ﬁywmdmﬁwd&m?bé ozt i
approximatelf ture sine wave, the crest value-of the test voltage shall be
measured, and:this value divided. by 2 shall be taken as the effective

value. .

-

In case an effective value voltmeter i used, it may be corrected, in
advance 5. by the measured’ value as above.

Note (3) In the method of converting the low-voltage side voltage to high-
voltage side voltage of the testing transformer, it happens often
" that the terminal voltage on the high-voltage side is raised above
the induced voltage by the combined effect of the charging curxen
flowing to the test specimen and the leakage inductance of the
" high voltage winding. In this method, therefore, it is necessar)
to confirm, in advance, the relation between the capacitance of

the test specimen and the voltage transformation ratio.

In the method of utilizing the tertiary winding, it is also
necessary to confirm the relation between the high voitage side
valtage and tertiary voltage, due to the similar effect as above.
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10. Method of Thickness Measurement

%

The measurement of thickness shall be made with an external micrometer
having a spindle of 6.35 mm diameter specified in JIS B 7502, under the

measyring pressure of 500 + 50 gf{ 4.9 +0.49

before the breakdown test of the test specimen.

N } * at the testing position

The measurement shall be made »s follows; turn the micrometer spindle
so as to advance at the speed of approx. 0.05 mm/sec, until, after the measuring

-surface has come in contact lightly in parallel

‘with the surface of the specimen,

‘the ratchet has clicked 3 times, and then the thickness shall be read by means”

of the graduation.

The number of measurements of thickness

shall be at least equaltothe number of breakdown.

, unless otherwise specified,

Note * Inihis standard, the ;partigularé in° { } arein acgcordance.with.

2 the lntérnational :Systein Sf Units

- B i il

11. 'Number .of Tests

“The tests shall be -conducted, unless othe

(SY) nd given for Felerdnts e oniy T

rwise specified, 5 times, :and the

iean value shall ‘be obtained. In case, however, any-one of the individual test

values differs from fhe mean valuje by 15% or
conducted. ‘Here the dielectric breakdown st
of 10 test values.

12. Records
. e

more, 5 more tests shall be
rength shall be.taken as-the mean

Unless otherwise specified, the fol]owiﬁé items shall be kept recorded.

(1) Thickness of test specimen ..
O F P ~
(2) Kind -of @ambient medium used in test

(3)y Pretreatment-conditien

(4) Ambient condition -

~

(1) Test in air  Test temperature and relative humidity

‘ humidity

.

(5) - Electrode. material, dimensions, sha;ﬂe and cor'npressivg.force .
+ - - - .

(6) Diélectric breakdown voltage at-each breakdown

(7) Dielectric breakdown strength at each

(ii)- Test in oil Test temperature, and room temperature and relative

-

e e

breakdown

.

(8) Mean value of dielectric breakdown strength and measuring frequency

~

(9)* Method of voltage application

(10), Initial applied voltage in step~-by-step breakdown test

(11) Applied voltage and voliage application peribd in withstand voltage test
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. SI’E(‘H‘ICATION FOR NEW I’\‘SULATI\(‘ OILS FOR .
TRANSFORMERS AND SWITCHGEAR

_ SECTION:ONE — GENERAL -
]nlroduction v e : . 1o dnet

Auctymm et

Many countries*have specifications Tor insulating oils Tor transTormers and 3witéhgear. K

compansnn o specificd characleristics enables an internation:il Recommendation. for these oils
to beput Torward. ’

% ° -

Scope - o > ; '

o

s

4.1

42

The Tollowsny: chcommcnd:mon-.:xpphes o mincral ol used m Trnslormers and switchgear.

For the purpose of this Recommendation, oils arc classificd.intotwo types:
— uninhibited oils Teee fram anti-oxidant additives; [ .
— inhibited oils containing anti-oxidantadditives..

This Recommendation docs pat apply to synthetic diclectric liquids.

Until fusther notice, the clause en oxidation stability applies only to unirhibited ails.

Idmuﬁc:hon

Packagcs ‘md samples should bear the following information:

a) supplier's designafion; 7 . .

b) *uninhibited "o * inhibited ; il the nil contains an ddditive, its gencral nature shall be
indicated; :

¢} Grade of oil: state whether * Class ™ or *Class 1T ™.

Classcs T and 11 arc defined by the Tollowing chars wcieristics?
— \':<cpsnv ¢St at 20°C and at —15°Cor -30°C.
—  Flash point (closed cup).
— Potuc point. i

Note. — In some applications and particularly for special climatic conditinns, oily with other characteritics nay
.be used.  Such oils.may net comply with some of the clauses in this Recommendation,

Characteristics - -,
Appuarance

The oil shall be limpid and frec from suspended matler or sedimenl.

Density

Shall nat be greater than 0.595 glem® at 20 °C.

a




-

}uncmnnr viscosity

F 3N
Lo

Dcpcndmr on the class ofthe eil. the Linematic \ncmuv shall nat exceed the following limits

Class1 Classll -t
‘ d oedtm 20°C 0 2 :
- 13C | -
.omeC B R I N -l .
: o ’ z
44 - -Flash point (claxcd qup) :
Mininm fkash point shall he: .

a) 140 *CdarClassd il

)+ 130 °Clor Class 11 il X -
435 Pour ;m-im" v - - N -

Maximum-pour point shall be:

a). —30°C for Class.] ail; .

3) —as°C for Clawdloil. Q- A\ U
4:6 Neytralization value / e, % -

Shall not be more than 0.03 mig XOHH/n.
4.7 Gorra:n e stlphur
) The classification of the coppef strip muost mol e above 2.
483 Electric strength
On new untreated oil, the breakdown voltage shall be at Jeast 30 kV.
, If this value is not attawned, the oil shall be treated. - / . ]
’Aﬁ:r treatment, the hreakdown voltage shall be at least ﬁﬂ kV. .
" =

49 Diclectric a’:.rs:puuon Jacter (lan 8} t

Measured at 90°C on a dricd and filtered sumple, at a1 stress between SO0 V/mm and
1000 V/mm and 3 frequency between 40 11z and-62 Hz, the Juss hm.uu shall be 0.005 miax.

410  Oxidation siability . .

4.10.1 Uninhibited oil

After Aj.\id:\tion the ol shall nave:

— Neutralization value: 0.90 mg KO[/z maximum.

— Total sludege: 0.10% weight maximum.

— .
o |n some countrics, the tcem buss tangent is often uscd instead of Jreleeteic Sissipation Lactor,




4.10.2 Irhibited oil

A test method is under vonsideration.

411  Presence of oxidution inhihitor ) - . .

R Uninhibited oils must nol contain anti-oxidant additives. 1n the casc of inhibited insulating

-oils, the presence of the additive used can be corifirmed, see Clause 16, -
- _ - .

-

§s. ~ Sampling .
The oil should be sampled where it is presumed o be most contaminated, ¢.g. at the lowest
point of the vessl in which.it-4s contained : however, contaminants at the surface and dn the body

of the oil must not’be overlooked. : -

e e T '-"‘“—”‘Wfﬁmmg‘mnxlﬂnr%eﬁmwm,'bcmmrdingaeAﬁM«D323-65.~ o T Py gt o e Fort R

A méthod m\c»rcﬁp&iﬁ:ﬂlyhdhthﬂ'am'ncw-finsm:ning»oils’"willt’m: QeARedUCE,  fe s e re e s W AR
- © " <ECTION TWO — TEST METHODS h
General hote b N i3 - - -
For the Jetermination -of -,ph,vs'icai‘ l:"h:xr;clcris_lixs (density and viscosity), any ncogﬁndt- -
method may beused. .. - s -
In case ofdispute, the spc:iﬁc;i ASTM:imethod shall be ased. ¢ x & i

) > . - 3
For the «determination ef-other ‘characteristics, thc.‘indicnlcd 1EC and ‘ASTM _.methods,-as

mentioned in'the present Recommendation, shall be used. -

¢+

@ Appearance
A representative sample of the oil shail he examined in 2 10 cm thick layer, at ambicnt tem-

perature. . .
('D Density ) . Z ’ e
. This-shall be measured at 20 *C (or cnnvErle'g! to 20 °C) (correction: 0.000 65 g X em™?
x deg C™).. -

Any recognized method may be-used.

T - Specificd method in case of dispute: ASTM.D 941-55.

‘®

Kinematic yiscosity
Any rccognized method may be ased. v

Specified' method in case of dispute: ASTM D 445-65.

s - T~ - - -

@ Flash point (closed cup) .
Specificd method: ASTM D 93-66.

10.  Pour pdint
Specificd method: ASTM D 97-66.




11. Neutralization value

11.1  ‘Reagents . -

a) ~indicator: solution of 2 g alkali-blue 6 B in~100.mi cthanol;
b) 0.1 N aqueous HCI;

¢) 0.1 N-alcoholic KOH; o ' R

.d) toluene, pure, sulphur free;
¢) -arcotropic-ethanol (boiling point:? 8,2 *C[760 mm;-about 5%, witcr).

112 Method .

_ To 400 ml of.a mixture of 2:2 tolucne iethanol, add | .3 m! of indicator solution followed & _
one drop of 0.1 N HCI solution to censitize the-indicator. Neutralize the ahove solulion with
0.1 N KOH to a red colour compammhle with that of .2 solution of 0% cobalt nitrate,
Co(NOQ:6H:O‘(lhp:coloralioanhould persist for 15-5). ™ -

Add this solution t03 20 & 0.1 gsample of the oil to'be tested.

Satdenit cam Oa4n

PR

Titrate with 0..1‘ I‘LKOH salufion.stl 3 lemperature nol:above 25<C. o s g
The ﬁcutm}}zaﬁon vilue {NV)is calculated-from the-expression: ) o
L NLUS6L, R
A L. WY e el 4
vhe_re:. . - ’:
"n =nuniber.ol milfilitres KOH nsed-in the titmtion F3
W = normality ofthealcohalicXK 011 solution o
! : ' = weight c;l' oil, in grams - £z P
12.  Corrosive sulphut ! # )
Specificd method: ASTM D 130-65. ) :
Test duration shall be3 h,at 100 °C.
@ ‘Electric strength
Specified amethod: see 1EC Publication 156, Method for the ‘Determination vf the Elcsiric s 'é
Strength of insulating Oils. - . - "t

@ Treatment of the oil (see Sub-chause 4.8)

Purpose: To eliminate solid'pnrticlcs and water present in the 0

before test. : .
Method: The oilis brought to approximately 50 °C,4hen filtered hot under vacuum {ca. 20 torrs ®).

il, this is treated as follows
.

o - o

The Fitrate is cogled in a desiccator and used immediately to measure electric- strength
and diclectric dissipation factor. .
Note. — Filiration can be Jone equally well at ambicat temperature but under higher vacuum (3 worrs *).

PUSNEESIRSESSEE AL

o § torr = 1-mm Hg = 133322 Nim®.




14.
151

15.2

T e ot v . .
¢ " Prestnce sl oi‘?ﬁiﬁﬂﬁwmw?‘m%wrmw AT G s i ST . o
’ TR o e RTORR

v

Diclcdric-dissipnliun factor

Specified method: 1EC Publication 250, Recommended Methods for the Detérmination of the

Permittivity and Diélc.c!ric Dissipation .Factor o{ Elqdrj::\anlcrink-;t Pawcr and Radio

Frequencies including Metsec Wavclcngths. )
Treatmeat of ail: .gcc‘Chusc 13. " e -
Oxidation stability S
Uninhibited-oil : ' - .~

. ]

Specificd method: TEC Publication 74, Mclhod for -Asscssing the-Oxidation. Stability of

3nsulating Oils..

Inkibited oil .
Specified mclhoé: under consideration.

Any approved analyfical technique fugy-be used cither to establish the absence of inhibitor

16.1

* 162

16.3

16.3.1

or to copfirm jtspresence and nature. . N .
“The method must be specific for the lype of-iitihitor vsed and have s'qﬂiéicm sensitivity. .
The objects STTESE delerminations e = - .

1) to check thatthe m';ncrn_l nil,presumc‘d-uninh‘xbilcd,docs not-contain anti-oxidation additives;

- .

2) to confirm the prescnce and nature: of the anti-oxidan{ ~dditive in inhibited oils.

., The Tollowing yéléﬁmttric pr&Cdur?; Jhave ‘been found (o apply 10 most 1ypes of pheno!

and amine-inhibitors. -

pew e -

Procedure A

Reagents (all reagentsito be ofanaly(iéa\ quality)

— Glacial acetic acid.

— Ammonia, aqueous solution, sbout 50% (mfni.mum 25%) -

2. Ethandl,'95%, pure. 5 . ) 31
— Alcoholic solution 5% phosphomolybt!'xc acid. -
Test method ‘ '

“To detect phenol 1ype inhibitor

Pour 2 ml ethanaol into test tube. =

Add 2 m! of 1zst ol and shake-the mixture avell (30 $). - . s
n and shake (30 ). & -

Add t mlof alcoholic phosphomolybdic acid solutio

- Add 1 ml ammonia, shake and allow 1o scitle until phases scparate,

1f phenot inhibitor is present there will be a blue or blue-purpic colaration.




[

1632 To detect avitine type inhibitor

-

Pour 2-ml glacial acctic acid inlo test tube.
nd shake the mixture well (30 s). ;
ic :‘lcid salufion, shakc and allow to sc_lllc.\
blue or bluc-grtc'n cnlnmli(;n.

.be an.intenst
\d Y

LAdd 2 m!of test oila
Add 1'ml of alcohalic phosphomolybd

If amine inhibitor ds present, there will

ing the above proccdurci witha

164  Blank test
] It is.strongly recommended_that a blank test be done us
. known pure mineral oil. . .
“Thedesto detect phendltype jnhibitor will producc.a slight blue tinge. ’ by
Thetest to detectamine typeinliibitor will produceapdle green cdlaration. e e Y LR RITOLE 4
- / A % W
3 . . . g
H -
t S
Y

1
Al gl




APPENDIX

INTERFACIAL TENSION

v?

=

- 9. -Charscteristic .
It may be determined il

. Interfacial tension is not required in the present Recommendation.
specially requested. . )
qension-of Ahe 6il, sncasured at .25 °C, .should be” grealer-than

~

“In such-a case, 'the Anterfacial
40 x J0> Nm~%

»
2 Test g . : & . .
§\ny' recégnizcd.mc(hod may be used. : o
- Specified dicthod in.case of disputc: ASTM D 971-50. ' ‘ R
> 2
—
i - VA g = o
AN o X7
. 1 ’;{“ ’-:i‘




. AMENDMENIS TO.1 EC I'UBLICATION 296

. -

. 'SI’EQIFICAT]ON FOR NEW INSULATING OILS FORTRANSFORMERS AND SWITCHGEAR *

(First.edition ~~1969) ' ) =

“PageN . L. .
iClause 7. Dediity=#- = - = o o P S e e

Replace she ex?}ﬁgwgﬂcuxc by 1h‘efo'ﬂowi}1i:‘

7. .Desdlly - _ . Z xS - ‘

“This shall be measurcd 1 20°C {orconverted 10 20°C by the correction factor 0.00065 § cnv? deg™).
Any-recognized 1cst ancthod may be-used. :

Jn-case of-dispute the density shall be determinéd by meanssof hydrometers complying awith 150
Recommendation R 619 accon!ing_‘lo,thdollowing provedure. | ¥ :

<Notg. ~-"1lydromciers of the serivs 130 3rc preferable.

1.

—

Test procedure. - £ .

Adjust the temperature of the samiple s0 that it is wifhin 15°C 10 27°C.

5
Transfer the sample 10 a clean cylinder made of glass or clcar plastic having-an inside diameter of
atieast 2.5 cm greater than the outside Jiameter of the hydrometer and a height so that “““when'the:

hydrometer floats in the sample — the distance between. the bottom of the hydromcter.and, the
bottosn of the cylinder is at least 2.5cm. :

Remove any air bubbles on the susface of the sample by touching them wiih clean filter'paper.-

Place the cylindc:containing'lhc sample in @ vertical positionina locatign free from air current, The
temperature of the sample should nataary appreciably during thetime hocessary to-complete thetest.

Insert the hydrometes gently into the sample. Avoid wetling the stem above the level-'which Will be
immersed in thé liquid. - . .

fusert a thermometer and continuously stir the sample until a steady reading is obtained. Read and
note temperature to the nearest 0.2 *C znd then remove the therinometer. :

Depress the hydrometer abouf two scale divisions into the liquid and then release it, imparting 3
slight spin to assist in teaching a rost pusition.

p ! .-.17'?‘,




Y TICTE T IO

nearest 0.0005 glem’ density, (he point on tiw scale at which the susface of the liguid cuts the e,

Dcterminc this point by placing the eves shghtly below.the surface of the liquid and slowly raising
- them until the surfacc apprars asa straipht fine cutting the hydromeler scale. .

.

. . - . . >
Fmmediately after _rccoldmg"lhc hydrometer Teading, notc again the temperature ol the sample.

~  Repeat the density Bdetermination if the lempirature has varicd more than 0.57C. .
Apply.any rclevant correction to the hydromcter reading and convert it 10 20°C. T3
- . , o al
) SECTION TWO — DETERMINATION OF CORROSiVE SULPHUR
Page 9 : . . . T -_.. -
. ;Sul)-clau:t‘{;7—-Corrasimf:u1p7mr > wore - e T e el e enp o e
.Replare the existing sub-clausc by the Jollawing: o~ g . ’ . .
43 ’C"orroﬁrt!:aiiplulr. - 5 | . / 3 ) o
"~ “The oil sh;{“ e *‘non-corrasive - 77/ = - s ) ) W
. = o
Page 13 - = .
Clause 32. Corrosive sulphur N
Replace the first fine by the - following: B! ’
Specificd methodz ASTM D 1275-67. ‘ T )

Y
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METHOD FOR THE DETERMINATION OF THE
ELECIRIC STRENGTH OF JNSULATING OfLS

S .

»], Introduction ¢ - o .

Electric strength & not 3 eriterion of insulating il manufacturing guality. but a conventional test
_intended to ceveal-the extznt of physical pollutivn™y #31e7 and ather suspended mattet. and the advi-
s:Bil_igy of carrving out dr¥ing and Gltration treatment hetore the ails are introvuced into the apparatus
for which thcy are intended. ;

d

- The measured value of- the electricstrength depends essentidlly on the appamitus and proc:dhrt aused.

st e xS RRoue ;iii"-”ii?iﬁ"ﬁﬂé&i‘tééeﬁ%"ﬁﬁl sproblemaconcerning Ahesusgessorent NI’F‘,EE!Q&&S!‘S?QE‘ Py e e -
F4 ¥+ ameforaew o‘ﬁs’:md!c‘dmi\s::b“dwscduﬁts, Trwherd ;E'c#‘}(h:@;hincn.tho&ﬁfq%g:gé%@}}&ﬂ"?zgﬂt"AT* g mw s

{or the purpose .of international transactions in new .ils intended \'orp:{carox:chnicnl,usd. sr3nsacNONS
4n -which 2 ‘common denominatar is Jesired- £ach Nationai Comimitiez ©3n «andardize. in its awa

country, - special dificrent anethod ot e contral v used oils. - . - =
— ;ﬂ;evm&ﬁbcd‘bﬂowf.oiﬁmsan4qb§wmwmﬂ~¢unﬂinswiﬁw apparatus. "o 30

A, electric ficld with a-com'muous!}'jncrcns‘mg —a2¢ viaaltage sise. Gl the oil-reaks down.

AT

2. Gegerad
i Thé st is.in prirciple. the-same Sor.all-classes of ail {for transiormess. Jor-oil-filled cables. for -
dreurt-hreakess, Yor tapacitors), ‘whether new or used: It 15 mdinly imenied For the acceprance of new
oils at the time oftheir defivery; its application i restncted o vils having & ‘iscosity -ofmot Smore thun
50 centistokes at 20°C. ! .

3. Smerpling ) . -

As the electric streagth i esceptionally sensitive to the shightest contamination of the samgie. the
ymportance of carcful sampling, 4vith special reference 10 possible abscrption of sumidity, cannat be
i00 slmng.ly-emphzsizcd. Samples of insulating ol Tor élccuic_strcnglh tests are only Yrawn Dvar aunder
‘the immediate supervision of persons of judgement. skill and expericace 10 Ine +andling of insulating oils. -,
The oil is sampled at the place where it is considered 1o be must polivted. lor. example. at the lowest
point-ui the seceptacie holding it

Coadition of the oil . 5 I .

The 1est is carried out on the oil as-received. avithout drving of degassing.

5. Tost cell
The vell, made of giass or plastic, is transparent. with an ciféctive volume belwc:n‘}OO and 00 mi.
it is preferably closcd. -~

Two types of ccll are lustrated, “see Figures | and-2 page 3.




6. Elecctrodes
The copper. brass. bronze or tamiess steel polished-électrodes are ather spherwaal (122 mm v .
15.0. mm diamerer) as given in Figure 1 or spherical surfaced of the shape and dimensions given :n
Figyre 2. 2 The clecirodes arc mounted on 3’ horizontal axis and arc 1.5 mm apart. : ..
The gap between them s $€1.10 AN 3CCUACY uf = 1.1 mm by mecans of thickness gauges. The ams
of -the <lectrodes is immersed to 3 depth of arnmxlmat:lvﬁc mm.
E}ccxfpdcs are replaced 35 soqn..xs pitting caused by discharges ts observed.
. . !

7 Preparation of the cell ) - -

Whes 3t 15-not<in use. itis recommended 20 store the upparams full of dry-oil .ina clean dry place.

pro(ccxed l‘(om dost. T SR

If #°has not been nsed for some fimé, i xsﬂhoroughly cleaned : the’ ‘eleetrodes :rc remuved, vleaned
and-finally-rinsed with Jry d:an new oil, chlacemcm -ofahe clectrodes ws-carried ou(«-mlrxhr —sreatest . T

sare. avo:dmg all dm:ct

h"lheﬁnncrsﬁ, S, Eop TeSE e 3 Ll GTF

‘_,..‘s B L e -

{mmrdmxr.lv belore nsc. 1h: .::tl is- clcancd by rinsing with ‘the test it ‘(scvml‘umcs. il pussible)
helore proc:cq_mg 1o xhe”. ﬁnal'hllm: wunder the -ondmons uud <Jown in Clause 7. --

3. Prtp:r:mon nf,xh;' mplq”‘

’x’ f

. free xrom Sust. B s ,.* ; = e A'. AN "“ -, § e - e &L, <,— el

*The “?(mnmmm*mﬂmmmmmman
10 «gnsire-as far as possiblc a“homogentous dxsmbunun vol' he ‘impuritics .-ont:lmcﬁ in 'h: oil"without | .
:ausmz ahe .formation of air :bubbics. ) e Yo d \ = ks X %

" Jmmediatcly after ﬁns. ahe sample is poured Jowh ‘mio’ theaest eell, ~Iowlyrmmdcr 20 avoud air’
hu’hhlcs sorming (e.:. by m::ms oT-n cl:nn. d'r\' z'l:m fmd) ‘Th: opmuon is cnrmd outin adn';‘hcc -

> B o - k. 1 s-3 B -

Th: ) 1cmp:ramrt gt 1he time ~ol xhc Aest -ﬂhnll be ihc»sarnc as that of the :rﬁbccm air. preterabiy - ’
wn the aciphhourheod of ZD'C (15 10 25°C)."3nd noted.

2 Test method i

The :cst consists o applying to the electrodes an increasing a.c. voitage of frequency 30 1o 62 Hz .
n"s) she e of incréase of the voltage being Tegular :md tqual'xo 2 les. stamng from 2010 up 10 the
value prouucmg breakdown. L s -3 -

t

“The uircuit is opcn:d manually ifa lnnsvcnhspark I:udxhlc-nfwlsa'blc) occurs between lb: élccrrodes .
or automatically if an established arc-occurs. 5

Io the l:mcr cse the automatic switch shall br:\k the voltage within 0.02 5.

The breakdown voltage is ‘lh:'vohagc reached during the test at lhu_nmuhé first spark occurs hcxivcm}
cléctrodes. whether it be -transient or established.r ) .. T N

The test shall ‘be carried out ‘six um:s on the same ccll filling.. -

- Thefirst :lppbc:xuon of thcvoltage is  made as quicklyas possible aftér the celt hasbeen filled. prov 1ded
there are no longer any air bubbles'in the oil. and at the Jatest ten minutes afier flling. After each break-
dqwn. the oil is gzntly stirred briween the clectrodes by means of 3 clean. dry glass rod, avording as far
as possible the vroducuon ol air bubbles.” For the ﬁvc subsequent tests. the voltage is tt-lpp\l:d one,
minute aftch the disappearance of any air- bubbles that mmay have been formed: If the obscrvation of
the disappearance of air bubbles is not possiblc. itis necTssary Lo wait Své minutes beforea new breskdown
test is started. - ’

The electric strength s the arithmetic mean of the six sesults whn:h have been obuined.
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. by :nautom:nc control device. I

Electrical apparatus

The characieristics of the clcctrical apparans’ -shali comply with the following requircments:

*

101 Transformks
The test voltage may be obtained by using 3 step-uptransformer supplicd from 3an a.c. (40" to .
62 Hz Acls)) jow-voltage souvsce. “The "primary voltage is -tadmllv increased, cither manually or

> - E © ¥

R ,

“The voltage applicd 1o the clectrodes cf the oil-tilled cell has an approum:uclv sinusoidal -wave- -
form. such that the peak factor s wnhm the -following iimns: 1.34 fie. \"-— 0y and 1.48

. (l Coryf s - 5/.) .
N Theurﬁns(omct aind “dssociated equxpmtm ares Jcrugncd 10 *produ\.: a. mlmmum shon-urcun LT
currenlof"ﬂm‘l\ c’or volugcs hxzh:r-ﬂmn’lﬁ‘i e - T e st

e

Srcd om S0 ast prevent hxgb&: :m:ymcmzuons as far as'posstblc i

3 R . =
B »~ -

T ;prolecl *ihe zqmpmcm and
qwn a2 r:sxsunc:*inmtmg ’th:“brc:kdown :u

w” -t

[ ST

1 m:y tb: _mscned an “reties- wuh‘::he nzsx cel

tp :xvoxd d:cohposmon a\‘ 4hc .vil 3t -tbg instant ol’ ‘br:ak~ . .

*

[

- - Ve 2 n-.«..,

£

T 'The*pnmzy cm:tm ol ?xh: ngh-voltage annsfom:r 35 fued-ith 2 ﬂrcuu’brc:kcr :ypcralcd C e

wing Tollowing xh:‘brcakdown oﬁhc sampl:. nnd-wnl\a délay not more “than 0.02 8

by the current fio
“Thecircuit @rql:r s mmg -ngth a no-voltage n:lasm.o’l:w pmucl t:the rqmpm:'u. L R

ol oS,

¥

.:) \':m:bic-nuo :mto trznsl'ormer. RAAA 3 4
b) Resistance type, voltage divider: Yo 1 A
cl Geoerator-ficld Tegulations 1 e~ N
o) Induction ng\'nztor. e |4 "

Yreicrence is given.to am rautomatic. syst:m Tor mcr::zsmu the vohzgc. because 4TS difficult fo¥
Fate ol’:volusc ise 352 “fimction of time. y 4 .

~obtain smanvally:3 rcasonnbly -umform

-
5

104 Meanurement of et volragz !
" For 1he purpose of this docum:nt. the ngniiude of the test voltage is defined as its peak value

divided by v2- 8 o
This voltagesnay: .be mmeasured by means o!'a pcak-voltmzl:r or by mesns-of another’type of
esting transtorsher, oF 10 3 special winding )

voltmeier conneeted to the input or output side of thet
_provided dhercons the instrument then used must be calibrated ag:mst a sph:re-gnp up to the full
* voltage which it .is -desired- 10 ‘measure, R

The ratio of the vollage dcnv:d from the sphere-g2p 10 the voltage, indicated on the avxiliary
mstlum:m may be dcpcndcm upnn the presence of “the test cell of of the sphere-gap and itis important

1hat the test cell (of an equivalent load) should be in the circuit during the calibration.

The sphere-gap m2Y be disconnected durin
.aeghglblc influcnee on the voltage ratio.

g the acnsal test il its presence is known 10 have 2 °

11. Resuits

The nporl-shows.cxpr:sscd in kilovolts, the breakdowa voltages obt
pave been carritd ovl and the average of the results.
The report shall mention the type of electrodes used, the frequency of the test voltage and the

2il temperature.

gined during all the lats which






