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Abstract. '

Nowsaday,Liguid insulators have been in are in
‘electric tranéfo?mers-in order to prevent discharge and
heat ventilator in transformers. Therefore, in applying
liquid insulators, we ﬁusb study the meterial of
insulator before putting into use. In studying liquid
jnsulators, we must draw our attention to the cause which
will effect the breakdown. In order to be able to specify
the sorts of insulators to be used in suitable application
and causes which will result +to the breskdown pressure
as follows:Gap,distance,Purity of liquid,Temperatur
s Pressure etc.

In experiméntal research in this subject, the
property of liquid insulators, by testing wunder +the
condition off inconstant electric feild. Sharps electrodes
of sharp points and plane electrodes made from brass and
mercury. The test consists of two stages. The firsé one
is to employ negative needle, +the second stage with
positive needle. This is to find quantity of insulator -

oil under this condition.
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Scale

Volt = 10 mV.

.gwlv.r*rprvrg £

% ‘»“k%&&g‘.ﬁ.&m :

Time/Div. = 0.5 msec.

:ﬂﬁ 4.3, nsiinlalsuigovinduviioudas Asvaruny 2 m.m.

o £ ¥ =
LuaataﬂTmiﬂﬂaWﬂuwRNLﬁuuvau( NoYi¥%any - ison )

V{ = 14 KV.
Scale

Volt = 5 mV.

aniEne = | oaec: ;-;g—--——-i
—l-ﬂﬁﬂ----

3 ’ > : Y :
zﬂﬁ 4.4, pasihalalsineosundunisulas Nsreruny 2 m.m.

s

[~} c
lNODlﬂﬂTﬂTﬂﬂﬂﬁﬂu“ﬂNlﬁ“ﬂﬁﬂ?ﬂ( no99inany - Uson )



- 99 -

mn 5

- —— e e = i - =

aﬁﬂnﬂshﬁade“‘“
& o & vl o
awanwsﬂﬂaaunquuﬂnwwuuﬁavLuuaﬁiwﬂcsvﬂsunﬂnﬂw

v ¥ o
A TrEEUMININAL L DA

' v ' a [
vt ladnniwsrannaunudianlasatan
é -t ° ' o € o o Y : '
Usangnasataiziaean flwlddus sfut ysan il Ind i Ae siuluus
1 o 1] 1 =1 4
avsvavunt war lutleniTnaasdaniaronnidlaiuiuey  1AeanTty
v ° v o by 1 o
§NWﬂﬁquaﬁﬂﬁﬂ§0ﬂﬁqﬁ1ﬂwauTOﬂulUiﬂﬂﬁ?uuﬂﬂwﬂwaﬂﬂuﬁﬂ war @10
% oot o M vw &
nsnaaovat ldwansenufdisons sdutusaniaulas oil
L. ( g o f= ] -1 t .OJ o [ d
uﬁeﬂutu7ﬂﬂ11uﬂaouﬁuuwﬁavuﬂw§enawquuﬂuuwuauﬂao LMY Liin
[ 3 .0’ LY 5 ) o o (X LY
uﬂqnnTﬂﬁoaiﬁowaoTNtaqaﬂaquﬂuunoaao1uLuuaunu A1TUSURD 9
‘OJ “ o o v ] i 1 1]
unuuuﬁuuuaTuuquTuﬁvunaquaonﬁsnﬂaao WAL anadlutaevingnuo
! ' ¥ v v K v oo v v ow v
nTNaane Zearansanindundowta s i nsiuus Tiunas i udaAoud-
o | v
A uRL ARR9 LuAIINIEY
N
o e o I4
uﬁ'mutmﬂmdunLnﬂmnﬂmmmaumau ( Negative needle ) v
o + L ( a‘ U - -
Sdngendus siiui wsenadiiosanilangunantavon - ( Positive
needle ) twswswaﬂaoﬂivqﬁﬂomﬁuﬁ1ﬁnéﬁa1§1uunﬁ 2.
o o & v a 4
annmugﬂnioﬂaqanaﬂTniﬂuuuQﬂ—wu7vu1unv?uﬂﬁﬁuﬂse%nﬁuﬂntm07
o 1 o o W ( g
au1u1uﬁw§e Lnﬂﬂssqﬁﬁoiﬁewauwanﬂqﬁuseﬂutusﬂﬂﬁaugcﬂunﬁﬁﬁau
UTISUAY LAY IRRINTHUDULT IAULIN
) 3} ) I 4
SnuuroedianinTafildinTruivindaadsonaslinun 2 mom. 22K
' o Coa 1 ' L v & do o o
AuT siut usann AN Lo infunnaT sfifiint Tnaas shisearuniuiley

ﬂ' . e ( ] g o )
LWTIIENRLUDINIINNNITLANL UTAANIUUAIL AT eﬂ‘:amuﬂuzgamw AN

(- a’ a:o o [- | 0d LY (
maaﬂm‘lﬁwunmﬂiammw l~‘$ﬂﬂ8§‘ll Ldaol ﬁuwam‘l'&'u‘s IOULUTARTIIUAY



- 100 -

v

o -1 ﬁ - & o ¢ & ° v
N uﬂnﬂqﬁwuiquWUl uﬂaﬂL“RaﬁluauﬂﬂfLUTﬂﬂqquunaUﬂ70Q8nqq“

& @ o 1t & o vd " o 4
Wu’ﬂquﬂaﬁl“ﬂaUuﬂqiaﬂn7OUQﬁﬂqqﬁwu1NiTﬂU ar  nITiuTany

2 o :

5' 1 o r-"2x-) [~ ) D;'O ] 1 a o © ]
asedoliar i ARgufisiuni e L fuudar L Anfirunt e Tauuiaf efin Tha

o (v o o -1
uﬁoﬂulUiﬂﬂﬁﬁu1uﬂﬂﬂLﬁuauﬂuwuisuﬂuLﬂﬁ?ﬂﬂian.



LONA1TONND
1. S.Kim ,M. Terauchi,K. Yochino and Y. Isuishi,"
‘Conditioning Effect of Dielectric Breskdown in
Liguid Helium " , Janpanese Journal of Appl.

Phys, Vol. 22 No. 6, June 1883

v ¢ g awu a
Ze NTNW LAY LAY UNAY NOBUAUANT - ¢ ANTANEINATD

o

w0y
q
¥ dov v 1 ¥ a
autuiifinous aiutysaaadluindiniis . naTdTesnin
o v & o -
n155aanssa i asen 10 , 2530
3. ae¥nd wgide uay GfAd nowaduan ¢ useRuLEIARNIY
| 4 ]
nseuanT srosuduit angldauanludnginiane o nngdse-
b : v o
fudginaTianssulih aseh 11, 2531 .
'4 o
4. 7.8.0.9. &19508 Fedavoan : Saanssnliihusege o avA

Fe3aansTnlwdin AuedAInsTNAans IRINTANRIINGNAY



- . _— e - PR - —— - .. - -

finnssuldsenia

o 1 ( o ( tJ' i o
Lﬂaumamauqmnﬁu01Q13ﬂ WITNH qmlgﬂ NI LRAD Uy

ae

v o o o a un & ['e o a
Tkdunedmiedsanis  uar UHER FIuMruDI9NTENNAUNITEANG
Yseamivinag 1R

P I's
FM5au VT TUEUIN
o ¢ '
vSuTe 37908
| U

20 / 08 s -33



- 103 -~

&z ’ A v o o v - = Y ' ) v 5% v
nansiiluenansianulidmiumsldnuienis@nwintu leugelvilldussloviaunism

Laidnsdilaensdu Snviwvnuiilvidaudadiion wazdesdnededadivaaenalsynasandnisluly



- 104 -
h T aneduwan no
naInadauhag WuTegaumnTsuaTiney IEEE

( Tests with Direct Voltage )

2.1 Fan e untanadauiing Wihusedwuunseuda g

( Requirements of direct voltage tests )
Yanwenasedunaday (Requirements of the test voltage)udv
- 4 far - : 1 .
mmmtamﬁ]mﬂﬁuﬂ’aﬁqmdauwﬁmLf}uu's\:awmun-szuam‘wﬁﬁm ripple factor
¢ - (Y] a4 o 4 ] [ 7]
Lhiu 5 % a0t Sussiniai wiea nara TN LN TNaRaUR WRINULALILAEN
o 4 L

T I ¢ ['4 -~y [ h
a'ms:mm'uuammmqllmfumaau'l\nﬂ'smdamm'x uduaRann ripple factor

JIJ o ar -4 o~ Vv o o
2.2 1B anRaInIN1Iae, F\'}"lilat’zlﬂﬂ(ﬂ‘l\%ﬂ'ﬁ')ﬂ Har AN MEANBNITELURITIA

( Quantities to be measured, Accuracies required and
Requirement, of the measuing systems )
SN\ ¢ o
U%uwmnﬁaﬁnwnﬂ11m1un11naaauﬁqn1wﬁﬂu1o§enssuam1qﬂ1znauﬁdu
L] J .,
- @1ladgnawIviunadaly ( mean value of the test voltage )
Feavdiptiawana Lithin 3 %
- pua peak-to-peak voltage Feachinuana Wit 10 % BaIMw®
ripple 339 niabitiiu 1 % 72 L ARBRIUL TIAUNATL
ot v X e o da B
g8t azmnaamﬁmsnuagnmzuunmdau Tag lumpulRAaIIEBUNS
ar » 3 «f ] lﬁ -
'wr-waaauam«m\n'mamaaoma“l 1agITuung
] r's (] 1) ) 1 ]
1) ma'tnam!ﬁ1na-xuasdwmﬂﬂe'maaNgﬂﬂﬂxmmmmna'n aldina
{ < ] far 3 Y £
uvaLaad ( Scale factors ) waITxULAD muummmmgmiﬂﬂgcmmmmmgw
- " : 7 ' P . s o i
nzhu‘lﬁlﬁauﬂm'lﬁnﬂuﬁaﬁmgn‘ﬁﬂau‘lﬁm‘:mm Tasauvniaatinatihidasian

: J
wiadanda et futzemaenawidh 1§



- 105 -

2) auuiin17RABUAUAIIANIBUNC Response ccharacteristics ) e

- o .- - - - -

z ar -~ ar ‘ ’ - ..— ;. ) a i
Tufurliana W IsmIanszuaNIen NI I0
- -~ I'v - v s ' " e
3) ammanmmqm«nmmamnauuﬂlmmuasmawuummana‘um‘lmf\mq
Y] -3 o‘l < é -~ ' . “ o o o
1iAgNIzad ua’mimgnmmu (grounded) magﬂ energized WiANQAW
' 1¢5 Y H o o v t < PV | . &
nwua’mgeqagnmu nm-:suummmsmaeucuanmwwﬂaamams{a (minimum
- (v} af s
clearance) nmmqmemmma
’ ° a da‘ Y bt
4) WATRITUIGUATE NI TIINUT AW TIAULAENTEY N Bunseunsauiiv
a’mqsum%t’aumm‘hﬂ'nmamuasmwuﬁﬂﬂ‘mum?nm’h’iﬁqmdau ( surface
. - 1 . Ju
contamination ) aavpﬂuuﬁmm‘l&'nmww
- . J ’ (Y3 -«
5) mwzﬁmmna«suumma‘lunnm\num'\n-xsuﬁuazuwmﬂnwgez{a
wanamy lumiEfinn1Iaane Performance tests ot eyanebaca Ll
1) BRTIR NIRRT TR (Voltage ratio of the
o by @ 1 oo (4‘1 o Y . .
voltage divider ) WiBAIDNWIAUTN i’nm‘mﬂmj\!(ngh—Volt,age measuring
impedance ) Tedipefiauwata bivhu 1 %
[ 4 ar L] v (Y] 4 Y] )
m mmsuﬁngnﬁﬁaamumwamwmm’mﬁui‘amuﬂusmuzjeﬁm‘bn’ina
A7 0.05 Naawemd
o o J"l YL o o 4
Q) szfuummmauﬁuaomwnnmwmm ¥lea 9o ripple ILABON
[y 1.0 -l "l o ‘l 4 1 » =)
Howshdndnwalutie 10 % dwiun [Hewiauisiuarmngasm

o . o J .
(fundamental frequency ) mBWTIAU ripple JUATENNNNAIMNR § 1M

<
na em'mnga;{m

2.3 puamnnTluntTnedal (Test procedures)
2.3.1 nanedpua9TesEiy (Rated withstand voltege tests)
L] ar ] ] - Q‘ 4 :
nwm'lc'ﬂmﬂmuwmmqﬂmrﬁmdnu Tonawsodut T sntilauseiia ol

? '3 4 +1e (Y] ar 4
ardritaanae binn Bidaussduiiu  (overvoltage) HuLUBWIINNTT

. - [ 4 8 9 o g J L]
switching transients mevm}nﬁodaaﬂ}imuwaunuas"w‘n"mnummn'[ﬁ



- 106 -

L] l'u 1 : ar 4 3
ATnaUATIR What e L Baan e nns  uanTiiaTeeuat el iee Livin
dJ : - o - ° A
Tﬁnqwutﬂ?aanaqqﬂn1mnaaanﬁssa1u1¢aunaﬁauu1uLnunoﬂuawtﬂu 39 lnsrng
H o . P y { - < o B [
URMMTIULAY 70 % nacuiqmu@mﬁwaﬁﬂ1znﬂm1ﬁasuuuLunu1qaunuﬁqaam1ﬂ 2%
(- .. | [v] [Y) u;‘}’ t Y of ar a
TR TIRTaURa U UasseinysedunTedutiu Ulvesnu 11rn1nﬂqﬁqnadau
Y v Y ) 1 - 4 N R X ]
Ao mseim s edndin 18 las i Ran1saar 9wy disruptive tufiudaed
o 8, y
daqnﬂdauuuuﬂunﬂ1nmdauﬂqq1sasﬁu
- ' . o 0
2.3.2 ANTINAFALMISTUART AT disruptive miuuau
( Assured disruptive discharge voltage tests )
’ [v] '3 . - J “b’
L rnadeud T seuREE YU disruptive MiAatiuady  Tasmuu
P Pr] o 4 ‘o « -’ o
A nadauh Ly fgaiunInaAI19TesE L AN LWL TIFUIUNTEN L ARNIT
¢ . ) ¥ do < o o P
fer 1y disruptive Mulidanaday fiae 1o a9t i Aentsaar ¥ auwm
. D 7 &
disruptive miuuauaABINTT

2.4 HamiTseSaasianam i feanmauais Wninadau

(Precautions and possible source of error )
d' o t ] t 74 ar
1)luanwn11nmﬁauaoﬂﬂ1ﬂum1un1u§qq1aaTﬂu1@ﬂunvzuﬂa1en11is1s
L [ ¥ A
Selanawarta i tawramnszud 1 1947 nIinTzualaina (leakage currrents)
da 4 y o 2 g o
MieadautmtiauntidnlsamIatule - dviilunanaansIerrT1Ed 1 fia lnsannan
J 4. .
st uazﬁomﬁw1¢ut?&un§mtnwnastﬁu1ﬂ1ﬁ
4 - :
2) ﬁaﬁmwawaqunﬂ1naaaua1wauﬁuatuaanwawnqmauﬁanaﬂmoﬁwunwu T
-~ -f 1 (Y] o -~ /v «4 - 4 4 4 L] o
unqvuﬂﬁwﬂwawm1ﬂu1qnssauu10mun1aqmuqunmaﬂugeq WInLHawIIINLATENEN
1ﬂﬁatﬁaﬁnssua§eq1nad1u
3) dm¥u Generating voltmeter unr Electrostatic voltmeter-
- . o 4 N . \
fiuanraeiiaauevateit s w3nnis distortion masduw bl lyTuenne
re

- 5 ! X Py g
u?a1ﬂﬂﬁuﬁquﬁﬁnaoqmqau1u %eavﬁdwtﬁunum1uﬂ1331uﬁwdﬁaanLﬁanu



107 -

aAERuIn Ao

[T, PN, - e e

CALTEX

PRODUCT BULLETIN

TRANSFORMER OIL

DESCRIPTION

Caltex Transformer Oil is a high quality clectrical
insulating cil that is specially refined and processed
to meet the requircments of major US electrical
equipment snanufacturers. Careful processing and
handling cnsurc that the oil is stable and free of
water and other contaminants, and remains frec of
contaminants until it reachces the user,

Caltex Transformer Oil meets the Westinghouse
sspecification for WEMCO Oil, the General Electric
specification for GE 10 C Oil and ASTM D 3487,
Type L.

Caltex Transformer Qil does nct contain
polychlorinated biphenyls (PCBs)

APPLICATION

Caltex Transformer Oil is recommended for usc as
an clectrical insulating oil in applications such as
transformers and oil immersed switchgear wherc an
oil mecting the GE, Westinghouse, ASTM or other
comparable specification is required by the equip-
ment manufacturer or user. It should not, of
course, be used where safcty considerations require
the use of a nonflammable insulating oil.

PERFORMANCE QUALITIES

Good insulating properties, indicated by high
diclectric strength and low power factor (diclectric
loss), are the result of carcful control.in manufac-
ture and handling. High diclectric strength cnsures
good insulation of clectrical conductors and preven-
tion of arcing between electrodes under the voliage
stresses cncountered in normal insulating oil ser-
vice. Low loss tangent minimizes encrgy loss duc to
the changing polarity of thc alternating current.

Good heat transfer and MNuid flow characteristics as
a result of low, controlled viscosity and low pour
point. This assures cffective cooling of transformer
cores and windings, and frcedom of movemcent of
switches, circuit breakers, pumnps, regulators, load
tap changer mechanisms, ctc.

ELECTRICAL
INSULATING OILS

Excellent oxidation stability minimizes develop-
ment of sludge and acidity in storage and service.
Sludge and acidity can have an adverse effect on the
elcctrical properties and cooling ability of the oil,
and shorten service life.

ELECTRICAL CHARACTERISTICS

The diclectric breakdown strength of an insulating
malcrial is a measure of its resistance to electrical
breakdown when an clectiic potential is applied
across it. The actual value obtained in a test is a
function of both the insulating ability of the
matcrial under test, and the test conditions. Elec-
trical insulating oils are tested by immersing two
clectrodes in a sample of the oil, then applying an
AC voltage across the electrodes. The voltage is
then increased in a specified manner unti! electrical
breakdown occurs. The various tests used differ in
clectrode shape and spacing, and rate of increase.of
voitage, and thus give different breakdown valucs
for. the same oil. The important consideration,
however, is that oils mecting the minimum dielectric
breakdown strength specified i any of the current
specifications, regardiess of the test method
specified, have adequate insulating ability for all
normal applications for which they are recominend-
ed.

The dielectric strength of an insulating oil is reduc-
cd if there is water or solid particles in the oil. Ox-
idation products resulting from oil deterioration in
service also lower the dielectric strcngth. As a
result, periodic checks of the diclectric strength of
an oil can be a uscful method of determining if con-
tamination or deterioration of the oil has occurred.

Any two adjacent conductors form g capacitor. Ina
theoretically perfect capacitor, the phase difference
between an applicd AC voltage and the current is
90° and the power dissipated is zero. If the diclec-
tric between the conductors is less than perfect, the
phase difference will be less than 90° and some
power dissipation will occur. In order to kecp this
loss low, it is desirablc to have the diclectric 2s near
perfect as is practical. For insulating oils the value
for this characteristic that is reported

-

This bulietin was prepared In good lalth from the bas! information availabiz a1 the time ¢1 1ssue, However,

wsers should verily current characteristizs and confirm that p are

Tor & November 1983
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is the power lactor, or loss tangem, expressed cither
as a percent or as a decimal at a specified
tenperature. These values are  dctermined  ex-
perimentally and represent trigonometric functions
of the angle of phase diffcrence. With the particular
functions used, a valuc of zero would represent a
90° phase diffcrence and the ideal condition, so low
values are desirable.

Oxidation and contamination of an oil can cause
power [actor or loss tangent of an oil to risc, so
determination of this property may provide uscful
information about a used clectrical insulating oil.
Since these valucs vary with tcmperature, com-
parisons must always be madc at the same temper-
ture.

The resistivity of an clectrical insulating oil is a
measure of the resistance to DC current flow bet-
ween opposite faces of a centimieter cube of the oil.
The resistivity of minéral insulating oil is naturally
high but, as with loss tangent, is very scasitive to the
prescnce of cven minute amounts of suspended
water, free ions or jon-forming materials such as
acidic oxidation products or polar contaminants.
Again, measurcinent of the resistivity of a used in-
sulating oil may provide useful information as to
whether or not the oil is suitable for further service.

LIMITING ELECTRICAL PROPERTIES
CALTEX TRANSFORMER OIL

Dielectric Strength (Breakdown), kV

Disk Electrodes (ASTM D877) 30 min
VDE Electrodes (ASTM D1816)
1.02 mm gap 28 min*
2.04 mm gap 56 min®
Power Factor, % '
A125°C 0.05 max
At1100°C 0.30 max

* These limits apply only to new oil which has
been filtered, dehydrated and degassed.

SERVICE CONSIDERATIONS

The scnsitivity of the electrical propertics of dlec-
trical insulating oils to contaminants such as water
and solid particles makcs it extremely important to
handle and store these products so that the risk of
contamination is minimized. As a gencral rule, all

shipments of clectrical insulating oils, should be
tested for diclectric strength before being placed in
service. If the diclectric breakdown strengtl is low,
the oil should be reconditioned by filtration and/or
dchydration.

Drumis of clectrical insulating oils should be stored
indoors if at all possible. If drums must be stored
outside, they should be placed on their sides on
racks that will keep them clear of any ground water,
The bungs should be horizontal so the weight of the
oil in the drum will be against the bungs to prevent
breathing of moisture, The drums should be
covered with a waterproof cover to keep off rain,
and to protect the drum markings from being
obliterated.

Electrical insulating oils should be checked in ser-
vice at periodic intervals to determine if they arc
suilab\!c for continued service. Proper sampling and
inspection of tlic equip:nent arc important to obtain
maximum benefits from this checking. Information
on proper sampling techniques are contained in
ASTM Standard D923, IP Standard 51, and Caltex
Tcechnical Bulletin 90.

OTHER SPECIFICATIONS

Although not routincly tested for compliance, ex-
perience has shown that most production batches of
Caltex Transformer Oil will meet the requirement:
of the following specifications:

Canadian Standard C50 -
British Standard BS 148:1959 (non-current)
British Standard BS 148:1972

1EC 296, Class 1

Australian Standard 1767

Japanese Industrial Standard C2320

Where confirmation of the foregoing is desired by a
potential user, further information and test data
can be funished on request.

TYPICAL TESTS

The physical and chemical properties shown in the
table are average values based on recent produc-
tion. They are not limiting values. Minor variations
which do not affect product performance are to be
expected in normal manufacture.

—— Prum— - —— e e
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CALTEX TRANSFORMER OIL

Corrosive Sullur, ASTM D1275 Pass
Density, Kg/litre @ 15°C 0.884
Flash Point, COC, °C 147
Interfacial Tension
Dynes/cm @ 25°C 40
Oxidation Stability
ASTM D2440
Total Acid Number, mg KOH/g 0.27
Sludge, Mass % 0.08 -
Westinghouse MTS-80171, Hours 200
Pout Point, *C - 42
Total Acid Number, mg KOH/g 0.01
Viscosily, Kinemalic : )
cSt@ 0°C 58.6°
cSt @ 40°C 8.68
Water Content, ASTM D 1533, mg/kg 25

INHIBITED TRANSFORMER OIL

An oxidation inhibited product such as Caltex
Transformer Oil (Inhibited) may be desired for
transformers  designed to operate at clevated
tcmperature or in  distribution transformers
opcrated for long periods without maintenance.
Caltex Transformer Qil (Inhibited) is an oxidation
inhibited version of Caltex Trans{ormer Oil which
contains 0.15 10 0.30 percent by weight of the anti-
oxidant. Additiona! information and data on
Caltex Transformer Qil (Inhibited) is available on
request.
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