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A,C. HIGHVOLT CONTROL UNIT

Supat Wanitchkul
Sakeson Kamuttatira
Sompong Kangsawiwat
Somjate Tiemmuang Advisor
1987
Abstract
A.C, high volt congrol wit was designed to control
the power transformer which generated high voltage and measure
breakdown voltage of oil insulator, When the breakdown voltage
of oil insulator was reached , the current trip relay in the
control unit would cut out the power transformer circuit., The
breakdown voltage was measured by voltmeter at the primary
winding side of power transformer,
A.C. high volt control unit included 2 main parts.
The auto-transformer that supply to primary winding of power
transformer and current trip relay that cut out the circuit
within 0.01 second when it detected the increase in current

due to breakdown of oil insulator
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INTERNATIONAL ELECTROTLCHNICAL ¢ OMMINSSION

METHOD FOR THE DETERMINATION OF THE
ELECTRIC STRENGTH OF INSULATING OILS

FOREWORD
<
1 The teemal decsions or aeceements ot the 1 E.C, onlechnical matiers, prenared Sy T asnae  ommetiees on win gy cHihe

Natonar Commuiees naviag 4 speCtdt interest IRCrain ife rerresented. sthress, Js eards o Soasible an reiesnstional
vomensus of Joriog, on the subyecty dealt wath,

) They nave the form of rccommenaatons fur iaternabional use and *aev are sceepted b tne Natoaal Uwmnnticey in
that >ense,

) tnoreer to prumote this internauonil nmrcaton, she b axpresses the visn e it Nt vus U aniitiees i
Cebome Agtongi fales, when preparmg uch rules, shouhd ewe e (G
these  “iles 1n 50 far a¢ aaoonal conutions sl permit.

!'

L IRhmmenaat uns 2 the

The wurapility 13 recogmized of cAtenUIng INTEMIGONAT JPPCLINLNT UN LIESC MRICTS L2 upEi 1 Srdeay our 1 iirmonize
1atue a1 stanuardization ciles with (hose recommendations 0o £ar s pationar concitnns wal permit,

“he Natonal
ommittees ciedge therr induenee towards that end,

Tlus recommenaation was prepared by Teenneat Commmtree No. 0. nsuratng Oils,

\ arer draft was circulated in (961, and. as a tesult of the meetny nedd 4t Juteraen o June 1961,

4 proposil was submittea (o the National Commutees for approval under the Si Monins” Rute wn lamisey
1962,

The following countries voted <xpiicily i fuvour . sublication

Austr *setherlands

Belaum Morway

Bulgana Patand

Crechoslovakz Martigal

Denmark Romann

Finlang Sweden

France “witzeriand

Germany Turkey

Hungary “Tmon of Soviet Socialist Republics

isracl

mted States of America
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METHOD FOR THE DETERMINATION OF THE
FLECIRIC STRENGTH OF INSULATING OILS

1. Introduction

Electric strength is not a criterion of insulating oii manufacturing Juality. aut 4 conventional test
intended to reveal the extent of physical pollution by water and ather yuspendea matter, and the advie
sability of carrving vut drving and filtration treatment before the mils are introvuced into the apparatus
for which they are intended.

The measured value of the electric strength depends essentially on the apparatus and procedure used.

Although in principle the technical problem concerning the dssessateni of clectnu strength o the
,ame for new oils. treated oils and used ofis, it would seem that this test shotnd “1e siandardized -omery
for the purpose of international transactions 1 new atls intended for viectroteennical uses. ‘ransactions
in which a corgmon denominator 15 Jesiwed.  Each Nationai Comnmittee can danduardize, in ity own
country, 4 special different method tor the conurat ot used uils,

The test described below :onsists 1n subjecting e ol contamney specifiey apparitus, o 40
2.0 electnic field with 3 continuously increasing rate ot voitage rise. ull the cif hreaks down,

3. Gemerad

Ihe st is. in principle. the same for all classes of il (for transtormers. Sor mi-iilieg cables. for
circwit-hreakers, for capacitors), whether niew or used. [t s manly mteruco Jor the sccertance of new
atis 4t the ime of their delivery; its application 15 restricied to uils huving 3 viscosty a1 not more than
30 cenustokes at 20°C.

3. Sumpling

As the electnc strength s exceptionally sensitive to the slightest contamination of the samzie, the
importance of careful samphing, with special reference to possible abscrotion of hueudity. cannot be
(00 strongly emphasized.  Sumples of insulating oil lar clectne streneth rests are ondy drawae dy «.r unuer
the immediate supervision of persons of judgement. shill and experience in tne nandhing of nsuluting uls,

The ol is sampled at the place where it is considered 1o be must poliuted. lor examnple, at the luwest
point uf the receptacle holding it.

4 Condition of the oil

The test is carned vut on the oil as receivea, without drying or Jezassing.

w

Tust cell
The czil, made uf grass of plasuc, 15 transparent, with an etfective votume heiween 300 and 00 ml.
It i preterably closed.

Two types of cell are illustrated,“see Figures « and 2 page 1S,
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6. Electrodes

The copper, brass, bronze ur stainiesy steel pohished clectrodes e either sphercal 1125 mn w0
150 mm dameter) as given n Figure 1 or spherreal surfaced of *he shupe and dimensions given
Figure 2. The clectrodes are mounted on o honzontal iy and are .5 inm apart,

The gap between them s set 1o an accuracy of = L1 mm by means of thickness gauges.  [he aais

of the electrodes is immersed to a depth of approximately 0 mm.

Electrodes are rcplaced as soon as pitting caused by dJischarges » observed.

7 Preperation of the cell

When it 15 not 1n use. 1t 1s recommended (o ~store the apparatus full of dry o1l in g clean Jdry place,
protected from dust.

.

If it has not been used lor some time, 1t 1s thoroughly cleaned . ihe electrodes are removed, letmed
and finally nnsed with Jry clean new oil. Replacement of the electrodes 1s carnied vut with the seates
;are. avording all direct contact witly the fingers.

lmmediately oefore use, the ceil is cleaned by rinsing with the test mil (several times. ' nossble)
hetore procecding to the final flling under the :ounditions iaid down n Clyuse °
-

% Prepuration of the >ample

The vessei containing the test vil 1s gently awitated ind tutned over several tmes tn such 4 wav 2y
t0 ensure 4i far us possible a4 homoueneous distnbution of the impunties containea in the ol without
:ausing the formauon of air bubbles.

lmmediately alter this. the sample is poured down into the test cell. slowly in urder 1o avord air
hunbles furming (e.g. by means ol' a <lean, Jry ¢lass rod). The vperation 13 carmed uut in a Jry place
ree from .ust.

Fhe al temperature at the tme of the test ~hall be the same as that of the ambient air, arcterabiv
i the acienhourheod of 20°C (135 to 25°C). and noted.

v Test method

The :est consists 1n appiving to the clectrodes an increasing a.c. voitaye of frequency 30 0 62 Hz
=), the rate of increase of the voltage being regular and equal to 2 k Vs, staruing irom zero up to the
+alue proaucing breakdown.

The virewt is opened manually if a transient spark (audible or visible) nccurs between the electrodes
i astomatically if an established arc occurs.

In the latter case the automatic switch shall break the voltage within 0.02 s.

The breakdown voltage 1s the voltage reached duning the test at the tme the first spark occurs hetween
clectrodes. whether it be trunsient or cstablished.

The test shall be carmed out $ix umes on the same cell tilline.

The tirst application of the voltage is made as quickly as possible after the cell has been filled. providey
there are no longer any air bubbles in the oil, and at the latest ten minutes alter filling. After each break-
Jown. the o1l is gently stirred between the clectrodes by means of a clean. Jrv glass rod. avouding as lar
as possible the production of air bubbles. For the five subscquent tests. the voltave is re-applied one
minute after the disappearance of any air bubbles that mav have been formed. If the abservation ot

the disuppearance of air bubbles is not possible, it 13 necessary to wait tive minutes before a new hreakdown
fest is started,

The clectric strength s the anthmetic meiun of the six results which have been abtained.
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10. Electrical appurutus
The charactenistics of the electrical apparatns shall comply with the lollowing requirements

10.1  Transformer

The test voitage may be obtained by using a step-up transtormer supplicd from 3n .. (40 10
62 Hz (c/s)) low-voltuge source. The prumary valtage is gradually wereased, either manually o
by aa automauc control device.

The voltage apphed to the electrodes of the ail-hlled cell has un approximately sinusordat wave.
form. such that the peak factor is within the following amits: T3 e (2~ £9) ami LR
(le. 2= 35%).

The transformer und associated equipment are Jesigned (o produce 2 minimum short-circunt
current of 20 mA tor voltages higher than 15 Y.

10.2  Protective gear

The test is carricd out so 3s to prevent high-lrequency vscillations as far as posstble.

d ~

To protect the cquipment and to avoud decompuosition of the wil at the instant o break-
down, a resistance Limiting the brzakdown curreat may be inscried in series with ihe test cell.
-

‘The primary circuit of the nigh-voltage transtormer 13 fitied with 3 circuit-breaker operatea
by the current flowing following the breakdown of the sample. and with a delay not more than 0.02 s,
The circuit-breaker is fitted with & no-voltayz release coil tu arotect the equipment.

10.5 Voltage regulanion
vYoltage cegulation may he ensured by wne of the tollowing methods:

4) Vanable-ratio auto-transformer;
»i Resistance type voltage divider;
) Generator-field regulation ;

) Induction regulator.

Vreference 1S iven 10 an automatic system for increasing the voltage, because 1t 1s difficult to
wbtain manually a reasonably uniform rate of voltage rise 35 a function of tune.

10.4 Measuremens uf test voltage

For the purpose of this document, the magnitude of the lest voltage is defined as 1ts peak value
divided by 2.

This voltage may be measured by means of a peak-voltmeter or hy means of another type of
volimeter connected to the input or oulpul side of the testini: transfarmer, of 10 3 apecil winding
provided thereon: the instrument then used must be calibrated agamnst a sphere-gap up to the full
voltage which 1t 13 desired 1o measure.

The ratio of the voltage derived from the sphere-gap to the voltage indicated on the ausihary
instrument may be dependent upon the presence of the test cell or of the sphere-gap and it is impnriant

that the test cell {or an equivalent loud) should be in the circuit duning the calibration.

The sphere-gap may be disconnected during the actual test if its presence 1s known to have u
neeligible mnfluencz on the voltage ratio.

11. Resaits
The report shows, cxpressed 1 kilovolts, the breakdown voltages obtained durtng all the tests which
have been carried out. and the average of the results.

The report shall mention the type of electrodes used, the frequency ol the test voltage and the
1il temperature.
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= 0.386 (e

= 0,9659

"

srusuny | uiqﬁhLUiﬂﬂ1aﬁh1uaﬂ Gb(kV)s A34 ﬂnxaéu

(1) 1 2 3 6 p(kV)
1.0 \'29. 29.7 30. i 31.1 | 31.1 30.28
1.2 35. 36.1 35. 35. I 36.9 35.96
1.4 41 41 39. SN \ 41 40.53
1.5 L2, 43.8 L2. 13.8 1 3.8 | w3
1.6 | L5, 45.9 45. L5. | L5.3 L5.83
1.8 51. 52.3 51. 50. 50.9 51.37
2.0 56. 55.2 56. 55. 55.2 55.9
2.2 60. 60.8 | 60. 6o. 60.8 60.8
2.4 67. 67.2 66. 76. 66.5 66.93
2.6 L 72 72.1 70. L 72. 70.7 | 71.32
2.8 75. 75 75. 76. 764 76.02
3.0 80. 80.6 79. 79. 79.2 79.9
3.5 92. 93.3 93. 93.3 9L.8 93.32
4.0 106. 106.1 104.7 106.1 | 104.7 105.4
4.5 ' 117, 115.9 118.8 | 117.4 | 118.8 : 117.62 t
5.0 “130. | 128.1 130.1 | 130.1 ; 130.1 | 129.63

' e
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A specially designed Multi-Amp® solid-state
digital timer is incorporated to measure the
elapsed time of the test in either seconds or
cycles. It has extensive shielding and noise
suppression circuitry to ensure accurate and
reliable operation under the most demanding
field conditions. Incorporating a crystal-
controlled oscillator, accuracy of the timer is
independent of the power line frequency. The
readout display appears as continuous, solid,
unbroken digits with no gaps between the
segments to impair readability. The high
brightness to contrast ratio of the display ensures
excellent readability even in high-ambient light
conditions, including direct sunlight. The flat,
planar design of the display allows a full 130°
viewing angle without distortion.

Display: 375-inch (9.53 mm) flat, ‘planar
characters using high intensity, gas-
discharge technology.

Ranges (switch-selected):
(a) 0-99.9999 seconds

(b)- 0-9999.99 seconds
(c) 0-99999.9 cycles

Accuracy:
Seconds Mode: t least significant digit
or 0.0025% of reading,

whichever is greater.

Cycles Mode: *0.5 cycle

Protection

Ir_\put and outputs are protected from short-
circuits and prolonged overloads.

‘ Test Leads

The following extra-flexible test leads with ap-
propriate terminals are provided:

Two (2) pair high current test cables
Two (2) pair potential test leads
Two (2) pair continuity test leads
One (1) pair high-voltage test leads
One (1) pair light test leads with
telephone-type plug

Enclosure

The test set is housed in two rugged, heavy-dbty
formica cases each equipped with carrying
handles and removable, hinged covers which
protect instruments - and controls during
transportation and storage. A single, multiple
conductor cable with keyed connectors is provid-
ed to interconnect the two sections. The Control
Section incorporates the main ac outputs (No. 1-
5), the dc current output (No. 8), the digital timer,
the main ac ammeter, the dc ammeter and the
primary control circuitry and, therefore, can be
used independently for complete testing of over-
current or other similar relays.

Dimensions (each section):
17"H x 14"W x 11"D
(432 x 356 x 280 mm)
Net Weight:
76 Ibs. (34.5 kg) and 60 Ibs. (27.2 kg.)
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