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Chapter 5

VOLTAGE TRANSFOBMER IESTING

Voltage transformer tests are necessary to insure that the

design and construction o¢f the transformer are adequate to meet.

specified requirements, i.e., has adequate insulation and accuracy

characteristics for the stated ratings.

The tests speclfied in IEC Recommendat;on Publication 186

(1969) are classified as type tests or routine tests.
5.1 Routine Tests

'All transformers shall receive tﬁe routine tests as speci-

fied below.

501lel Verification of terminal markings.

5.1.2 Power frequency tests on primary winding.

5.1.3 Power frequency tests on secondary winding..

5.1.4 Determination of errors  according to thé réquirement

of appropriate accuracy class.
5.2 Type Tests

Type tests are tests performed only on a single transformer
or on a few transformer of each type. The voitage transformer must

be capable of withstanding of the following type-tests.

5¢2.1 Temperature rise test.

5.2.2 Impulse voltage tests.



5.1 XRoutine Tests.
5.1.1 Verification of terminal markingé.

The relative instantaneous polarity of the leads or terminals
of voltage transformer shall be clearly indicated by permanent mark-

ings that cannot be easily obliterated.

When the polarity is indicated by .letters, the capital let-
‘ters A, B, C and N shall be used to distinguish the leads or termi-
nal connected to the primary or excited winding, and the lower -
case letters a, b, ¢ and n shall be used to distinguish the leads
or terminals connected to the secondary wi;ding (The letter A, B,
C denote fully insulated terminals and éhe letter N denotes the
terminal intended to be earthed and the insulation of which is less
than that of the other terminals). The terminal having correspon-
ding capital and lower - case marking shall have the same polarity

at the same instant.

There are threé methods in common use for determining the
polarity of instrument transformers. These are inductive kick with
direct current, comparison with a standard (calibrated) transformer

of the same ratio, and the comparison of winding voltages.

For this case, we used the inductive kick with direct cur-

rent method, as described below.
Apparatus required

1. D.C. Voltage Rectifier (or battery)
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2._Mu1£i'- Meter (or D.C, Voltmeter)

3. Three - Way Switch

()
e S+
FIG.5-1 . POLARITY BY, INDUCTIVE KICK ..

Test procedure

1, Connect‘thé-high ~ voltage and low =~ voltage winding as
indicated in Fig. 5 - 1.

2. Connect the multi - meter to the high - voltage winding
as a d.c. voltmeter, selecf the range of 120 volts.

3. Connect d.c. voltage rectifiér to the high - voltage
winding and increase its voltage to 50 volts.

4, Disconnect the d.c. voltmeter from terminal 2 of the
high - voltage winding, connect it to terminal 2 of the low = vol=-
tage winding by three - way swifch, then select the range of 12
volts,

5. Disconnect the d.c. voltage rectifier from the circuit

~and observe the direction of kick on the voltmeter., If the volt-

meter kicks down scale, terminal 1 of the high - voltage winding
and terminal 1 of the low - voltage winding are of the same polarity.
6. The results may be checked by connecting and disconnecting

the d.c. voltage rectifier circuit;\ If the terminal 1 are o’ the

v
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same polarity, the voltimeter will kick up scale on make and down

scale on break.

In order to minimize high inductive kicks that might injure

person or equipment, d.c. voltage is preferably applied to high -

"voltage windiage.

Test result

The result obtained are used to mark the symbols A, la to
the terminals 1 oi the high and low =~ voltage winding respectively.
B, 1b to the terminal 2.of the high andilow - voltage windings res-
pectively and similarly the symbols 2a and 2b are marked to.the se-

condary low - voltage winding.
All the terminals of the transformer under test are marked.
5.1.2 Power frequency tests on primary winding

The purpose of power frequency tests on primary winding is
to check the insulation of the voltage transformer which h&s been

designed to withstand the specified insulation test.

Before the power frequency tests on primary winding are made
the insulation - resistance would be measured by Insulation Tester
(Megger) at 2500 V.d.c. The insulation -'resistance measuréments
are made to be sure that the moisture has been removed from the in=-
sulation during the drying out process. The insulation -~ resistance -

were shown in table below.
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3 Insulation - resistance
Terminals connection % (Mega % ohms)
" High - voltage winding and ground 5,000
Low - voltage winding and ground $ 3,000
High and low voltage windings 5,000
(ﬁ i 5,1,2,1 Applied potential test

This test followed the IEC Recommendation Publication

186 (1969) clause 12,2 a.

Apparatus required

1, High - voltage step = up transformer
2. Variac
3o Voltmeter

4, Timing clock

SHORTED HIGH ~ VOLTAGE WINDING.

STEP-UP TRANSFORMER .

VARIAC VOLTAGE ‘TRANSFORMER .
4 % / UNDER TEST,
£ . VOLTMETER G) \ 8KV, | HV. ”lg Lv.
l lﬂ/— o ]
| B
' CIRCUIT BREAKER S s -
 f

FIG.5-2 APPLIED POTENTIAL TEST CONNECTION DIAGRAM.
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Test procedure

1. Connect together the terminals for low - voltage winding
and ground it.

2. Ground the transformer tank.

3. Connect together ithe terminals of high - voltage winding
and then comnec¢t it to the high - voltage step - up transformer as
shown in Fig. 5 - 2.

L. Raise the voltage of the high - voltage step - up trans=-
forﬁer.to 9 KV, and then increa;e gradually to 28 KV. within 15
seconds.

5; After holding for 1 minute at 28 KV. 50 Hz., reduce the
voitage gradually to 9 KV. within 15 seconds.

6. Open the circuit.
Test result

After the test, all parts of the transformer under test were
in normal condition. The result showed that the insulation was
aaaguate and conformed to IEC Recommendation Publication 186 (1969)

clause 12.2 a,
5¢1.2.,2 Induced voltage test

This test followed the IEC Recommendation Publication

186 (1969) clause 12.2 b,

Apparatus required

1. High -~ frequency generating set (200 Hz,)
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2. Timing clock

HIGH FREQUENCY GENERATING SET (200 HZ )

7,

VOLTAGE TRANSPORMER

| i ;
L
| .
| UNDER TEST . .
|
FREQUENCY) l
METER., |
V)|
|
I 5
|
|
|
]

oo %o i HlYIEL

CIRCUIT BREAKER .

Gy . S e e ey

B G I
L ~ AMMETER _J ___L_

— — —————— — — —— — — ———, ——. | — q— on—

FIG .5-3, INDUCED VOLTAGE TEST CONNECTION DIAGRAM .

"Test procedure

1. Connect one terminal of high - voltage winding to one
terminal of low - voltage winding and ground it.

2, Earth the transformer tank.

3. Connect the low = véltage winding to the high ~ frequency
generating set (the high - voltage w;nding remains open) as shown
i Fig. 5 - 3.

: 4, Generate the voltage at 200 Hz, to 160 volts and then in-
crease gradually to 480 volts within 15 seconds (for the voltage
and frequency supplied could reduced th; exciting current in the
cors).

" 5. After holding for 30 seconds at 480 volts 200 Hz., reduced
the voltage gradually to 160 volts within 15 seconds.

6. Open the circuit.
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The duration of test could be derived from the equation be-

low,

; twice the rated frequency
duration of test frequency = : x 60 seconds
test frequency :

with a minimum 0;115 seconds

2 x 50

500 X 60

= 30 seconds.
Test result '

Aftex the test,.all parts of the transformer under test were

in normal condition (no damage occured).

The result showed that the insulation was adequate according

to IEC Recommendation Publication 186 (1969) clause 12.2 b
5.1.3 Power frequency tests on secondary winding .

This test followed the IEC Recommendation Publication 186
(1969) clause 13, ‘

Apparatus required

1. High - voltage step = up transformer
2 ° V&riac
% Voltmetex

4, Timing clock
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VARIAC STEP-UP TRANSFORMER SHORTED LOW-VOLTAGE WINDING .

o / _
l VOLTABE TRANSFORMER
/’uum TEST .
- E | VOLTMETER (v> 2KV, L. H.V.

l : o
.} ! oot

| kbl

CIRCUIT ' BREAKER i
b % L 4 v

FIG .5~ 4. POWER FREQUENCY TEST ON SECONDARY WINDING CONNECTION DIAGRAM .

Test procedure

l. Connect together the terminals of high - voltage iinding
and then earth it.

2, Earth the transformer tank.

. 3. Conhect the low = voltage windings in series, and shorted

it.

4, Connect one terminal of low - voltage winding to the
high - voltage step - up transformer as shown in Fig. 5 - 4.

5 Raise the voitage of the high - voltage step = up trans-
former -to 0.6 KV. and then increase gradually to 2 KV, within 15
seiconds,

6. After holding for 1 minute at 2 KV.‘SO Hz., reduce the
voltage gradually to 0.6 KV. within 15 seconds.

7. Open the circuit.
Test result

No damage appeared during the test the insulation was adequate.
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The result was satisfied according to IEC Recommendation Pub-

lication 186 (1969) élause 13. v SRR

5¢le4 Determination of error according to the requirement

of appropriate accuracy class

X »
)

In IEC Recommendation Publication 186, 1969 there are five

clgsses of accuracy, all these classes are given in Table 5.1.

Percentage voltage ‘- Phase Displacement
Class (ratio) error 2
| + Minutes |Centiradians
0.1 PO e . B 0.15
0.2 - 0.2 10 0.30
0.5 ' 0.5 20 0460
1.0 - . 1.0 ‘ 40 1.20
3.0 3.0 not specified néb specified -

Table 5.1 Limits of voltage errors and phase displacement.

The voltage error and phase displacement (‘) at rated fre-
quency shall not exceed the value given in Table 5.; at any voltage
between 80% and 120% rated voltage and with burdens = between 25%

and 100% of rated burden, at a power factor of 0.8 lagging,

In testing the voltage ratio error and phase displacement
shall be made at 80%, 100% and 120% of rated voltage, at rated fre-

quency and at 25% and 100% of rated burden.

s
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There are two methods in testing voltage transformers accuracy;

i.e. Indirect Method and Direct Methods.
5eleliel Indirect Method.

The indirect method of testing voltage transformer has -
only occasionally been used, the mo;t through investigation of the
method being made by Illiovici. Briefly, the method follows the pro-
cedure of the well known open circuit and short = circuit tests used
to find the‘regulation of power transformers. The ratio on open =~
circuit can be found by the us; of a suitable electrostatic voltme-
ter, or by a dynnmbﬁeier. The magnitude and phase of the exciting
- current a£e obtainable from ammeter, ;oltmeter and wattmeter read-
ings taken on one of the windings with the other open. This test is
usually made, for(convenience on the low - tension side. Resistance
are found by the usual bridge method; reactance are determined by
the short circuit test. The results of both test are used in the
usual expression for the ratio and the.phaae angle between primary

and secondary voltage that can be obtained from the equation (2.1)

~and (2.7).
5.1.‘!.2 Direct Methods.

The direct methods are, hofever, so simple, and of
such superior accuracy in practice; the indirect method may, there=-
 fore be reguarded as superseded by them. The direct methods for
testing veltage transformer may be ;ither absolute or relative.

The absolute methods are all based upon.the principle of comparing

the secondary voltage with an almost equal portion of the primary
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voltage, the difference being meaéured in magnitude and phase. The
cdmparison may be made by a deflectional method, using suitable dy-
namometers or eleb%fbmeters seperately excited by an auxiliary phase
i shifting supply. Alternatively & null or bridge method can be
devised by the inclusion of a suitable compensating circuit to balange
out the vector difference concérneh'and‘the use of one of the usual
" detectors. In practically all these methods the required fraction
of the primary voltage is obtained from a resistance voltage divider.
Modern-netﬁorks operate at such high voltages that the construction
of suitable voltage - dividers oonstitutei, an gxtremely difficult
problem, the m9st up - to - date methods overcome these difficulties
by the substitution of condenser voltage dividers in which an essen-
tial feature is a high - voltage air - condenser, many types of which

have been successfully developed for use in Schering bridge technique.

It will be realigzed that all absolute methods essentially
necessitate the connection of some part of the testing apparatus to
high - voltage side; this is entirely avoided in the relative methods
where the errors of one transformer ére compared with those of another
by measurements madé entirely upon their secondary sides. Since the
secondary voltage does not exceed 120 volt;, the possibility of dan-
gerous shock is avoided; the apparatus is compact and readily port-
able: and bring a difference method adequate accuracy can usually be
secured by use of pointer instruments. These advantages make the
relative methods specially valuable for use in the works test and on

site.

In testing this voltage transformer, the uniload test set was

used. The set consists of:



O

77

1. Supply transformer, supplies primary voltage to the voltage
transformer under test and to the precision transformer.

2, Precision transformer, used for comparing the voltage

ratio error and phase shift. Its no load voltage always 120 -volts at

rated supply voltage.
3. Comparator unit, detects tﬁe voltage ratio error and-phase
shift of voltage transformer under test in no load or load conditioh
with standard burden (ASA standard burden, W, X, Y, Z, 2Z). The unit
will show the different value of voltage and phase shift of the voltage

transformer under test compares to the precision transformer.
Apparatus required

l. Voltage transformer uniload test set.

COMPARATOR UNIT

SUPPLY TRANSFORMER

 PRECISION TRANSFORMER |

FIG 5.-5  VOLTAGE TRANSFORMER UNILOAD TEST SET .
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L 120 2i0 480 _ogo 2400 4200, 7200 @400 12000 14
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ERROR
.| MEASURING
LINSTRUMENT ___ |
FIG 5.-6 VOLTAGE TRANSFORMER UNILOAD" TEST SET CONNECTION DIAGRAM .
5 ‘ CAUTION . B30TH GROUND TERMINALS
¥l MUST BE SOLIDRY GROUNDED

AS SHOWN NOTE THAY
THESE TERMINALS ARE
INTERNALLY CONNECTED
70 THE CORE CASE .

78



o TAYY

79
Test Procedure

1. Connect thgfvoltage transformer under test‘to the voltage
transformer uniload. test set as shown in Fig. § 4 6. .
2, Turn the Burden selector to no load position, for no 1oad
condition measurement, >
3 Sﬂpply power to the voltage transformer unilpad test‘net,
4, Raise the voltage to 120 volts. . :
5;~Adjust the voltage ratio error & phaae angle knobs ﬁntil
the gnlvanometer indicate zero. .
6. Reduce the .voltage supply and off it.
f7, Read Qoltage ratio error and‘phaée angle from the dial
and record. \
8. For 200 VA 0.85 P.F. condition, the voltage ratio error
and phase angle at 120 volts as the same previous method (by tugning

Burden selector to "2" position).

Test Results

1. The values of voltage ratio error, ratio correction factor
End phase angle at the condition of no load and load with burden 200
VA. 0.85 P,F. measufed by voltage trhnsformer uniload test set at

ratedsecbndary voltage 120 volts are shown in table 5 = 2 below.

No load 200 VA 0.85 P.F.
Secondary % voltage Ratio Phase % voltage Ratio Phase
V°1ta§e . ratio Correction angle ratio Correction angle
(volt error Factor(RCFo) (minute) error Factor(RCFc) (minute)
96 0.45High 0.9955 0 0.16 Low 1.0016 0.8 Lead
120 | 0.44High 0.9956 0.2 Lead |0.17 Low 1.0017 1.0 Lead

Table 5 - 2 Percent voltage ratio error, Ratio correction factor and
phase angle at no load and 200 VA 0.85 P.F. at 80% and 100% rated voltage.
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2. The ratio correction factor and phase angle at 80%, 100% and

120% rated voltage in‘ the condition of no load, 25% and 100% burden

are shown in the table below.

e o I et e ) B e A
Vilhe BCF, ¥ | HeF Y * RCF 3
(minute) ' (minute ) (minute ')
80% (96V) 0.9955 0 0.9970 0.66 1.0016 2.65
100% (120V) | 059956 0.2 '0.9971 0.86 | 1.0017 2.85
120% (144V) 0.9958 0.67 0.9973 1.31 1.0019 3.21

3+ The ratio correction factor and phase angle of the voltage

transformer when vafying the burden at rated voltage (120 V), 0.8

lagging power factor, rated frequency (50 Hz) are shown in table

below.,

% Rated burden
at 0.8 P.F. lagging

10
20 -
30
40
50
60
70
80
90

100

110

120

130

140

150

Ratio correction Phase angle (¥ )

Factor (RCF) minute) '
. 0.9962 0.4650
0.9968 0.7300
0.9974 0.9950
0.9980 1.,2600
0.9987 1.5250
0.9999 2.0550
1.0005 2.3200
1.0011 2.5850
1,0017 2.8500
1.0023 3.1150
1.0029 3.3800
1.0035 3.6450
1.0041 39100
1,0048 4,1750
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4, The ratio correction factor and phase angle of the voltajge
transfoner at any power factor at rated voltage (120 V), rated burden

(200 VA) and rated frequency (50 Hz) are shown in table below.

: Ratio correction ; Ph@se angle () -
Power factor . : ; ’
Factor (BCF) ~ (minute )
0 | 0.9986 ° © 18,45
0.1 , 0.9991 5. . LT S
0.2 Pk ohng e ' 16.01
0.3 ey 1.0001 : 14.50
Ol AR R R T
0.5 1.0009 -~ 110,82
0.6 ' 11,0012 » 8458
0.7 ‘ 1.0015 5.97
0.8 1,0017 | 2,85
0.9 : 1.0017 - | ~1,03
1.0 _ 1.0009 ~10,17

5. The ratio correction factor and phase angle at 80%, 109%
and 120% rated voltage (rated secondary voltage = 240 volts), ac-

cording to IEC standard accuracy limit, are shown in table below,

No load 25% rated burden 100% rated burden

% Rated W (50- VA 0.8 P.F.) | (200 VA 0.8 P.F.)
RCF 3 RCF ¥ RCF '

Voltage ° 1(minute) (minute) | (minute)
80% (192V) | 0.9955 0 0.9970 0.64 1.0016 2,54
100% (240V) | 0.,9956 | 052 .| 0.9971 0.84 1.0017 2,74
120% (288V) | 0.9958 | 0.67 |0.9973 | 1.31 1.0019 3,21
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1.0040
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FIG.5-7  THE VARIATION OF RCF AND ¥ W!TH ‘'YARYING BURDEN AT 0.8 PF. LAGGING .

140

150



83

1.0020

1.0010

1.0000

RATIO CORRECTION FACTOR { RCF) .

0 0.10 0.20 030 0.40 0.50 0.60 0. 0.80 0.90 0.10
POWER FACTOR .
20

10

PHASE ANGLE (¥) MINUTE .

0.10 0.20 0.30 0.40 0.50 0.60 0.% 0.80

F16.5-8 THE VARIATION OF RCF AND ¥ WITH VARYING POWER FACTOR AT BURDEN 200 VA .
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5eleke3 Short circuit test

The short oircuit test, along with the open circuit
test, of which the description follows, form the two most important
used to predict the behavior of a transformer when conditions are ,

b v :
such that its rated load cannot be supplied.

\

Connections are made as shown in Fig. 5 « 9, The low =
voltage side of the transformer is short circuited. The reduced
voltage on the input is varied;until normal current flows through
either side of the winding. Under these conditions the equivalent
impedance of the transformer is equal to the ratio of Vl/Il‘ In as

Amuch as any impedance in the secondary produces an effect on the
¥ o ‘

?magnitude of the short circuit current, the impedance so determined
~is the equivalent ‘value in terms of the input side. The resistance
of the winding can be ebtained roughly by measurement with direct

current or from the readings of the wattmeter and ammeter. For

the latter

Watts
'pr = ig
; |

-

Such a determination includes the stray losses; these
are usually negligible. The total input for this test respresents

the copper losses in both windings.

With the equivalent impedance and resistance both de=-

termined in terms of the input, the equivalent reactance is

il & . i )2
k%p. "V/(‘tp) ( R%p)

or from short circuit data
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This proceés considers the transformer in terms Qf a

simple, equivalent series circuit with no parallel magnetizing

branch.
Apparatus
1,
2.
3.
L,

"SOHZ. : .
SUPPLY ———ed w Q) ”

>

required

Variac : %
Wattmeter y X
A.C, milliammeter

Voltmeter

VARIAC

Lv.

FiG.5-9

i
A

CONNECTION FOR THE SHORT CIRCUIT TEST

Test procedure

1.
2

3.

4,

Connect the circuit as shown in Fig. 5 = 9
Short the low - voltage winding.

Raise the voltage until the milliammeter read
16.67 mA.

Record the voltage and watt from voltmeter and

wattmeter respectively .
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Test lesult

Ambient ‘temperature o 28°¢c
~ Short circuit test voltage (Vl) = 69 volts
Short circuit test current_(Il) = 16.67 mA
Short circuit ﬁest watt ., = 0 (could not be read)

Because of the short circuit test watt could not be read (very

.

small copper loss), the ascs resistance of the windings could not

calculated, so that the equivalent resistance and reactance could

not be found.

"

Impedance’ at 28-¢— (B v, /1

ot
69/16.67 x 10™> = 4139.79 ohms

and
I, Z
X o 1
Impedance voltage at 28 ¢ = —}irim x 100
% + N p
2 16,67 x 1077 x 4139.79 .
= 12,000 *ANR
= 0,5750 %

5e¢lekoes” Open = circuit or Core - loss test

If normal woltage and frequency are applied to one
winding of a transformer and if the other winding or windings are
"open - circuited" the watts input repreéent hy;teresis and core
eddy - current ldsses;lIQr loss in the winding to which the voltage
is supplied and dielectric losses in the i;sulation; Since the no
load current is relativeiy small, it is uéualiy unnecessary to sub-

2
stract the I 'r loss which it causes; consequently the no - load in-

put can be taken as a measure of the core loss with fair accuracy.
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i

This loss remains constant at all loads. A diagram of connections
:is shown in Fig. 5 ; 10 on this connection the wattmeter reads the
loss in'the voltaééﬁésil of its own meter and in the voltmeter.

To eleminate this error, if the low -~ voltage winding is opened and
the wattmeter read, this second reading may be suﬁstracted from the
previous reading to obtain the corré;t no - load lgss such an error

is appreciable in testing small transformers.,
Apparatus required

1. Variac
2, Wattmeter
3. Ammeter

4, Voltmeter

VARIAC LV. HY.

3

FIG.5-10 CONNECTION FOR THE OPEN CIRCUIT TEST .

Test procedure

1. Connect the low - voltage winding in parallel.
2, Connect the circuit as shown in Fig. 5 - 10,
3. Raise the voltage on low - voltage winding to 120 volts.

4, Read ampere, watt and voltage from ammeter, wattmeter
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and voltmeter respectively and then record,

5 Open the low - voltage w1nd1ng to find the tare -

’

value of wattmeter and ammeter.

6. To find the values of ampere and watt when varying

the voltage, do as the previous method.
 d

Test result

The exciting current and watt loss of the core from open e¢ir-

cuit test were shown in table beisw, Fig. 5 - 11.and Fig; 5 - 12

respectively,

v

Input voltage

No load current

No load loss

No load current

(volt) (ma) (watt) Refer to primary side
50 42,00 2.10 0.42 (mA)
60 49.00 2.90 0.49
70 56.50 3496 0.57
80 67.00 5426 0.67
90 76450 6450 0.77

100 92,00 8.10 0.92 A

110 115.00 9.80 1.15

120 150.00 11.50 1.50

130 195.00 12,70 1.95

140 285.00 14,50 2,85

150 380.00 16.40 3.80

160 510.00 18,80 5.10
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3 4 i L} L}
EXCITING CURRENT ( mA.)

FIG. 5-11 EXCITING CURRENT CURVE .
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5.1.4.5 Sample of calculation

1. Calculation ef voltage ratio error and phase angle from

known zero and rated burden data at the same voltage and freduency

from U.S.A. standard (.USAS C 57.13 - 1968) clause 6.1.11 at se-

condary rated voltage 120 volts. o

RCF
c

RCF_ + — [RCF Cos (0 -0 ) + 0. ooo:zgng1

sin (0 - )] .......(5 1)

B 5
y C 1 »
AR E{‘C“ (Ot - 0,) - 3438 RCF,

6 o t

where -

o? Bt and Be

@, and ©
c

RCF , RCF, and RCF
: o t . ©

LR S

'.sin (c;»t 5 oc)] suvenes(B.2)

1. Zero Burden for which RCF and ) are
known., |

2., A Burden for which RCF and X are
known, and .

3. The Burden for which RCF and ¥ are
to be calculated, respectively.

Power factor angle (degree of Burdens
B, and B respectively (Ot and 0 are
positive angles for lagging power factor).
Transformer ratio correction factor for
burdens Bo’ Bt and Bc respectively.
Transformer phase angles in minutes for
burden Bo’ Bt and Be respectively (Kis

econsidered positive when the secondary

voltage leads the primary voltage).
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Different between the transforﬁef rétio
Correction factors for burden B£ and 36.
Difference between fﬁe.tranbfofﬁ;f>phaqe

angles for burden B, and Bob

t

From table 5 - 2 at 100% rated voltage (120 volts)

By

Power factor

E2

200 VA
Cos Ot = 0.65
31.7883 dggreesi
1,0017 _
0.9956 : ,
1 minute

0.2 minute

‘The RCF_ and Y were calculated at 200 VA 0.8 P.F.
(4}

°

o o B
c

-fowcr”faotor

200 VA

Cos O = 0,80
c

36,8699 degrees

‘ -5.0816 - ‘degrees
0.99607. |
-0,08857

100017 - 0.9956 = 000061

1 - 0.2 = 0.8 minuteo

Substituted in Equation (5 = 1) and (5 - 2)

RCF
c

0.9956 + -‘3—3—% [0.0061 x 0.99607

+ 0.000291 x 0.8 (-0.08857)]

1.,0017

0.2 + %’g [0.8 x 0.99607 - 3438

x 0.0061 I‘-o.oess7)]

2.85 minutes
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and for 25% rated burden 0.8 P.F. at 120 volts rated voltage
: 200 2

LBy et AR 0T K
RCF_ = 0.9956 + g;ggggzi

| = 0.9956 + 1.5140 x 10™7 = . 0.9971
§, =0.24 %5%2 = 0.2 +:0.6625

= 0,86 minute

: 2. Calculation of ratio correction factor and phase angle ht
120% rated voltage (144 volts),
From table 5 -« 2 at rated éecondary voltage 120 volts

RCF
o

1;

0.9956

0.2 minute

From open circuit test Fig. 5 - 11 and Fig. 5 - 12 at rated

voltage (12,000 volts)

vp = 12,000 volts
Ie =S mA
W = 119 Watts

_ A Al 2

COS.Q = PEREE -3 = 0.6222

&« Bl 10 &%, 12, 000

e = 51.5214 degrees

8in0 = 0.7828
I, = 1.5x0.7828 = 1,17 ‘mA.
B = 99.5316

From eq. (2.3) and (2.4)
Iw Rp + Im xp

RO =\ n + vV o.oc‘oooo"o.o(2o3)
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¥ R I -X I ‘
o = BV ..oooopoooooo(204)v
B
i IRo = 0.9956 x 100 = 99.56
) v 0.2 e “
Yo = 25 = 5.62x107 redian

Substituted in Equation (2.3)’And (2.4)

0.00093 Rp + 0.00}17 Xp

99.56 = 99.5316 +
120

0.00093 n,p + 0,00117 x,p = 73,408 ,..................(5.3)

i

Z R X
0.00117 B, - 0.00093 X,

 5.82 302 3
99,5316 x 120

0.00117 Rp - 0.00093 XP = 0.695 0000000900000000000(504)

From Equation (5;5) and (5.4)

X = 1495 ohms
P
RP = 1784 ohms

From open circuit test Fig. 5 -7Iiand Fige 5 = lﬁ at 120% rated

-voltage (14,400 volts)

Vp = 14,400  volts
Ie = 3.1 . mA
W = 15.6 watts
Cos 8. % = Lo = 0.3495
3.1 x 1077 x 14,400
0 = 69.55 degrees
Sin e = 009370
I = 3.1 x 0.9370 = 2.9050 mA
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3.1 X 003495

- Substituted.in"eq. (2.3) and (2.4)

R

95

1.084 mA

0.00108% x 1784 + 0.002905 x 1495

o % WG + 14%
=" 99.5752
¥. _ 1784 x 0.002905 - 1495 x 0.00108%
G 99.5316 x 14k
= 2.4851 x 10™*  radian
= 0,85 minute
o o RCFO = 0.9958
From eqe. (2.5) and (2.6)
nIS : :
R = RO + —v; (Bts cos O + th sin 0) 0000.000(205)
oA
3- = 2& by v; (th cos O - Rts 81? 0) 00.00000(206)
From table 5 - 2 at rated secondary voltage (120 volts)
RCF = 11,0017
RCFo = 0,9956
¥ = 1.0 minute = %ﬁ%g = 2,91 x 1074 radian
. 0.2 - 2
Ko = 0.2 minute = 3438 = 5.82 x 10 3 z:ftdlan
Power factor = Cos 0 = 0.85
S
~8in. 0 = 0.53
RO = 99056
T G
\' g 120 S
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n =  99.5316

Substituted in eq. (2.5) and (2.6)

100,17 = 99.56 + 22-21—- (0.85 B, + 0.53 X, )
0.85 R+ 0.53 X, _ = lo.aasu;.....(5.7)

1.0 0.2 1

3i38 = i3 - 72 (0485 X, - 053 R, )

0.53 Rts e 0085 xts = 0.0168 000-00(50‘8)

From eg. (5.7) and (5.8)

X 0,22 ohm
ts

Rts

0. 382 ohm

Calculated ratio correction factor and phase angle at 200 VA

0.8 P.F. lagging at 120% rated voltage (144 volts)
R = 99.58 + 22§gil§ (0.80 x 0.382 + 0.60 x 0.22)
= 1,0019

L Q;é% % 7% (0.22 x 0.8 = 0,382 x 0.,60)

= 9.34 x P ~ radian : "
= 3.21 minutes

b 100.19

RCF = 100 = 1,0019

3. Calculation of ratio correction factor and phase angle at
] \
rated secondary voltage 240 volts,
From Table 5 = 2 at no load condition of rated secondary

voltage 120 volts
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RCF
L
LR

From previous

yoltage 120 volts.

Rts'

xts

97

0.9956

0,2 minute

calculation at condition of rated secondary

0.382 ohm

0.22 ohm

Refer to primary side i

Rtp

tp

(0.382) (99.5316)°
3784.29 ohms
(0.22) (99.5316)°

21790‘&& ohms

Refer to secondary side at rated 240 volts

n

ts

ts

22:311§ = 49,7658

3784.298
(19.7658)2
2179, 4k

(49.7658)>

1.528 ohms

= 0,88 ohm

From 2q. (2.5) and (2.6)

R

3

o~
-

nl
8
BO + vs (RtSOOS e + thﬂin 6).0.00.(205)

§ i
s ) .
XO = ‘v";' (thcos 0 - Rtssin 9) 000000(206)
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(1]

Calcilate ratio

0.8 Pf. lagging at 100% rated volt:i -e (240 volts).

R

RCF

0.9956 x 50

]
o0}
(0 2]

49.78 +

49,7657
288

= 1&9 078
minute

radian

ampere

volts

mohs

correction factor and phase angle at 200 VA

49.78 + 0.3025 ;

50.0825

50.0825
50

1.00165

0.2 _ _1
3438 288

7.97053 x 10~

2.74%

= 1,0017

(0.88 x 0.8 - 1,528 x 0.6)

-

4 radian

minutes

98

(1.528 x 0.8 + 0.88 x 0,6)
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5.2 Type Test
5¢2:1 Temperature rise test

The temperature measurements demonstrate that the transfor-

mer will carry its load without excessive heating.

All temperature measurements shall be made with the rated
secondary burden at any power factor between 0.8 lagging and unity
and 1.2 time the_rated voltage at rated frequency. The test shall
be continued until the temperaturg of the voltage transformer has
reached a steady state (when the rated of temperature rise does
not.exceed 1’6 £er hour). The tést'site ambient temp.may be between
10°C and 30°C, The altitude shall not be more than 1000 metres above

sea level. ' /

The o0il temperature of the transformer under test will be
measured by thermometer immersed approximately 5.00 cm. below the

top 0il surface in the transformer tank.

The ambient temperature of the cooling air shall‘be medsured
by the average reading of several thermometers at different points
around the transformer at its mean height and at one or two meters
distant. The average is to be taken at equal intervals over the
last quarter of the test. The‘thermometers are to be protected from
dr#ught and from radiation ana their time lag is to be so small as

possible.

The temperature of the winding to be determined from their

increase of resistance., Let R1 be the resistance of a winding when
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its temperature is tl at the beginning of a test, tl should'be qa'

nearly as possible equal to the initial temperature of { L G

ding air. Then if R2 is the resistance ét the end 61 the heat rum.

when the winding temperature is t2 »
R, / R, = | (t2 + 234.5)/(1;1 +"_234.5)

and temperature rise

= t2 o= tar. [(R2 - Rl)/nl)(tl + 234.5) + tl = t2

Where ta is the ambient air temperature at the end of the
test. The heat run must be continued long emough to ensure that

the limit of temperature rise is not exceed.

Thermometer of thermocouples are also necessary for measur-
ing the iron surface temperature and that of the oil. In all cases
where thermometers are used the indicating fluid should be alcohol
rather than mercury, since not only are the readings of mercurj e
in - glass thermometers apt to be inaccurate in alternating magne-
tic‘field, but if the glass is broken. The mercury may seriously
damage the transformer winding by amalgamating with the copper,

especially if the coil are of fine wire.

.

There are three methods in testing transformer i.e. direct
loading method, back - to back method and short circuit method.

" The direct loading method was used for this test.,

This test followed The IEC Facommendation Publication 186

clause 8 and 14,

Apparatus required.
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.High voltage step - up transformer

Variac ’ 3e Ammeter

Wattmeter 5. Incandescent lamps 3 x 60 watts
Alcohol thermometgr (4 units)-

Double Bridge 8. Wheatstone Bridge

_Tiﬁing clock 10. Watch .

VARIAC HIGH VOLTAGE STEP-UP TRANSFORMER :

/— VOLTAGE TRANSFORMER -

CDEEJ

I}
FIG 5.-13 TEMPERATURE RISE TESTING CONNECTION DIAGRAM .

INCANDESCENT LAMP .

SA .FUSE

Fi6 5.-14 TEMPERATURE RISE TEST .
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" Test procedure.

Record the room temperature.

Measure the low - voltage winding resistance'by‘ﬂouble
Bridge then record (Secondary’winding are connected in
series), 2 .
Measure the high - voltage winding resistance by Wheat-
stone Bridge, then record. v .

Putting the alcohol thermometer into the o0il, 5.00 cm.

deep from its surface, in the transformer tank. Measure

the top o0il temperature (tg) (see Fig. 5 - 14),

3 other units of alcohol thermometer are put in the trans-
former 0il canning separately, The canning must-be placed
far about 1 meter around the transformer (see Fig. 5‘- 14),
Measure the ambient température (tl, t2, t3) from these
thermometers.

Incandescent lamps (pure resistive load) are used for bur- 
den. Measure its value at 240’#01ts, we can find that

3 x 60 watts at 220 volts of the lamp will be equal to 200
watts at 240 volts.

Connect the circuit as shown in Fige 5 = 13,

Raise the voltage of high voltage step - up transformer
until the ammeter at the secondary circuitrreaches 1 aﬁ-

pere. (It shows approximately the primary voltage equal

.to 1.2 time the rated voltage)

Record the value of temperature tl’ t2, t3, tk and time

~interval as shown in Table 5 = 3,
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10, The test will be held for 9 hours to get sure that the
temperature rise does not exceed l.C per hour. Then ‘
the voltage supply and all equipments in the loading
circuit are removed from the voltage transformer.

11. Measure the after shutdown resistance of the high -
voltage winding by the wheatstone bridge as fast as
possible., Then record the values.

12, The voltage transformer under:test is load again.as
the previous condition for 2 hours then remove the vol=-
tage supply and equipment.

13. The after shutdown resistance of the low - voltage win-

Ading will be measured by the double bridge as fast as
possible. Record the resistances at any time.

14, Record the room temperature at shutdown.

Test results

l. The temperature rise of the top oilt by method of extra-
polationzfrom Fige 5 = 15 and Table 5 = 3 is egual to
3.12 C. '

2. The data of high-voltage winding résistance after shut-

down was shown below.

Time after High - voltage winding
shutdown (second) , resistance (ohms
42 1926
60 1923
90 1922
5 120 1921

2, INTERNATIONAL ELECTROMECHANICAL COMMISSION. Power Transformer
IEC Recommendation Publication 76 second edition, P. 95.
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By method of‘extrapolation3

as shown in Fig. 5 = 16 the
high - voltage winding resistance at shutdown equal to

1937.55 ohms.

The temperature rise = -—-—7;:-- (tl + 234.5) +_§1 - t2
i 1222.2.2 -, 1822 2
= ; 1879 (2707 + 23’!.5)

+ 27.7 = 30.43
¥ = 5.’11&.0

3« The data of low = voltage winding resistance after shut-

down was shown below.

Time after shutdown Low - voltage winding
(second) resistance (ohm
40 0.624
55 10,622
65 0.621
80 : 0.620
140 0.619

By method of extrapolation as shown in Fig. 5 - 17 the
low - voltage winding resistance at shutdown equal to
0.63485.ohm. The ambient temperature at shutdown = 30.0.
Compute the temperature rise as high - voltage winding.

The temperature rise of the low - voltage winding = 10.18.0

The specified maximum temperature rise for all classes of
transformer immersed in o0il is 60°C. So that the results shown above
are satisfied as IEC Recommendation Publication 186 (1969) clause 8

and 14,

3. BRITISH STANDARDS INSTITUTION §Eicification for Power Traisformer.
British Standard 171:1970 P, 53, .




Voltage transformer. No. CU - 54126

Heat Bun Test
_ Direct Loading Method

Rated Burden ~ 200 VA

Rated Voltage 12,000/120 - 240 volts,

Cold resistance LT. 0.6060 ohm Temperature 27.7 C :
HT. 1879.0 ohms Temperature 27.7 C 24 Feb. 1976,
Primary | Secondary Aubient tepperaiize t oil Tenp.
Time . Voltage Current tl t2 t3 T average top oil Rise. Remark
@) | mp) | (o) COl €] Co | (o | Lot
8.45 | 1.2 x 12 1.0 27.00 | 27.80 | 27,80 27.87 27.70 -0,17
9.00 | 1.2 x 12 1,0 28.20 | 28,00 | 28.00 28.07 28.10 6.03
9.15 1.2 x 12 1,0 28,20 | 28,20 | 28.20 28.20 28,30 0.10
9.30 1.2 x 12 1.0 28,50 | 28.20 | 28,50 28.40 28.70 0.30
9.45 | 1.2 x 12 1.0 28.80 | 28.50 | 28,50 28,60 29,00 O.QO
10,00 | 1.2 x 12 1.0 28,90 | 28,70 | 28.70 28,77 29.30 0.53
10,30 | 1.2 x 12 1.0 29,10 | 28,90 | 29,00 29,00 29.80‘ 0.80
11.00 | 1.2 x 12 1.0 29,40 | 29,00 | 29.20 29.20 30.20 1.00
12,00 1,2 x 12 1.0 29,60 |29.30 29.40v 29.43 31.00 1.57
13,00 | 1.2 x 12 1.0 29,80 |[29.50 | 29.70 29,67 31,60 1.93
14,00 | 1,2 x 12 1.0 30,00 {29.80 | 29,90 29,90 32,20 2.30
15,00 | 1.2 x 12 1.0 30.50 | 30,00 | 30,30 29.27 32.80 2.53
16.00 | 1.2 x 12 1.0 30,70 | 530,20 | 30.50 30,47 3310 2,63
17.00 | 1.2 x 12 1.0 30.60 | 30,40 | 30,50 30.50 33.30 2.80
18,00 [ 1.2 x 12 1,0 30.50 | 30,30 | 50,50 30443 33.40 | 2,90

Table 5 = 3 Temperature rise test data

S0t
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FIG. 5-15 TEMPERATURE RISE OF OIL .
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0.6350 4

RESISTANCE AT SHUTDOWN = 0.83485 OHM.

RESISTANCE ( OHM. )
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0.6250 +

FIG. 5—17 LOW - VOLTAGE WINDING

RESISTANCE AT SHUTDOWN .
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5.2.2 Impulse voltage tests

The impulse voltage tests demonstrate the strength of the in-
Qulatiop against the impulse voltages which are permitted by the
lightning arresters and line shielding to reach the transformer.

The transformers are designed to have certain standard impulse .

strengths which are demonstrated by testing.

High - voltage test techniques (IEC Recommendation Publication
60) defines the standard wave shape a; being 1.2/50 microseconds. |
The impulse is usually generated by a circuit arrangement in which
a numbe: of capacitors are changed in parallel from a direct.voltage
source and then @ischarged in series through a circuit which inclndeu
the test object.. The impulse test voltages are shown in tablé 8 of
IEC Recommendation Publication 76 (Power transformers) according to

the highest system voltage and the specified insulation level.,

The test voltage shall be applied to each primary terminal,
one terminal of the winding under test shall be grounded. The ter-

minals of each of the other winding may be grounded.

The voltage transformer shall caﬁahle of withstanding voltage
of both positive and n;gative polarity, but where there is no doubt
which polarity is the more onerous, it shall be sufficient to test
with that polarity only. The peak value and wave - shape of the im-
pulse voltages shall be recorded by mean of Cathode - Ray Oscillo=-

graphs,

When the five impulses of the specified peak value are applied.
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if.no disruptive discharge take place, the requirements of the test
have been satisfied. If more than one disruptive discharge takes
place, the apparatus is considered to have failed the test. If’only
one disruptive discharges, ten additional impulses shall be applied.
The apparatus is considered to have paésed the test if, during these

additional ten applications no disruptive discharge occurs.
Apparatus required

l, D.C, High - voltage generator
2. Impulse voltage generator
3. Cathode - ray oscillograph

4, Sphere gap
Test procedure.

1, Adjust the voltage wave shape of the reduced full wave
equal to 1.2/50 microseconds at peak value equal to 37.5 KV (Full
wave = 75 KV).

2, Short circuit the low -~ voltage winding and grodnd.

3. Ground the tank.

4, Connect one terminal of the high - voltage winding to the

impulse generator as shown‘in Fig. 5 - 19.

5 Apply the reduced full wave voltage (positive polarity)
to the voltage transformer under test and record the wave shape with
gathode - ray oscillograph.

6. Apply five full wave voltage (wave -~ shape 1.2/50 micro-
second, crest voltage 75 KV) respectively to the voltage transformer

and record the wave shape.
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DC. HIGH ~VOLTAGE GENERATOR . e

IMPULSE VOLTAGE GENERATOR . -

SPHERE GAP

VOLTAGE TRANSFORMER UNDER TEST .

" Nt A ,‘.:_»/_’, S o
o et 1 o R RN

FIG5-18 . IMPULSE YOLTAGE TEST .

DC. HIGH -VOLTAGE AR
- Wl :
- ‘ _' e« OLIASE TRANSPORMER
\\ '
G 7 I
SR \
SuPPLY : : [IE
; |
] i
4 l O ”~
V.2 ) Bt ot of
g ) 4 -

FIG 5.<19 IMPULSE VOLTAGE TEST CONNECTION DIAGRAM .

.
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Test result

The wave shape of impulse voltage applied to high - voltage
winding of the voltage transformer under test were shown in Fig.

5 - 20 to Fig. 5‘- 25 respectively.

By comparison of the full wave impulse voltage with the re-
duced full wave voltage, mno differences in the wave form are nqticed.
It show that the voltage transformer could withstand impulse voltage
test according to IEC Becommendétion’Publication 186 (1969) clause
15. it ‘

FIG 5.-20 REDUCED FULL WAVE VOLTAGE OSCILLOGRAPH .
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! F16 5.-23 3" FULL WAVE VOLTAGE OSCILLOGRAPH,

)

FI65.-21 15V FULL WAVE VOLTAGE OSCILLOGRAPH. -

! g FI65.-22 2"V FULL WAVE YOLTAGE OSCILLOGRAPH . |
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