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Abstract: The leakage inductance and direct currerand sometimes for low power transformers (in the
(DC) resistance of windings are the most informatio transport, for example). The term “voltage

bearing parameters for diagnosis of voltagéransformer” is used in this paper both for power
transformers. Measurement of these parameters wittansformers and low power transformers which must
improved speed and accuracy by step function tse checked for the change of parameter values.

suggested.
Measurement of all parameters on alternating ctirren

Keywords: Transformer, Inductance and Resistanc@AC) is analyzed deeply [1]. Measurement of short
of Transformer Windings, Step Responsegircuit resistanceR=~Ru~=R, + Rpn?and inductance

Measurement error. Lee=Lw = L, + Ly,n*are used for diagnosis in
practice [2]. It is difficult to find accurate vas ofR,,
1. INTRODUCTION and R, using AC. Therefore these resistances are

. N . practically measured using DC method with open
Equivalent circuit of a voltage transformer (VT) iSgjrcit at secondary winding. Measurement time for
well known (Fig. 1) [1]. this method equals to 7 time constants if setténgr

of 0.1 % is chosen. It is often more than 30 sec bu

i’p R, L L# R such measuring time is not available for indus8y [
oA —— T N —WVWA—0 Therefore the quick measuring method of DC
& ¥ i - resistance of transform.er’s yvindings was deve_Ioped
! " ? [4]. Input current vs. time is measured after input
& i voltage step with open secondary windings. DC

resistance is found by extrapolation. The method is

correct ifL,, does not depend on current. In practice it
Fig.1. Equivalent circuit of the VT can change by 2-3 times depending on current value.
To decrease influence of this factor as well as
. . . influence of instrument error, measurement timetmus
mductapc_e, R.m — excitation |mpedance,LTn be chosen not less than about two constants of time
magnetizing inductanceR,, — secondary resistance, tpe, gecrease of measurement time will be only &bou
L, — secondary leakage inductanbid, — number of - 3 g (imeq in comparison with the ordinary method an
primary turns,N2 — number of secondary Wrms= .3 gec” requirement can’t be satisfied. Input agt
Nl/Nz — turns ratio,R,n* - secondary resistance step for one phase was also proposed for inductance

Here:R, — primary resistancd,, — primary leakage

referred to primary windind,,n> — secondary L, measurement with open secondary windings and
inductance referred to primary windingRy two short circuit primary windings [5]. This methad
=R,+R,n? - resistance of windings,y =L, +R,n? available only for three-phase transformers andois

- leakage inductance of windings. At the firstaccurate enough. The pulse input method is used and
approximation, used typically in literature as vagdlin ~ standardized for the purpose of diagnosis [6].slt i
this paperR, = R,n? and L, = L,n?. ThereforeR, difficult to get high accuracy in pulse regime.this
=2R, and Ly =2L,. The number of serial RL-chains paper the new method of resistance and inductance
for three-phase transformer is in-and-out triplingmeasurement is suggested. The method allows finding
ResistanceRy and inductancé.y, theoretically don't both short circuit resistance and inductance frara o
depend on magnetic features of a transformer amd ttest with improved accuracy and speed. It can led us
value of input current.Inductancel,, and resistance both for single- and three-phase transformers.

R,, depend on magnetic features of the transformer.

They can change their value as much as 2-3 timis wi ~ 2- REQUIREMENTSTO ACCURACY OF

change of input current from zero to the nominal ~MEASUREMENT FOR DIAGNOSIS OF

value. The changes of resistance and leakage VOLTAGE TRANSFORMERS

inductance of windinggéR,,, andLy,) vs. time are used

for diagnosis of power transformers in the firstntu According to the Standards of Russia, permissible

changes of short circuit resistance and inductamee



specified at the levels of 2 % and 3 %n order to consider temperature effect as nedégib
correspondingly. Investigations of Russian sciémis one.
Lurye showed that serious degradation of power

transformers took place even at the changelpf 3. TRANSFORMER DATA SHEET

about 0.1 %. Let us use metrology approach to find RESEARCHES

necessary level for accuracy of measurement. Here: ) .

Oy, -the relative permissible change of a transform fo confirm  importance of advanced method,
r P 9 %vestigation of Data Sheets for 20 Russian power

parameter (leakage inductance and resistance t@dnsformers was carried out. Following parameters
windings), Oy - the maximum relative error of were reflected in the specificationg,s - open circuit
measurement for the change of the correspondirbgimary voltage,
transformer parameteré'C -the relative permissible

| o5~ open circuit current
change of the transformer parameter at control with
given maximum error of measuremeRt; probability voltage, P.g- short circuit primary power. One

to permit of application the transformer after €oht jnqrtant parameter can be measured but was absent

even for the relative permissible change of a . .
P , g in investigated Data Shee¢sc- phase angle for short

transformer more thand;, . Using analysis for . .

o . . circuit. If we suppose th#t, < R,,, L, < L, , then it
certification of analog-to digital converters givem g possible to find:
Russian standard MI 118-77, one can find relations
between all parameters according to Table 1. —\/2

Rm _VOS / POS’

Py - open circuit primary power,

Vcs-short circuit primary

Table 1. Maximum error of measurement at control

L, =1/2f \[(los Nos ¥ = L/R, ¥.  Phase

P
JMAX 0 | 0.1 | 0.15‘ 0.2‘ 0.25‘ 0.3

angle for open circut can be found:
¢os =arctgR, / 27fL,,. The parameters of the

d” O !0y, scheme shown in Fig. 1 were approximately found for
the transformers under typical conditioRs: = R,n?,

110 090 | 094 | 09| 099] 9% 99, _ n2 @os=P . The results are shown in Table
1/5 080 | 088 | 089 | 091| 003 o094 @ "bTrrosTF ) -
7 575 T oss T o087 o085 o9l o092 2. Study of data given in Tgble 2 confirms condisip

' R, & R,,, L, < L,,. Three time constants are shown
13 067 | 080 | 082 | 085 088 092 jn Table 1:7,, 7,, and 75 in three last lines. Step
1/2,5 060 | 075 | 079 o082| 085 0.89 response for open secondary winding is mainly
% 050 | 069 | 074 | 078] o081 ogg defined by the value of; and forces to choose time

measurement (see Introduction) up tg/R,=941 sec

If, for example, one uses the worst case metRed)y, in ordinary regime and about 269 sec for measuring
the level of control is equal to 0.90 of permissibl method [4]. Both results are not satisfactory fréth
change of a transformer parameter, then maximuf€C requirement [3]. Accurate measurement at this
error of measurement of the change for th#éterval is difficult due to influence df, stability (it
corresponding parameter must be not more thanf0.1@epends on steel properties). Measurement during
permissible change of a transformer parameter.eThelime interval, wherr; dominates, is not a good choice
are two measurements to find change of a parametBgcause high accuracy is not possible at high
Requirement to maximum error of each measuremefiequency [3]. Accurate measurement at this interva
depends on correlation between these measuremefisalso difficult due to influence oR, stability (it

If correlation is absent, then maximum error ofreacdepends on steel properties). Measurement during
time interval, whent, dominates, is an optimum

measurement must be@tlmes less than maximum choice. Especially important, that this time consta
measurement  error of the change for the,naing two of the most important parameters of

corresponding parameter found from Table 1. Usingynqormers i and Ry) used usually for diagnosis
this statement, relations from Table 1 and periissi ;o BothLg: and Re: don't theoretically depend on

change of leakage inductance in the range fron¥9.1 gio0| hroperties. The method advanced in the piaper

0, 1 i . . .
o 3 %, one can find that maximum error Ofbased on measurement in the time range whgrme
measurement must be chosen approximately in tl&%nstant dominates
of '

range from 0.01% to 1 %. Maximum error

measurement for short circuit resistance (the stmme 4. STEP RESPONSE OF VOLTAGE
resistance of windings) must be chosen approximatel .TRANSFORM ER FOR SHORT

in the range from 0.14 % to 0.7 %. It is necesdary
say that temperature coefficient of winding is dlyua CIRCUIT OF SECONDARY WINDING

about 0.4 %C. This error can be removed if - PP
temperature is defined. Measurement uncertainty gftep response of the circuit shown in fig.1 is
temperature must be in the range fronr©.io 0.6°C



Table 2. Results of the Data Sheet research taking into account the first exponent (as a consta

time interval from 10,) and the third exponent (as a

Parameter Max Min linear function for time interval less than 6,1 Then
L. H 15210 6.42 measurement error about 0.2% is available. The
measurement time is less than 330 ms for the
R0 26610 i simplified method and is less than 25 s for the
L,.H 0.728 0.00254 improved method. The fact that we can get full
windings resistance instead of each winding resigta
R.o 411 0.145 separately is mostly the advantage of this method.
L /|_m 0.69710° 0.18110° This result is better meets the test’'s procedur&Gt
a for short circuit secondary winding. The suggested
R, / R, 0.24210* 0.35510° method can be used for three-phase transformers if
step response is found for each phase separately.
1 =L /2R, 207107 0.40410" PSP P P Y
sec 5. EXPERIMENTAL INVESTIGATION OF
T, = La/Ro1 , 0.0329 00151 A TRANSFORMER AND IMPROVEMENT
sec OF THE EQUIVALENT CIRCUIT
,=2L,/R,, 251 49.0 Resistance and leakage inductance of windings for a
Se¢ low power transformer were measured by digital
approximately RLC-meter E7-22 at two frequencies: 120 Hz and
1000 Hz. Resistance of windings was measured &lso a
L@ =1, [% (1 _ e;—;) + (2; _RL) (1 _ e;—;) DC. The results are shown in Table 3.
i (211?,1 +i) 1— e;—;)] Table 3. Experimental tests of a transformer
. @
Frequency, Hz 0 120 1200

Currentl; vs. time using (1) is shown in fig. 2 by
MATHCAD 14 for the following parameters;, = Short circuit resistance, 7.10 9.25 41.53
047H, R,=012KkQ,R,, =72k, L, =11kH, |RwacQ
V, = 10V. The result of step function for fig.1, found

by Microcap, showed difference from fig. 2 not more short circuit | - 48.18 40.55
than 0.2% for time interval from o 10 seconds. inductancel-sc, H
m)'ﬂ : The data from Table 3 show that the model of a
N I transformer given in Fig. 1 is available only for
narrow frequency range. It is not very important if
=t modeling takes place for 50 Hz only. When voltage
10m et ’,/ L — step is used then response can be change in
——+ ++ r7F——+——F—+—+—+— comparison with picture given in fig 2, for example
P — 728 N D B B i : i
e To model the increase of equivalent resistancetlaad
Pobo // — — decrease of equivalent inductance vs. frequen@séth
s = e - == changes are clear from Table 3) a new model of a
mui 1 [/ +— ] } r — . voltage transformer was proposed (Fig. 3). Typical
.= —— —— values of parameters found for the low power
w71 T 1 1 transformer are shown in fig. 3.
in 100 1000 fu 100 100u 1m 10m 100m 1 +t0 100 1000
t.sec Ro Rez n?
Fig. 2. Step response with input voltage step 10 V. 'r-'__ R /i L R
c_,rpmnr.ﬂ | I BVE——AWN—0

One can see three exponents in fig. 2 in accordan\t,
with (1) and equations from table 4,=3.26x10° sec, : ? "

1,=3.92x10° sec,13=18.3 sec. The second exponent is g o
principally interested for us, time constant of e¥his

defined by required parameters. At the firskig 3. A new equivalent circuit of the VT.

approximation, the influence of the first and thed

exponents can be neglected if we take into acciment Application of two additional resistors in paraligith
relevant time period. It is possible to find paréeng leakage inductances allows us to model the increfse
L, and R,. at the interval from 1 to 10G, equivalent resistance and the decrease of equivalen
approximately ignoring the first and the thirdinductance vs. frequency. The result of step famcti
exponents. However measurement error in this asefor fig.3, found by Microcap, is shown in fig. 4e¥y

not less than 1%. Authors offered improved methodlose result was found by physical test. The main




difference between figures shown in fig. 2 and 4igs
a current step in the beginning. This step must be

considered for accurate measurement of transformer 7. CONCLUSIONS

parameters. Step response of voltage transformer gives better
results at short circuit of the secondary windimgs
6. ELECTRONIC CIRCUIT FOR TESTING comparison with open circuit of the secondary

] ) ) windings. Three exponents take place at this CEse.
To form a step function of input voltage with véoy o5t important exponent is the second ong. (The
output resistor, a special electronic circuit wagarameters of this exponent are the most important
designed (see fig. 5). transformer parametersLy andR,.). The simple
method of their measurement gives accuracy about 1%
with time measurement less than 330 ms while the
improved method gives accuracy about 0.2% with

300m . .
i time measurement about 25 s. The previous method

100m

/ required about 300 s for measurement of winding
oA resistance only with less accuracy.
10m {
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