X, OCTAlOTCS NOCTOAHHBIMU. [1OCKOIBKY
IOJIHOE, aKTUBHOE U PEaKTUBHOE COIIPOTUB-
JIEHUSI KOPOTKOI'O 3aMbIKaHUsI TpeX(ha3HOro
JBYXOOMOTOYHOI'O TpaHC(opMaTopa paBHbBI

CYMMe€ COOTBETCTBYIOIIMX COMPOTHUBICHUIA:

Z = +7Z

KT Kt 1 KT 2
ZK3 - ZK31+ ZK32’ rKl‘_ rKT 1 +rKT 22 rK?- - rl(31 + rl(32’ XKT
- XKT 1 +XKr2’XK3 - XK31 + XK32’

TO TIOJIHOE, aKTUBHOE U PEaKTUBHOE COMPO-
TUBJICHUST KOPOTKOT'O 3aMbIKaHMUS, TIOJTyYeH-
HbIE HA OCHOBAHUU OITbITa KOPOTKOTO 3aMBbl-
KaHus Tpex(da3HOro ABYXOOMOTOUYHOTO
TpaHchopMaTopa MpHU CXeMe COCAUHECHUS
MePBUYHOI OOMOTKHM B TPEYTOJIbHUK, MEHBIIIE
Ha 2/3 3HauyeHUl (ha3HBIX CONMPOTUBICHUMA
NEePBUYHOM OOMOTKM Z_,T_, X TIO CPaBHE-
HUIO C COOTBETCTBYIOIIMMMU IMapaMeTpaMu,
MOJYYEHHBIMU TIPU CXeMe COSIMHEHUSI TIep-
BUYHOM OOMOTKM B 3Be3ny: Z —7Z =27 /3,
r,—r =2r_/3;x_ —Xx_=2x_/3.

OKOHUAaTeJbHO MMEEM, UTO TOJHOE, aK-
TUBHOE U peaKTHUBHOE (ha3HbIE COMPOTUBIIC-
HUsI KOPOTKOT'O 3aMbIKaHMS TIEPBUYHON 00-
MOTKM B ITOJITOpa pa3a 0oJbllle pa3HOCTHU
COOTBETCTBYIOIIMX ITaPaMETPOB, BBISIBIIEHHBIX
Ha OCHOBaHUM M3MEPEHUI B OIbITaX KOPOT-
KOT0 3aMBbIKaHMSI TPeX(ha3HOIo IByXOOMOTOY -
HOro TpaHchopMaropa IMpu COeAMHECHUU
MEepBUYHON OOMOTKM B 3BE31IY, a 3aT€M B Tpe-
yrompHuk: Z =1,5(Z_ Z );r_=1,5(r_ —
rKT); Xl(l'[ = 1’5 (XK3 - XKT)'

ITapamMeTpsI TOTHOTO, aKTUBHOTO U peaK-
TUBHOTO COMPOTUBJIECHUII KOPOTKOTO 3aMBbl-
KaHMS TIEPBUIHOI OOMOTKH TPeX OMMHAKOBBIX
oaHOo(a3HBIX AByXOOMOTOYHBIX TpaHC(HOpMa-
TOPOB MOTYT OBITh OIPEACJICHBI T10 aHAJIOTUM
9KCIIEPUMEHTAIBHO MPU UX COCAMHEHUU
B Tpexdasnyo rpynmy. [TapameTpsl Tex ke
COIPOTUBJICHU KOPOTKOTO 3aMbIKaHUSI BTO-
PUYHOI 0OMOTKHU ABYXOOMOTOUYHOTO Tpexdas-
HOro TpaHcpopMaTopa M J1000il 0OMOTKHU
MHOTOOOMOTOYHBIX TpeX(a3HbIX U 0OJHOdA3-
HBIX TpaHCHOPMATOPOB HAXOISITCS TOYHO
Tak e, IpeBpaliias e¢ B IEPBUYHYIO.

BbiBO4bl

[MpoBeneHHOE KCIIEPUMEHTAILHOE HCCIIe-
JIOBaHUE EMOHCTPUPYET OIpeeSIeHHbIE 3aK0-
HOMEPHOCTH TIPU pa3aebHOM M3MEepeHUU
TIOJTHBIX, AKTUBHBIX M PEAKTUBHBIX COTTPOTUBIIE-
HUIT 0OMOTOK TpaHchopMmaTopoB. M3mepsiich
JIMHEIHBIE TOKW U HATIPSDKEHMSI, a TAKKe MOIII-
HOCTH B OITbITe KOPOTKOTO 3aMbIKaHWsI Tpexas-
HOTO JIByXOOMOTOYHOIO TpaHchopmaTopa Uin
TPYIIITHI U3 TPEX OMMHAKOBBIX TBYXOOMOTOUHBIX
onHo(Ma3HbIX TpaHC(HOPMATOPOB TIPU CXeMax
COEIMHEHMS UX TMEPBUYHBIX OOMOTOK CHavasia
BTPEYTOJIHUK, a [TOTOM B 3Be31y. [1o 3HaueHmsIM
MOIITHOCTH TpeX ¢ha3, CPeIHNX JTMHEHHBIX 3Ha-
YEeHWIA HATIPSDKEHUST ¥ TOKA OIbITa KOPOTKOTO
3aMBIKAHUSI BEIYHMCIIEHBI COTTPOTURIICHIST KOPOT-
KOTO 3aMbIKaHUsI TIPY CXeMaxX COSIMHEHUST TTH-
TaroIIe OOMOTKH B Te K€ TPEYTOJIbHUK U B 3BE-
3my. B 1,5 paza yBeiMueHHbIE UX pa3HOCTH, TT0-
JIy9E€HHBIE JIJIS CXEM COSTMHEHUST TIEPBUIHOM
OOMOTKM B 3Be3/ly U B TPEYTOJbHUK, U €CTh
TIOJTHOE, aKTUBHOE M PEAaKTUBHOE COTIPOTUBIIE-
HUSI TIATAOIIEH OOMOTKM Tpex(a3HOTo TpaH-
cchopmaropa Wi TpyTIbl U3 TPEX OIMHAKOBBIX
onmHodazHbIX TpaHchopMaTopoB. [lapameTpsl
MOJOOHBIX COMPOTUBICHUN 1000 OOMOTKHU
MHOTOOOMOTOYHBIX TPeX(ha3HBIX M OMHO(DA3HBIX
TpaHc()OPMATOPOB MOTYT OBITH OIPENETeHBI
AQHAJIOTUYHO, TIPEBpAIliasi X B MATAIOIIME.
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MEASUREMENT OF TRANSFORMER WINDINGS RESISTANCE

Grigoriev, Nickolai, D. — Ph.D. (Tech.), associate professor of the department of transport power
engineering of Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The article contains a theoretical rationale and describes
the method of separate measurements of total, active
and reactive resistance of transformer windings. Linear
currents and voltages are measured, as well as power in
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the short-circuit experiment of a three-phase two-winding
transformer or group of three identical two-winding single-
phase transformers. From the values of the three phase
power, average linear voltage and current values of short
circuit resistance are calculated in delta and wye connection



schemes of supply windings. Parameters of total, active
and reactive resistance by short-circuit of any winding of
multiwinding three-phase and single-phase transformers
can be defined similarly, turning them into supply windings.

ENGLISH SUMMARY

Background. Currently total, active and reactive
resistances of the primary and secondary windings of
the transformers are not measured separately [1-4 etc.].
It is assumed that resistances with the same number of
turns, are noticeably equal to each other, and equal to
half of the resistance of transformer in the short-circuit
experiment. For a more accurate value of the circulating
currentin parallel operation of three-phase transformers
of 12and 11 groups of winding connections it is necessary
to have values of total resistances of their primary and
secondary windings [5].

Itis proposed to measure the parameters of three-phase
two winding transformers in the short- circuit experiment
with the use of conventional instrumentation initially with the
scheme of delta connection of the primary winding (Pic. 1),
and then — wye connection (Pic. 2).

Objective. The author strives to demonstrate separate
measurements of total, active and reactive resistance of
transformer windings.

Method. The study was conducted with the use of short-
circuit experiment and mathematical calculations.

Results. Pic. 1 and 2 show that the secondary windings
5 and 7 of the three-phase two-winding transformer,
which are wye-connected are short-circuited. In wires, the
primary supply windings of which are delta- (Pic. 1) and
wye- connected (Pic. 2), three identical ammeters RA 1, two
identical power meters PW 2 and three identical voltmeter
PV 3are on.

Separate measurement of total, active and reactive
resistance of the primary and secondary windings of a
three-phase two-winding transformer is as follows. In a short
-circuit experiment the secondary windings 5 and 7, which
are wye-connected (Pic. 1 and 2), are short-circuited, and
to the primary windings 4 and 6 reduced linear voltage U, is
added, whereby the primary linear current | _is equal to the
nominal value |,. For three-phase two-winding transformer
short-circuit power of the three phases P, is defined on the
basis of the algebraic sum of readings of two wattmeters PW
2, and the average values of the linear voltage U, and linear
current | are calculated on the basis of the readings of three
voltmeters PV 3 and one ammeter RA 1.

When the primary supply winding 4 of three-phase two-
winding transformer 4 is delta- connected(Pic. 1) phase short
circuit parameters are:

— total short-circuit resistance

= V3Ux/Ik;

— active short-circuit resistance

r,.=pP/1%

reactive short-circuit resistance

(2% — 13),

When the primary supply winding 6 is wye-connected
(Pic. 2), phase short-circuit parameters are:
— total short-circuit resistance

7, = Uk/(V3I);

— active short-circuit resistance

r,=P/(312);

— reactive short-circuit resistance

(z% — ).
Resistance of the primary winding of the transformer at
its delta connectionZ_, r, ., X, ,is 3 times less than by wye
connection Z, x_,,and values of the same resistance

ka1’ Ksl’ K31
ofthe secondarywinding Z,_,, 1, ,, X,., " Zmz o Xgpremain

constant. Consequently, tlf::sz resistance obtained by delta
connection scheme of the primary winding is less than 2/3
ofthe values of the phase resistance of the primary winding
Z I X,,as compared with the corresponding parameters
obtained on the basis of short-circuit experience with the
use of wye connection scheme for the primary winding:

Z2.,-2,=22Z /31, ~r,=2r./3; X ~Xx.,=2Xx,/3.

Fmally, total, actlve and reactive phase short circuit
resistances of the primary winding are half as much as
the difference of corresponding parameters, calculated
on the basis of measurements taken in short-circuit
experiments of the three-phase two -winding transformer,
when the primary winding is wye- connected and then
delta-connected:

Zz =15(Z-2)r, =1,5(r-r.;x,=15(x,-x_)

Short- ctrcu:t res:stance parameters of the primary
winding of three identical single-phase two- winding
transformers can be determined experimentally, if they are
similarly connected in a three-phase group. Short-circuit
resistance parameters of the secondary winding of the
two- winding three-phase transformer and any winding of
multiwinding transformers can be defined similarly, when
it is converted into a supply winding.

Conclusion. The conducted experimental study
demonstrates particular regularities in the separate
measurement of total, active and reactive resistances of
the transformer windings. Linear currents and voltages
were measured, as well as power in the short-circuit
experiment of a three-phase two-winding transformer or
group of three identical single-phase transformers when
their primary windings were first delta- and then wye-
connected. Using values of three phases power, average
linear voltage and current of short- circuit experiment
short-circuit resistance was calculated, when the supply
winding was delta- and wye- connected. 1.5 times
increased differences, which were obtained, were total,
active and reactive resistances of the supply winding of
a three-phase transformer or a group of three identical
single-phase transformers. Parameters of such resistances
of any winding of multiwinding three-phase and single-
phase transformers can be defined similarly, if they are
converted into supply windings.

Keywords: single-and three-phase, two-and multiple winding transformers, supply winding, total, active

and reactive resistance, delta and wye connection.
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