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Hukonaii FPUTOPbEB

Nickolai D.GRIGORIEV

MpuBoaunTCcs TeopeTnyeckoe o60cHOBaHNe
v onucbIBaeTcs MeTos pa3fesibHoro
n3mMepeHnst NOJIHbIX, aKTUBHbIX

Y peaKTUBHbIX COMPOTUBIIEHNIi 0OMOTOK
TpaHcgpopmaTopoB. N3mepsitoTcs
JINHEViHbIe TOKU U HarnpshXeHusl, a Takke
MOLLHOCTU B OMNbITE KOPOTKOIro 3aMbIKaHUSI
Tpexga3HoOro 4Byxo6MOTOYHOIro
TpaHcgopmaTopa viu rpynnbi N3 Tpex
O4MNHaKOBbIX [ BYXOOMOTOYHbIX OA4HOPa3HbIX
TpaHcgpopmaropos. 1o 3Ha4yeHusIm
MoLyHoCTU Tpex a3, cpeaHUX INHEeNHbIX
3Ha4YeHU HanpsHKeHUs1 N TOKa onbITa
KOPOTKOro 3aMbIKaHUSl BbIYUCJIAIIOTCS
COrMpoOTUBIIEHUSI KOPOTKOIO 3aMbIKaHUsI NPy
cxemax coeauHeHUs nuTaiolieri o6MoTku

B TpeyroJibHuK v 3se3ay. B 1,5 pa3a
yBeJINYEeHHbIe UX Pa3HOCTU U €CTb MOJIHOE,
aKTUBHOE U PeaKTUBHOE COMNpPOTUBJIEHUS,
napameTpbl KOTOPbIX JII060V 0OMOTKM
MHOroo6MOTO4YHbIX TPEXPa3HbIX

y oa4HOa3HbIX TPAaHCEPHOPMAaTOPOB MOTYyT
O6bITb OrpeaesieHbl aHaJIOrMYHO, NpeBpaLyasl
ux B nuTaowme.

Kntoyesble crioBa: 04HO- v TpexpasHbiv,

ZABYX- M MHOrOOOMOTOYHbIV TPaHCHOPMaTopbl,
nuTatoLasi 06MOoTKa, rnoJIHoe, akTUBHOE

Y peakTUBHOE COMPOTUBIIEHUS, COEANHEHNE

B TPEYroJIbHUK v 3BE34Y.
|
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HAYKA U TEXHW

U3mepeHue
COMNpPOTUBNIEHNN OOMOTOK
TpaHchopmMmaTopoB

Ipueopvee Huxoaati /[mumpuesun — xanoudam mex-
HU4ecKux Hayk, doyenm Kagheops: «Dnekmposnepee-
muka mpancnopma» Mockoécko2o 20cyoapcmeeHHo20
YHueepcumema nymeti coobuenus (MUHUT), Mockea,
Poccus.

HACTOSIILEe BPeMs MOJIHbIC, aKTUBHbIE

U PEaKTUBHbIE COMPOTURIICHMSI TIEPBUY-

HBIX M1 BTOPUYHBIX 0OMOTOK TpaHCHOp-
MaTopOB pa3AebHO He u3MepstoTes [1—4n ap.].
[IpuHUMAaETCsI, YTO 3TU CONPOTUBIICHUS, TTPU-
BelleHHbIE K ONMHAKOBOMY YMCJY BUTKOB,
MIPUMEPHO PaBHbBI MEXTY COOOI 1 PaBHbI 10JI0-
BHHE COITPOTUBJICHUSI OITBITa KOPOTKOI'O 3aMbl-
KaHus TpaHcgopmaTopa. s 6ojiee TOYHOTO
onpee/ieHUsT 3HaueHUsT ypaBHUTEIbHOIO TOKa
TIpY NapaJule)IbHOM paboTe MOHMKAIOIINX TPEX-
dasnHbIx TpaHcdopmaropos 12 u 11 rpymm coe-
IUHEHUS OOMOTOK HEOOXOIMMO MMETH 3HaAYe-
HMSI TTOJIHBIX COIPOTUBJICHUI MX MEPBUYHBIX
U BTOPUUYHBIX OOMOTOK [5].

[Mpemnaraercs uaMepeHue napaMmeTpoB
Tpexha3HbIX ABYXOOMOTOYHBIX TPaHC(HOPMAaTO-
POB B OITbITE KOPOTKOTO 3aMbIKAHMSI IIPOU3BO-
JIATH OOBIYHBIMUY U3MEPUTEIIEHBIMU ITPUOOpaMU
BHavaJie Mpy CXeMe COCAMHEHUST TIePBUYHOM
0OMOTKM B TpeyroiabHUK (puc. 1), a 3ateM —
B 3Be3y (puc. 2).

Ha puc. 1 u 2 BropuyHble 0OOMOTKU 5 1 7
Tpexda3zHoro IByX0OMOTOYHOIO TpaHchopMa-
TOpa, COeNMHEHHBIE B 3BE3/y, 3aMKHYThI HAKO-
poTko. B mpoBoaa, nepBUYHbIE MUTAIOLIME
0OMOTKU, KOTOPbIE COEAMHEHbI B TPEYTOJIbHUK
(puc. 1) u 3Be3ay (puc. 2), BKIIOYCHBI TPU OIU-
HakoBbIX amriepmeTpa PA 1, nBa oguHaKOBBIX



Puc. 1. Cxema onbiTa KOPOTKOro 3aMbiKaHUsl Tpexga3Horo A4Byxo6MOTOYHOro
TpaHcgopmaropa npu NATaHUU CO CTOPOHbI OBMOTKMU, COeAUHEHHON
B Tpeyronbuuk: 1 — amnepmetpsol PA; 2 — BatrtmeTpbl PW; 3 — BONIbTMETPbI
PV; 4 — o6moTka Tpexga3Horo TpaHcgopmarTopa co CTOPOHbI MUTAHNS,
coeauHeHHasl B TPeyrosibHuK; 5 — 3aMKHyTasi HAkOpoTKO 06MOTka Tpexgda3zHoro
TpaHcgopmarTopa, coeauHEeHHas B 3Be34Y.

Pic. 1. The diagram of short-circuit experiment of three-phase two-winding
transformer from the point of delta- connected winding:
1 ters RA, 2-wat ters PW; 3 — voltmeters PV; 4 — the winding of
the three-phase transformer from the supply side, delta-connected; 5 — short-
circuited winding of the three-phase transformer, which is wye- connected.

Puc. 2. CxeMa onbiTa KOPOTKOIro 3ambikaHusl Tpex¢ga3HOro AByXxo6MOTOYHOIro
rpch¢opM3'ropa npuv nUTaHM co CTOPOHbI nepsmmoﬁ 06MOTKM, coe,qMHeHHoh'
B 3Be3ny: 1 — amnepmeTtpsbi PA; 2 — BatrtmeTpbl PW; 3 — BonnbTmMeTpbl PV; 6 —
o6MoTKa Tpexga3Horo TpaHcghopmaTropa co CTOPOHbI MATAHUS, COeANHEHHas
B 3Be3ay; 7 — 3aMKHYTasi HAaKOPOTKO 06MOTKa Tpexga3Horo TpaHcgopmartopa,
coeavHeHHasl B 3Be34Y.

Pic.2. The diagram of short- circuit experiment of the three-phase two-winding
transformer with supply from the primary winding, which is wye- connected:
1 — ammeters RA; 2 — wattmeters PW; 3 — voltmeters PV; 6 — the winding of the
three-phase transformer from the supply side, which is wye-connected; 7 — short-

i
BartMeTpa PW 2 1 Tpu 0TMHAKOBBIX BOJIBTMETpa
PV3.

PaznenpHoe n3MepeHue MOJIHBIX, AKTUB-
HBIX M PEaKTUBHBIX COITPOTUBJICHU I TEPBUY-
HO#l M BTOPUYHOII 0OMOTOK TpeXx(a3HOTO
JIBYyXOOMOTOYHOTO TpaHC(opMaTopa mpou3s-
BOIMTCS cienyomuM odpa3oM. [1pu ombiTe
KOPOTKOTO 3aMbIKaHUSI BTOPUYHBIE OOMOTKU
5 u 7, coenvHeHHbIe B 3Be3ay (puc.l u 2),
3aMbIKAIOTCSI HAKOPOTKO, a K IMEPBUUYHBIM
00MOTKaM 4 1 6 MOABOAUTCS MOHMXEHHOE
JMHeHoe HanpsokeHue U , mpu KOTOpoM
NEePBUYHBIN JIMHEUHBIA TOK IK paBE€H HOMU-
HajabHOMY 3Ha4yeHuto I . [l tpexdazHoro
JIBYXOOMOTOYHOTO TpaHchopMaTopa I10 ai-
rebpanyeckoii cymMMe MoKa3aHUIi ABYyX BaT-
T™eTpoB PW 2 ompenensercss MOIIHOCTh
KOPOTKOTO 3aMbIKaHus TpeX (a3 P, a no mo-
Ka3aHUsSIM TpeX BoJbTMeTpoB PV 3 u ammep-
MeTpa PA 1 BRIYMCASIOT cCpeaHue 3HAaUeHUS
JIMHEMHOTO HAIPSXECHUS UK U JIMHEHMHOTO
Toka I .

IIpu coemuHeHUN TTEPBUYHON TTUTAOIIEH
00MOTKH 4 Tpexda3HOro AByXOOMOTOYHOIO
TpaHchopMaTopa TpeyroibHUKoM (puc. 1)
¢asHbIe MapaMeTpbl KOPOTKOIO 3aMbIKAHUST:

— IIOJTHOE COMPOTHUBJICHNE KOPOTKOTO 3a-
MBIKaHUS

z.. = V3Uk/IK;
— AKTUBHOE€ COIIPOTHUBJIICHUE KOPOTKOI'O
3aMbIKaHUWA
= 2.
rKT PK/ IK >

circuited winding of the three-phase transformer, which is wye- connected.

— PCAKTUBHOEC COIIPOTUBJICHUE KOPOTKOIO
3aMbIKaHWA

X = (26 — 1),

IIpu coenrHEHUN MEPBUYHON MUTAIOLLIEH
00MOTKM 6 B 3Be31y (pyc. 2) ha3HbIe TapaMeTphl
KOPOTKOTI'O 3aMbIKaHUSI:

— IIOJIHOE CONPOTUBJICHUE KOPOTKOIO 3a-
MBIKaHMSI

z.. = Uk/(+/3Ix);

— AKTHMBHO€ COIIPOTHUBJICHUE KOPOTKOI'oO
3aMbIKaHUS
= 2\.
rm PK/ (3IK )’
— PC€aKTUBHOEC COIIPOTUBJICHNE KOPOTKOI'O
3aMbIKaHUS

X = /(25 — 1),

IIpu sKkBMBaJleHTHOM IIpe0Opa3oBaHUM
TPeX OJAMHAKOBBIX COIPOTUBICHUI, BKIIIO-
YEeHHBIX B TPEYrOJbHUK, B TPEXJYYEBYIO
3Be3/ly MX 3HAYeHHUsI YMEHbIAIOTCA B 3 pa3a
[6]. [TosTOMY conpoTUBIIEHUS TpeX(a3HOro
JIByXOOMOTOYHOTO TpaHCc(hOopMaropa B OITbI-
Tax KOPOTKOTI'O 3aMbIKaHUs pa3InYHbl Ha Be-
JINYMHY YMEHBILIEHMS B T€ Xe 3 pa3a IOJIHbIX,
AKTUBHBIX U PEaKTUBHBIX CONPOTUBICHUI
MEPBUYHOM OOMOTKHU MPU €€ COCAMHEHUU
B TPEYTOJIbHUK Z |, T |, X _ 110 CPABHEHHUIO
C COeIMHEHUEM B 3Be3My Z , T, X ,aTIpu-
BEIICHHbIE K YMCJIy BUTKOB IIEPBUYHOM 00-
MOTKM 3HAYEHMSI DTHX XK€ COIMPOTUBJICHUI
BTOPUYHOM OOMOTKM Z_,, T ., X UZ T

Kr2? “Kkr2’ K32, k32’
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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



