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PodoTa 9. ocaigxennss TpudazHoi cucTeMu Npu 3’ €THAHHI
CIOKMBAYiB TPUKYTHUKOM

9.1. MeTa podoTu

BuBYMTH OCHOBHI BIACTHBOCTI 1 3aCTOCYBaHHS TpU(a3HHX Kil TNpH
3’€lHaHHI JUKepena 1 CIOKWBadiB TPUKYTHUKOM. JlOCHiAMTH pexuMu
pobotn TpudazHUX Kid T[pU PIBHOMIPHOMY 1 HEpiBHOMiIpHOMY
HaBaHTa)XeHHI (a3, a Takox mpu oOpuBi (asu abo ogHOro i3 JIHIKHUX
npoBofiB. HaBunTrcs po3paxoByBaTH Tpu(aszHi Koja MpU HABAaHTAXKCHHI
(a3 aKTUBHUMH OTIOPAMH.

The purpose of the work

To study the main properties and application of three-phase circuits
when connecting the source and consumers by a triangle. Explore the
modes of operation of three-phase circuits with uniform and uneven
loading of the phases, as well as when a phase or one of the linear wires is
broken. Learn how to calculate three-phase circuits when the phases are
loaded with active resistances.

9.2. KopoTtki TeopeTn4Hi Bitomocti

Sxmo obMoTku TpudazHOTO reHeparopa (TpaHcdopmaTopa) 3’€IHATH
Mix co00r0 Tak, MO0 KiHeUb Iepiroi OyB 3 €IHAHWN 3 MOYATKOM APYToi,
KiHeIb JPYroi 3 MOYaTKOM TPEThOi, a KiHellb TPEThOi 3 MOYaTKOM IepIIoi i
JI0 TOYOK 3’€THAaHB i JKITIOYHUTH JiHIHHI TPOBOJA, TO OJCPIKUMO 3’ €THAHHS
TpuKyTHUKOM (puc. 9.1). TpukyTHHUKOM 3’€IHYIOThCS 1 crokmBadi. B
3aMKHYTOMY  KOHTypi  OOMOTOK TeHepaTopa TIpH  BiJICYTHOCTI
HaBaHTaXKEHHS (PEXUM XOJOCTOTO XOXy) CTPYM IPOTiKath He Oyzne, 00
CyMa MHTTEBHX 3HAueHb €.p.C. OyJe JOpIBHIOBATH HYJIIO, OCKUIBKA BOHHU

OyLyTh piBHi 3a aMILTiTY1010, aJle 3MilleHi 3a pasoro Ha kyT 277/3.



c’ LYY B’
e I
Use I
Puc.9.1

B cxemi, HaBenmeHiii Ha puc.9.1, TPUKYTHHK IIOBHHX OIIOpIB
, .
(Z ;5> Zpc»Z,) 3’ €nHaHMH 3 TPUKYTHUKOM (ha3HHX 0OMOTOK TeHepaTopa
(TpancdopmaTopa) JiHITHIMA TPOBOIAMHU.
Hampyru wmix nmiHIHEMH TpoBOAamMu AOPIBHIOIOTH HANPYyramM Mix
MOYATKOM 1 KiHIIeM KOXHOi (ha3u, ToOTO

Uy=Uyp=U., =U,. 19.1/

Jlinmitai crpymu s, Is, Ic He pgopiBHIOIOTH ¢a3HUM CcTpyMam.
CHiBBiIHOIIEHHS MK HUMH MOXXHa 3HAWTH Ha MiJCTaBl MEPIIOrO 3aKOHY
Kipxroda, 3rimHo 3 SIKUM CymMa MHUTTEBUX 3HAY€Hb CTPYMIB B OYyb-SIKOMY
By3Jli (pO3ray>keHHi) eJIEKTPUIHOTO KOJa AOPIBHIOE HYJO. 3TiTHO 3 UM
3aKOHOM 3aITHIIEMO, 10

Iy+icy =i =0;
ip+ip—ipg=0; 9.2/
i +ige—iq,=0.
I3 piBHsHb /9.2/ BUAHO, 110 NiHIIHI CTPYMU TOPIBHIOIOTH Pi3HHMIII
CYMDKHUX (Da3HHX CTPYMiB:
Ly =l —lcs
Ip =lpe —1p; 19.3/
le =lgy —lgc-
3aMiHUBILY B PiBHAHHAX /9.3/ MUTTEBI 3HAUEHHS CTPYMiB BEKTOPaMH,
OJIEPIKUMO:



1 4= FAB — 7CA;
Is=1sc —jAB; 9.4/
T =1Ica—1sc.

Ha mincraBi piBHsHb /9.4/ MokHa TOOyIyBaTH BEKTOPHY Jiarpamy

CTPYMIB i 3HAMTH CMIBBiTHOUICHHS MIX JIIHIHHUMH 1 a3HUMH CTpyMaMmH.
Ha puc.9.2 mnobOynmoBana BekTOpHa  jiarpama Uil BUMAAKY

r 7, 7,
— — — : _"AB __ "BC _ "CA
Zyp=Zpe=2Zp, =7 i cosqp=-48 =15 _Tc1

V4 Z
, : Uge . Ugc .
®da3Hi cTpyMH BH3HAYalIM 3a 3aKOHOM OwMa:lg=—"=; lgc =—= i
AB Zgc
lca = _U A
Zea
I
L
a) 0).
Puc.9.2
I3 TPUKYTHUKA CTpYMiB BKM 3HAXOIUMO

OTxe, Ipy 3’€IHAHHI CHMETPUYHOTO CIIOKMBa4a TPUKYTHHKOM JIiHIHHI

cTpymu Oinblii 3a dasHi y \/§ pasiB. fkmo cucremMa HeCUMETpPUYHA, TO
¢bazni ctpymu OyayTh pi3HUMH, Pi3HUMHU OyIyTh 1 KyTH 3CcyBy (a3, ane



METOAMKa TOOYI0BH BEKTOPHOI JiarpamMu 1 BU3HAYCHHS JIIHIHHUX CTPYMIB
3aJTMIIAETHCS TAKOO JK CAMOIO.

Ha puc.9.2, 6 noOynoBaHa BeKTOpHA Jiarpama MpH HEPiBHOMiIpHOMY
HaBaHTKCHHI (Da3 aKTHBHUMH OIIOPaMH, IO XapaKTepHE IPH JKUBJICHHI
OCBITJIEHHS JIaMIIaM# PO3KAPIOBAHHS )KUTIOBUX OyIHUHKIB.

I'panryHM  BUITAgKOM HEPIBHOMIPHOTO HaBaHTaAKCHHA (a3 €
30inbuieHHss omopy ¢asu 1o OesmexHocti (Z, =00), IO BigmOBigaE
pexxuMy oOpuBy (azu y Micii 3’€qHAHHS 3 JTIHIHHAM TPOBOJIOM. Y IEOMY
BUTIAAKY CTpyMy B o0OipBaHiii (a3i, Hampukian, y ¢asi AB, He Oyzne
(1.e=0). Ctpymu B iHmmx ¢azax He 3MIHATHCSA, 00 HE 3MIHWIUCH (a3Hi
Harpyrd. Ilpore miHiiiHi ctpymu la i lg 3rigHo 3 piBHsHHAM /9.4/
3MEHIIAThCS 1 CTaHyTh PiBHUMH BignoBimHuM QazHuM: Ia=lca i 1g=lac.
Jliniitawii ctpym lc=lca — lec HE 3MiHUTHCS.

Ha puc. 9.3, a moOynoBaHa BeKTOpHA JliarpaMa HampyT i CTPYMIB IPHU
aKTHBHOMY HaBaHTa)XeHHi 1 0OpuBi (a3u 4B, sKa BiANOBiIa€ PIBHIHHIM
18.4/ 3a ymoBwu 1as=0.

Puc. 9.3.

Slxo o odpuBy dasu 4B nobasutH e 00puB dazu BC, To TpudaszHa
cUCTEeMa MEPEeTBOPHUTLCS B OJHOGA3Hy 1 CTpyM OyJie MPOTIKATH TiJIbKU B
¢azi CA. Jliniitni crpymu la i lc OyayTh piBHI 32 BETUYHWHOIO 1 TPOTHIICKHI
3a HampsIMKOM, SIK BUTIKae 3 piBHsAHb /9.4/ mpu migcraHoBui las=lsc =0.
BekTopHa aiarpama s 1bOr0 BUIIaAKy o0y moBaHa Ha puc. 9.3, 0.

Oxpim 00OpuBy (a3, MOKEe BUHUKHYTH 1 OOpHB JIiHIHHOTO TIpoBOa. Y
POMY BHUNAJIKy HOPMaJILHUIA peXuUM 30epexerbcs y ¢asi BC, Ko
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00ipBaHoO JiHIHHKE 1poBia 4. [Bi iHII (a3u OyayTh 3’€aHaHI IOCTII0OBHO
1 1o HUX OyJe MpHKJIageHa TOBHA JIiHIHA Hanpyra. ToMy MagiHHS HAPYT
B HUX PO3IMOAUTHTHCS TPOIOPIIIHHO ormopam ¢as3.

Ha pwnc.9.3,8 HaBeneni JiarpaMu Hampyr.i CTpyMiB TpU  Pi3HHX
aKTUBHUX omopax (a3 i oOpuBi mJiHiitHOTO MpoBoda A. Sk cmigye i3 puc.
9.3,B y HIbOMY BUTIAJKY

Uge =Uca +U e,
g =lgc + 155 19.5/

o =lca+ lge-

Sk 1 mpum 3’eAHAHHI 3IpPKOI0 aKTWBHA 1 PEaKTHBHA IMOTY)XHOCTI NPHU
3’€lHAHHI TPUKYTHUKOM JOPIBHIOIOTH BiJMOBITHO CyMi aKTHBHUX 1
PEaKTUBHUX TOTYXHOCTEH (a3:

P =Py +Fac + Foa=U gl as COS@5 +Ugcl e COS@e +Ucplcp COS@Pn,
9.6/

Q=Qu +Qac +Qca =U pgl 5 COS@pg +Upgc lgc COS@yc +Uculcn COSELy,
19.7/
[Ipr cumeTpmYHOMY HaBaHTa)XEHHI 3CYyBH (pa3HUX CTPYMIB BiJHOCHO

(hasHEX HANPYT OXHAKOBI ( Ppg = Pac = Pop = @) 1 TOMY

P=U,co8p(l 5 + lgc +1c2)=3U,l,C080; /9.8/
Q=3U,l,sing.

[ToBHA NOTYXHICTB KOJIa
2 2
S=,P°+Q 19.9/
I3 opiBHSHHS CITIBBIHOIICHb MiX JIHINHUMH Ta (a3HUMHU HANpyramu
npu 3’€IHaHHI TpU(A3HUX KiT 3IPKOIO Ta TPUKYTHHKOM BUXOJUTb, IO MPU
ONTHAKOBHX (Pa3HMX Hampyrax Ha CIOKWBadax JIHIHHUE CTpyM mpH

3’€JIHAHHI TPUKYTHUKOM B +/3 pa3 Oijblie, HOK TpH 3’€IHAHHI 3ipKOIO, a

JiHiiHI HAPYTW MAKOTh CIiBBIIHOMICHHS 3BOPOTHE — B +/3 pas3iB MeHIIIe.
[ToTyXHICTh KOJIa HE 3MIHIOEThCSI.
VY 3B’s3ky 3 OUIBIIUM 3HAYEHHSM CTPYMY B JIHIl JUIS JKUBIICHHS

CHOXHBAYiB, 3 €IHAHMX TPUKYTHHKOM, HEOOXiTHO BHKOPHCTOBYBATH
7



MPOBIIHUKH 3 OUIBIINM IIOTIEPEUHUM MIEPEPI30M /a 3HAUNTh JOPOXKYI/, HIXK
TP JKUBJICHHI CIIOKMBAadYiB, 3’€HAHaHWX 3ipkoro. Tomy TpudaszHi Koia,
3’€IHaHI TPUKYTHUKOM, B HH3BKOBOJIBTHHX MEpPEKax BHKOPUCTOBYIOTh

JIMIIE TOJI, KOJIM 32 YMOB €JIEKTpoOe3nekn HeoOXiaHa HikYa (y + 3 pasiB)
HAIpyra >KUBJICHHS CIIO)KUBAYiB.

Brief theoretical information

If the windings of a three-phase generator (transformer) are connected
to each other in such a way that the end of the first is connected to the
beginning of the second, the end of the second to the beginning of the
third, and the end of the third to the beginning of the first, and linear wires
are connected to the connection points, then we get connection by a
triangle (Fig. 9.1). Consumers are also connected by a triangle. In the
closed circuit of the generator windings, when there is no load (idle mode),
the current will not flow, because the sum of the instantaneous values of
the E.M.F. will be zero, since they will be equal in amplitude, but shifted

in phase by an angle 27/3.

A'
A
</ N
c’ YA B’
—> L
Use I
Fig. 9.1

In the diagram shown in fig. 9. 1, the triangle of total resistances
(Z 5, Zy,Z,)is connected to the triangle of the phase windings of the

generator (transformer) by linear wires.
The voltages between the linear wires are equal voltages between the
beginning and the end of each phase , i.e

Uy=Uy=U., =U,. 19.1/



Line currents | o, | 8, | ¢ are not equal to phase currents. The
relationship between them can be found on the basis of KirHoff's first law,
according to which the sum of the instantaneous values of currents in any
node (branch) of an electric circuit is zero. According to this law, we write
that

Iy+icy =i, =0;
ip+ig—ig.=0; 19.2/

i +ige—iq, =0.

It can be seen from equations /9.2/ that the line currents are equal to the
difference of adjacent phase currents:

Ly =l —lcg

iy =lge —1p; /9.3/

e =lcy —lpc-

Having replaced the instantaneous values of the currents by vectors in
equations /9.3/, we obtain:

I, = jAB —}CA;
Is=1sc —jAB; 19.4/
Tc=1Tca—Isc.

On the basis of equations / 9.4/ it is possible to construct a vector
diagram of currents and find the ratio between line and phase currents. In
fig. 9.2 a vector diagram is  constructed for  case

r v 7,
Z,=2,=Z. =Zicosp=-2L =25 ="C1
AB BC c4 4 7 7 7
Phase currents were determined according to Ohm's law
:IAB=Uﬂ;IBC=ULC and|CA=Uﬁ
ZAB ZBC ZCA



a). b).
Fig.9.2

From the triangle of currents VKM we
find 1, = BM =2BN =2l g cos30°=2IAB§=\/§IAB.

Therefore, when a symmetrical consumer is connected by a triangle, the

line currents are times greater than the phase currents V3. If the system is
not symmetrical, then the phase currents will be different, the phase shift
angles will also be different, but the method of constructing a vector
diagram and determining the linear currents remains the same.

Fig. 9.2, b shows a vector diagram with an uneven load of phases by
active resistances, which is typical when powering lighting with
incandescent lamps in residential buildings.

The limiting case of uneven phase loading is an increase in phase
resistance to infinity ( Z, =o0), which corresponds to the mode of phase

interruption at the point of connection with a linear wire. In this case, there
will be no current in the interrupted phase, for example, in phase AB (| s
=0) . The currents in the other phases will not change, because the phase
voltages have not changed. However, the linear currents | » and | &
according to equation /9.4/ will decrease and become equal to the
corresponding phase currents: | a=1caand I g=1gc. The line current | ¢ =
I ca— I sc will not change.

10



In fig. 9.3, and a vector diagram of voltages and currents with active
load and interruption of phase AB is constructed , which corresponds to
equation /9.4/ under the condition | =0 .

Fig. 9.3.

If to the interruption of the AB phase, an interruption of the BC phase is
added , the three-phase system will turn into a single-phase system and the
current will flow only in the CA phase . The linear currents | aand | ¢ will
be equal in magnitude and opposite in direction, as follows from equations
/9.4/ when substituting | as = | sc =0 . The vector diagram for this case is
built in fig. 9.3, b.

In addition to a phase break, a line wire break may also occur. In this
case, the normal mode will remain in the BC phase if the linear wire A is
broken . The other two phases will be connected in series and the full line
voltage will be applied to them. Therefore, the voltage drop in them will be
distributed in proportion to the phase resistances.

Fig. 9.3, ¢ shows diagrams of voltages and currents with different active
phase resistances and a break in the linear wire A. As follows from fig. 8.3,
in this case

UBC =UCA+UAB;
g =lgc + 1455 9.5/

e

11



As with a star connection, the active and reactive powers in a delta
connection are equal to the sum of the active and reactive powers of the
phases, respectively:

P =Py +Fac + Foa =U gl as COS@g +Ugclgc COS@e +Ucplcp COS@Pn,
9.6/

Q=0Qpp +Quc +Qca =U pgl ag COSPpg +Upc e COS@ge +Ucplcn COSPLA,
19.7/
With a symmetrical load, the shifts of the phase currents relative to the
phase voltages are the same ( @, = @5 = @, = @) and therefore

P=U,cosg(l 5 + loc + lcs)=3U,l,C08¢; 19.8/
Q=3U,l,sing.

Full circle power
S=,P*+Q? 19.9/
From a comparison of the ratios between line and phase voltages when

three-phase circuits are connected by a star and a triangle, it turns out that
with the same phase voltages on consumers, the line current when

connected by a triangle is twice \/§ as much as when connected by a star,

and the line voltages have the opposite ratio - \/§ times less. The power of
the circuit does not change.

Due to the higher value of the current in the line for powering
consumers connected by a triangle, it is necessary to use conductors with a
larger cross-section /and therefore more expensive/ than when powering
consumers connected by a star. Therefore, three-phase circuits connected
by a triangle are used in low-voltage networks only when, under the
conditions of electrical safety, a lower ( \/gtimes) supply voltage of
consumers is required.

9.3. [Iporpama podoTu

1. Hocmiauta pobOoTy Tpuda3HOi CHUCTEeMHU INPU HEPIBHOMIPHOMY
HaBaHTa)XeHHI (a3 aKTUBHIMH 1 pEaKTHBHUMH OIIOPaMH.

12



2. Jocmiguta poOoTy TpudasHOI CHUCTEMH IPH PIBHOMIPHOMY i
HEPIBHOMIPHOMY HaBaHTa)KEHHI (a3 aKTHBHUMH OMOPaMHU.

3. Hocmigutu poboTy TpudazHoi cUCTeMH MpH OOpHBI OJHIET Ta ABOX
¢a3 1 HepiBHOMIpHOMY iX HaBaHTa)XKCHHI aKTUBHUMH OMTOPaMH.

4. Hocmimut poboTy TtpudazHOi CHUCTEMH TpU OOPHBI OJHOTO
JHIHHOTO TTPOBO/IA.

5. [loOymyBaTr BEKTOPHI AiarpaMu IJis BCIX peXUMIB poOOTH 1 3pobutn
BHCHOBKH TIPO MTEPEPO3MOILT CTPYMIB Ta HAIPYT.

Work program

1. Explore the operation of a three-phase system with uneven loading of
the phases by active and reactive resistances.

2. Explore the operation of a three-phase system with uniform and
uneven loading of the phases by active resistors.

3. Explore the operation of a three-phase system in case of interruption
of one and two phases and their uneven loading by active resistances.

4. Explore the operation of a three-phase system when one linear wire
breaks.

5. Construct vector diagrams for all operating modes and draw
conclusions about the redistribution of currents and voltages.

9.4. Onnc 1a60PaTOPHOI YCTAHOBKH

HocnimpkenHs npoBoAsThcs Ha labopatopHomy ctenai YWJIIC, B skomy
3HAaXOAATHCS!

- JDKEpeJIo TPhOX (pa3sHHUX PEryIbOBaHMX HANPYT 3 BUBOJAMM MOYATKIB i
KiHIiB pa3zHIX 00MOTOK TpaHC(hOpMaTopa,

- OJIOKM 3MIHHUX 1 ITOCTIHHUX OMOPIB;

- nu(pOBi BUMIPIOBAIbHI MPUITA]TH.

13



Ia — A
> 0 O H
y (} 4B
a  Uca
Zca
T‘®_T [1c4 laB
4\ lca AB
z B' Is f Isc
o o - -
I e BC [l
lIUBc
Puc. 9.4

Cxema eJNeKTPUYHOTO KOJIa JUIS JOCIIDKeHHS TpU(A3HOI CHCTEMHU MpH
3’eqHAaHHI JDKepena (TpaHcdopmaTtopa) 1 CIIOXKHBAdiB TPUKYTHHUKOM,
HaBezieHa Ha puc. 9.4.

Jns 3’eHaHHS €NEMEHTIB KOJIa BUKOPHUCTOBYIOTH NMEPEMHYKH, a JUIS
T IKTFOYESHHST BUMiPIOBATBHUX TPUIIAJIiB — IIPOBITHUKH.

Description of the laboratory installation

Research is carried out at the laboratory stand of UILS, in which there
are :

- a source of three-phase adjustable voltages with outputs of the
beginnings and ends of the phase windings of the transformer;

- blocks of variable and constant resistances;

- digital measuring devices.

The electrical circuit diagram for researching a three-phase system with
a triangle connection of the source (transformer) and consumers is shown
in Fig. 9.4. to connect circuit elements, and conductors are used to connect
measuring devices.

9.5. Ilops10K BUKOHAHHS PO0OTH

1. Cxnactu kono 3rigHo cxemu puc. 9.4 31 BciMa mepeMuukamu. B
AKOCT1 OMopiB Zag BUKOPHCTATE 1HIYKTUBHY KOTYLIKY, Zpc — €MHICTb 1
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aKTUBHUH orip, Zca - pe3ucTop. Bennuunau ix BUOEPITh TAKUMH, 1100 MPH
¢basniit Hanpy3i 20 a6o 308 dhasHi CTpyMU HE TIEPEBHUIYBaTH HOMIHAILHUX
CTpyMiB onopiB 1 Zag#Zec#Zca (pexum 1).

Kopuctyrounce 1mudpoBUMH  BOIBTMETPOM 1  MiJliaMIEpMETPOM,
BUMIDATH JNiHIWHI Hanpyru, (as3Hi i miHidHI cTpymu. JlaHi BUMIpIOBaHb
3aHeCTH B TaOI. 1.

2. 3aMiHUTH aKTUBHO-PEAKTUBHI OMOPH Zag 1 Zgc aKTUBHHMH TakK, 100
Rag OyB OinpmmM 3a Rac mpubnu3HO Ha OMHY TpeTHHY, a Rec — MeHIIHM
Rca Ha omny werBepty. Ilicns mporo, He 3MIHIOIOYH HANpPYTH JKUBJICHHSA,
BUMIPATH BCi cTpymu 1 Hampyrd. [laHi BuMipioBaHb 3aHecTd B Tabm. 1
(pexum 2).

Taomums 1.
Pexxum | la, | ls, | lc, | las, | lsc, | lca, | Ung, | Use, | Uca,
pobotu | A A A A A A B B B
1.
2.
3.
4,
5.
6.

3aMiHsIOTh akTUBHI omopu Rag i Rec Ha omopw, piBHI omopoBi Rca
(pexuM pIBHOMIPHOTO HaBaHTAXEHHS). 3HOBY BHMIPSATH BCi CTPYMH 1
Hanpyru. Jlani 3anectu B Ta0i. 1 (pexum 3).

3. 3HOBY BCT@HOBHUTH DPEXHM HEPIBHOMIPHOI'O HABAaHTa)KCHHS TaKHi,
KWW BKa3aHWi B M. 2. 3HATH mepeMudKky [l4p 1 BUMIpPSATH BCi CTPyMH 1
Hanpyru. Jlani 3aHecTu B Ta0i. 1 (pexum 4).

JonatkoBo 3HATH niepeMUIKY [/pc 1 MPOBECTH BUMIPIOBAHHS CTPYMIB Ta
Hanpyr. JlaHi BUMiproBaHb 3aHeCTH B Ta0/. 1 (pexum 5).

4. TocraButn nepemudky Il 1 Ilpc 1 3HATH TIepemMuuky [14. He
3MIHIOIOYH (a3HHUX OIOPIB, BUMIPSATH CTPYMH 1 HANPYTH B PEXKHUMi OOpPHUBY
JiHiHOTO 1TpoBoa (pexum 6).

5. Ha mificTaBi ekcriepuMeHTa bHUX JIAHUX 1 BUPAXyBaHUX omopax Zag i
Zgc BU3HAYUTH ISl peKUMY | aKTHBHI MOTYXHOCTI (a3 i IOBHY aKTUBHY
NOTYXHICTh TpHU(}A3HOTO KOJa, a Takokx cosy. Jmnsa pexumiB 2 — 6
O0YHCIIUTH TOTYKHOCTI (a3 1 MOBHY MOTYXHIcTh Koja. JlaHi oO4mcieHb
3aHEeCTHU B TalIl. 2.
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Taoums 2.

Pescunt Pz, Ppe, Pcy, P, S,
cos

poboTtu Bm Bm Bm Bm kBA v

1.

2.

3.

4.

5.

6.

6. 3a JaHUMH BHMIpIOBaHb 1 OOYHMCIIEHb MOOYIyBaTH B OIHOMY
MacmTali BEKTOPHI AiarpaMu JUIsl BCiX PEXUMIB poOOTH Tpr(a3zHOTO KoJa.

The order of work

1. Make a circle according to the diagram in fig. 9.4 with all jumpers.
As resistances Z ag, Use an inductive coil, Z sc - capacitance and active
resistance, Z ca - a resistor. Choose their values so that with a phase voltage
of 20 or 30V, the phase currents do not exceed the nominal resistance
currents and Z ag# Z sc # Z ca(mode 1).

Using a digital voltmeter and milliammeter, measure line voltages,
phase and line currents. Enter the measurement data in the table. 1.

2. Replace active-reactive supports Z as and Z gc active so that R ag is
greater than R ac by about one-third, and R sc is smaller than R ca by one
fourth. After that, without changing the supply voltage, measure all
currents and voltages. Enter the measurement data in the table. 1 (mode 2).

Table 1.

Regime A, g, lc, I a8 | | BC | lca, UAB | UBC UCA,
work A A A , , A , , Vv
A A V V

1.

2.

3.

4,

5.

6.
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Replace the active supports R as and R sc with supports equal to the
resistance R ca (uniform load mode). Measure all currents and voltages
again. Enter the data in the table. 1 (mode 3).

3. Re-establish the uneven load mode as specified in point 2. Remove
the IT as jumper and measure all currents and voltages. Enter the data in the
table. 1 (mode 4).

Additionally, remove the jumper IT sc and measure currents and
voltages. Enter the measurement data in the table. 1 (mode 5).

4. Place jumper IT as and IT sc and remove jumper I7A . Without
changing the phase resistances, measure the currents and voltages in the
linear wire break mode (mode 6).

5. Based on experimental data and calculated resistances Z ag and Z sc
determine for mode 1 the active power of the phases and the total active
power of the three-phase circuit, as well as cosp . For modes 2 - 6,
calculate the power of the phases and the total power of the circuit. Enter
the calculation data in the table. 2.

Table 2.
Regime Pas , Pec, | Pca, P, S,
cosQ
work Wt Wt Wit Wit kVA
1.
2.
3.
4,
5.
6.

6. According to the data of measurements and calculations, construct
vector diagrams on the same scale for all modes of operation of a three-
phase circuit.

9.6. KoHTpoabHi 3anMTaHHS
1. SIk 3miiCHUTH 3’ €THAHHS CIIOKUBAYiB TPUKYTHHUKOM?

2. Ilpu 3’eiHAHHI CMIO)KWBAYiB TPUKYTHUKOM SIKE CITiBBITHOIICHHS Oyjie
MK JTIHIHHUMH 1 (pa3HUMHU HaIIpyramu?
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3. Ilpm 3’emgHaHHI CHOOXHBAYiB TPUKYTHUKOM sSKe  Oyme
CIiBBiTHOMIEHHS MK JIIHIHHUMY 1 (Ja3HUMH CTPyMaMH MPU PIBHOMIPHOMY
HaBaHTaXKeHHI (a3?

4. Slxk moOyayBaTH BEKTOpPHY JiarpaMy HaIpyT 1 CTPYMIB 3a BIZOMHUMHU
omopamu (a3 i hasHIMHU Hapyramu?

5. llo 3miauTHCS B TpHudasHii cucTeMi Ipu oOpuBi oxHieT pa3n?

6. lllo 3miauThCS B TpudasHii crucTeMi Ipu 0OpuBi ABOX (ha3?

7. 1Mo 3MiHUTBCS B TpHUba3zHI cHCTeMi TNPH OOpHBI JIHIHHOTO
MpoBOAY?

8. Sk BHW3HAUMTH aKTUBHY TOTYXHICTh Tpu(a3HOI CHUCTEMH TpHU
piBHOMiIpHOMY HaBaHTaxeHHi (pa3?

9. Homy Oyne mopiBHIOBATH cos@ Tpru(a3HOi CHCTEMH, SKa KUBUTH TPH
JIBUTYHHU OJTHAKOBOI TIOTYXHOCTI, KO KOe(Dili€eHTH MOTYXHOCTI iX piBHI 1
nopiBHIOIOTH 0,857

10. YV sxkux BUNAAKaxX BHUKOPHCTOBYIOTh 3’€IHaHHSI TpuhasHUX
CTMIOKMUBAYiB TPUKYTHUKOM?

Control questions

1. How to connect consumers with a triangle?

2. When connecting consumers with a triangle, what will be the ratio
between line and phase voltages?

3. When consumers are connected by a triangle, what will be the ratio
between line and phase currents with uniform phase loading?

4. How to build a vector diagram of voltages and currents based on
known phase resistances and phase voltages?

5. What will change in a three-phase system when one phase breaks?

6. What will change in a three-phase system when two phases are
interrupted?

7. What will change in a three-phase system when a linear wire breaks?

8. How to determine the active power of a three-phase system with a
uniform phase load?

9. Why will the cose of a three-phase system, which feeds three motors
of the same power, be equal if their power coefficients are equal and equal
t0 0.85 ?

10. In what cases is the triangle connection of three-phase consumers
used?
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