ELECTRICAL CIRCUITS 2 - CLASS 6 (08.04.2025)

Three-phase circuits

e Generator voltages (positive phase sequence):
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ec(t) = E, sin(wt +120°) E.=Ee™" E  -the rms (effective) value
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e Symbols in the circuit:
E,,E, E. - phase voltages of the generator 1,1, 1. -thelinecurrents
U,, Uy, U.  -phase voltages of the load Z,, Z,, Z,. -theloadimpedances
U,> U, U, -linevoltages (line-to-line) N - neutral point of the source
Uy - voltage between N and N’ points N' - neutral point of the load
e Balanced load:
ZA = ZB = ZC =Z
e Uy voltage:
E, .Y +E,-Y,+E.-Y
U, = =4 =4 =B =B =C =C where: ZA =L, ZB =L, Z L
Y, +Y,+Y, Z, Zy Zc



e Phase voltages of the load:

U,=E,, Uy=E,, U.=E_. Dbecauseinthe system with the balanced load: U, =0

e The line currents:
the complex values (phasors): 1, +1,+1.=0
the rms (effective) values: I,=1,=1,
e The line voltages (line-to-line):
Uy = E,~Ey =\3E"

U E.—E. —3Ee the complex values (phasors): U, +U,.+U., =0
Upc = Lp L= €

150° the rms (effective) values: u,=U,.=U
QCA =Ec _EA :\/gEeJISO ( ) AB BC c4
Ec=Uc
60° Uca
e Phasor diagram of voltages: _
Usc Ea=Ua
120°
Uns
Eg=Us
o Active, reactive and apparent power: Complex power:
P=U,-1,-cosp,+U,-1,-cosp,+U_-1.-cosq, S=U,-1,+U,-1,+U.-I
O=U,-1,sinp,+U,-1,-sme,+U_.-1.-sing, S=P+jO
S=U,-1,+U,-1,+U.-I. P=Re{S}, O=Im{S}, S=|s|

in the case of balanced load:

U,=U,=U.=U,, I,=1,=I1.=1,, cos@,=cos@,=cos@.=CcosQ,
then:

pP=3.U,-1,-cosp,, Q=3-U,-I, -singp,, S=3-U,-I,

Note: all of the above relationships are also valid for four-wire balanced system with impedance Zy = 0 (system on
the left) or with impedance Zy # 0 (system on the right).




ELECTRICAL CIRCUITS 2 - CLASS NO. 6 (08.04.2025)

PROBLEM #1

Ina 3-phose bolanced VY syslem, the Soutce voliage IS Ephose= 930 V ems. The impedance
per phose is 2=(8+16). Check uhether an Overcuitent citcuit breaker Lith o vaded cutient o 104
is suflficient fo piotect s Clruit. AlsO, Lind the active pouer 0f the load aad the teadings of
{ne LWoHmeters.

Eoh= 230V (g

Fa=2303%° - 930 V
Ba= 23009 - ( M5 -198.49)v

E=130€3 Y. (-us+;198.18) v

E \ -] 4
IA: = 2{1‘6 :(’184 ‘J/BX)A = 23@336‘8} A
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P=3 Ugh-Iph- cos Qpn

Uh=230V  Ipn= 238  Yon= Yu-Wi= 0°- (-36.87) - 36.8%°

Pload = 3+930-93-00s (36.8%°)= |12 695.98 W

Method 1

S=ETht BT+ Eold> 230-(MBUA28)+ (-MS-3499.49)- (<24 4S'+] 803)+ (-5 +) 1801 (135 1%

Blood * = 4930 +) 30 + 4A30+) 3470 + 4930 +) 34%:%+j 9599 VA
| Ploed

= (1155 203)p- 236'5'56-:

Method 3

Uac = En-Ec= 230- (-M5+3118) = (365 192.18) V

Uac = Ea-be = -M5-3 49908 - (-15+]49¢.18) = -1398.3) v

Sa= Une - T = (346-3480.49). (8.6 vy M33) =(3096.76 +3 1085 ¢)VA > Pu=8096.96 W
Pt

Sa= s T = (5 398.39): (- 2445+ 8.03) =(3598.93 +) 8496.09)VA -2 Pus= 359323
(1)

Pioad = Purt 0z Qus+ Ds= Q096,96 + 2599.93 = W4Q695.39 u)




PROBLEM #2

In o 3-phose balanced Y-Y system, the souice voliage is Eghase = 230V (ws, The impedanie
per phase is 2y (+9)v and the fine impedance - pex phose is (0.5+j0.4)u. Whet should be
e tated culleat 0f the overcuitent clicutt brekets. protecting e civeuid?  Standard  vated
cuionts ate: G4 408, 16A 90 156 398, 4OA, 508, 63 A 304, 1158, Colculate Hhe active (ower
losses 0 ¥he goven line. Qls0, caleulate the petcentage Voltage diop acioss the load  Compated.
1o e tated voltage. |

Fa= 230¢¥"= 230V

fa=230¢7 (- 445-§ 488 19)V
Ec=230€"™ - (15 + 169.49)V
Lo b %0 20

T 2 Ziee Bgt0540h G5+
< (10.93- 34040\ = 13 20 €47y

Zin [l 30 ] ] -
The (aled cuttent of e overcuttent Citcuit bieakec should be: QOH!
Toe achive Qooei losses in the Qouer line :

Zine= Ruine +) Xiie = (0.54 0.4 )L |

Possts = 3+ Quine - Tive = 3- 05 19.94%= 3+ 168.08 = |644.9% U ‘

The percenfage Voltage Qg

Ua= a2y = (42.23 - 19.40)- (3418) = (918.04 +; 446)V = M3.04e
(Upl= 8.0 | Eal= 230V

_ 1&al - 1ual _ 10-U804 1h0q. :
quo = 2] A40% = 110

=
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PROBLEM #3

o dhe -ghase balanced V-Y system, the load volfgge is Uioad = 400 Z-20° V yms, +he ling
ingedane e (9.5+) 4.), and the soutce voltage is Egnase = 44O V yms. Fiod Yhe load,
im(edance | i¥s poer, and the value 0§ supplying cuttent.

4

I: .Eph I: @Ioad
- Zwee=(254349)d ° Llctllod T Ziged
b )En = - u"""I Zload ,
Eon-2ioad = Uioeg (le‘ 210ad)
Lo Zioas ( Eoh- Uioed) = Ztine Uipu
\. Zioot { Eph- Uiood) = Ziine Uiood
) Zioed T
Uio

(95+)19) L



Uiosdl = 00 %" = (375.38 -} 136.84)V

Boh= 440 . L4OV 195.88-j136.8 ]
: 5 ; _ .83-)136.81 _ .

- 00 . . o
Tiood = s he0g™ - (19194 + 3046984 - 54,49¢' 5

2lsd 33541 -}6.3081
igad = 3+ e § Slosal = 3+ e { thod- 5od = 3- e {39588 3 136.81) b9 A8h3-)3h.4697)] -
:g-;p\e,{iiillq -) 48938}: Y- 11144 :@E‘@




