ELECTRICAL CIRCUITS 2 - CLASS 6 (16.04.2024)

Three-phase circuits

» Generator voltages (positive phase sequence):

€4 ()= Em sin(ax) EA = Ee'”
eB (t) = Em Sil’l(al - 1200) EB = Eé—j12()° EA + EB + EC = 0
e.(t) =E, sin(a +120°)  E_.=Ee™™

E,, -the peak (maximum) value
E  -the complex value (phasor)
E -the rms (effective) value
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» Symbols in the circuit:

E..E, E. - phase voltages of the generator 1,,1, 1. -thelinecurrents

U,, Uz, U.  -phase voltages of the load Z,»Zy, Z. -theload impedances

Uas> Upe» Uey -line voltages (line-to-line) N - neutral point of the source
U, - voltage between N and N’ points N' - neutral point of the load

+ Balanced load:
2,=2,=2.=Z
* Uy voltage:

U, —<  where: Y, =
Y, *Y,+Y,
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» Phase voltages of the load:
U,=E,, U,=E,, U.=E. because inthe system with the balanced load: U, =0
* The line currents:

; the complex values (phasors): [, +1,+1.=0
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the rms (effective) values: I,=1,=1.

* The line voltages (line-to-line):
l_]AB = EA - EB = \/§E€j30o

U =E —E. =J3Ee"™ the complex values (phasors): U,, +U,.+U., =0
= — = e
=BC =B =C

- the rms (effective) values: U,,=U,.=U
QCA - Ec _EA - \/gEe"ISO ( ) AB BC CA
Ec=Uc
60° Uca
 Phasor diagram of voltages:
Usc Ean=Ua
120°
Uns
Eg=Us
« Active, reactive and apparent power: Complex power:
P=U,U,Bos¢, +U, U, Bosp, +U. U, [dos @, s=u,a)+u,a,+u.d.
Q=U,U,Bing, +U, U, Bing, +U U Bing. S=P+jO
§=U,0,+U,0,+U 0, P=Re{S}, 0=Im{s}, §=|s]

in the case of balanced load:

u,=U0,=U0.=U,, I1,=1,=1.=1,, cos¢,=cos@,=cos@.=cos@,,
then:

P=3W, 0, Ros¢,, Q=3W,0, RBng, S$=3W,0,

ph’ ph>

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 (16.04.2024)

PROBLEM #1

Ina %-phose boalanced Yy syslem, 4he souice vollage is Ephase= 930V s, The impedance
pot fhase is Z=(8+i6)dh. Check whether Gn Overcuttent citouit breaker Lith o taded Cutiont of 104

e sulficiest to piotect His clicuit. A0, Bind. dhe active pover O the load and 4he teadings of
fne wWoRmeters.

Eoh= 230V tmg

Fa=230e3%° - 920 V
b= 23009 - ( M5 -198.49)v

E=230€3 Y. (-ms+;198.1) v

E \ -] v
143 G gh‘G :(’18_4 ‘JA?)X)A = -238‘)36‘8; A

2
To- B _-I5188 ‘ .
27 i (90 Qgeﬂ%-z
Method 1 w L__%:J!Sﬂ 199.1

o
P=3-Uph-Tph- cos Yo KM
Uh=230V  Ipn= 238  Yph=Yu-G= 0°- (-36.87) - 36.87°

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

Method 4

(0954 2282 NI,

S= B Ii t B85+ Eold > 230-(18.UijAa8)+ (-#5-3498.40). (2445 +) Q03)+ (-5} 19219)- (23528

Blood * = 4939 +) 3 + 430+ 3174+ 4930 +) 313 :% +j 9599 VA
, Cload

Method 3
Uac = Ea-Ec= 230- (~M5+3118) = (365 ) 192.18) V
Uac = Eo-Ee = -M5-149008 - (-145+]49¢.18) = -1398. 39 v
= Uge - I = (345-3448.40) - (18.4 +3433) @29_63‘_?9 +3 1095, 2?)\1/4 > Pu=9086.96 W
Pug
Sa= Uec-Tu= (- 388.39)- (- 4545 2.03) :@% +) 8496.09)VA ,7 Pus= 3598.23 1
flg

Pioad = Pt 093 Pus+ Dus= Q0%6.96 + 3599.93 = i'li 695.89 U)




PROBLEM #2

I o 3-phase balanced Y-V system, the souice voliage is Eghese = 30V v, The impedance
oo Phase is Zy= (a4 and the e inedane et phose i3 (0.5+j0.4)1. What should be
e tated cutlent of the overcultent clreult breakets proteching +he cireuit?  Sfandard  vated
culients oee : o4, AOA, /161-}1 QOAI 356‘ 94, QOA, SOAI 63 A, ZOA, 1258, (Colculate he active pDNe(
losses 10 ¥he gouer (ne. @0, coleulote e petcentage Voltage dip ocioss e lood Compaied
{0 e tofed voltoge. | ‘

Fa= 230¢¥°= 230V

fa=230¢ 7357 (- 4453 488.18)V
Ec=130e"™ - (-m5 +] 198.4¢)V

Ty Ea 930 230

T 22 818405400 QS5+
< (10.93-340.40\4 = 43,04 3475

Ziie [ = |36 - ]Lc\:
The (aied cuttent of dne evercuttent citcutt breaket Should be: @
Toe achive Qouei losses in the Qouer line :

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

Qe = 3 Qe - Thre = 3- 05 19.94%= 3+ 468.08 = |444.23 U k
The gercentage voliage dig:

Ua= Tn 2y = (42.23-) 19.40) - (3+,9) = (248.0 +§ 146 )V = M8.0ke
[Ua|= 949.00V | Eal= 230V

_ 1Eal - lual _10-M90% g :
quo- IEﬁl 400% = 110

=

joxy

PROBLEM #3

o dhe d-ghase balaaced V-Y system, the [oad volfgge is Uioad = 400 £-20° V 1mg, the ling
ingedane s (0.5+) 1.9)d, and the soulce voltage is Egnase = 440 V 1ms. Fiad Yhe load:
impedonce, its poner, Ghd the Value od supplying cuttont.

-

Zlinet Ziood " Ziged

£
I: 170 ;’ Uoad

: éﬁoe,‘-(a.s +19)d
Egn ' (Aw‘

Eon-210ad = Uinag ( Ztiee+ Zi0ad)
2iovd -

Zioos ( Eph- Uioed) = Zine Uioed

(25949

: Zinds 7 Wioad

(95+)1.9)dL

—




Uowd = 400 %" - (395.38 -; 136.84)V

Eh= 4h0e " - 4O V 19538-j436.8
( ) i ‘ 33-7436.81 i —
Zive=(15+]44) Zd= (15%349) 70 053s v} 13681 '\(3-95"4 AL ?’Oﬂ)ﬂ

-190° jag st
Siood = Yowd_ - ho0e™ - (19194 +; 30.4698)4 = 5,40 A

Zlod - 33544 -3 6.2081
Dond - 3 e § Sloss = 3 e { Uond - Tdoad | = 3- e J(295.88 - 436.81) (42 484% 3h.4689)] =
< 3o R {11444 - 18928 = 3- abf -

PROBLEM #4

Toe lire~T0-line Voltage ¢ @ balanced. 3-phase disteibution line is U= 380V (ms.

The load impedance per phase is  Zus(30420)k. Calwlate e line Cuitents andl Hhe gctive
p0aet ol the lood dor 4he following configuetions of load imfledance

@ G Wye-connectd  Systom, b) a delta- Connected  Sysfem

U= L= 3B 4331 v

Tens Yon  248.3¢31 . e
S = 6.683355h- Gove™

B lo> Lo= I -6 884 |

S=3- (- It ='3. 29,3834 (5.0699+] 3.3953) =
= (33303 +) LUS5) VA

AEREEEY]

Upn= U = 339V

In=Y _ 380 \ .
% g (8.9692 - 15.8462) A = 10,5383 1%

S U T = 3930 (8.9692 ¢ 5.84%6Y) -
= 3996.9+) 6664.6 VA

P= fe 13- [99¢6.8 1))
Th=3ye Le= o

(




