ELECTRICAL CIRCUITS 2 - CLASS 8 (30.04.2024)

Unbalanced Wye-Wye (Y-Y) connection

Generator voltages (positive phase sequence)
e, (t)=E, sin(ar)
e, (1) = E, sin(ar —120°)
e (1) = E, sin(ax +120°)

E,=Ee"
E,=Ee’™  E +E,+E.=0
E.=Ee"™”

E,,- the peak (maximum) value
E - the complex value (phasor)
E -the rms (effective) value

a Ia
A A —> A —>
Uns En  Uns| |Uca QAT Za
IN ;N
N “; —1 N’ Us
Ec Es T Zc \
Ac Zs
TQBC \ le QBCT v 'Y
e Unbalanced load: Z, 22,22,
* Uy voltage: * Uy voltage: » Uy voltage:
QN:EAD—]A-'_EBD—]B-'—ECD_XC?:O _N:EAD—/A-'-EB[}—]B-'-ECD—]CiO Uy =0
Y, +Y,+Y, Y, +Y, +Y . +Y,
where: where:
1 1 1 1 1 1 1
ZA:_’ ZB:_’ ZC:_ ZA:_’ ZB:_’ ZC:_’ ZN:_
Z, Zy Zc Z, Zy Z, Zy
» Phase voltages of the load: » Phase voltages of the load: » Phase voltages of the load:
Us=E, Uy, Up=E;-Uy, Uc=E~Uy Uy,=E,~Uy, Upy=E;-Uy, Uc=E ~U, Uy=E. Up=E; Uc=Ec




The line currents:

The line currents:

The line currents:

U U U
lA:l—]A’ lB:Q’ lC:—_C LAZQ’ _B:Q’ lC:—_C lA:Q’ 132%’ lC:—_C
Z, Zy Zc Z, Zy Zc Z, Zy Zc
I, +1,+1.=0 U I, +1. +1.=1
A B —C £A+£B+£C:£N, lN:__N A =B —C =N
Zy
The line voltages (line-to-line): U,=E,-E, =J3Ee’™
UBC =E, _Ec = \/EE 720
U, =E.~E, =\[3Ee"
Active, reactive and apparent power: P=U,U,Bos¢,+U,U,[Bos¢g, +U_. U, [dosd,
0o=U,0,Bing,+U, U, Bing, +U. .U Bing,
s=uv,u,+uv,u,+u. U,
Complex power: S=U,0,/+U, I, +U .0 S=P+jQ, P=Re{S}, Q=Im{s}
Phasor diagram of voltages: » Phasor diagram of voltages: » Phasor diagram of voltages:
Ec=Uc
Uca
Usc Usc Usc ’ Ea=Ua
Uns




ELECTRICAL CIRCUITS 2 - CLASS NO. 8 (30.04.2024)

| PouER N ac CRCUITS
¥ P- ACTIVE POuER  (TAUE POUER, REAL POUER)  ymit: Watt (W]

P< Ums-Tims~ cos @ uhete 9=Y-Yi (angle betueen vollage and cuvient)

Ums= 22 Tg=0 5 P- Um-Im
@ 2
¥ Q- REACTIVE POUER unit = Voltampere (teachve) [var] |

Q= Uins Trms -sinY &= Y- (gagle betueen voliage ond cuteent)

_ Um-Im
o 2

2
088 o R Tiey = e

2
S 2 o
Sin ¥ Q= X-Tms = (’A)l(_%

s« S - APOARENT POUER  unit: voltampere [ VA

S= (hims ~ Lims £ Ims 9= Utms

% S - PHAsoR POUER (CompLex POUER)

o= (I 8=0+9  P=fe[31 @=m[s]
% The PoogR TRIANGLE

0- odwe pover
-q S% P +Q*
teachie
pouer
P- active pover
x TUE PO0EQ FACTOR (p8%)
p % te wahio betaeen e aclie pover and the appawest pover
(pF) e cos ol a load is called +he pooer faclor of the load
S ‘ lagging x inductive  oads always have
wowi (1@ gouer Secov 0. logging pover Loclov
q e
4 Yuc b \eading % capocitiue loods alays have

. “Q  pover fockr  \eading poaer dactor

|



ELECTRICAL CIRCUITS 2 - CLASS NO. 8 (30.04.2024)

PROBLEM #2, CLASS 7

The thiee-phase elechic heater consisis of +hiee heating coils Y- conectod. The ngmingl
pooet 04 Hhe hedler is f=3 ki), and the nominal voltage Un=2330 Vims, The healer has been
danaged . B8er s vefoic the lengh of 4he St coil decveased by 5% Quf fhe length 0f the
second coil by 10%.

o) calculde the e cutreafs before tepaiting the heater,

P
I a4 P- -339:%—000 - 1000 U
| e Uy ;o
Q1=R9=01=Q A= 0 ~/)*'—‘000=53.9J)/

£1=2307- 230V
£0=2306™ - [ #5-5 M348V
E1= 1306 - (-5 +) 48,49\

E4 . 100
R g{?ﬁ% - 4398 = 43698 g - Dt 1i=0
; - J1%° :
e %:;__M“S-sagf-” Lo mg-jagest)s b3hTBET A T=Lol,
Ny : §20°
e %—“- ﬂ%ﬂ?& (-4.4939+] 3.9653) = 4.3638€ A
v) calaiddale (ine cuffents, the curtgnt in the neudiol (ine and the pover &4 the tepaited Neates
5 o Q= 0.858 = 0,95 - 59.8< 50, 955k
U o——o Qo= 0.8 = 0.8 598 = L3.640
.Iz a’p a5 592%
lg o] __ A ‘
~ D=zl = . )7
\__ ¢ J Iﬁ‘n"@ LI, (g g5 1.1935) - 48303¢"4
oo 1 TR e
LN a . “1on®
Bl gt | If%z(f—f—gﬁgﬁﬁ):(-g,ng@ 33659 = 34784

oDt T = §5969- 4465 11839 - . 1938+ 33653 = (-0.0493- A4 184) = 0.44%6 ¢

‘i Q 1 Q2 1
b AT Ut U a0t | 20t a0
T Oy~ 50‘955+’_—[49,64+w‘59.g = 34639 1)

bz Qe {Sh= Qe Tty Er s 4 Bsdy §=Re ] 290 (u.5969)¢ (- M5~ 119.49) (-0. U155+ 1. 48%) +
+ (-M5 4y M849) (- 0493853 9653) = 3163.9 U



€) Caladdle line cuttents and the oot of Hhe vepaited hegler 1yhen the neutal
Ling. 15 ngt comected,

1
LQO—E,___—-—

I fy 1 1 ”
bo—sf ] | b g gy 0ol
ot
N o

g - LY EUr BY 2300010+ (415-3498.49)- 0,004+ (-5 188.49)- 0. 0459
Yot Vet Yo 0.0198+0.02 + 0.01%¢ z

= (-0.24%6-3 6.9956)V

W A4°

_ bl _ 230+ 0.9426+; 6.8¢5k 4

W

TR 50.955
T b B -Uw (~45-5 489.4) + 0.94264; 6 8954 - <Ll -34.0368 - 4900 ¢ 035

T (961
I —-E.%.: - :M%O-Wéﬁ 6.9950 _ g 1690+; 3899 - L460%¢" "4
5.

L= = U.S808 +; 0.1389 = (.583¢

~—

PROBLEM #1
in o 3-phase unbolanced ¥-Y sys‘rem the souice voltage is Egh=230 V rme. The load
inpedonces ate: Za= (6+8)b, Ze= (R4 6Y, Ze= A0, What should be the vated cuttent of
dhe overcuttent Citcuit breokers protecting s cirauit?  Standard valed cutients ate: 64, 104,
16 8, 08, 458, 304, LOA, 50A, 63 A, BOA, 1454, What is the cost of active energy used by Hhis
load duving one week (8h per day, S days, 0.483 €[kbh)Z Consider Yo cases:

o) uithout @ neutial wie, b) uith a neuhal Wite.

bt phosor diagians 0f cuents udh voliages foc both cases.

Eaz 30€"= 230V

Fe- 306°"7 - (-145-3498.48) V

Ec=230eP" = (-145'+ j488,48)V

Yaz 2]2a= 1/ (6+j8) = (0.06-30.08) S
Yo=1/26=1](8+:6) = (0.08-;0.06) S
Ye = 1/Z=1[20=0.053




e Eadat Boyot Ec¥e (330) -(0.06-30.08) + (-115-349¢.18)- (0.03-30.06) + ( 445+\,49g 18). (005)

YA+ Yo +¥e 0.06- J008+008 50.06+0.05
= (-0.99 9. 54)= 89.54e %"y
(n= Ea- Uy = 230- (-0.99-;99.54) = (230.99 + ] 3064V = 443.63 03295 v
Us = Eo-(n = (-445-3193.49)- (- 039-] 82.54) = (- 14.25 -3 106.65)V = 166.48 &1 9
Uc= Ec-Un= (- M5+ 144, 18) - (-0.39-39.54) = (-144.95 QQ’I.%)V - 343_%063444.330\/

223097 ,
Tie gy = BOBROS (335 41.90)8 = 2366240 The raled cuttent 0 he
To- Ue - 114.93-3106.65 (455h 1469)4 = 15. 63T oveccuntent Citcuit breaker:

S 8+i6 l la= 154 S

Ic-gcc ;44&13;0335;493 (6904 45.58)4 2 15.66 1 135°

Prome = Re{Za} In + Re2e) Io + aekdj. o
= 6. 2h86™+ 8- 15.63%+4 40- 15.66"
= 105305 U

W= Prom  time = 105905 8-5 =
= 432890 Wh=494.82 huh

cost= 429,81 o.azs=

Ea- 230e™= 130V
Eo= 2306 = (- 445-1 188 49)V
E= 206" = (-145+499.49)V

Up=bp Ue=bs Uc-Es

The tated cuttent of the

u .
IAWZ:A'L: g%g - (13:8-348.4) = 23753 oveccutient citcuit  bieaker:
I ‘ =25 4]
b e g, D

oz 2 (445+Q)()4g949) (5?5+JQ96)A 156 moA
C



: 14656
Tz Tnt Jot 16=(4352-343_14)+(-34.4sf;g.oa)*(-s.:}sﬂg.%) (-43.10- . u?)A U4e?

Prowt = fe J2al 1t + R {28} T3 + Re 2} T = 6-23% 8- 43% 90 ms?= 10051 U
W= Pror - Hime = 40054 8.5 = 49d 040 Wh = 404.04 kUh'

cost = 402.0%- 0,988+

lﬂ*l@"lc: In

\c T

Eae

PROBLEM #2

A bolanced 3-phose distibufion line 15 Used 10 supply thee balanced Y-loads Hhat are  connected
in povallel: Loaad 1: 37kva at 031 p4 lagging

load 2. 64k at 083 pd. leading

Load 3: 55 kv andd 28 kv,
The (e volfage qtthe 100d is 660V s, Find Hhe line cunant inthe disfibdtion line and +he combined
pouer Jachor () atthe load.

IL
o—>p»
fl.l\. ‘
| {-Loodi “loadl Load3
S S2
S PQ PSSl Q=Ssin¢ S=| “mzz' > Q=[s%-
Load 4

= 39000vA  Cos Y= 07

P1= S4-cosY = 39000- 0.32= 18640V QFES_{’"- &t = | 39000t J6640% = 15 677 VBc
= Pr+Q= (6640452569 pf is lagging - >p

Laad

Sa= 6L00OVA cos Ya= 0.83

Og= Sa-c0s Yo = 6400003 = 53 190N @rﬂ Got- 5% = |6h00p2- 531902 = 35 693 Ve
Go= 0g-jQy = (53420 -135699) o ¢f is leading — Q<0




load 3
P3= 55000 Qa= 23000 Ve

Sa= Py+iQs = (55000 +18000) VA

St - fotal agpatent pouer
Sr= 1+ S+ Sy= 26 6404} 95697 + 63410 -} 35683 + 55000 +; 28000 = (434 %60 +j 18980) VA =
"= 436090380 VA | |

Inthe case of balanced load
St=3WJlp  Vp- phase voltage,” Ip- ghase Cuttent

of
w V.- line voltage, I - line cuient Combined pouer fachor

v 9= 802°  Cos (= cos 2.02°= 0.89

ST 1%60%0 _ - 1 \
L BV G660 sl PHioed =| 0.92

PROBLEM #3

A %-phase eleckic heater  With aominal  pover Pa= A5kD 1S used 10 heat the waiehouse.

The healer is supplied fom a gover netugck with o phase Voltage of Un= 30V, The heating
clements ale  D-conteclod. The healer operates of ul panet dor 42 hours o day. A ghotovoltaic
installation has aen instolled in close peoximity 19 the ugrehguse , Which has coused the phose
voltage inctecse fiom U= 230V 1o Un'= JudV. Calculale the peicentage increase i
uotehouse heafing  cosfs in one doy due 10 Hhe increase in phase votiage

The energy consumgtion: W= Pa-t= 45000 14> 180 kih
Bouel 0f one ghase of the heater: &= _%"—f,ﬂi%?iz 5 ky

: T
Bs= Ugrose - Ighose - cos { = Mpph\“e ccos Upree= U= T3
_ Uphass (o) o cos G- 4 (the heolel is qesistive in nofure)
R e :( ) :(ﬁ 230) YED)
b s000

U= 230V — an‘: J44 V (inaease by 5,249) " 2
A u"' {3 Uy ﬁ L)
Pover of e phose of the heater: Py = "LE— (Gl ) = 5535.354

-
-

R 34.94

W'e 349092 349553535 = 199,43 kuh
The petcenfage inctease in cosfs:

W-10 g . A38.83-490 _ , \
= 100% = =0 100% = | 10.74%



PROBLEM #4
o fhe 10om, theie i3 a Hhiee-phase elechic motor supplied fiom a pouer netvoth with

o voltage of Uas 930 [40D V. The motor tindings Qe O-contected. The motos parameters
ore: nominal podec Pa=ASWY, motor efliciency r-0.985, pover factn cos Gs= 0.8, It uoS
decided fo instoll a second Hhiee- phase motor in the Same Y00m nith the parameters:
Dgz 95 W, (2= 0.98, cos Yoz 0.98. The room is supplieck with pouer by @ copper wite ExGmm®
Chech whether, ofler installing tre second motor , the cable cioss-section will be  Subficieat
due 10 its long-lam cutrent cawying cegacity. In 4he case of 5-cofe copper conduclors  loid
‘n dhe 10om, fre long-Toim cutlent cauging capocifies 0f€ : 15ma"- 478, 4.5mm- 244,

- 340, 6 mot-UOA, 10me"- S5 &

_ mechanicel 0l = clechical ouei < meohoni’fat douer

b eledical poder

o= P 15000 _ yiaseq)

b 095
o B 3500 !
Pae Ty ok %549

0
Sccmg Q= (S-f° ,
o . Vi | AGVBL oo yp  Gue|Se- P - (126207 - 163698" = 3494 Ve

COs ¢4 0.9
Qs-{3- 0oy =[a6848"- 9520.9" = 14600 Vhx

 9q: P _ 85213 _ 96843 A

a——

cosds T0.8¢
Stz Pig +3 Qs = (16953.9 +) 8443, 4) VA
Sa= Pae +)Qa= (35207 +34600) VA

1= Sp+ S3= (9528954 §497949.4) VA S1=|3r]= 48 200 VA
S= 3’“%%@ 'Iphose = G‘U(iat/[[lne ‘
T s 19200 The cioss secton Of the cable supplying
e ? Gie &&E 130 (4.02 A e mobois will be 100 Small.



