Questions bank for Network analysis |

The two-phase balanced ac gencrator of Fig. 11-22 feeds two identical loads. The two voltage
sources ane 1 807 oot of phase. Find {a) the line corenits, voliages, and their phase angles, and (i) the
instaniancous and average powers delivercd by the generator,
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Let Z =7 8 and [ =V |2

{a) The voltages amd currents m the phasor doman are

Ve =V [0 Vg =V, [Z1B0% =¥, 0 V=V, =V, =2V, [0

Now, [rom .f'_ amd £ given above, we have

Ly=t,=f =0 18008 =—1 [-8  Dy=1,+1,=0
{b) The instantaneous powers delivered are
P, = U (8, (1) = VoI cosll + VI cos(Zar — H)
Pyl0) = U (E)e (1) = VoI cosll + VI cos(Zar — H)
The total instantaneous power py(f) is
Pelfl = p ity + piey =2 H-'I.,IFL':HE+ I'Ir:r!,cmizu —

Thi: average power 1s F""l = Il’grcuxﬂ.



11.4. Show that the line-to-line voltage VL in a three-phase system is \uri times the line-to-neutral
voltage V.
See the voltage phasor diagram (for the ABC sequence). Fig. 11-23.
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115, Athree-phase, ABC sysiem, with an effective voltage 70.7'Y, has a balanced A-connected load with
impedances 20 /43° £ Obtain the line currents and draw the voliage-current phasor diagram.



The circuit is shown in Fig. 11-24. The phasor voltages have magnitudes V= 2V i =100V,
Phase angles are obtamed from Fig. 11-7(a). Then,

Yo _ 1OOL127 _ < 0750 A

=7 = S0 fase
Similarly, I, =50 /=45* Aand [, =5.0 /]95° A. The line currents are

L=1,+1,=5[15%-5/[195°=8.65[45° A

Via

Fig. 11-24

Similarly, I =8.65 /=15° A, 1,=8.65 /165° A.
The voltage-current phasor diagram is shown m Fig. 11.25.




1L.6. A three-phase, three-wire CBA system. with an effective line wvoltage 106.1 ¥, has a balanced
Y-connected load with impedances 5 /=307 £3 (Fig_ | 1-26). Obtain the currenis and draw the voliage-
current phasor diagram.
With balanced Y-loads the neutral conductor carmes no currenl. Even though this system s three-ware,
the newtral may be sdded w simphily compulation of the line curments. The magnitude of the line voltage
1% 'I-"'i = 2{106.1) = 150 V. Then the line-to-neutral magnalmde 15 'i-"m = 150#43 =Bh. A V.

Bh.6 f—90°

v
I =—f—= =17.32 [—60° A
4 5 f=30°
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Fig. 11-26

Simalarly, 1, = 17.32/60° A, 1. = 17.32 /180° A. See the phasor diagram, Fig. 11-27, in which the
balanced set of line currents leads the set of hne-to-neutral voltages by 30°, the negative of the angle of
the impedances.
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Fig. 11-27



1L.7. A three-phase, three-wire CBA system, with an effective line voltage 106.1 V, has a balanced
Arconnected load with impedances £ = 15 £30° £ Obiain the line and phase currents by the single-
line equivalent method.
Relerring to Fig. 11,28, ¥y, = (I4L4J2IK3 = 115.5V, and s0
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Fig. 1128

Thie line currents lag the ABC-sequence, linesto=neutral voltages by 30%

[ =200[60°A [ =230[-60° A 1 =23.1[160°A

The phase currents, of magnilude [, = II_I-.E =13.3 A, kg the cormesponding line-to=line voltages by 30°:

Ly=133[00P A D =133[-30° A 1, =133/210°4

A sketch ol the phasor diagram will make all of the [oreging angles evident.



118, A three-phase, three-wire system, with an effective line voltage 176.8 V, supplies two halanced loads,
one in delta configuration with Z, = 15 £(F £ and the other in wye form with Z, = 10 L3(F

(bitain the total power.

Fird coavert the A-load 10 Y, and then use the sngle-line equivabent circut, Fig. 11-24, o obtam the

line cwrrenl.
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Then P= 3V, I costi= S176.8)29.7)cos0.5" = 4050 W



119, Obiain the readings when the two-wattmeter method is applied to the circuit of Problem [1.8.
The angle on 1 99" is the negative of the angle on the equivalent impedance of the parallel combinae
o of § /0° D and 10 /30° €0, Therefore, 8= 9.9° in the formulas of Section 11,13,

W=Vl g cosif + 30°%) = (176.8)(29.T)cos 39.9° = 4028 W
W=V, gy cos(l= 30°) = (176.8)(29.T)cost=20.1°) = 4931 W
As & check, WI + I'Iu’i = K939 W, which 16 1n agreement with Problem [1.8,

IL10. A three-phase supply, with an effective line voliage 240 V, has an unbalanced A-connected load
shown in Fig. 11-30. Obtain the line currents and the total power.




The power calculations can be performed without knowledge of the sequence of the system. The effec-
tve values of the phase currenls are

240 240 240

Hence, the complex powers 1n the three phases are

§ 5 = (9.6)'(25[90°) = 2304907 = 0 + j2304
§5c = (16015 [30°) = 3840 [30° = 3325 + 1920
5., = (12)°(20 J0°) = 2880 0° = 2880 + O

and the total complex power 15 ther sum,

S, = 6205+ j4224

That1s, P = 6205 W and @, = 4224 var (inductive).
To oblain the currents, a sequence musd be assumed; let it be ABC, Then, using Fug. 11-T{a),

339.4/120°
1= AL 0630 A
IS0’

'eﬁ%ﬂmﬂﬂ

The line currents are obtamed by applving KCL at the junclions.

I,=1,+ 1, = 13.6/30°-17.0/240° = 29.6[46.7° A

Iy =1y + 1y, =226[=30° ~13.6[30F =19.7[-66.7" A

'ﬁ' = lu + lﬂ =17.0/40°-226/-30F =283/-173.1° A
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Fig. 11-31
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Y nfee
| 69.9 /- 30°
I, = = 11.33/—60° A
YT =l
169.9 /—150°
= 16.99/-120° A
10/—30° -

I, =1, + 1, +1.)=804/69.5" A

11.11. Obtain the readings of wattmeters placed in lines A and B of the circuit of Problem 11.10. {Line Cis
the potential reference for both meters. )

19.6

—Re (Vi) = k['““*’— [*‘r—T]]

= Re (5023[13.3%) = 4888 W

Wy = Re (Ve ol ) = ne[:uu&’{ L T‘]l

= Re (1343 EEE.T"} =1312 W
Mote that 'I-'r:Il + 'I-'r"II = 6210 W, which i very chise 1o P' a5 [ound 1m Problem 11,10,
11.12. A three-phase, four-wire, ABC system, with line voltage V, =294.2 /07 ¥, has a Y-connected load

nfzgn':smf_uﬂ 0,Z,=15/30° Q. and Z_= 10/=30° Q (Fig. 11-31). Obtain the line and neutral
CLIT .



ILI3. The Y-connceied load impedances Z, = 100510, Z, = 15/3(0F {1, and Z .= 10/Z3(F {1, in Fig.
|1-32, are supplied by a three-phase, three-wire, ABC system in which V.= 208/0F V. Obtain the
voltages across the impedances and the displacement neutral voltage V.
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Fig. 11-32

The method of Example 11.7 could be applied here and one node-vollage equahion solved. However,
the mesh currents 1, and 1, suggested in Fig. 11-32 provide another approsch,

WfE+1s3 aspe L] (2
s 150 +0=30 L] 2080



Therelore, II = 14,16 .'_'H'.‘r.ml"' A and I2 = 10.21 {52.4]" A, The hine currenis are Lhen

1‘|=I|=I¢.IE||{1'IE|J!H|"" A I,=1-1 =501 /—4R0T* A I‘_=—I!=l1.:l.]l|{—]2?ji|"' A
Now the phasor vollages al the losd may be compubed.

V,, =1 Z =1416/8609°V
Voo = 1y, = 120.2/-18.93° v
Voo = 12, = 102.1[-157.59"_ v

Vi = Vi + Yy = MLG[-93.01° +120.1 J00F = 23.3]-114.53° V

The phasor diagram 15 given 1a Fig. 11-33.

Fig. 11-33



1114, Obtain the total average power for the unbalanced, Y-connected load in Problem 11,13, and compare
with the readings of wattmeters in lines B and C.
The phase powers are

””kmlwuw

p=p
f= Loy =

(
pstapa|s I](IScosJO’) 0 W

-’2..‘: kﬂﬁl (10cos30°) = 451.4 W

and s0 the total average power is 1870.9 W.
From the results of Problem 11.13, the wattmeter readings are:

. (2

" r
—

W= Re(V,, 10 )= e[ 22 a0 ('-0,.11 nsr)] 10528 W

_n'

The total power read by the two wattmeters is 1869.9 W.



11.15. A three-phase, three-wine, balanced. A-connected load yields wattmeter readings of 1154 W and
557 WL Obtain the load impedance, if the line voltage iz 141.4 V.

AN AN _

amdl. using 'F:I" = -.E vf.-ﬂ‘fn'.d’l cas

— n N 1
g oo Veew _ P View _ IWiarcostl 3100y cos300° Lo
AT T [ Fy 1154 + 577

Thus, £,=15.0 [ £30.0° £3

11.16. A balanced A-connected load, with , = 30/3% £ is connected to a three-phase, three-wire, 250-V
system by conductors having impedances Z_ = 0.4 + f0.3 £3 Obtain the line-to-line voltage at the
load.

The single-ling equivalent corcuil 15 shown in Frg. 11=-34. By voltage divasion, the voltage across the
substitule Y-load is

Vaw =[ 0.4 + :Eu@][%?g] = 137403V

whence 'i-"‘_ = (13744 q"i} =230 ¥.
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Fig. 11-34

Consulering the magnitsdes anly, the line valtage al the load, 2380 Y, represents a drop ol 12.0 V. The
wire s12e and tolal length coatrol the resisiance in I.‘_. while the enclosing conduil matenial (e.g.. sieel,
alurmmim, or [iber), as well as the lengih. allects the inductive reaclance.

1117, Three impedances ol 1005313 0 are conpected in delta to 2 three-phase, CBA system with an affective line
violge 240 V., Obtain the line carrents,

Ans, L, =588 /—]4313% A, I, =588/-23 13" A 1.=SEE/ 9657 A

1L18. Three impedances of 4.20,/=35% £} are commected m delia b 3 thnee-phase, ABC system having 'H-'I.=4':'|5ﬂ_.'it"¥'.
Cbn the lme currenls.

Anr. 1, =2041/]25% A 1, =2041/5" A 1.=2041/=]]15* A



10.2.

1L2L

1122

1123,

1124,

11.25

11.26.

11.27.

1128,

A three-phase, three-wire sysem, with an effective line voltage 100 V, has currenls

l_i=|.'i-.4lf—|ﬁ-|:|" A l.=]5.-l]l‘.—4ﬂ' A |E=|5.ﬂ-|fﬂiﬂu.ﬂn
W hal is the ssgquence of the system and what are the impedances, if the connecton s delia?
Ars.  CRA, 1595700 i3

A balanced Y-comected load, with mpedances 6.0,/45% L} is conpected wo a three-phase, four-wine CRA system
havang elfective Boe vollage 208 V. Obtaan the Gour lme currents.

Anrr lﬂ:]ﬂ.}] L1385 A In= e ) W I-E= IR.31S)105% A, ll'=ll

A balapeed Y-connected bosd, with impedances 65.0/=_20" £} 15 connected 1o 3 three-phase, three-wire, CBA
syslem, where \-'u=ﬁ?3.¥.{—|ﬂ WL (btaen the three lme cumments.

Ams. lﬁ:ﬁ.ﬂi,{ﬂ A I!=b.ll3,.-'_'iﬂ: A Ir=ﬁ.ll]im A

A balanced A-connected load, with Z, =9.0,/-30%. and a balanced Y-connected load, with Z, = 5.0,/45% 0,

are supphed by the same three-phase, ARC syslem, wath elfechve line voltage 480 Y. (ibtam the line curments,
usang the single-line egquavalent method.

Anx. l.1.= 1689703 36" A Ij= 16H 426 64% A4 lﬂ.= 16H 4 —146.64" A
A balanced A-connected load having impedances 27.0 /-35* £k and a balanced Y-connectsd load having

impedances 100 S=3* £} sre supplied by the same three-phase, ABC system, with '1-"_‘, =160 815" W
Obtaan the line carmentls.

Ans. | =358/117.36* A | =358/-264° A, 1 =35.8/2122.64% A

A babanced A-connecied el with impedances 1000.=36.9" (1, and 3 balanced Y-connected load are supplied
by the same three-phase, ABC system having V., = 141.4/240° V. If 1, = 40044,/13.41° A what are the
mmpedances of he Yeconnected load?  Ans 5025337

A three-phase. ABC system, with effectve line valtage 5000V, has a A-conmected load Tor whach
I“=]EI.EI,.-'_'ELI I.H,=H_Hiﬂ:ﬂ: Zﬂ_:Mi;lﬂ:ﬂ
Ubtaan the line carmenls.
Anx. l.1.= i 1 SO0 A, la=?ﬁ]5ﬁﬂ A I‘.,=45.2!,.-'_'MA
A three-phase, ABC system, with V.= 294.2/0° V, has the A-commected load
I.u=5.ﬂ,-:ﬂﬂ IE=M.-'_"E:I] Eﬂ=ﬁ\.ll.{—12
Ubtaan thee lime curmenls.
Anx. lll=':1‘9.?im Al l.= 12795433 A, I1‘= TLI T2 A
A three-phase. four-ame, CRA system, with elliective e voltage 1000V has Y-conmecled impedances
EJ:].HMI! El=3_bl S56.31* L) I-E= TS 26 5T
Obtain the curmenls l‘, Ij. lﬁ" ad ll',.
Ams. 272000 A 22.6/-06.3% A 3641 TR6* A 3R6 053 A
A three-phase, four-wire, ABC system, with ¥ =294.2/0* ¥, bas Y-connected impedances
I_.= 12.0/45° (3 Za_= DL 30 L I‘.,= B /O® 3
Obtain the curments l‘, Ij. lﬁ" ad ll',.

Ans.  1416/45% A, 16.00/—60" A 21.24/-150" A_15.32,/90.4° A



1129

1130,

1L3L

1L3%

1133

1134,

1135

1134,

11L.37.

1138

1139,

1140,

1141

A Yecomnecled lasd, wath EJ: Lk O, I!= {1} I{ﬁﬂ"‘,:ﬂ:lﬁt._= 1/ =6l® 0 s connected 10 2 three-phase,
three-wire, ABC system having effective line voltage 141.4 V. Find the load volages ¥V V.V and the
dizplacemenl neutral vollage 'r'm.. Construct a phasor dhagram amilar 1o Fg. 11-15.

Ars.  1T32/90°% %, D00 Y, 100 1RO W, 57.73 /=00* v

A Yeconnected load, with E_‘ = 10 /=il L3, Ia_= 10,0 £¥, amd Iﬁ.: 10 /60* €1, is conmected 1o o thoee-
phase, three-wire, CHA system having effective line vollage 147.1 V. Obtain the line coments 1, 1, and [
Ars. N8 /—60* A0, MBS 1307 A

A three-phase, three-wire, ABC syalem with a balapced o has effective line vollage 200 Y and {maximuam )
line current 1, = 13.61 /60* A. Obtain the total power. Amr.  ZHRT W

T balanced A-connected loads, with impedances 20 /—60* £ amd 18 7 45% respectively, are conpected o a
three-phase system for which a line voliage is V.= 212.1 /0P V. Obtain the phase power of each load. After
usng the simgle-hne eguavalent method o oblan the wotal line curment. compule the 1okl power. and compare
wilh the sum of the phase powers.

Ars. 5623 W, BHILO W, 433705 W = 35613 W)+ 3(BEL6 W)

In Problem 11.5, a balaneed A-connected bosd with £ = 20 /45" 03 pesulted i line curenls 865 A for line
volages 100 W, both maximum valses, Find the readings of two wallmeters used 1o measure the Wols] aversge
pArWET. Anz. 111.9W, 4177 W

Oibtain the readmes of pwo wallmelers in a three-phase_ three-wire syalem having eflective hne voltage 2400V
and halanced. A-commected load impedances 30 7 B0F £ Ams. =176 W, 3206 W

A three-phose, three-wire, ABC system, with line voltage V,  =311.1,/0% ¥, has line currents
l_‘=ﬁ-]-5 !llﬁ.ﬁ“.l’l. la_=ﬁ-|-lf—n|3-ﬂu A ]E=|E|.|.Eg]3“.ﬂ.

il 1he resdings ol walmeters i lines (a) A amd 8, {h) B and ¢ and {c) A and O
Arx (@) 5266 W, 6370 W (B) 9312 W, 2322 W (o) 9549 W 1973 W

A three-phase. three=wire, ABC sysdlem has an elfective line volizge 440 V. The line currenls are

ll= T4 90 A la_=li]-ﬂ|!—9.'!|" A IE=H]-0!I.B'9.?'&

Ubtaan the readimgs o wallmselers 1 hnes (o) A and 8, (b} B and O
Ars.  (a) 7.52 kW, 248 kKW (b)) 16,16 kKW, 1616 kKW

T wallmelers in a three-phase, three-wire system with ellective hine vollzge 130 Y pead 1500 W amd S0 W,
What is the mpedance of the balanced A-connected load?  Ams. 16,3 /& 00 O3

A three-phase. three-wire, ABC system hes effective line voliage 1732 V. Wallmeters in lines A amd B resd
=301 W amd 1327 W, respectively. Find the impedance ol the balanced Y-connecied load. (Sance the sequence
s specilied. the sign of the impedance angle can be determansd. )

Ans. 10 /=T0* L3

A three-phase, three-wire system, with a line voltage ¥ =339.4 /0% V, has a halanced Y-connected boad of £, =
15 /60" €1 The lnes between the system and the bosd have impedances 2.24 /26,57 01 Find the line-vollage
magmilude al the load. Ars. 3011 Y

Eepeal Problem 11.39 with the load impedance Ek = 15 /=60" Lk By drawing the vollage phasor didgrams
for the vao cases. illostrate the elfect of the load impedsnoe angle on the voltage drop for 2 gven line
impedance. Ams. 3329 Y

A three-phase generstor with an effective lme voltage of 6000 W supplies the following four balaneed koads m
parallel: 16 kW =1 pif = 08 lagegmg. 24 W an pif = (U laggme, 4 €W at pf = 1, and 1 KW an plf = 001 lesding.
(&) Find the potal average power (F) supplied by the generator., reasctive power (O, appament power (5], power






11.4ZL

11.43.
1.4,

1145,

11.46.

11.47.

11458,

11.4%.

11.5m,

1151

Tactor, and ellective value of hine currenl. (b)) Find the amount ol reactive load E‘. 1o bz sdded in paralle] o
produce an overall power Bactor of (L9 lagging. Then find apparent power and effective valwe of line currenL.

Amr. (@) F=45 kW, ¢ = 2181 kVAR, 5 =329 kVA, pf = (k85 lagzing, I, =308 A, ik 2. =—6 kVAR,
S=HkVA, I =481 A

A balaneed A-connecled load with ﬂnpﬂh:mlﬂ:ﬁ-iﬂ L} g connected 1o a three-phase generalor with an
elfectve lme valtage of 400 V. The lines between the bad and the generatior have resistances of | 0 each. Find
the effective hine current, power delivered by the generator, and power absorbed by the lomd.

Ans. .Fll_=5-1-.-1n3.|'|.,FI=1'bﬁ-ﬁ-E|"|'r'..Fi=I??TFW
In Problem 11,42, fimd the effective line voliage at the lood. Arr. ¥V =340V

A three-phase generator feeds teo balanced bosds (9 kW 3t plf =08 and 12 KW a1 pif =006, both lzgging) through
three cables (0.1 L2 eachl. The generator s regulabed such that the elfectve line voltage al the load is 220 V. Find
the effective line voliage al the generstor. Ams. 230 W

A balanced A-connected biad has impedances 45 + B0 1L Find the average power debvered 1o 0l 3 an ellecuve
line valtage al: (o) 400 ¥, (&) 380 Y. Ams. o) 3B4 KW, (B) 365 KW

Uibtain the change in average power delivernsd 10 a thres-phase balanced bosd if the line voltage s mulaplied by
afactor . Anr.  Power s multiplied by the factor o

A three-phase. three-wine source supplies 3 balanced load rated for 15 kKW with pf = 0.8 a1 an effectuve line
virltage of 220 . Find the power absorbed by the load if the three wires conpecting the source W the kosd

have resistances of 005 12 each amd the effective lme valtage al the source is 220 V. Use bath a semplified
approximaltion amd also an exact method.

Ars. 1467 KW (by an approximate method ), 14.54 kKW (by an exact method)

In Problem 11.47 determine the effective value of the hine voltage such that the load operales al ils rated
values. Anz. 2Z2.46 Y (by an approximale methad), 22198 Y {by an exact method)

Whal happens o the guantity of power supplied by a three-phase, three-wire syslem bo a balanoed bosd il one
phaie 15 dEcommected? Anr.  Power 5 halved.

A three-phase. three-wire generalor wilh effective line voltage 6000 ¥ 15 connected 1o 2 balanced load by three
lines with resastances of 1 L2 each, delivening a il af H00 kW, Find the eficsency (the mabio of power absarbed
by the laad o power delivered by the sydem) of the power factor of the generstor is (o) (U6, (b) 0.9

Ars.  (a) BE.S5 percent (F) 99.3 percenl.

A 6ll-Hz three-phase., three=wire system with lerminals labebed 1, 2, 3 hos an effectve line voltage of 220 % To
determine i the system is ABC or CBA, the cirounl of Fug. 11-35 15 pested. Find the effective voltage between
misdie 4 and lme 2 the sydem s (@) ABC, (b CBA.

Ars.  (a) B0S W (B) 3005 W

Line 1 1
% 10w 2
Three-phase Line X 2 i
SYSICT . '
= i nf
Ling 2 E

Fig. 11-35



