Chapter 12: Three-Phase Circuits

Exercises

Ex. 12.3-1
Ve =120+ 240" s0 V,= 1201 0" andVg 1286 120

Ve

Ve Ve =/3(120)F 90’

Ve
Vi

Ex.124-1  Foyr-wire Y-to-Y Circuit

Mathcad analysis

. T . T T

Describe the three-phase source: Va =120@ 180°  Vp:=va@ 1 0 ye:=yva@ i
Describe the three-phase load: ZA :=80+ |50 ZB:=80+ |80 ZC:=100- |25
Calculate the line currents: IaA::E |bB;:Lb IcC::E

ZA ZB ZC
laA =1.079-0.674i IbB = -1.025 -0.275i IcC = -0.809 +0.837i
llaA| =1.272 IbB| =1.061 llcC| = 1.164
@mg (laA) =-32.005 180 [arg (1bB) = -165 180 [arg (IcC) = -134.036
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Cdculate the current in the neutral wire:  INn:=1aA +1bB +1cC INn = =0.755-0.112i
Calculate the power delivered to the load:
SA :=laA Va SB:=1bB Vb SC:=1cC Ve

SA =129.438+80.899i SB=90+90i SC =135.529 -33.883i
SA +SB +SC =354.968 +137.017i

Ex. 1242 Foyr-wire Y-to-Y Circuit

M athcad analysis

LT T . TU

Desribethe threephase source:  Va=120@ 19°  Vb:=va@ 1802 Ve=Vale 180 2
Describe the three-phase load: ZA:=40+ |30 ZB:= ZA ZC:=ZA
Calculate the line currents: IaA::E le::Lb IcC::E

ZA ZB ZC
laA =1.92 -1.44i IbB = —2.207 —0.943i IcC =0.287 +2.383i
laA| =2.4 IbB| =2.4 lcC| = 2.4
gnomg (laA) =-36.87 Eno [arg (1bB) = -156.87 %’ [@rg (IcC) =83.13
Calculate the current in the neutral wire: INn:=1aA +1bB +IcC INn=0

Calculate the power delivered to the load:

SA = laA [Va SB:= IbBIVb SC:= IcC V¢
SA = 230.4+172.8i SB =230.4+172.8i SC =230.4#172.8i
SA +SB+SC = 691.2 +518.4i
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Ex.124-3  Threewire Y-to-Y Circuit with line impedances

Mathcad analysis

Describe the three-phase source:  Vp :=120

im0 1%9120 j5m20
Va=Vple 180 Vbh:=Vale Vc.=Vale 180
Describe the three-phase load: ZA := 80+ 50 ZB:=80+jB0 ZC:=100-j25
Describe the three-phase line: ZaA:=0 ZbB:=0 ZcC:=0

Calculate the voltage at the neutral of the load with respect to the neutral of the source:

iﬁﬁl 2
_ (ZaA+ZA)(ZcC+ZC) '3 +(ZaA +ZA) [(ZbB +ZB) B3 HZbB +ZB) (ZcC +ZC)

VnN :=
(ZaA +ZA)[(ZcC+ZC) +(ZaA +ZA) [(ZbB +ZB) HZbB +ZB) (ZcC +ZC)
. 180
VNN = -25.137-14.236  |VnN|=28.888 = @rg(VnN) = 150,475
m
Calculate the line currents: laa = Ya-VnN IbB::M lcC = Ye-VnN
ZA+ZaA ZB+ZbB ZC+ZcC
laA =1.385-0.687i IbB = -0.778 —0.343i IcC = -0.606 +1.03i
llaA[=1.546 IbB|=0.851 IcC|=1.195
%O@rg(laA) = —26.403 £T?@rg(le) = -156.242 % @rg(IcC) =120.475

Calculate the power delivered to the load:
SA:=laA [MaA [ZA SB:=|bB bB [ZB SC: =1cC McC [ZC

SA =191.168+119.48i SB=57.87+57.87i SC=142.843-35.711i

SA +SB +SC =391.88 +141.639i

348



Ex. 12.4-4

Mathcad analysis

Describe the three-phase source: Vp:=120

o jgl%mzo j%mzo
Va=Vple 180 Vh:=Vale Vc.=Valé
Describe the three-phase load: ZA:=40+ j[3B0 ZB:=ZA ZC:=7B
Describe the three-phase line: ZaA:=0 ZbB:=0 ZcC:=0

Calculate the voltage at the neutral of the load with respect to the neutral of the source:

_ (ZaA+ZA)[ZcC+Z0) g5 +(ZaA +ZA) [ZbB +ZB) T HZbB +ZB) (ZcC +20) ,

ViN:= (ZaA +ZA)[(ZcC+ZC) +(ZaA +ZA) [ZbB +ZB) HZbB +ZB) [ZcC +ZC)
VnN = -4.075[0™" +1.397 1074 [VnN|=1.455 107 1%0 @rg(VnN) =106.26
Calculate the line currents: laA ::M IbB:=M C :ZM
ZA+ZaA ZB+ZbhB ZC+ZcC
laA =1.92 —1.44i IbB = —2.207 -0.943i IcC =0.287 +2.383i
laA|=2.4 IbB|=2.4 lcC|=2.4
%Oﬁrg(laA):—:sGB? if@rg(lba) =-156.87 %) @arg(IcC) =83.13
Calculate the power delivered to the load:
SA:= [aA aA [ZA SB:=1bB [IbB [ZB SC:=IcC IcC [ZC
SA=230.4+172.8i SB=230.4 +172.8i SC=230.4 +172.8i

SA +SB +SC =691.2 +518.4i

349



Ex. 12.6-1

See Table 12.5-1
balanced L 2A ( )
- A Z, =180+ 45
‘I"L' imf aﬁ
paren
24
hase currents: ’ .
p o Vas | 36000
Z 180+ 45
IBC:VBC :SGOE' 129 :ZE- 75° A
Z 18+ 45
1oy = Vor J 3000120 e

Z 1803 45
linecurrents: 15 = lag —lca =2045— 21 165 243 15 A

lg = 2433 105 A

lc = 2430135 A

Ex.12.7-1and Ex. 12.8-1  Three-wire Y-to-Delta Circuit with line impedances

Mathcad analysis

Describe the three-phase source: Vp:=110

ic o i0LE120 jotm0
Va:=Vple 180 Vbh:=Vale 180 Vc:=Vae 180
Describe the delta-connected |oad: Z1:=150+ ) 270 72:=71 73: =71

Convert the delta load to the equivalent Y load:

ZA= Z1Z3 7B:= Z2[Z3 7C= Z1Z2
Z1+72+73 Z21+72+73 Z1+72+73
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ZA =50+90i

Describe the three-phase line:

ZaA:=10+j 25

ZB: =50 +90i ZC =50 +90i

ZbB:=ZaA

T
- T
[ ZCC )

ZcC: =ZaA

Calculate the voltage at the neutral of the load with respect to the neutral of the source:

VnN

. (ZaA+ZA)[ZcC+ZC) ghm +(ZaA +ZA) [ZbB +ZB) gy +ZbB +ZB) (ZcC +ZC)

(ZaA +ZA)[ZcC+ZC) +(ZaA +ZA) [(ZbB +ZB) {ZbB +ZB) [ZcC +ZC)

VnN = -4.235107% +7.787[VnN|=8.864 10 %°

Cdculate the line currents:

laA = 0392 - 0.752i
llaA|=0848
180

._ Va-VnN
- ZA+ZaA

IbB

IbB = -0847 +0.036i
IbB|=0848

180 rg(1bB) =177553
Tt

Calculate the phase voltages of the Y -connected |oad:

VAN:= |aA [ZA
IVAN[=87.311
180

= rg(VAN) = ~1502

VBN:= IbB[ZB
IVBN[z87.311
180

= [arg(VBN) = -121502

Calculate the line-to-line voltages at the load:

VAB:= VAN - VBN
IVAB| = 151.227
180

“Z@rg(VAB) = 28498
Tt

VBC:= VBN -VCN
IVBC| = 151.227

1804 g(vBC) = —91502
Tt

_ Vb-VnN
"~ ZB+ZbB

=== Grg(VnN) =118.541
Tt

Vc-VnN
IcC=————

ZC+ZcC
IcC =0455 +0.716i
[lcC|=0.848

180 Grgico) =57553
Tt

VCN:=IcC[ZC
|[VCN[=87.311
180

= GErg(VCN) =118498

VCA:=VCN -VAN
IVCA| = 151.227

180 Gg(vCA) = 14849
Tt

351



Cdlculate the phase currents of the A-connected |oad:

1aB:= VAB 1BC:= VBC IcA:= YCA
Z3 Z1 Z2
IAB| = 049 IBC| = 049 ICA| = 049
%Omrg(ms) = 32447 %Oﬁrgasq = —152447 %’anm) =8755
Calculate the power delivered to the load:
SA:= laA [TaA [ZA SB:= IbB IbB[ZB SC:= 1cCcC [ZC
SA = 35958+64.725i SB = 35958+64.725i SC = 35958 +64.725i

SA +SB +SC =107.875 +194175

Ex.12.9-1 e 0
P = Vg I coS(8+30°) + Vg I cos(6-30) = P +P,

pf = 4lagging O 8 6197
So P = 450(24) [cos 91.97" + cos 31.97°] = 8791 W
0P, =— 371W P, = 9162W

Ex.129-2  geeFig. 12.9-1

P, = 60kW P, = 40kW

@ p=p+P, = 100kW
b) useegn. 12.9-7 - -
tan® = \/éu:\/éélo 60 =-346
P +P 100
068 - 1911
so pf = cos(—19.110) = 0.945leading

Problems
Section 12-3: Three Phase Voltages

P12.3-1

Given V. = 277 045
ABCreference  V, =277 0.75

Vg = 277 045 +120° = 2770 165
V, = +/3(277) = 480V
V,, = 480F 75+ 30= 4803 45
V. = 480 [F 165
V., = 480075
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P12.3-2 12470

V) = 12470V V, = 55 = 7200V Vg, = 124703 35
V3
vb:@m 35+ 30'F 7200+ 5 V
V3
V, = 7200 O 5+ 120°)= 7200+ 115

V.= 7200 ¢ 5- 120 F 72003+ 125

P12.3-3 V,, = 1500 030= V,

vP:LD(& 30k iﬁb (3" 303 866 0V
3

3

Section 12-4: The Y-to-Y Circuit

P124-1 vV, =208V  baanced Y load, Z=120030 18

Lo >
v‘: = iaﬂﬂ_ﬂ"

VL =120
Ty o= R0l 0%

I‘. 'ﬁ h = lﬂﬁ&-ﬁ

, = Ya 12000 o5 4y —

Z 12030
l, = 100¢ 30~ 120y 1G 150
. = 10090°
P= ﬁVLI L cos@
= 4/3(120)(10) cos 30" = 1800 W T,

P124-2 7, =7, +Z, =10+jwl00 +2 =12 +j37.7
V, =120V OVE 1203 soV,= 208 O
Vg = 2083 120°
Ve = 208%F 120°

| _Vp _12000° _12000°
PTZ. 12+j377 40072

=33 72= 1,

= 33 192°
I =3048°
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P12.4-3

a) look @ one phase

Lalt) — - v(t) = 10cos(16t —120")

T ol =V, cos(wt + )
LH
u{f)é:a 122

Vo =Vp@ = 10+ 120°

Z, = joL+R =12 +j16 =20+ 53’ Q

Iy = Va _ 10 120°
Zy 20+ 53
i,(t) = 0.5c08(16t-173") A

rms = w =0.353

=053 173= 1@ |

2
b) average power P =3Vl cosB
0=0,-6 = -120«-173) 53 (aso 6 =6,)
P = 3(10) (05) cos(53") = 9.0W

P12.4-4

AT aan— TV

100 cos 37742

W0 eas A771+120 3

0 S mH c &0 M1 £ mH
o [
100 cos (377t + 2400
SOUrCe line [ o e

Mathcad analysis

Describe the three-phase source: Vp:= 100 w:=377

JlELAE) J{ERARGTY o meo0
Va:= Vple 180 Vb := Valg 180 Vc := Vale 180
Describe the three-phase load: ZA = 20+ [W0.06  ZB := 40+j[d[0.04 ZC := 60+j[d@.02

Describe the three-phase line: ZaA := 10+j(b0.005 ZbB := 10+jd[0.005 ZcC := 10+j[dh@.005

Calculate the voltage at the neutral of the load with respect to the neutral of the source:
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(ZaA+ZA)[(ZcC+ZC) g5 +(ZaA +ZA) (ZbB +ZB) g5 +ZbB +ZB) (ZcC +ZC)

VnN :=
(ZaA+ZA)[(ZcC+ZC) +(ZaA +ZA) [ZbB +ZB) { ZbB +ZB) (ZcC +ZC)
VNN = 12209-24552i  |VnN| = 27.42 @@g(vm\l) = 63561
Tt
Calculate the line currents: laA: = VazVaN IbB: = Vb-VnN IcC:. = Ve-ViN
ZA+ZaA ZB+ZbB ZC+ZcC
laA = 2156 -0.943i IbB = -0439 +2.372i IcC = -099 -0.753i
laA| = 2353 IbB| = 2412 llcC| = 1244
@Brg(laA) = -23619 @@rg(mB) = 100492 @Bg(mc) = -142.741
1L I Tt
Calculate the power delivered to the load:
SA: = laA daA [ZA SB: = IbBbBZB SC: = IcClcC[ZC
SA = 110.765+125.275i SB = 232804 +87.767i SC =9285+11668i
SA +SB+SC = 436418 +224.71i
P12.4-5
0 S mH N 201 60 mH
'1 .

A I SPAAPNE & X | D B GIVNPNP I § 1,2 O I
<

100 cos €377 >
10 N S eH 20 N &0 mH

M cos 377 L+120

100 cos 377 L +2403
SO O e lpad

Mathcad analysis

Describe the three-phase source: Vp: =100 w := 377

izt o o m20 om0
Va=Vple 180 Vb:=Valg 180 Vc:=Vale 180
Describe the three-phase load: ZA = 20+j [@0.06  ZB := 20+ [b[0.06 ZC := 20+j [b[0.06

Describe the three-phase line: ZaA := 10+ [d[0.005 ZbB := 10+j [db@.005 ZcC := 10+ [®0.005

Calculate the voltage at the neutral of the load with respect to the neutral of the source:
.4 .
(ZaA+ZA)[(ZcC+ZC)'s™ +(ZaA +ZA) (ZbB +ZB) i HZbB +ZB) (ZcC +ZC)

VnN: =
" (ZaA+ZA)[(ZcC+ZC)+(ZaA +ZA) [ZbB +ZB) H{ ZbB +ZB) (ZcC +ZC)
VN = -6966107"° +889110 i|VnN| = 1129 10 %0 @rg(VnN) = -128079
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Va-VnN Vb-VnN Vc-VnN

Cdculatethelinecurrents:  laA: = ———— [bB: = ———— IcC = ————
ZA+ZaA ZB+ZbB ZC+ZcC
laA = 1999 -1633i IbB = 0415 +2548i IcC = -2414 -0915i
laA| = 2582 |IbB| = 2582 lcC| = 2582
%Omrg(laA) =-39.243 %Oﬁrg(le) = 80.757 %Qg(lcc) =-159.243

Calculate the power delivered to the load:

SA: = laAaA [ZA SB: = IbBbB[ZB SC: = IcCcC[ZC
SA = 133.289+150.75i SB = 133.289+150.75i SC = 133.289+150.75i
SA +SB+SC = 399868 +452.251i
P12.4-6
—~ o A 41t IH
10 cos{4t-907 .
, 2N aH
10 cos(4t+150
—~ . e 4, 2H
- o O—AAA— TFT L
10 cosdat+30
source line load

Mathcad analysis

Describe the three-phase source: Vp:i=10 w:=4
JTELAR 0L ms0 om0
Va=Vple 180 Vb =Vpe 18 Vc =Vple 18
Describe the three-phase load: ZA =4 + j[d ZB =2 +jldb2 ZC:=4+jldb2
Describe the three-phase line: ZaA :=0 ZbB =0 ZcC:=0

Calculate the voltage at the neutral of the load with respect to the neutral of the source:
(ZaA+ZA)[ZcC+ZC) Wb +(ZaA +ZA) [ZbB +ZB) Mc +{ ZbB +ZB) (ZcC +ZC) Wa

VnN: =
" (ZaA+ZA)[ZcC+ZC)+ZaA +ZA) [ZbB +ZB) { ZbB +ZB) (ZcC +ZC)
VnN = 1528-0863i [VAN| = 1755 %O@rg(VnN) = -29.466
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Cadlculate the line currents: laA: = Va-ViN IbB: = Vb-VnN IcC. = Ve-ViN

ZA+ZaA " ZB+ZbB " ZC+ZcC
laA = —-1333-0.951i IbB = 0.39 +1371i IcC = 0943 —-042i
laA| = 1638 IbB| = 1426 lleC| = 1032
1%0 rg(laA) = —144.495 %0 [rg(IbB) = 74116 1%2 @rg(lcC) = -24011
Calculate the power delivered to the load:
SA: = |aA [TaA [ZA SB: = |bBObBZB SC: = IcCIxC ZC
SA = 10727 +10.727i SB = 4.064 +16.257i SC = 4.262 +8525
SA +SB+SC = 19.053 +35508i
P12.4-7
R 40 2H
a
- o AAA (T
10 cosc4t-200
o 5 4 2H
" 4@ O_r\m_f_m. N
10 cost4t+150)
- c 4 M Z2H
@ A Q_W,_fiﬂﬂ'“x_
10 casc4£+300
saurce Line load

Mathcad analysis

Describe the three-phase source: Vp:=10 w:=4

o590 io L aso iot@0
Va:= Vplé 180 Vb:= Vplg 180 Vc:= Vple 180
Describe the three-phase load: ZA =4 + j[D[2 ZB =4+ b2 ZC:=4+jbR2
Describe the three-phase line: ZaA :=0 ZbB:=0 ZcC:=0

Calculate the voltage at the neutral of the load with respect to the neutral of the source:

ZaA+ZA)[ZcC+ZC)N b+ ZaA +ZA B +ZB)Mc H{ZbB +ZB) (ZcC +ZC) Ma
VAN: = b b b
o (ZaA+ZA)[ZcC+ZC)+ZaA +ZA) (ZbB +ZB) + ZbB +ZB) (ZcC +ZC)

180

VAN = 0 [VN| = 0 ?@rg(VnN) = -3687
Calculate the line currents: laA: = Va-VnN IbB: = Vb-VnN cC: = Ve-VnN
ZA+ZaA ZB+ZbB ZC+2ZcC
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laA = -1-05 IbB = 0.067 +1116i IcC = 0933 -0616i

laA| = 1118 |IbB| = 1118 lcq) = 1118
%o@rg(laA) = -153435 gT?@rg(le) = 86565 ﬁg Arg(IcC) = -33435

Calculate the power delivered to the load:

SA: = laA[laA [ZA SB: = IbBbB[ZB SC: = IcClcCZC
SA

5+10i SB

5+10i SC =540
SA +SB +SC = 15+30i

Section 12-6: The A- Connected Source and Load

P12.5-1 _ .
Givenlg = 50+ 40 A= IO ¢ Fa— A

lg = V3 O(¢ 30°) egn. 19- 15
| .

Olg -8 ¢ 30) Ie
V3

loe = 200¢ 40% 30 289 10°A o—2
V3

lg = 2890 10+ 120 F 2891 110'A
lca = 28900¢ 10- 120 289+ 130A

P12.5-2 2 deltaloadsin parallel so 5|20 = 4Q

V=V, =480V

480 =120A

4

phasecurrent |,

linecurrent 1, = «/§Ip = 208 A

Section 12-6: The Y - to A- Circuit

P126-1  4gtaloadz = 12030°= 18
V, = 208
o= 28208 75
|z 12

LetV , = 20800 - I, ,= 17.3% 30
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I,= V3lp 006 30)= 3(17.320( 30- 303 3 60
then 15 = 300¢ 60~ 120 )= 30 180°
lc = 300 60+ 120 )= 3@ 60

P =3V I, cosd = /3(208)(30)cos30" = 9360W

P12.6-2 4
N AN Za V. = 480V Transform Z, O Z,
o Z o .
U,_'_ 4. a Z, = 390F 40 Q Zy= ?A: 18 40= 996 j836
4
— A

Z: = Z,+4 = 1396-)836 = 1633 309
Ve

Y%
thenl, =1, = where Vp = —&
Pt 7, "t
480 4\/8‘05r 0
V, = P30 1,= Y3 - 17009°
NE) 163 309
P12.6-3 :
Zy =3+j4 VvV, =380 OV,= V /J& 220v
V, = 22000 Vag= 3800 30°
Vg = 2203 120° Vpe= 380 90
Ve = 22000120 Vea= 3800 150°
A = 20 _ gz s3.0° lg= 44 1731 lz 43 66.9
1+j4
and 1, =1,
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P126-4 Deltaload Z, = 9+12  V, = 380V
Vg = 380010°

380

9+j12

J3l,0(¢ 30)= 439+ 83

V. =V, S0 Iag = 2533F 531

I

Section 12-7: Balanced Three-Phase Circuits

PI271 = 5Ky

3
Vo= 2x10°%v  phaseA: I, = 25/*/_Ll?mdz 9% 25 A
J3 150025
P = 3V,l,c080 = 3[25 x103j 96 cos(25’) = 377mwW
V3
Pl21-2 v =4sv  Z, = 10+j20
Z, =20 Z, =500 z, 0 Z5 504
One per -phase circuit is: 7.0
Ve = jgkv = 26kV w"
& B
v 25,‘._59 UseV, = 26kV0
A . 3
j
10+j20) (50/3
10+50/3 +j20
Zy =247 =12+j5 =13[226
_ 26KV

1L =5 =2KA and v, =45kv

P ,:|I,_|2(2§2):8mWforeachIine
iea”

Pr=+/3V_ I, cos8=v/3(45x10%) (2x10%) cos22.6" =144mW = 3P,

Ooplos 737 100% _ 10 oo
144
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P12.7-3

T .
o = V, =5030'V IVLE 5V
¢ 1 =Va 8030 _oon oran e omA
\f + ° Z, 6+8 H
& .
Jf
Pr :«/§V,_I,_cose

= J3(5)(05) cos(-30-23") = 26W
Pine = |IL|” (2Q)=(05)% (2) =05W

DPloai'? Ptotal_ Pline: 26 05 19W

Section 12-8: Power in a Balanced Load

P128-1 p=,3V,I cosb V, =208, I, =3
Need power factor & need angle between | ; and Vg
Assuming a'Y load (or transformed to a'Y load)
Vg leads Vg by 120" +30°=150°
S0 Vg =|Vg|B= |Vg[d 165 andbky (B 110

S00 =165-110 =55

ThenP =+/3(208) (3) cos55 =620W
(OR)

Veg = 2080015= V|

lg = 30110= I= Ip

Vg = 28515 30 1263 15 Vp

NE

P = 3V,l » cos = 3(120) (3) cos(125) = 619W

P12.8-2 V, =480 n=.85 pf=.8=cos 8 0 0=369
Py = Fout :Lf.?) =17.55kW where lhp =745.7KW = x/§V,_I L cos@
n
3
Thusl, = 17.55x10 — 264 A
3(480)(.8)

Assume Y connected load |, =26.45 36.9'if V,= 4801 O
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P12.8-3
V. =220V P; =1500W  pf =.8 lagging

@ . connected : Pr =4/3 VI pf 0 Iz ~ 1500 _
J3(220)(8)
_ 220 _ L
|Z| =g T4 lp = 5 =284

Z, = 77.44 Ocos™'(8) = 77.440 369" Q

b) Y connected : I, = 4.92asabovel

Ip
VL —
=127V
e

Y,

0 |Ze| = 127 _ 558

4.92
S0z, =2580369 Q

P12.8-4

Paralel A loads
Z,Z, _ (40030°) (53¢ 60°)

Z) = 5 2 =3123F 87 Q
Z,+Z, 40030+ 50+ 60
Vv 600
V, =Vp, Io= P = == =192A, |, =+/31,=333A
L ps Ip |ZA| 31.2 L \/_ P

SoP = 43V I, pf = +/3(600) (33.3) cos(-8.7") = 34.2kW

P12.8-5

S =273+ 2785

S, =150 - j 7057
S =423 -] 4272KVA O §, = 144 j1424KVA = S;,/3

Vie| = 2(%/5 = 120V = |V,

T = (14100+)14240) _ 1175 4 j1187A = 1670453 A

120
ThusVg, = 12000  + (0.038 + j 0.072)(117.5 + 118.7) =115.9 +j 12.9

116.6 06.4° V (phase-neutral)
J3(116.6) = 202.0V

0 [Va
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P12.8-6

.45 (39 T X,
o A S Py T Tz >
Vﬁ :IEIQE ?mn Ehvn (=Y.} j::sﬂ_,
- 3 i 0.%5 bog zpf
. 500/= costgs _ ’
L= /3 ™ 5898 - j3656A, 1, = o0 = 104A
2402 2402
T,= 2402, 2402 _ g i107A
150  j225
=1 +1,+1,=75-]36.8A
Vgp = 2402000° + (845 +3.9) (75~ j36.8) = 3179% 0.3
O |Va| = ¥3(3179) = 5506V
P12.8-7
@ § = 1125 + j0.9922 VvV, = 43/%0 @refers to per - phase

S, = 2.000 + j 1.500

S =3125+)249220 S, = 1.042 + | 0.831 MVA/phase

7 - (1042-)03831) x 10°
- 2402
Vg, = 240200 + (0.4 +j 0.8) (433.7 | 345.9) = 2850.6] 42"V

0 |V | = V/3(2859.6) = 4953 V

= 4.337- ] 3459A = 554.7 [+ 386 A

b) Py= /3 (4953) (554.7) cos (4.2" + 38.6") = 3.49 MW

3'1295><100% = 89.5%

c) fficiency = n =

363



P12.8-8

Te > Smd 25 mi2

p_'_'_'m___'m_,- —+
+ 8 = cos *(08)
y CoAD booV = 37
L J —
—
Ploap = \/§VL|L pf
1= Homo o 40K _ 7 57— se16- j3462

J3V, pf  +/3(600) (0.8)
Vg = 60000 + (5m + j 25m) (461.6 | 346.2)
610.1 +j 9.8 = 611 00.92'V
cos(®y — 6,) = cos(0.92 - (-37)) = 0.789

pf

Section 12-9: Two-Wattmeter Power M easurement
P12.9-1  Assumemotor isabalanced load V|, = 440, 1 =525
P, = Br’]m n =.746

_ (20hp) (746 W/hp)

Pr=P, = 7 = 20 kW
aso P = J§VLIL cos@ thencosB = 20><—103 =
/3 (440) (52.5)
s08 = + 60
Useegn. 12.9-5
Pr= VI, [cos(e +30°) + cos (@ - 30“)]
ThenW, =0
We = 20kwW
P129-2 = 4000 Z, = 40 + (30 = 50036.9°
Vp = V, = 4000
|P:%:%:80A I, =31, = 1386 A
pf = cos© = cos (36.9) = .80
P, =V, I _cos(6 +30°) = 4000 (138.6) c0s66.9 = 217.5 kW
P, =V, cos(8-30") =4000(138.6) cos6.9" = 550.4 kW
Pr =P, +P, = 767.9kW

Check : P; =4/31,V, cos8 = /3 (4000) (138.6) cos 36.9"
= 768 kW which checks



P12.9-3
V, =200V, Y load 0 z=7007 45

Ia> 8
"_'_G _ 200

Vo= 5 = 1547V
A V,=1154700° Vg = 1154
y ST C | _Vy _ 1154700
A Az 707045
] Te >
— I

lg = 1.633[F 165 lc = 1.633] 75

Pr= ﬁVLI L CosO = V3 (200) (1.633) cos 45 = 400 W

Ps = Vac |4 €0S8; = 200 (1.633) cos (45 — 30°) = 315.47 W
Pe = Vg lgcos8, = 200(1.633) cos(45 + 30°) = 84.53W

P12.9-4

V, =208V
Z,=10% 30" Z;z 18 30

ConvertZ, toZ, — Zg = Za =530
3

(103 30°) (81 30°) 5o

then Z, = - L= ~ = 37800109
107 30+ B 30" 13228 [F 109
V,= 208 _ 150v
V3
V, =12000 O kK (12000 - 3755 109
3780109

lg = 3175(F 1309’

| = 317501091
Pr=+/3V, | cos8 =+/3(208) (3175) cos(109) =1123 kW
W, =V, I cos(6-30") =624 kW
W, =V, | cos(8+30") =499 kW

= 1.633F 45
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P129-5 W, =W, LetW,=920 W, =460
Pr = W, +W, =920 +460 =1380 W
Pr =3V, I, cos® andV, =120V

- -460 .
tan@=y3 2 Pl:ﬁ( )=—o.577 0e- 30

P,+P, 1380
P =3V, I, cos8 s0l, =— T =767A
ﬁVL cosO
|P:'—L:4.43 0|Z,F 120 5710 or Z= 2113 30
V3 443 E—
P12.9-6
, . . 380
Z=0868+j4924 =50180° 6= 80 V.= 380V, V= Nl 2194V
_ _ Ve _

I =lpandlp= — =439A

W, = (380) (439) cos(6 ~30') =10,723
W, = (380) (439) cos(6 +30") = -5706
0 P = 5017W

Verification Problems

VP 12-1 Y-Y connection v 416

|P|:f:240V:|VA|

Z=10+j4=10.770218 Q

NG Mal . 240 _ 22.28 A
Z 1077

P = 3V, cosB = /3 (416) (22.28) cos (-21.8") = 14.9 kW

VP 12-2 A connectionV, = Vp = 240V
Z=40+j30=500369 Q
|P = ﬁ = Aa = 48+ 369°A
Z, 500369 <~
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PSpice Problems

SP 12-1
I nput :
Vs 1 0 ac 120 O
R ine 1 2 2
Rl oad 2 3 10
Ll oad 3 0 100m
.ac lin 1 60 60
.print ac ImRine) Ip(Rine)
end
CQut put
FREQ I MR i ne) | P(RIine)
6. 000E+01 3. 033E+00 -7.234E+01
SP 12-2
o ¢
10 f = 60Hz
V €) I _
A Tmaﬁ j84= = 0 C=3l64F
®
| NPUT:
Vs 1 0 ac 277 -30
Rine 1 2 4
Road 2 3 10
Cload 3 0 316u
.ac lin 1 60 60
.print ac ImMRine) Ip(Rine)
.end
OUTPUT:
FREQ Rl i ne) I P(Ri ne)

I M
6. 000E+01  1.697E+01  9.464E-01
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SP 12-3

0 22 @ _ '
A f—60Hz,oo—377seC
gL j9=jwl
C 1 —
fﬁﬂ& il L=239mH
239 m
O,
I nput :
Vs 1 0 ac 120 0
Rine 1 2 2
Road 2 3 8
Lload 3 0 24m
ac linl 60 60
.print ac ImMRine) Ip(Rine)
.end
Cut put :
FREQ P(R i ne)

I i ne) I P(
6. 000E+01  8.898E+00  -4.214E+01

Design Problems

DP 12-1 ) ]
Poer phase = 400, pf = cos® = cos20 6 = 20
200= B cos200 0 1, =35A

V3
|
eachAphase: 1, = -5 =2.04A
R
7= YL = 28 _ 10180
l, 204
so Z = 101.8020° Q
DP 12-2

V, =240V

Py=V I, cos (30 + 6) = 1440 W
P.=V_I_cos (30-8)=0W

now cos@ = 0, when ¢=30-6 = 90" or 6 = 60’
then 1440 = 240 (1) cos (=30") O I, =6.93 A

v
L=lp=7
240
Ve //1—3
Zl = — = =20Q
Sofzf =" = (g5 =2

ThusZ=203 60Q
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DP 12-3

DP 12-4

correction C = B,

V, = 480V
p, = Fo - 100(748) _ g3,y
n 8

[tan (cos1.75) - tan (cos‘l.g)]

= 160 pF
3(377) (480)? —

wherepfc = 9andpf = .75

Ve =4kv Z = 40
Ifn, =25 - 25:1 stepdown at load to 4 kV
then V, = 100 kV

4x10°

L

0 1, atload = = 3kA

3 kA

Thelinecurrentin 25 Qis| 1 | = = 120A

Thus V, = (R+jX) 1 +V,
= (2.5 + j40) (120) + 100x10° = 100.4 02.7° kV
100.4 kV
Stepneed:n, = ——— =502 05
P 17 20kv
Poss = | 1] R=]120° (25) = 36 kw, P = (4x10°%) (3x 10°) = 12MW

N = %xloo% = 99.7 % to load
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