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pr(t) px () (2.5)
Energy flow into Energy borrowed and
the circuit returned by the circuit

Pr(t) = |V||I| cos @ + |V||T| cos § cos 2(wt + 6,)] (2.6)

px(t) = |V||I|sin @ sin 2(wt + 6,) (2.8)
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S3 = 15 kW + 50 kvar

- 'S ol
S=P+jQ=35 +5+5s )
= (35 + 7120) + (10 — j40) + (15 + j0)

= 60 kW + 780 kvar = 100/53.13 kVA

* 100,000/ —53.13° (J
I = —_— = °©
o T 71.43/—53.13° A

édu.o u)d..‘a w).»a
PF = co0s(53.13) = 0.6 lagging (f
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the theoretical maximum power occurs when § = 90° —> Praz34) = 3

Dg (oo 0dusels (Lewsl) Sstew! LS)‘%‘.L?, s> b Bk 6)L)'?~L’f' g

- 2V
for small 8, cos 8 is nearly unity ) Qay = 35 S5 e

when |E| > |V/| the generator delivers reactive power to the bus I:> generator is said to be overexcited.

~(E = VD)

If |E| < |V|, the reactive power delivered to the bus is negative I:> ALS oo e 3l STy ey el e
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A 50-MVA, 30-kV, three-phase, 60-Hz synchronous generator has a synchronous
reactance of 9 {2 per phase and a negligible resistance. The generator is delivering
rated power at a 0.8 power factor lagging at the rated terminal voltage to an infinite
bus.
(a) Determine the excitation voltage per phase F and the power angle §. _
(b) With the excitation held constant at the value found in (a), the driving torque is
reduced until the generator is delivering 25 MW. Determine the armature current
and the power factor.
(c) If the generator is operating at the excitation voltage of part (a), what is the

steady-state maximum power the machine can deliver before losing synchronism?
Also, find the armature current corresponding to this maximum power.

Example ;

(a) The three-phase apparent power is

S3g = 50Zcos™10.8 = 50/36.87° MVA
= 40 MW + j30 Mvar

The rated voltage pef phase is

30
V = = =17.32/0° kV
V3
The rated current is r
S35 (50/—36.87)10° | 3
I = ¢ = g 2_2 — . o > Zslg
“ T3V 3(17.32200) 022043087 A V& v
I

The excitation Voltage perphase ——— is E =V +jX,I,
E = 17320.5 + (79)(962.25/—36.87) = 23558/17.1° V

The excitation voltage per phase (line to neutral) is 23.56 kV and the power angle
1s 17.1°. 52

(a) Lagging pf load
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A 50-MVA, 30-kV, three-phase, 60-Hz synchronous generator has a synchronous
reactance of 9 {2 per phase and a negligible resistance. The generator is delivering
rated power at a 0.8 power factor lagging at the rated terminal voltage to an infinite
bus.
(a) Determine the excitation voltage per phase F and the power angle §. _
(b) With the excitation held constant at the value found in (a), the driving torque is
reduced until the generator is delivering 25 MW. Determine the armature current
and the power factor.
(c) If the generator is operating at the excitation voltage of part (a), what is the

steady-state maximum power the machine can deliver before losing synchronism?
Also, find the armature current corresponding to this maximum power.

Example ;

E
JEIV

(b) When the generator is delivering 25 MW from p, s =3
S

sin &

: - 25)(9)
the power angle is § — 1 [ ( ] = 10.591°
S0 B @356)(178)) — 1099

The armature current is |:> E=V+jX,I,

E
23,558410.591° — 17,320/20°
1, =% 2L - 1752000 _ gor.ass/—53.43° A =,
7 K
The power factor is given by cos(53.43) = 0.596 lagging. () Lagging pf load -

53
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A 50-MVA, 30-kV, three-phase, 60-Hz synchronous generator has a synchronous
reactance of 9 {2 per phase and a negligible resistance. The generator is delivering
rated power at a 0.8 power factor lagging at the rated terminal voltage to an infinite
bus.
(a) Determine the excitation voltage per phase F and the power angle §. _
(b) With the excitation held constant at the value found in (a), the driving torque is
reduced until the generator is delivering 25 MW. Determine the armature current
and the power factor.
(c) If the generator is operating at the excitation voltage of part (a), what is the

steady-state maximum power the machine can deliver before losing synchronism?
Also, find the armature current corresponding to this maximum power.

Example ;

(¢) The maximum power occurs at § = 90°

E|WV| 3(23.56)(17.32)

Prnoz(3g) =3 X, 9 = 136 MW_
The armature current is s y
23,558/90° — 17, 320£0°
E=V4 X, ,0) I, = ( : ) - 324885/36.32° A A

19

. . (c) Leading pf load
The power factor is given by cos(36.32) = 0.8057 leading.

54
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Example ;

5L o 50 A 9,50 LailaST, sllo £ HZ g V- kV c0- MVA LS aw 9,5 951,55
SLd G tTA D508yl o 1, (ol D508 55135 onl el SRsi etz JB (ool Seeslie ol
D e Jr975 Culed s A 4y 595 ALL (U 5 0
DS Geaas 1, (O g5 a9l 9 () 5B Lo 0 S eSSy (i)
a3 51 (699,9 Holia8 (CAI) Caond 0 oud (ruaS Hlade 50 S5, GRS Wb L ()
Iy Soy0B e o 9 yamae,yl Gl 220 JaoxS |, YO MW (il 051,55 aS” cesl 4zl el
Ce—le a5 LIBaile cIl> Gle5 SaSTas asS LI5 () Cens SO oS 5 0 051555 ST ()
Olos oyl smae,] HLZ cCreizeed Sl jadz wad o955 (elSan | zo,5 1 o5 wiles e

Sip =|5| <6 =50<cos™ 0.8=50<36.87" MVA

o w 8 Joowd 5849700
\) S g (/‘\ _____ ff) 4 us*hadé A CPL AL
\ b p Lo < 9 =7.c080 + j(rsmnB)

I3\ Y (J Mvar

Sap =50c0836.87° +(505in36.87°) j =50(0.8) +50(0.6) j = 40 + 30 g

t 0l uuwuu;uuwuam&
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Example : »" 4 M R ‘)’3‘0}#‘}" L )33')53 6‘!’“ SR g J“’
5L o 50 A 9,50 LailaST, sllo £ HZ g V- kV c0- MVA LS aw 9,5 951,55
SLd G tTA D508yl o 1, (ol D508 55135 onl el SRsi etz JB (ool Seeslie ol
D e Jr975 Culed s A 4y 595 ALL (U 5 0
DS Geaas 1, (O g5 a9l 9 () 5B Lo 0 S eSSy (i)
a3 51 (699,9 Holia8 (CAI) Caond 0 oud (ruaS Hlade 50 S5, GRS Wb L ()
Iy Soy0B e o 9 yamae,yl Gl 220 JaoxS |, YO MW (il 051,55 aS” cesl 4zl el
Ce—le a5 LIBaile cIl> Gle5 SaSTas asS LI5 () Cens SO oS 5 0 051555 ST ()
Ol ol ymae, T Hb,z cOmizren Towsl jadz wad J1925 (polRen 5l zg,5 1 B wileS oo

\
i
£

.

fa f ° (\ 3 :
W v 22— 17.32/0° KV
V3 50MVA =50 x 10° KVA

j/> *Swwbeosbsow@ 5> KVA /

334, _ (504— 36.87)103 _ (Ocos(=36.87")) +(BO(sin(-8687)j | 3 _50(08)+3006)] 3
3V 3(17.32£0°) 3x17.32 51.96

I, =

40-30; 40 30
KV 708 = (-
51.96 5196 51.96

)10 J =769.823-577.267 j
56
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{3 4 Cuud e ¢ 959l0 gl f 9 93135 Sleforo spgw Juob
EYaT:h;_m 50 A 9,5 yilzST, shhlo £ HZ g Y- kV (0 MVA LS aw 9,5 ;551,55
SLd g tTA S,08 (s 0 1, (el S,08 585155 ol ol SBnetzr BB (el Cusglis all .
Bm oo Jr975 Culed s A 4 095 ALL (U 51y 0
DS el |, (5 Oles assl; 5 (B 36 Lo 0 <o ,o0 3ldy (alh
58 51 (609,59 H9laS (CAI) o ;0 00l uand Hlade o S LG HEBINRSS ol L ()
Iy So,0d o 9 el Gl ed Jugas 1, YO MW 55 051,55 a5 Sl 4zl rals
e—tle a5 JTaile Sl Gles SaSTas asS LI () CaenS S5 5B 0 505155 L5 ()
Ol ol ymae, T Hb,z cOmizren Towsl jadz wad J1925 (polRen 5l zg,5 1 B wileS oo

@.hsu“.uwa,,bm.@”hb :Jo>
|2, -1y
X+V.] =X +yz<tan e
2V )

2 . = 2 _1,-577.267
_ _ - =4[769.823° £ (-577.267)° <tan™ (—
=769.823—-577.267 j J ( 7 {TEH_EESJ
— = _1,—577.267 )
=+/592627 451+333237.189 < tan I{W} = \/925864.334 < tan | (=0.7498) = 962.25 < —36.87° A
It
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EYaT:h;_m 50 A 9,5 yilzST, shhlo £ HZ g Y- kV (0 MVA LS aw 9,5 ;551,55
LB g TN 508 s 50 ), (el 508 851555 (nl el (Bt S8 el Ceeslie B e
e oo Jr976 Culei e ASD A4y 095 ALl (SU 5By 0
BusS eaa 1, (F) Gle5 asgl; 9 (£) 50 Lo 0 SG o 5y (D
5a8 51 (699,9 ,oi—28 (AI) Cond ;0 00D yuanS Llade 0 S il <Ll L (&)

‘) C:J)A_S v._..g_g_).o,)":.g.o)-i ‘_‘)L_n_):r LA J._u_,’u )YQ MW u‘,a ),a‘)a)ASw‘ A.'Z.’lg_ ‘_’:.blf

Cre—ile a5 LIEule Cll> Gle5 S Tas S S () Cend S o 51Ty 0 5051555 LS ()
Ole— G5l ).":,_uo)-' L= (i L LLI0NN BV PR VI PPE ._,.ol&..b 5! Z9> 51 J=8 _;,;‘,;;u,

E=V+ X1, ‘>
B =17320.5 + (79)(962.25/—36.87). = 17320.5+(0.8x8660.25—0.6x8660.25 ;)
= 17320.5+0.8x8660.25 j— j 20.6x8660.25 =(173205— j20.6x8660.25)+0.8x8660.25 ; =

= (17520.5—(=1)x0.6x8660.25) +0.8x8660.25 j = 22516.65+6928.2

_1. 692872
:\/2251 6.65” +(6928.2)° < tan (—‘“} — 23558 <17.1°
r/}i.}lb h;'r 58



