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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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8; = cos 1(0.28) = 73.74° lagging
| | oyl 51 G e bl g

S1 = 125/73.74 kKVA = 35 kW + 5120 kvar |
Sy = 10 kW — 540 kvar
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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sin o

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.
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In Y-Y and A-A connections, the ratio of the line voltages on HV and LV sides are
the same as the ratio of the phase voltages on the HV and LV sides. Furthermore,
there is no phase shift between the corresponding line voltages on the HV and LV
sides. However, the Y-A and the A-Y connections will result in a phase shift of
30° between the primary and secondary line-to-line voltages. The windings are
arranged in accordance to the ASA (American Standards Association) such that
the line voltage on the HV side leads the corresponding line voltage on the LV side
by 30° regardless of which side is Y or A.
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22 kvy 220 kv T ~a :J’
1 ) 1( 2 3 ) 2( 4 ‘I’
| Linel | L
) ( | 220kV 290 kv) (l Tkvl 10.45 ky The load apparent power at 0.6 power factor lagging is given by

SL(3¢) = 57[.53130 MVA

2 kv :
T3 ' T

( ? Line 2 ? ) ( jLoad
22 kv ; (11(; o 0KV iy ) ke

G: 90MVA  22kV X=18%
T3: S0MVA  22/220kV X =10%
T;: 40MVA  220/11kV X =6.0%
I3: 40 MVA 22/110kV X =64 %
Ty: 40 MVA 110/11kV X =8.0%
M: 665MVA 1045kV X =18.5%

Hence, the load impedance in ohms is

1

1

1

1

|

|

|

|

|

I (Vi-1)?  (10.45)
' o= Te = §r/53.05
| L{3¢) '
|

|

|

|

|

|

|

|

|

= 1.1495 + j1.53267 0

The base impedance for the load is N

7. (1 *lg sl
B4™ 100 T

Therefore, the load impedance in per-unit is
1.1495 + 71.5326

1.21
M,‘.\ﬂo/ 75

ZL(pu) = = 0.95 + 71.2667 pu
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I3: 40 MVA 22/110kV X =64 %
Ty: 40 MVA 110/11kV X =8.0%
M: 665MVA 1045kV X =18.5%

) ( i Linel I ) ( I (el sl 0nls OLES S, }i-«-:
O] 220kV  220kv) (11 kv| 1045kv I
2 kv ' 1 j0.20 40.10 jo.15 4
_@ | Y Y Y Y Y Y\
. |
T3 T4
|
_3 ( ? Line 2 ? ) ( j Load I I
22 kv Cll(; o NOKVgqdy, ) ke I 70.16 §0.54 7020
1 7YYL Y Y Y N ] .
1 Jj0.2 40.25
| Im
G: 90MVA  22kV X=18% B @ 0.95 E
Ti: 50MVA  22220kV X =10% G |1z "
Ty: 40MVA  220/11kV X =60% I §1.2667
|
|
|
|

76



55 s a5t ) i et 1

w.w. 00050 ° P o & ® £2
JE 85 o Slas g Joto b ol yls b LT 30 slee Jusb
JES b b yiol b
oo (ACSR) s¥48 L ooy Cogits  coguinag)] (gola o5l 05 L YU 5Lg ¢ Jlis! bghs slo gola o 5 Jglae v
05 Y 5 o8 Lo aia o sola ol Consamma L5 5LIT L ool Cuois  cosminos)] (g0lo 5 (coguivag)] ales
oo b auslie 10 sgiagll Jlold (o Lo Cenl cwo slo sola b aslie jo o o] 159 0 plSouinl o

ww@wlﬂ L5‘ d_u..o) Q)s..od\.gl.mdol:b ‘L;ﬁ&i Slass 6‘)‘? Ll

3 S5 G SIS g BLS YY1 iy slasly e Y

G 09,5 b (gois alws Jos opl 0gh = ool > 58, 0

Cross-sectional view of a 24/7 ACSR conductor. R Y )
(98 aszlpo Solans g3la gy CLS @) S o | gola (3,5 (suinog 5) Siduly slocyjo 8w

The bundle consists of two, three, or four conductors.

Bundling increases the effective radius of the line’s con-

ductor and reduces the electric field strength near the conductors, which reduces

corona power loss, audible noise, and radio interference. Another important ad-

vantage of bundling is reduced line reactance. 77
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T + to
T+t

Ro=Ry

where R, and R, are conductor resistances at to and ¢;-C°, respectively. T is a

temperature constant that depends on the conductor material. For aluminum 7" ~
228.
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The slack bus voltage is V; = 1.05/0 pu, and the bus 3 voltage magnitude is
|V3} = 1.04 pu. Starting with an initial estimate of |V2 )| = 1.0, 6(0) = 0.0, and

5&0) = (0.0, the power residuals are computed A P(k) = psch _ pk)

Q(k) Qsch Q(k)
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1.05/0 pu, and the bus 3 voltage magnitude is

|V3} = 1.04 pu. Starting with an initial estimate of |V2(0)| = 1.0, 6,(30) = 0.0, and

5&0) = (.0, the power residuals are computed
AP,L-(k) — Pisch _ Pi(k)
AQY = gzt — Q¥

AP = pseh — plO = _4.0— (~1.14) = —2.8600
AP = pseh — plO = 2.0 - (0.5616) = 1.4384
AQY = @seh — QI = —2.5 — (—2.28) = —0.2200
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