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SOLVED EXAMPLES - . oo - o R &

using Gauss-Seidal method. Determine slack bus power, line flows and line losses. Take
base MVA as 100, (a= 1.1).

-®
a,.omuw +f0.5183 % j0005

j0.0636  j0.0836 L =
T s0+jto mva

1.05 20° @

80 + 20

1
i}

© Solution :
Step 1: Formulate Yy, .
When the switch is open, there is no connection of capacitor at bus 2.

Take the bus 2 as load bus, ¥ "
03014 -j1.816 -0.3044+/1.88
Yous = | 203044 4/1.88 03044 /1816

Step 2 : Initialize bus voltages.
Vo = 1.0520° pau

ﬁ____ 1.0 Z0° pu

1 ) Yerd )

Step 3 : Caleulate V3™ .

' llub u
—-N uu lmc géﬂ _OQ _.u.—__ IO.M _.u.z

-10
Q, = —10MVAR = T5¢ P4 = -0.lpu -
3 | [P/ Q vy
m<m2u .ﬂw.%a.l <~_c_“2.\._
m

S
e —

! 03 +/0.1 i
= —0.3044 +/1.88) 1.05
= 03044-j1.816 | 1.0£-0° ~ ZRER)

= 1.0054-0.1577 = 1.018 Z-8915°
Step 4 : Calculate V3™ Using acceleration factor.
1d
v, = Vg el V-V
= 10+ 11{1:0054-j0.1577-1]
= 1.0059-70.173 = 1:0207 Rlo.qm_w

S T TR R R e L CeeeeOddYIdddd S

Power System Analysis

Power Flow Analysis

-~ (e1y)

Step 5 : Slack bus power,
St= Pi=jQu = ViTY, Vi +Y, V)

105 £-0° [(0.3044 ~1.816) 1.05 + (- 0.3044 +,1.88) (1.0207 £~ 9.78%)]
= 03556 +/0.0388 pu = 35.56+/3.88 MVA
Py = 3556 MW, Q =-388 MVAR

Real power generation Py,

P +Py

n

35.56+90 = 125.56 MW
Q+Qy
~3.88:20 = 16,12 MVAR

n

Reactive power generation Qg

n

Step 6: Line flows.
DBus
From To

1] serles

Sy=pk,+jQy=V, _<_u.1<,_»_ ) series T 1Y) 2 4.“-

_ 2 S = ViV -V IYY etV ¥ Yl

= 105105 £-0° - (10059 +0.173)] x

(0.3044 +1.88) ¥ 1,052 x (- /0.0636)
= 0.3556-70.0383 pu

_u_u = 0.3556 pu = 35.56 MW

Q2 = -0.0383 pu = -3.83 MVAR

C LSy = VaVE = VI Y i * IV R Yy
= (1.0059~70.173) [1.0059 +40.173 - 1.03] x
(0.3044 +71.88) + 102072 x (- /0.0636)
= -0.3459 -/0.038 p.u
Py = =03459 pau = -3459 MW

ON_ e |°.°um mu._._. ~ |u.w g{.}mﬁ

Step 7 : Transmission line loss (S 55 = S/, +5)))
Pi2toss = Pa+ Py = 35.56-34.59 = 097 MW
Qi2tess = QutQy = -383+(-38) = -7:63 MVAR

ks ey
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Power Sysiem Analysis

Step 8 : Transmission loss (Sy1em = S, +S)
—u_u Loss = mu_m.?mun_ = —-60.7+64 33 MW
Quztes = Q2+ Qy = 18-11.67 = 633 MVAR

E Using Gauss-Seidal method, determine bus voltages, for the Fig.

I

shown. Take Base MVA-100, a=1.1.

60 MW
10<Q, <100 MVAR

V=105 200 ® 1.02 volt

0.0839 + j0.5183
sete l_l j0.0636

L

j0.0636

HH ®

© Solution :
Step I : Formulate Y, .
V.. = ﬁ 0.3044 -/1.816 —0.3044 +....._.mmu_
ik —-0.3044 +71.88 0.3044-/1.816
Step 2 ; Initialize bus voltages.

Vi = 1,05 20° pu
V3 = 1,02 £0° pu
Step 3 : Calculate Q value for generator bus.
O%_ = =Im (V3 [V, Y3 +V,Yp]}
= =Im {1.02 [1.05 £0° x (- 0.3044 +1.88) +
' 1.02 £0° (0.3044 -5 1.816)] }

= ~0.124 pu -
Check for Q. violation :

10
Q; miny = 10 MVAR, Q (miny = Tog = 01 pu

cal
Q" < Qmin
ie., -0.124 < 0.1
.~ Bus 2 will act as load bus,

Q = Qymimy = 0.1 pu
V¥ = 10£0° pu
P, = 60 MW = 06 pu

ST s
PSA-12

Power Flow Analysis

(6.19)

Step 4 : Calculate V3™

_ _Sd..ow
Ve = |ﬁ4 ~ Y™
2 J\ww <w_ 1

i l Ha.m —-j0.1 ~(-03044 +;1.88) 1.05 H_

03044 /1816

ﬂ .
= 1593 Z— 80490 (0:9196-j2.074]

= 1842 m_u% a90 (2:2687 £-66.087°]

1.2316 £14.403° = 1.193 +;0.306
Step 5 : Using acceleration factor.

new old new _ yyold
Vi vy talVy Vy']

1.0 £0°

I

I

I

1+ L1[1.193 +;0306 1]
1.2098 +0.33
1.254 £15.26°
Bus voltages are V, = 1.05 £0°
V, = 1.254 £15.26°

LA -

Example 6.4 | Using Gauss-Seidal method, determine bus voltages and reactive

power generation for the Fig. shown. Take Base MVA = 100,

S e

V=1.0540°

@ 0.0839 + E,m_mu. @ l—r
j00636  J0.0636
e LT

© Solution :
Step 1 : Formulate Yy,

-Yy
Yot Yt Y
Admittance of shunt element

B _H 0.3044 —1.816 —0.3044 + b_.:j
T 1 -03044+/1.88 0.3044—-j1.811

. Yo+t Yp
il (e

I

where Y,

Step 2 : Initialize bus voltages.
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_ . /m.u.uJ Power System Analysis Power Flow Analysis /@\.L
_ P_jQ it N = 105 [(1.05 £ -0°) - 10192 +;0.0392] j2.5
i oW 1 i~ N new Y <oE
k Voo =y | e - M_ Yy Vs i M. A = —0.1029 +;0.0808 p.u
i t ' 5= =i+ . _ 3 + *
a Nl ,|ﬁ|mu|uo~ YL Yy ol g Su = Pyu+jQy =ValVy =Vi1 Yy siss
£ TEmlgy T A TR = 1.0192+;0.0392 [1.0192 - j0.0392 - 1.05] j2.5
| P, = 03 pu (Given); Q,=0.025 pu = 0.1029-;0.0746 p.u
i W J.._q : Twﬂm”a - j25%1.05£0°-j5x%1 EL Sy = Py +jQy
A . .. wmu = <~_”<M I<wu %Mu series
= 1.0199 +/0.0392 . S
& = 1.0207 £2.2° = 1.0192+;0.0392 [ 1.0192-,0.0392 - 1. -j0. 1J
i V3™ = Voo £85 = 1.02.£22° = 1.0192+/0.0392 . = 0.3218+/0.072 pu
* Py = Pg3—-Py =0-04=-04 pu Sp = PutjQy
T
i Q; = Qg3—Qu3 =0-02=-02 pu Sp = V3l V3 =V 1Y sies
| v _ 1 [P/ Q new ew = 1.0075 -70.0244 [1.0075 +0.0244 — 1.0192 +0,0392] /
‘ <w = {. <0—no — Muu— <_ |M\“_m <M .
! 3 3 = =0.3218-/0.0512 pu
}
—04+10, Sy = Pyt
i - dawum H WMM%“ - j3.3333 % 1.05 £ 0°— 5 x _.Smﬁa.._ L \ma .
| I . Si3 = VilVi-V31Y)5 seies
W = Zj83333 [-04+502-/3.4999-5.096 +0.196] = 1.05 [ 1.05 £-0°- 1.0075 - /0.0244 ] j3.3333
= 1.0075-,0.0244 = 1.0078 Z-1.39° = 0.085+/0.148 p.u )
_ Vi™ = 1.0075-;0.0244 _ Sy = Py +jQy
= 1.0078 £~1.39° d Su = V3[V3-VI1Y) s
Step 5 : Slack Bus Power = 1.0075~/0.0244 x [1:0075 +70.0244 - 1.05] x /33333
N .
Sy =P-jQ = <_« ¥ Y4 = ~0.085-70.1407 p.u
, /=1 Transmission Loss
= 1.05[-/5.8333 % 1.05 £0°+2.5 x (1.0192 +0.0392) Forlinel-2, -
‘ +/3.3333/(1.0075 - j0.0244) Si2toss = Pratoss*J Quztoss = Siz* Sy
= =0.0175-/0.2295 pu . .
S = ~0.1029 +0.0808 +40.1029 — 0.
Py = 00175 pu=-1.75 MW 12 Loss 70.0808 +0.1029 - j0.0746
Q) = 02295 pu = 2295 MVAR = 0+0.0061
Step 6: Line Flow Piatoss = 0, Qua 105 = 0.0061 pu =0.61 MVAR
Sy = PytiQy = ViV V1YY vy, rorfne23, |
Line flow from bus | 10 2, 2 Loss = Po3toss ¥ Q3 oss = Syt Sy,
S = Pt/ Q= V[V -v2) Y _ = 03218 +0:072 +(-0.3218 - j0:0512)

= 0+/0.02]
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Power System Analysis

Step 4 : Caleulate VI .

F_md..ou‘ . a
V3= .,mlﬁ e - YaVr -Yn Vs
. Bk N

n %Tw;.n@%_ Sj25% 105 £ 0°=jSx1£0°

= 1018 +;0.04=1.0187 £2.25°

" e , "
al Vg

1 —04+j0.
=5 awL 5 M%M 33333 % 105 £ 0°—j5 (1018 + J0.04)

= 1.0068-70.024 = 1.0071 £-137°
VI = 1.05+0

Vi = 10187 £225°

1.0071 £-137°

Vi

Slack Bus Power :

S =By Oy ¢HH<_H<_+<_N<~+<;<L

1]

105 £~0° [-/5.8333 x 1.05 £ 0°+2.5 x (1018 + j0.04) +
3.3333 (1.0068 —0.024)]

-0.021-j0.2352 pu
Py = —0021 pu=-2] MW
Q = @.mumm pu = 23.52 MVAR

Line Flows :

h4::__“__@ za.._.o Sy=Py+j Q;= <~._<W|<w ] <m series 71 V; [2 <_ﬂ
1 1 2 S, = 1L05Z0° (105 £-0°~1.018 +0.04] j2.5
= —0.105 +0.084
2 ] Sy = (1.018+0.04) [1.018 -0,04 - 1.05) j2.5
= 0.105-70.0774
2 3 |Sy = (1018 +70.04) [1.018 - j0.04 — 1.0068 -j0.024] x j§
= 0.323 +70.069

&

@ @ ¢ ¢

Power Flow Analysis

O OIdIIIddddd T @
©2)

Ble Sy=Py*i Q=VilVi -V 1Y}, eIV, Y},
From To
3 2 | Sy = (1.0068-70.024) (10068 +,0.024 ~ 1.018 + 10.04] x5
= 0323 /0,048
| 3|8,y = 1.05£0°[1.05 £-0°~ 1.0068 —0.024] x j33333
= 0.0839 +;0.1512
3 I S3; = (1.0068 —0.024) [1.0068 +j0.024 — 1.05] x j3.3333
= —0.0839—;0.143
Transmission Loss : 2
Siatoss = S12t 5y
= —0.105+0.084 +0.105 —;0.0774
= 0+/0.0066
Piytoss = 0 Qupross = 0.0066 pu = 0.66 MVAR
SyLoss = SutSn
= 0.323+/0.069 —0.323 —j0.048
= 0+,0.021
Py o = 0 Q1o =0.021 pu = 2.1 MVAR
Siztess = S3t8y -
= 0.0839+,0.1512-10.0839 —;0.143
= 0+50.0082
Piytoss = 0 Quj1og=0.0082 pu = 0.82 MVAR

Example 6.8 | Perform Gauss-Seidel load flow for the system shown in Fig. and the

bus data is given in Table. Determine bus voltages, slack bus power, line flows, and
transmission line losses.

100 + /50

© Solution : Step 1 ; Formulate Y, matrix,
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6 Power System Analysis
Bus No. Si =P, 4jQu=V, [V =V Y: . 7y
From To z N ~_<m <L_. _M\: w1 4_:.
2 3 | Sy = (0.9573-/0.047)[0.9573 +;0.047 — (0.9618 +0.053)]
x (10 +,30) +0.95842 x 0
= 0.1201 -;0.1930 p.u
Py; = 0.1201 pu = 12.01 MW,
Q= —0.193 pu =-193 MVAR
3 2 |Sy = (0.9618-0.053) [0.9618 +j0.053 — (0.9573 +0,047)]
x (10 +30)+0
= —0.1195+50.1947 pu
Py = —0.1195pu = =11.95 MW,
Qs = 0.1947 pu = 1947 MVAR
1 3 [S;; = 1.03[1.03—(0.9618 +;0.053)] (6.9 +/17.24) +
1.032 (- j0.04)
= 1.426+,0.7919 p.u
P;; = 1.426 p.u = 142.6 MW
Qi3 = 0.7919 pu = 79.19 MVAR
3 1 | Sy = (0.9618-0.053) (0.9618 +;0.053 - 1.03)
(6.9+17.24) +0.96332 x (-0.04)
= ~1.374-;0.7429 pu
P;; = —1374 pu = - 137.4 MW
' | Q3 = -0.7429 pu = - 7429 MVAR
Step 6 : Transmission Line Loss =
Bus No.
From To 30 Loss = mt ¥ m,.._.
I ] 2 | Papes = PptPy = 54.61-49.95 = 4.66 MW
Quatoss = Qua+Qyy = -24.05+ 1341 = ~10.64 MVAR
2 3 | Papes = PytPy = 1201-1195 = 006 MW 3
_ 1 @23 105 =-Qp+Qyp = -193+1947 =0.17 MVAR
| 1 ] 3 {Pes = PiytPy = 1426 - 1374 = 52 MW ]
[ Qu3iess = Quis+Qy = 7949-74.29 =49 MVAR ]

v V9 ¢ @Y

9 U Y O g U 9 @

Power Flow Analysis 6.31

E For the system shown in Fig., find the voltage af receiving bus at the

end of first iteration using Gauss-Seidal method, voltage at sending-end is 1.02 Z0° p.i.

Line admittance is 1.0 — j4 p.u, transformer reactance is j0.4 p.u and off nominal turns
ratio is 1.04. Assume Vi =1 £ 0% Determine slack bus power, line flows, transformer

.\?_&..
<x" 120°
| || Y=L
102 £0° M|_ _ b
%ﬁ Jie o o
© Solution :
.. e @ ®
1.02 20° _ 1.04:1 _ _
@‘ 3¢ Vp=140°
F
L:u_..“ }
. o il
Step 1 : Formulate Yy, : Equivalent circuit
Y- =1,
® vl O @
_ Yia_ Yo _ 1-/4 _
[ ] =
I o
HT-Q HTL;
aja a a
_ —j2.4038 _ 1-j4 ]
1 |
i |
_ j0.0924 - j0.09615
= M, = - e NS
-j23114 ;24038 0
Yy = | j2:4038 1-76.5 ={1-j4)
0 -(1-j4) 1-j4
Step 2 : Initialize bus voltages :
vV, = 1:02£0°
¥V, = 10£20°
Vy = 1:0 £0°
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o o Power System Analysis
Q Solution:
Siep 1: Formulate Y-bus matrix. The given values are admittances
3-79  =2+j6 -1+/3 0
v | 26 3666-j11 0666+72 -1+4)3
bus =1+j3  -0.66642 3.666-711 -2+;6
Lo -1 43 -2 + j6 3-j9
Step 2: Initialize bus voltages
Vi = 1,04 £0° p.u (Slack bus)
V3¢ = 1.04 pu(PV bus)
Vi = 1.0 20° pu (PQ)
V&M = 1.0 20° pu (PQ)

Step 3: Caleulate Q, for the PV bug

VI Yy Vi)

<~_ /__ new I<..B <o_n_ _ J\N._ <.aa H_

=(2+j6)x 1.04- (- 0.666 +2) x 1.0

-(=1+;3)% 1.0 w

10518 £1.846° = 1:0518 .£0.032 rad

Onu ¢
Q" = =Tn (V3 XYy VI Y, VI sy,
= =Ly (104 % [(-2+6) 104+ (3.666 = /1) x 1,04 + (- 0.666 +2) x 1.0
+(=1+j3)x 1.0])
= ~I,, (0.069 - j0.208} = 0.208 pu
02 < oma <1, within the limit
-+ Bus 2 acts as PV bus,
P, = 0.5pu, Q,=0.208 p.u.
Calculate Vs,
yow = L [P2-JQ
2 Y yohs
_ ] 0.5 -0.208
3.666 /11 1.04
= 1051 +;0.0339 =
8, =.0.032 rad
V2™ = 10420032 rad = 1.0395 +0.0333

1 [P-JQ
=5 [

R i P u
3

1 -1.0-05
1u.§¢.: _.o

—(=1 +3) x 1.04 = (- 0:666 + 2)

x{1.0395-50.0333] —(-2 +,6) x 1.0 ..‘

1.0317-,0.0894 p.u

o = Yo VI Yo Vo =Y Vi g

_ TV&E uf_?-?,tgx_Sﬁcpauu

- (=2 +j6) x (1.0317 - j0.0894)

10343 - E.a_m pu

ARk (i

68. NEWTON:RARHSON. zﬂzo?,m.,ﬁf

The Gauss-Seidel algorithm is véry simple but the convergence becomes increasingly
slow as the system size grows. The Ngwton-Raphson technique, converges equally fast for
large as well as small systems, usuall$\ in less than 4 to 5 iterations but more functional
popular for large system studies.

evaluations are required, It has become v

The most widely used method for solving simultancous non-linear algebraic equations is
the N-R method. This method is a success{ve approximation procedure ‘based on an initial

estimate of the unknown and the use of Taylo(’s series expansion.

6.8.1. Load Flow Model in Real Variable F AS

) Ip+jQl;=(Pgi—Pp)) +j(Qgi - Qp))
Pgi+jQg;i Ppi+jQpi

Vi

Petloy e ._‘ ]

Fig. 6.7. Complex power balancing at a bus
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s Power System Analysis

— 1.0 1.05 x 1:904 cos (1.7314) + 1.842 cos (~ 1.405)]
= 1.05 x 1.904 (-0.15991) + 1.842 (0.16503)
= —0.015pu
P spey = Pga — Py

30
= 0-790 = 03 pu

v

cal
P, H%asl_u

= —03—(-0.015)=-0.285 =
Oml._ = .|<uM_z:_*%mlm._:mm5+m—1mb+_<~__<-._mwzmmﬁ+v\~|&1
—1.0 {1.05 x 1.904 sin (1.7314) + 1.0 x 1.842 sin (= 1.405)]

= 0.157 pu
AQ; = Qe — Q" = —0.1-(-0.157)
0.057 >
) ] CosE: ~3wWB
Step 4 : Form Jacobian matrix.
mvw m—um > 39 <« caz@
35, 8V, A3, AP,
. 3Q, 3Q, [Lalv,l] |aq
35, oY,

nmu
35, = VoIV 1Y sin (B +8,—-8,)+| Vo, 2| Yoy [x O

= 1.0x1.05x 1.904 sin (1.7314)
= 1973 !

1.05 % 1.904 cos (1.7314) +2 x 1.842 cos (- 1.405)
= 0289

35, _<~:<___<~__Sma_~+m_|mb|*<~_~_<ﬁ_xc
= 1.05 x 1.904 x cos (1.7314)

= -03197

={ Vil Yyl sind8;, +8,-5,) - 21V51 Y, 15inq8,,)

— 105 x 1:904 sin(1.7314) -2 x 842 sin{~1. 405)
= 166

il.

> < & a) a4 b W o =w® i
power Flow Analysis <= ,.r.o.p.,. 8
— : Uﬁo =Ra 7

Step’5 : Compute Ax, 5
Tl Ay S
AB, 25, Vv, AP,
AV, " | a2 0} AQ;. £
a5 - <
[ 98, 0V, ;...ﬂm; i s
i 1 0 2. =
_ 1.973 c.mmo“_ x“u o.mmmg g
| -0.3196 1.66 0.057 SY—
[ 0.493 |o.ch _H.;c.muwm M_ -
| 0.0949 0.586 0.057 nW,J.\\.r -
-L:_AJ ZP
L 0.0064 N Ey
ﬁ J ﬁp:& ~ ﬁlﬂ:aﬂ
X = X+8X=| 10]™] 0.0064] L 1.0064
: & —
Iteration 2 : Compute mismatch vectors. Yo =
P = _ L0064 [1.05 x 1.904 cos (1.7314 + 0+ (- 0. 145)) + 1.0064 x
1.842 cos (- 1.405)]
= -0.297
APy = Py ey~ PS5 = —03-(-0297) = —-0.003
Q¥ = -{1 0064 : 05 x 1.904 x sin{1.7314 + 0 —(—0.145)) + 1.0064 x 1.842 x .
sin (— 1.403)] }
= —0.078

= 1
AQ; = Qp(pen— Q3"

= —-01-(- o.oumv = -0.021
Compute Jacobian matrix.
opP, .
.mmﬂ 1.0064 x 1.05 x 1.904 sin (1.7314 +0.145)

= 1919

P,

av, 1.05 x 1.904 cos (1.7314 + 0.145) + 2 x 1.0064 x 1.842 x cos (~1.405)
= 0011

2Q, =

35, = 10064 x 1.05 x 1.904 x cos (17314 +0.145)
= L.Kcm



: 3 N ¥ o) % % L X g -y m
(eas)
) Power System Analysis
v, = 1051904 sin(1.7314 4 0.145)- 2 x 1.0064 « 1.842 » sin (- 1.405)
= 175
46, _[ 1919 001177 [ ap,
av,| L-0605 175 AQ,
_ [ 052 -0.00337-0.003 _ [~0.0015 rad
L0179 057]L-0021] = | -0.0125 p.u
b, 85" A,
= +
v, Ere AV,
_ [-0.145 4 [~ 00015 ~0.1465 rad -8.39°
00641 " [ ~0.0125 ] = 5
I = 0.0125 099 pu 0.994 p.u

Vy = 0994 £-8.390

E In example 6,10, Bus 2 is voltuge controlled bus ha ving the rating

Pg=60 MW, V;= 1,02 p.s

=10 < Q, < 100 Mvar, Carry out two iterations and determine bus voltage
magnitudes,
@ Solution : ¥ 1.842 £ -80.49° 1,904 £99.2°
1.904 £99.2°  1.842 £ - 80.49°
X® = [8,]=0rad
Compute 0y, in radians :

v, = 1.842 £~ 1405 1.904 £ 1.7314
¥ 1.904 £1.7314 1,842 £ - 1.405
Check for m.a._.é.h_. :
cul - i
ou =1V, 25 [l Yy | sin S_~+m_ imuv._._am__:x [ sin 0 }

= = 102 {1.05.x 1.904 sin (1.7314) + 1.02 x 1.842 sin (- 1.405) )
~0.1239 py

Ou {min) = Oma < Ou (max)
So the bus acts as generator bus,
Compute AP, ;

]

cal _ _
P H._<L:.<_:<~__oomﬁm,~+m_rm~v+_<N__<-._Smam+m~|m~:

= 102 {1.05 x 1.904 cos (L.7314) + 1,02
(1. U2 % 1.842 cos (- 1.405
= 1.02 H..¢.u_3+o.w38 A L

= -0.009 pu r\a =
APy = Py e ~P5 =06 (~0.009) = 0609 p ®©

Power Flow Analysis @w

Form Jacobian matrix :

J= m = [ Vo] {|Vy || Yy | #sin(0,,+8,-5,)}
= 1.02x 1.05 x 1.904 sin (0~ 0+ 1.7314)
= 2013 _

Compute A6 :

A8, = [1]1(AP,]
= m.h_u x.o.%o = 0303
§0% = 94 + A8, = 0+0.303 = 0.303 rad
V™[ = 1.02
Iteration 2;

__mn_ = 102 {1.05 x 1,904 cos (1.7314 + 0~ 0.303) + 1.02 x 1.842 cos (- 1.405) }

= (.606
D_.u - ﬁ~ :E.il_um_h_ = 0.6-0.606 = -0.006

n

Q¥ = —1.02 (1,05 x 1904 sin (1.7314 + 0~ 0.303) + 102 x 1.842 x sin (- 1.405))

il

-0.128
al ..
Qmim < Q" <Qa (mayy -
.. This bus acts as generator bus.

Jacobian matrix : .

mﬁww ) %
] = mlmu = _,<u_._*_{—__J\u__w_._.—ﬁa—u+m_|m~ww
= 1.02[1.05 x 1.904 sin (1.7314 +0—0.303) ]
= 20185
_
a8, = [JI'[APy] = 35155 % ~0.006
= -0.003
55 = 854 +A8, = 0.303 +(~0.003)
8, = 03rad = 17.19°
[Vy] = 1.02 pu
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